
 

 Information Only 

UKITED STATES DEPARTM1?KT OF THE IKTERIOR
J. A. Krug, Secretary

GEOLOGICAL SURVEY
\\'. E. Wrather. Director

Professional Paper 215

GEOLOGY OF THE

SOUTHERN GUADALUPE MOUNTAINS

TEXAS

BY

PHILIP B. KING

('L.. UNITED STATESl2.-lt ~MEl\'T PRI:l\"TING OFFICE

WASHINGTON ~ 1948

Fol' sale by the Superintendent of Doewnents. U. S. Government Printing Office., Washine-ton 25. D. C.
Price $3.25



 

 Information Only 

Oversized figures that could not be scanned are not provided
in this electronic version of King 1948.



 

 Information Only 

CONTENTS

bl.ge

Abstract. . . . __ ._ __ 1
Stratigraphy of Permian rocks __ ~_________________ 1
Tectonic features __________________________ ______ 1
Cenozoic deposits and land forms_________________ 2
Economic geology_______________________________ 2

IntroductioD ."_ . . .__ ___ _ 2
The Permian problem_______________________ 2
Present investigation___ ___ _ ___ ______ ___ 2
Acknowledgments • ._ ___ ___ __ __ ____ 4

Ph~'sical features of the regioD .:._____ 4
El Capitan_____________________________________ 4
Guadalupe 1\.fountains___________________________ 5

Stratigraphy of Permian rocks .:. ~ 7
Historical sketch . _____ ___ 7

Shumard's discovery_ 7

"~ork of Girty and Richardson_______________ 7
Search for oil in the Llano Estacado___________ 8
Recent work in the Guadalupe I\fountains_ ____ 9

General features of stratigraph~y ~ 10
Terminology • ~ ~ ~ ~ ~ __ 10
Rocks not exposed ~ ~___ 11

Rocks of Pennsylvanian age__________________ 12
'Yolfcamp series of Carboniferous or Permian

age_____________________________________ 13
Leonard series____ _______ _ _ __ ______ ___ 13

Bone Spring limestone_______________________ 13
Sequence in the south .~____ 14

Outcrop___________________________ 14
Black limestones and associated rocks_ 14
Structural features in the black lime~

stone____________________________ 15
Cutoff shaly member________________ 16

Sequence in the north___________________ 16
Outcrop___________________________ 16
Victoria Peak gray member__________ 17
Cutoff shaly member in Shumard Can-

yon • .____ 18

Cutoff shaly member in north part ofarea __ . 8___________ 18

Stratigraphic relatiollS____ __ __ _ ___ ____ 18
Bone Spring flexure_____________________ 18
Some details near Bone Canyon __________ 19
Relations north and south of fiexure_______ 20

Fossils________ ____ _ __ ___ ____ ____ ____ _ 20

Black limestone beds____________________ 21
Victorio Peak gray member______________ 23
Cutoff shaly member ~________ 24

Conditions of depositioD_____________________ 24
General relations_ ___ _ _ 24

Facies and provinces____________________ 25
Black limestone facies • 26
Marginal area__________________________ 26
Gray Umestonefacies____________________ 27

Lower part of Guadalupe series___________________ 27
Terminology of Delaware Mountain group_____ 27
Subdivisions of Guadalupe series______________ 28
Brushy Canyon formation___________________ 28

Massive sandstone beds._________________ 28

Stratigraphr of Permian rocks-Continued. Pqe

Lower part of Guadalupe series-Continued.
Brushy Canyon formation-Continued.

Other rocks ._ 29

Relations of Brushy Can;ron formation in
Bone Canyon and northward___________ 29

Stratigraphic relations__ __ _______________ ____ 30
Fossils______ __ _ ______ 30
Conditions of deposition~ ~________ 31

Regional relatioIlS-______ ______ ____ ___ 31
Detailed features_ _ __ _____ _ 31

Middle part of Guadalupe series__________________ 32
Cherry Canyon formation_ __ _____________ 33

Sandstone beds ~_________ 34
Limestone members.;____________________ 34
Getaway limestone member______________ 34
Beds adjacent to Getaway limestone mem-

ber_________________________________ 36
South 'Yells limestone member "'-_ 36
Manzanita limestone member ___________ _ 36
Cherry Canyon formation in aerial photo-

graphs______________________________ 38
Sandstone tongue of Cherry Canyon formation_ 38
Goat Seep limestone________________________ 38

Definition______ _ _ __ __ ___ 38
General relations "- .__ 39
Southern exposures_ ___ ___ 39
Northern exposures_ __ _ ___ __ ___ 40

Stratigraphic relations ~ _________ 40
Fossils

f
_ _ _ __ _ _ _ _ __ _ __ _ _ __ _ _ _ _ 41

Cherry Canyon formation_______________ 41
Sub-Getaway fossil zone_____________ 41
Getaway limestone member__________ 42
South Wells limestone member_______ 45
Manzanita limestone member . 47

Sandstone tongue of Cherry Canyon forma-
tiOD_________________________________ 47

Goat Seep limestone____________________ 48
Conditions of deposition_____________________ 50

R.egional relatioDs_______________________ 50
Deposits of the Delaware Basin___________ 50
Deposits of marginal area (reef zone)___ ___ 52

Upper part of Guadalupe series ~______ 53
Bell Canyon formation______________________ 53

Sandstone beds____ _ ______ _ __ 54
Limestone members_____________________ 54
Hegler limestone member________________ 54
Pinery limestQue member________________ 55
Rader limestone member ________________ 56
Flaggy limestone bed____________________ 57
Lamar limestone membeT-_______________ 57
Highe~t beds of Bell Canyon formatioll____ 58
Bell Canyon forIl\atlon in aerial photo-

graphs :__ 59
Capitan limestone_ ____ __ __ __ ___ _ 59

Definition_____ _ _____ _ _ _____ _ 59

Relations to Bell Canyon formation._ _____ 5g.
Outcrop :_____________ 61
Thickness ' M _ _ _ _ _ _ _ 61
Lithologic features • ~ ~ _ 61

In



 

 Information Only 

Stratigraphy of Permian rocks-Continued. Page
Upper part of Guadalupe series-Continued.

Capitan limestone-Continued. ,
Bedding_______________________________ 62
Breccia phase of Capitan limestone_ ______ 63

Carlsbad limestone__________________________ 64
DefinitioD_____ ___ ____ __ ____ __ __ 64

Relation to Capitan limestone____________ 64
Thickness____ ___ _ _ 65

Limestone of sou theastern exposures ______ 65
Limestone of northwestern exposures___ ___ 65
Sandstone of southeastern exposures_ _____ 66
Sandstone of northwestern exposures_ _____ 66

Northern Guadalupe I\Jountains______________ 67
Stratigraphic relations________________________ 68

Field relations__________________________ 68
Alternative interpretations '____ _____ 68
Inferred stratigraphic relations_ __________ 69

Fossils______ ___ __ __ __ _ __ _ __ 69
Bell Canyon formatioD__________________ 69

Hegler limestone membeL___________ 69
Pinery limestone member___________ _ 71
Rader limestone member____________ 72
limestone beds between Rader and

Lamar members~_________________ 73
Lamar limestone member____________ 74

Capitan limestone______________________ 75
Carlsbad limestone______________________ 79

Conditions"'of deposition_____________________ 82
Rcgiori"al relations_____ _________ __ _______ 82
Sl1nds~-of the Delaware Basin_____________ 83
Limestones of Delaware Basin____________ 84
Depth of water in Delaware Basin________ 85
Form of Capitan reeL___________________ 85
Nature and origin of Capitan deposits_____ 86
Deposits of the shelf area________________ 88
Comparison.'i\ith modern limestone reefs___ 88

Ochoa series ~ ~____ _ __ 88
Castile formation___________________________ 89

Definition_____ __ __ _ ____ __ _ 89
Character~____ __ _ ____ __ 89
Castile of area of this report_ __ __ _ _ 89
Castile of Gypsum Plain ~__ 90

Higher formations of Ochoa series_____________ 91
Salado formatioll_______________________ 91
Rustler fonnation ~_____ 91
Dewey Lake red beds~___________________ 91

Stratigraphic rela tions ~ ___________ _____ 92
Fossils and age_____________________________ 92
Conditions of deposition_____________________ 92

Beginning of Ochoa time ~ ·___ 93
General environment of Castile time_______ 93
Origin of laminations____________________ 94
Later parts of Ochoa time ~_________ 94

Broader features of Permian stratigraphy _______ ___ 95
Summary of the section ~_________ 95

Thickness_______ __ __ _ __ _ 95
CharacteL____ __ __ _ __ 95
Subdivisions .:. ___ ____ _ 95

Time span of Guadalupe Mo~ntainssection_ 96
Faunal summary .... __ _ __ _ 96

General character of faunas______________ 96
Relation to older faunas_________________ 96
Relation to other Permian faunas of North

America ~ __ ~____ _ 97

Distribution of the fauna.s outside the
Guadalupe Mountains_________________ 97

Stratigraphy of Permian rocks-Continued. Page

Broader feature8 of Permian stratigraphy-Continued.
Faunal summar:r-Continued.

Zone f088ils____________________________ 97"
Facies fossi1s ~_________________ 99

Correlation of Guadalupe Mountains section
with Permian rocks of other regions_______ 100

Pa1eogeography ~_____________ 100
Mesozoic era ..: • ____ ___ ______________ __ 100
Tertiary igneous rocks ~_ 102
Tectonics__________________________________________ 104

Tectonic features older than the uplift of the moun-
tains________________________________________ 104

Features of pre.,.Permian age_________________ 105
Features of Permian age_____________________ 105
Features of early Mesozoic age ~________ 105
Features of early Cenozoic age_______________ 108

Tectonic features related to the uplift of the mOUll-
tains________________________________________ 108

Form of the uplift__________________________ 108
General relations_ ___ _ _ _ 108
Crest and eastern fiank__________________ 109
Border fault zone_______________________ 110
Cutoff Mountain area.. "____ 110
\Vestern foothill area____________________ 111

Faults --,___ __ _ 112
Fault pattern__________________________ 112
Displacement along faults________________ 112
Dips of faults_ _ _ _ __ 113
Minor deformational features_____ ___ _____ 113
Rela.tion to Quaternary deposits and topo-

graphic features______________________ 113

Joints_____________________________________ 114
Field observations______________________ 114
Character______________________________ 114
Spacing ~ " ~ _ 115
Dips of joints__________________________ 115
Joint trends____________________________ 115
Relation of joints to other tectonic features_ 116

Regional relations of the younger tectonic fea-
tures____________________________________ 117

Guadalupe and D~laware Mountains______ 117
Sierra Diablo___________________________ 118
Salt Basiu______________________________ 118

Basin and Range province in Texas and New
Mexico___ _ ___ _ _ __ __ _ 118

Regional relations of joints "'-_____ 119

History of Guadalupe and Delaware Mountains
uplift-____ _ __ __ _ _ 120

Features older than the uplift_ ________ ___ 120
Early phases ~ __ __ 120
~fain phase ~_____________ 121
Later phase_ _ _ _ __ _ 121

Theoretical problerns __ ~ + ~__ 122
Nature of structure beneath the 8urface_ __ __ __ 122
Relative versUs actual movements _ ~ ~_ _______ _ 123

Evidence for actual uplifL ~___________ 123
Evidence for actual depression____________ 123

Origin of later tectonic features_______________ 123
Origin of joints_________________________ 123
Origin of faults_________________________ 124
Origin of uplifL________________________ 125

Cenozoic deposits and land forrns + _ __ _ _ __ _ _ _ 126
The record of Cenozoic history____________________ 126
Relation between present and past ~____ 126



 

 Information Only 

CONTENTS v

Cenozoic deposits and land forms-Continued.
The modern landscape and processes at work on iL _

Controlling factors _
Climate ~_

Boils anti vegetation_~ _
Streams and their work _

Relation to base leveL _
Character . _
Int!3rstream areas _
Control of degradation by strcams _

Mountain slopes _
Kinds of slopes . _
Weathering proccs"les _
Processes that loosen weathered blocks _
Transportation of material on slopes _
Cliffy s1opes _

Boulder-controlled slopes on massive rocks_ '\
J3ouldcr-controlled slope::;: on bedded rocks_
Rain-washed slopcs _

Plains ~ ~ __

Origin of bajadas and pediments _
Pediments _
Bajada~ __ ~ _
Floor of Salt Basin . _

Pre-Pleistocene (?) topographic features and deposits_
"Summit pcne'Plain _

Character _

Position of summit 'Peneplain in surround-
ing areas " _

Age of summit pencplain .
Former cover of summit peneplain_" _

Older consequent streams _
Streams consequent on tilted rock aurfaccs_
Streams consequent on tilted fault blocks __

Deposits contemporaneous with pre-Pleistocene
(?) topographic features _

Deposits of the Guadalupe :\Iountains re-
gion " _

Age of deposits _

Early Pleistocene(?) topographic features and de-
po~ts . _

Guadalupe and Delaware :\Iountains _
Gravel deposits ". _
Rock surface below graYel deposit!5 _
Streams consequent on graYel deposits .
Older pcdiments _

VaUey~side sll.Ouldcrs-_
West-facing escarpment-. _

Fault scarp yersus fault-line scarp _
Erosion of escarprnent _
Slope deposits _

Page

126
126
126
127
128
128
128
128
129
129
129
130
130
131
131
132
133
133
134
134
134
135
136
138
139
139

139
140
140
140
140
143

143

143
143

144
144
144
145
146
147
147
147
147
148
149 I

CenQzoic deposits and land farms-Continued.
Early Pleistoeene(?)-Continued.

Foothillarea _
Older fanglomeratc _
Older pediment and its gravel cover _

Floor of Salt Basin " _
Age of deposits _

Interpretation of early Pleistocene(?) features
and dcposits :... _

Volume of early Pleistocenc(?) deposits _
Development of Pecos River_~ _
Climatic fluctuations _

Relation of climatic fluctuations to Pleisto-
cene glaciation _

Later Pleistocene and Recent features and deposits__
Tectonic features ~ _

Evidence for faulting • _
Black limestone bench_. .
Relation of faulting to erosional features._

Erosional and depositional features . _
Dissection of older features and deposits _
SUbsequent streams _
Terraces ~ __
Alluyillffi _

Younger slope deposits and fanglomerates __
Reccllt dissection "' _

Lake features _
Beach ridges ~

History of lake _

Age~~~~~~~~~~~~~~_~~~~~~~~~~~~~~~~~~~~
Cavcs _

Age _
Cave faunas _

Evidence for recent climatic cluinges _
Evidence for climlitic changes in area

studied _

Evidence for climatic changes in nearby
arcas _

Broader relations of Cenozoic history _
Evolution of the mountain area _
Basin-Range problem _

Economic geology _
Ore deposit5 _
Fluorspar "_ ~ _

S&lt~~~~~~~~~~~~~~~~~~~~~~_~~~~~~~~~~~~~~~~~~ __
Oil and gas _
Ground ~ater ~ ~ _
Building s-tonc _
Road metal _

Selected stratigraphic sections • _
Bibliography _
Index _

Page

150
150
151
151
152

152
152
152
153

153
154
154
154
154
154
154
154
155
155
156
156
156
156
157
157
157
157
157
158
158

158

158
159
159
159
160
160
160
160
162
162
163
163
163
174
181

ILLUSTRATIONS

Page
PLATE 1. EI Capitl:tn from south_ __ _ __________________ _____ _________ ______ _________ ____ __ ________ _____ 10

2" Topographic and index map of southern Guadalupe 11ountains, Texas___ _ In pocket
/3. Geologic map and sections of southern Guadalupe ).Iountains " . In pocket

4. Panoramic views of Reef Escarpment- ____ ____ __ _ __ _ _____ ______________ __________________ __ __ 10
5. Panoramic views of westward-facing escarpment of Guadalupe :Mountains___________________________________ 10
6. Stratigraphic sections of Permian rocks in southern Guadalupe !v[ountfiins In pocket
7. Stratigraphy of Permian rocks of southern Guadalupe :'Iountains In pocket
8. Stratigraphic sections of "Bone Spring limestone " In pocket
9. Geologic map and sections of Bone Spring area_______ _ ~ In pocket



 

 Information Only 

VI CONTENTS

Page
PLATEIO. Laminated sediments of Permian age ~ .___ 18

11. Structural features in black limestone of Bone Spring. • M • • • • _ 19
12. Panoramic views of cliffs and mountain slopes near Eone Spring____________________________________________ 26
13. Detailed stratigraphic sections of beds near contact of Bone Spring limestone and Delaware Mountain group __ In pocket
14. Panoramic views in northern and southern parts of area studied ~_:----------------- 42
15. Detailed stratigraphic sections of parts of Bell Canyon formation anq of Capitan limestone. In pocket
16. Panoramic views in h-IcKittrick Canyon ~________________________________________________ 58

17. Sections through Capitan limestone and related formations in Guadalupe 'Mountains . In pocket
18. Aerial view of Guadalupe I\lountains, looking southwestward from McKittrick Canyon ~ _~ ____________ 66
19. Soine fossils from Guadalupe Mountains ~_~ __ :---------~~---------------_~ ~ .____ 67
20. Map of southern Guadalupe Mountains, showing tectonic features ~ In pocket
21. 1vlap of Guadalupe-Mountains and surrounding areas, showing tectonic features In pocket
22. i\'1ap of southern Guadalupe Mountains, showing Cenozoic deposits and land forms ~~ In pocket
23. Map of Salt Basin, showing distribution of unconsolidated Quaternary deposits In pocket

FIGURE 1. Map of western Texas, southeastern 'New Mexico, and adjoining area in Mexico ~__________ 3
2. Map of Guadalupe Mountains and vicinity L • _ _ _ _ __ _ _ 6
3. Index. map, showing provinces of Permian tirp.e__________________________________________________________ 25
4. Sections showing lenticular nature of massive sandstones of Brushy Canyon formation and of limestones of Geta-

way member of Cherry Canyon formation____________________________________________________________ 29
5. Sections showing cyclical deposition in Delaware Mountain grotip__________________________________________ 32
6. Map of western part of area studied, showing distribution of facies and other stratigraphic features in beds of

lower-(}uadalupeage_______________________________________________________________________________ 33
7. Sections showing channeling and lenticular deposition of sandstones of Cherry Canyon formation______________ 34
8. Map of area studied, showing distribution of facies and other stratigraphic features in beds of middle Guadalupe

age ,_________________________________________________________________________ 52

9. Sections showing lenticular, reeflike features in limestone members of Bell Canyon formatioD___ ______ ____ _____ 56
10. Map of area studied, showing distribution of facies and other stratigraphic features in beds of upper Guadalupeage • ~ ~ ~_____ 84

11. Stratigraphic diagrams showing known distribution of two fossil groups_____________________________________ 98
12. Correlation chart of Permian rocks ~______________________________________ 101

13. Paleogeographic maps of western Texas during Permian time (\Volfcamp to lower GuadaIupe)_________________ 102
14. Paleogeographic maps of western Texas during Permian time (middle Guadalupe to middle Ochoa)____________ 103
15. Maps showing tectonic features of Guadalupe Mountains and vicinity during -Cenozoic and Mesozoic time ,_ 106
16. Maps showing tectonic features of Guadalupe Mountains and vicinity during Permian and Carboniferous time__ 107
17. Sections showing faulting of gravel deposits __ ~ ~ ~ ~ ~ ~ __ __ 114
18. Cross sections expanded downward to top of basement rocks ~ ~+_________________________ 122
19. Map showing stream pattern of southern Guadalupe 1Iountains__ ~~ ~ ~ ~________________ 141
20. Diagrams showing characteristic features of the Reef Escarpment_~________________________________________ 142
21. Profiles along Pine Spring and Cherry Canyons ~ _~ ~ ~_ __ ___ __ _ __ ___ 146
22. Sections of westward-facing escarpment. ~_ ~ ~ _ _ __ _ _ __ __ _ __ 148
23. Sections and profiles of westward~facingescarpment near Guadalupe Peak__________________________________ 149
24. Sections south of El Capitan___ _ _ ___ ____ _ _ _ _ ___ ____ __ 150



 

 Information Only 

GEOLOGY OF THE SOUTHERN GUADALUPE MOUNTAINS, TEXAS

By PHILIP B. KING

ABSTRACT

This report deals with an area of 425 square miles in the
western 'Part of Texas, imme.(Hately south of the New Mexico
line. The area comprises the south end of the Guadalupe
Mountains and the adjacent part of the Delaware ~lountains;

it includes the highest peaks in the State of Texas. The area
is a segment of a large mountain mass that extends 50 miles or
more northward and southward. The report describes the
geology of the area, that is, the nature of its rocks, tectonics, and
surface features, and the evidence that they gi,e as to the
evolution of the area through geologic time. Incidental reference
is made to the geolOgy of surrounding regions in order to place
the area in its environment.

Stratigra·phy of Permian rocks.-The consolidated rocks of the
area are all marine sediments of Permian age, ·whose total
exposed thickness is about 4,000 feet. Most of the rocks contain
abundant inTertebrate fossils, some of which were described by
B. I;'. Shumard in 1858. They were made famous by the classic
study of G. H. Girty in 19080 The rocks consist chiefly of sand
stones and limestones of .arious textures and structures, and
are notable for their abrupt change from one rock type into
another within short distances. This characteristic is believed
to haTe been caused by the rOcks being laid down on the margin
of the Delaware Basin, a -structural feature of Permian time.
The margin lay between the more rapidl;!; subsiding basin and a
less rapidly subsiding shelf area to the northwest.

The lowest exposed formation Is the Bone Spring limestone.
Two deep wells indicate that it is underlain by the Hueco lime
stone (of Carboniferous or Permian age), and this by rocks of
Pennsyl'ranlan age. The Bone Spring is predominantly black,
thin-bedded limestone to the southeast, in the basin area, but
to the northwest this facies changes into gray, thicker-bedded
limestone. At the margin of the basin, the formation is raised
along the Bone Spring flexure, which was apparently in move
ment to,,'ard the close of Bone Spring time, as the succeeding
beds overlap the flexed strata.

Overlying tbe Bone Spring limestone to the southeast, in the
basin area, is the Delaware :Mollntain group, a mass 2,700 feet
thick, consisting largely of sandstone, most of which is fine
grained. The group Is separable into three formations; in the
lower are many beds of coarse-grained sandstone, and in the
upper two a numb&- of limestone members.

Northwestward, away from the basin,great changes take
.place in the rocks of Delaware Mountain age, The lower for·
mation overlaps the older rocks along the Bone Spring ftexure
and is absent beyond. The lower part of the middle formation
persists northwestward as a thin sandstone tongue, but the
upper part changes into the Goat Seep limestone, Near its
southeast edge this limestone forms a set of massi're beds OTer
1,000 feet thick, whose form suggests that the limestone beds
grew as reefs along the edge of the basin area. Farther north
west, the limestone becomes thinner bedded, and contains much
interbedded sandstone.

In the same maDner, the upper formation of the Dela\vare
Mountain group changes northwestward into the thick mass of
the CD-pi tao limestone, Which, like the Goat Seep was probably
a reef deposit. The Capitan reaches a thickness of nearly
2,000 feet and forms some of the highest peaks and ridges of the
Guadalupe Mountains. The formation does not persist far to
the northwest, howeYer, and within a few miles is replaced by
the thin-bethled Carlsbad limestone. Still fartller north, be·
YOl:d the area studied, these limestones change in turn into the
anhydrites, .sandstones, and red beus of the Chalk Bluff for
mation.

The invertebrate fossils of the Delaware Mountain group and
its correlatives exhibit considerable yariety both laterally and
\"erttcally. The lateral changes are interpreted as resulting
from differences in environment j and the vertical cllaliges not
only to changes in environment, but also to progressive evolu
tion with the passage of time. Difrerences in environment are
suggested by the contrasting nature of contemporaneous de
posits; there were probably also differences in the chemi~try

of the water, its degree of agitation, and its depth. AYailable
evidence indicates that the limestone reefs of the Goat Seep and
Capitan formations were laid down in relatively shallow ·water,
and that the ~ui.alent Delaware ~lountain deposits to the
southeast were laid down in deeper water_

Above the Delaware Mountain group in the basin area are the
anh;rdrites of the Castile formation, also of Permian age, which
were ·laid down after the waters of the region were shut off
from free access to the sea. No younger consolidated rocks
are exposed in the area. Younger Permian formations are pres
ent farther east, however, and a greatly dissected ancient ero
sion surface on the mountain summits is probably the exhumed
surface on which Cretaceous rocks were once deposited.

Tectonic: features.-The mountain mass of the Guadnlupe
and Delaware Mountains is a great uplifted block of the earth's
crust. Although some earlier movements took place, the move
ments that raised the block itself took place entirel:r in Ceno
zoic tilue. The structure of the block resembles that of other
mountain blocks of the Basin and Range province. The east
flank is a gently tilted surface which descends toward the
slightly disturbed area of the Pecos valley_and Llano Estacado
at the east. The west flank is steep and broken by numerOus
faults, some of which have displacements of thousands of feet
and sene to outline the west side of the mountains. West of
the mountains downfaulted rocks are exposed here and there
in low footh1lls, and beyond is a lOWland, the Salt Basin, in
which the bedrock is greatly depressed and is covered to a
thickness of more than 1,000 feet by unconsolidated Cenozoic
deposits.

The faults along the west· flank of the mountains in general
trend parallel to the long axis of the uplift and are either ver
tical or dip steeply toward the downthrow. The rock8 are cut
by numerous joints whose dip and trend are similar to' those of

1



 

 Information Only 

2 GEOLOGY OF THE SOUTHERN GUADALUPE "roUNTAINS, TEXAS

the faults. The faults appear to be tensional features. but the
uplift itself was caused by vertically acting movements, whose
ultimate CtlUS-€ way ba.re b2en compressional force.

Oenozoic deposits and land. forms.-Tbe presen.t land surface
of the Guadalupe and Delaware Mountains closely resembles the
structural form of the uplift, but there are actually consider·
able differences. These differences have resulted from degrada~

tioa of the uplifted parts and depOSition of sediments on tbe
depressed parts by subaerial agencies similar to those now at
work in the region. The evolution of the Cenozoic deposits and
land forms Is thus closely related to the upheaval of the mountain
area.

The uplift took place in several stages. After the first uplift,
consequent streams formed on the sloping surface of the moun
tain block. and some of their courses are preserved with little
modification touay. Material washed from the mountains after
the first uplift 'Tas deposited in the nearby lower areas and is
probably represented b;r the oldest unconsolidated rocks of the

. Salt Basin and Llano Estacada. These materials are probably
of Pliocene age.

A second period of uplift probably took place in late Pliocene
or early Pleistocene time and raised the mountains nearly to
their present height. This uplift gaTe rise in places to new
consequent streams, which flowed along fault troughs. It also
cause(l renewed degradation in the mountains, The resistant
rocks of the Guadalupe Mountains were incised by deep can
yons. and the less resistant rocks of the Delaware Mountains
were w.orn down to a plain of about the same altitude as the
present canyon bottoms.

In Pleistocene time, perhaps as a result of fluctuation in
climate, a part of this lower country was bmied nnder a sheet
of gruyeL Deposition of coarse-grained dl'posits took place

west of the mountains also, partly as a result uf climatic: Change
but mainly in response to the uplift of the adjacent mountains.
During this period the Salt Basin was probably covered by
standing water, for the upper surface of the fine-grained de
posits that form its floor has a conspicuous levelness, such as 
could not ha \-e been caused by streams or subaerial agencies.
Faint beach ridges present in the Salt Basin indicate the exist·
ence ()f a lake in Inte Pleistocene time,

In late Pleistocene time, the area was again disturbed. .Re
newed movements of small amount took place along some of
the faults on the west fiank of the mountains, and some of the
previously formed unconsolidated deposits were displaced. The
disturbance also caused renewed dissection of the land sur
faces. Erosion and sedimentation that followed this time of
disturbance ha"Ve shaped the mountains into their present form.

Economic ~Ieolo!f!l.-Themain economic interest of the area Is
indirect. Knowledge of the area is yuluable to petroleum geor·
ogists because fea tures exposed at the surface here are analo
gous to featm'es to the east known only from drilling in the
oil fields. !'o oil or gas has been found in the area itself, but
the area has not been adequately tested by wells. There is a
slig:ht possibility that oil or gas may be discovered in the deeper
formations.

The other economic resources of the area are meager. Some
building stone, road material, and salt have been produced, In
a few places are small mineral deposits, but no ore has been
mined from them. The resource most Yalued by the local resi
dents is ground water, for the region is generally dry and with
ant permanent .;;:trel1l11S_ Hel'e fwd there ground water issues
a~ springs, whose intakes are the higher parts of the [Ltea,
where rainfall is grea.ter than in the lowel' parts,

INTRODUCTION

THE PERMIAN PROBLEM

The Permian system of the southwestel'll United
States has been tmtil recently one of the intriguing but
little known subjects of American stratigraphy. In
the latter half of the nineteenth centUl'v after the west
ern United States was settled, the "r~d bed" sections
of the Pel'll1i,ln were studied and reported on by many
geologists, but up to 1D20 the existence of a contempora
neous marine- sequence in "'estern Texas and southeast
ern New Mexico 'ms little appreciated. Since that year
the discove,'Y of extensive oil fields anel potash beds
in this region gave un impetus to the study of the Per
mian rocks, and furnished the geologist with records
of hundreds of drill holes from which to deduce the na
ture of the strata not exposed at the surface. At the
same time geologists have studied the rocks in the out
cropping areas, and have compared them with the
strata encountered by drilling.

l\Iuch remains to be done in order to understand the
history of Permian time in thc region. The physical
and chcmical conditions that caused the deposition of
the various aud often complexly related deposits need
to be better understood. More of the fossils of the rich
and interesting marine faunas should be described, and
the relations of the fossils to their environments should
be determined. Further, a satisfactory scheme of cor
relation is needed, and also a subdivision into series

that will express the contemporaneity of strata in dif
ferent arCHE:, One useful contribution to the solution
of these problems is the detailed stndy of sequences of
rocks exposed at the surface in the different mountain
ranges of Texas and New :Mexico.

This report deals with one snch sequence of rocks in
,,'estern Texas, the one exposed in the southern Gnada
lupe Mountains (for location, see fig. 1). Here, the
Permian rocks are magnificently exposed, to a thick
ness of about 4,000 feet (for a typical exposure, see pI.
1). They are all of marine origin, and belong to the
middle part of the system, with the base concealed and
the top absent. Overlying and underlying beds, how
ever, are found in nearby areas.

PRESENT INVESTIGATION

Field work on which this report is based was carried
out mainly during eight months in 1034: and ID35, dur
ing which time I ,vas assisted by H. C. Fountain. Ex~

penses for this work were pa.icl by a grunt from the
Penrose bequest of the Geological Society of America.
Some additional field work was done in subsequent
years, especially in the spring of ID3:). In Welo nnel
1Del6, I studied a. series of vertical aerial photogmphs
made by the U. S. Army, covering the southern Guatla
Inpe :Mountains and surrounding areas, This study
made possible a. finall'eyision of the geologic Inapping.
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'?L~",-_~_~_~_~-,,50 Mil~5 l{jJ
Oil (lod ~(l5

Ilelds b~ 1his report

FIGl'lIE I.-Map of ,,,estern Texas, southeastern Kew ~lexl(;o, and adjoining mea in Mexico, .showing- topogra()ilr; political divisions, oil and
~as fields, and other features. Compiled from ,ariolls sources, including U. S. Geological Surn~"s topographic maps of Texas and New
~Icxico (1: 500,000), on and gas map of Texas (1: 750,000), and Am('Tican Geographical Societ~·,s Chihuahua sheet, millionth map of His·
panic America (1: 1.000,_000).

As a result of the inYestigntions bet,Yeen 1D34: and 19-:1:6,
an area 2b miles long and 18 miles-wide, coyerjng 425
square miles, has been surveyed geologically (p1. 3).

::\Iost of the fossils mentioned in this report were col
lected by H. C. Fountain in ID34 and IDS5, to obtain
"'hieh he spent many hours of patient labor with the
halllmer. The excellence of the specimens that he ob
tained is a testimony of his llevotion to the 'York

The greater part of the fossils colJected were studied
by the late G. H. Girty of the Geological Survey, who
also visited our party in the field for three weeks. The
fusulinids have been studied by C. O. Dunbar of Yale
UniYersity "nd J. W. Skinner of the Humble Oil Co.,

and the cephalopods by A. K. ~filler "nd 'V. M. Furnish
of the State University of Iowa. The results of the
"'ork of Dunbar and Skinner,' and of Miller and
Furnish,' have been published; but the information that
was supplied by Girty is published for the first time in
this report.

Some thin sections of sandstones from the region
were studied by 'Ward Smith, thin sections of volcanic

1 Dunbar, C. 0., nnd Skinner, J. W" Permian Fusulinidae of Texas,
in Tile Geology of Texas, vol. S, Texas univ. Bull. "3701, pp. 519-825,
1937.

: Mil18r, A. K., and Furnish, W. M., Permian ammonoids of the
Guadalupe Mountain region and adjacent areas: GeoL Soc. America
Srwclal P3lWl' 20, 1040.
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ash were studied by C. S. Ross, and insoluble residues
of limestones by Charles Milton, all of the Geological
Survey. Chemical analyses of limestones, of volcanic
ash, and of other rocks were made by K. J. Murata and
E. T. Erickson in the chemical laboratory of the Geo
logical Survey.

The data in the chapters on tectonics and geomor
phology of the southern Guadalupe Mountains are in
cidental results of the stratigraphic investigation; I
believe they comprise information of so much interest,
and are so useful a contribution to the knowledge of
the Basin Ranges, that I give them in detail. In pre
paring these chapters, I have been aided by consultation
with W. H. Bradley, James Gilluly, and W. W. Rubey
of the Geological Survey.

Many of the pictures in the report are based on pencil
drawings which I executed as accurately as possible in
the field. I believe that these drawings bring out many
geological features more accurately than photographs.
Some of the views, especially plates 4 and 5, form a
series of panoramas around the escarpments of the
southern Guadalupe Mountains.

This report waS largely written between 1936 and
l!l3S, but was extensively revised in 1940. Publication
of the report by the Geological Survey was postponecl
during the period of World War II. A preliminary
description of the stratigraphic results was included in
a general summary of the Permian of west Texas and
southeastern New :Ylexico, published in 1942, and a
preliminary edition of the geologic map was published
in 1944.' Because of the fact that a general summary
of the Permian was published in 1942, only incidental
mention is made of regiona.l matters in this report, and
main emphasis is given to descriptions of the local
geology.

Since lD40, only minor revisions have been Inade in
the present report, and it may be that some geological

publications or discoveries made since that date, which
are pertinent to the subject, have been overlooked.
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PHYSICAL FEATURES OF THE REGION

EL CAPITAN

Bartlett,4 in 1850, when journeying by wagon from
San Antonio to El Paso, wrote:

OUf road led in a direction nearly west, towards the bold head
of the great Guadalupe "Mountain, which had been before us some
eight 0[' ten uays. This is a most rem:u·kable landmark, rising
as it does far aboye the surrounding plain. The sierra which
ends witll it comes from the nOL,theast. It is a dark, gloomr
looking range, with bold and forbidding sides, consisting of
huge piles of rocl~s, their delJris heaped far above the SUfl'otmd·

~ King, P. B., The Permian of west Texas and southeastern New
Mexico: Am. Assoc. Petroleum Geologists BUll., vol. 20, pp. 535-763,
1942. King', P. B., and }<~oulltain. H. C., Geologic map of southern
Guadalupe Mountains, Hudspeth and Culberson Courrtles, T.,xas: U. S.
Geo1oglcal Survey Oil and Gas Investigations, Preliminary map 18, 1944.

4 Bartlett, J. n., Personal narrath'e of f!xpIol'3.tions and incidents in
Texas, New Mexico, California, Sonora, and Chihuahua, connected
with the UnIted Stutes and Mexican Boundary Commission, rlnring the
years 1850, 1851, 18:'i2, and 1853, yol. 1, lip. 117-118, New York,
D. Appleton & Co" 1854.

ing hills. As it approaches its termination the color changes
to a pure whitC', tinted with buff or light orange, presenting a
beautiful contrast with the other portions of the range, or with
the light blue of [he Sky beyond, for in this elevated region the
heavens han~ a remarkable brillilmcy and depth of color.

(Views of till> southeast side of the Guadalupe Moun
ta:i.ns, appearing much as Bartlett saw them, are shown
on plate 4).

The "head of the great Guadalupe Mountain" is still
as impressive an object to the traveler as when Bartlett
first saw it. Soon after leaving Carlsbad, Van Hom, or
El Paso, the motorist discovers it in view before him, 50
miles or more away. When at length he draws closer,
his road, following the course of the old caravan road
that came into existence at the close of the Mexican
'Var, winds through the hills and canyons of Gmldalupe
Pass with the heaclland rising above it to the north.
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From the road, tier after tier of flat-lying sandstone
beds extend upward on barren slopes. On them, as on a
}Jeaestal~ reposes a monumental crag of white limestone,
f011l1ing a sheer cliff a thousand feet high (pI. 1). To
the modern traveler, as to the lI1exicans of the last
century who dug for salt in the flats west of the head
land, the crag is trnly El Capitan, the leader or
landmark.

The high peaks at the south end of the Guadalupe
:M:ountnins have been given a number of names at differ
ent times, the use of which has been indefinite and
conflicting. The terminology followed here, which is
that adopted by the U. S. Geographic Board, is to call
the headland El Capitan, and the higher peak a short
distance to the north Guadalupe Peak. However,
Richardson (100!) and Girty (1908), in their geological
reports, called the headland Guadalupe Point and used
EI Capitan for the higher peak to the north. Their
terminology has been followed in most subsequent geo
logical writings. In addition, the higher peak is com
monly known to the local residents as Signal Peak, a
term that appears to be of relatively recent origin. Use
of the name EI Capitan for the headlanu rather than
for the higher peak seems to agree better ,vith the
original Spanish meaning of the term.5

GUADALUPE MOUNTAINS

El Capitan lies near the center of the area here
described, and is the southern extremity of the Guada
lupe 1I10untains, a limestone upland that expands like
a wedge toward the north (fig. 2). The eastern side of
the upland is the forbidding escarpment with north
east trend described by Bartlett, and is appropriately
termed the Reef Escarpment.'

Thewe3tern side of the wedge, whose trend is SOlne

what west of north, has an even more impressive face
(as shown on plate 5). It is only from this direction,
Shumard 7 observed
that these mountains can be contemplated in all their grandeur.
Here extends an unbroken line of '1ertieal precipices from two
to three th9usand feet in height, the faces of which are so
smooth as to be accessible only a few hundred feet uboye the
base. The abrupt faces of these cliffs pUr.'~ue a general course
parallel to the axis of ullhea..-al of the mountains, which pre
sent the appearance of haying cleft \erticallr through their
centers and the western halves rernoyed.

Between the two escarpments, the interior of the
wedge is a pine-covered, rolling upland, divided into
many parts by deeply incised canyons. In the southern
end of the wedge, the uplands exceed 8,000 feet in al
titude aboye sea leyel, and culminate in Guadalupe

.5 For a. discussion of geographic termInology, see Lang, ,Yo B., The
Permian formations of the Pecos "alley of New Mexico and Texas:
Am. Assoc. Petroleum GeologIsts Bull., yoI. 21, pp. 839-844, 1937,

G King, P, B., The Permian of west Texas and southeastern N'ew
Mexico: Am. Assoc. Petroleum Geologists Bull.. yoJ. 26, p. 553, 1942.

'l'Shumard, G. G., Observations on the geological formations of the
country between the Rio Pecos and Rio Grande, in Kew Mexico: St,
LouIs Acad. Sci. Trans., voL 1, p. 280, 1858. (18601.

Peak, which rises to 8,701 feet. This is the highest point
in the State of Texas. Beyond the Texas-New Mexico
boundary, about 7 miles north of Guadalupe Peak, the
summits are lower, and at some distance farther north
and northcast the range fades out in the Pecos Valley.

The Guadalupe Mountains form the northern half
of a great, eastward-tilted block of the earth's crust
more than 100 miles long and about half as wide (fig.
2). The southeast-facing Reef Escarpment, which ex
tends diagonally across the tilted surface, follows an
ancient tectonic and stratigraphic axis, along which the
limestones of the Guadalupe Mountains come to an
end. To the southeast, where the limestones are absent,
the tilted block forms a lower series of broken sand
stone plateaus, known as the Delaware Mountains.

On the west side of the tilted block, the mountains
break off in steep escarpments, of which the precipices
described by Shumard are a part. The escarpments
slope toward the Salt Basiu, a depression with no out
let to the sea, whose lower part Btands at an altitude a
few feet above 3,600 feet, or nearly a mile below the
summit of Guadalupe Peak not far away. Extending
westward from the lowest benches of the escarpment to'
ward the saline lakes and alkali flats that dot the 'cen
tral fioor of the basin, is a great alluvial apron composed
of detritus washed down from the mountains. Rising
from the alluvium in places are low rock ridges, such
as the Patterson Hills southwest of EI Capitan (pI. 5,
A.) . The rocks in the ridges are the same as those high
in the mountains to the east, but instead of dipping
gently eastward as in the mountains, they dip more
steeply westward beneath the basin.

The main teetonic feature of the Guadalupe and
Delaware Mountains is thus a great arch whose steepest
dip is on its west flank. The archlike form, however, is
greatly complicated by faulting (as may be seen in the
strueture seetioi1s of plate 3). The west base of the
mountains is followed in most places by one of several
major faults, whose presence is shown in part by out
crops of down-dropped rocks to the west, and in part,
where alluvium buries the down-thrown side, by the
even base line of the mountains. Between the west
tilted rocks of the Patterson Hills and the east-tilted
rocks in the mountains near El Capitan are fault blocks
in which the strata are more deeply depressed than in
those on either side. The crest of the arch has thus
collapsed by the sinking of its keystone. The .rocks
within the southern Guadalupe Mountains for several
miles east of the major faults at the west base of the
mountains also are faulted, but still farther eastward,
the only sign of disturbance is the gentle tilting of the
rocks to the east.

The surface configuration of the region, with its
mountains, foothills, and flanking basin on the west, is
thus closely related to the tectonic configuration pro-
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duceu by uplift and faulting. The original tectonie
configuration l1as been sommdlat modified by erosion
of the higher parts of tl,e area and by deposition in tlle
lower parts, but. these modifications ha\'e been so small
that they suggest the uplifting and faulting are of rela
tiyely recent age. Some of the 1l10yements are certainly
of Quaternary age~ for unconsolidated deposits of the

alluvial apron are disturbed and faulted near the base
of the mountains. However, the alluvial apron is eom
posed of frftglllQ.llt:; ,-..:asheu £1'0111 high mounhlins, and
these mountains werc formed by movements older than
those just noted. How old these earlier mo,rements are
is a matter for conjecture; they may be of later Tertiary
age.

STRATIGRAPHY OF PERMIAN ROCKS

HISTORICAL SKETcn'

SHUMARD'S DISCOVERY

The first observations on the geology of the Guad
alupe Mountains "'ere published during the period of
exploration that accompanied the opening up of the
western country after' the )lexican ,Yar, and "ere an
outgrowth of surveys by Army engineers to determine a
practicable route for a railroad to the Pacific eo"st.
In 1854, the party of Captain John Pope laicl Out a
route through Guadalupe Pass.9 In the following year,
when Pope returned to the region to investigate morc
fully the prospects for artesian water neal' the route,
his party included Dr. G. G. Shnmard,1° a geologist
who hacl gained experience in "Western explorations as
a member of several previous expeditions.

Like Bartlett's party fiye years before, that of which
Shumard ,,~as a member approached the mountains from
the east. The foot of the Guadalupe Mountains \YaS

reached at "the canyon known as the Pinery" (Pine
Spring Canyon). This he explored for about a mile,
collecting fossils from the white limestone ·'remarkably
rich in organic remains~: that formed its rugged sides.
Continuing farther, the party uescenued into Guadalupe
Pass, and Shumard saw that the white limestone reposed
in heavJ' beels upon a great thickness of flat-lying sand
stones. He found that the section contained the follow
ing members in descending order (pl. 1) : n

Feet
1. Upper, or white litnestone__ ... .:. .. .. 1. 000

2-. Dark-colored thinly laminate(l awl foliated lim€>itone_ 5:)-100
3. Yellow quartzose sfmc1stone 1,200-1,500
4. Black thin-beddecllimestolle________________________ 500

Shumard's notes indicate that in the field he regarded
the fossils collected from the white limestone and under
lying rocks as of Carboniferous (Pennsylvanian) age,
but his brother, B. F. Shumard," who later examined

8 Under tbis heading, ollly the main ideas that ha,c been held in tIle
past regarding tbe rocks of the Guadalupe ",fountains can be mentioned,
lLDd not all the papers published on the area are cited. A complete list
of papers on the area, with Ii summary of their conclusions, is giyen in
the annotated bibliography at the end of this report.

~ Pope, John, Report of clI:ploration of route for the Pacific Railroad
near the 32nd paranel from the Red Ri,er to the Rio Grande: U. S.
Pacific Railroad Exploration, 33d Con;.. 2d Bess., S. Doc. ,8, ,01. 2,
pp. 1-95, 18:"15.

10 Shumard, G. G., op. cit.• pp. 278-282.
11 Shumard. G. G., op. cit., p. 280.
l~ Shumard, B. F., Kotice of new fossils from the Permian strata of

Kew Mexico and Texas: St. Louis Acad. Sci. Trans.• voL 1, PP. 290-297,
1858 [1860]; Notice of fossils from the Permian strata of Texas and
New Mexico: op. cit., pp. 387-403, 18:i9 [1860].

the material, was impressed with its dissimilarity to the
Carboniferous faunas and observed that many of its
brachiopods and other forms closely resembled those of
the Permian syst.,m that had been established in Europe
17 Years before. Aloreover, it included tl,e genus
A u7~8tege8 "that had not been recognized in formations
below the Permian.~'

WORK OF GIRTY AND RICHARDSON

Shumard's interesting discovery received little notice
for many years. There ,vere few visitors in this region,
which had become isolated in the turbulent days that
followed the Civil War. Except for Tarr" of the
Texas Geological Suryey, who made a brief trip to the
mountains in 1800, the next geologists to visit and de
sCl'ibe the region were G. H. Girty and G. B. Richard
son, of the United States Geological Survey, in 1001 and
1003.

Gil'ty~s collecting trip to the mountains was brief
but wonderfully fruitful. Large amounts of fossil ma
terinl "'el'e obtained from the whit" limestone that
fOl'ms the slopes of Guadalupe Peak (member 1 of
Shumal'd's section, p1. 1), which was named the
Capitan limestone by Richardson." Numerous fossils
"-ere. collecte,cl also from the underlying dark limestone
(member 2). The collections were 1110re rneager, how
ever, fl'om the underlying sandstone and basal black
limestone (members 3 and 4), ,vhich together were
named the Delaware Mountain formation by Richard
sonY In his monumental work on the Guadalupian
fauna, Girty" described the fossils obtained during this
visit and those collected by Richardson a.nd others in
nearby areas. By his work he expanded Shumard's orig
inal assemblage of 54 species to 326 species without, as he
says, doing full justice to the richness of the fauna.

\Yith. this more estensi\"e material before him, Girty
'was able to confirm Shu1l1ard~s original opinion as to
the unusual quality of the fauna. He was impressed

1. Tarr, R. S., Reconnaissance in the Guadalupe Mountains: Texas
Geol. Snney Bull. 3, 1892.

U Richardson, G. n., Report of a reconnaissance in trans·PecoB T('~aB

north of the Texas and Pacific Railway: Texas Dni\'". Bull. 23, p. 41,
1904.. •

l5 Idem., p. 38. The Delaware Mountain forma.tion is now claBsed as
a group, but with the basal black limestone separated from it and placed
in the Bone Spring limestone.

1GGirty, G. R .• The Guaaalupi:lD fauna.: U. S. Geol. ,Survey Prof.
Paper 58, 1908. The term Gundalupian as used by Girt~· embraces ap
proximately the Leonard and Gua(lalupe series of present terminology.
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with its dissimilarity to any of those in the Carbonifer
ous of the Mid-continent regio·n, or even elsewhere in
North America. Although he emphasized the "very
individual facies" of the fauna, like Shumard he found
the only closely comparable fossils among those de
scribed from (he Permian of Europe and Asia."

Richardson's reconnaissance of the northern trans
Pecos area furnished some evidence on the relations of
the beds containing the Guadalupian fauna. To the
east, they were overlain by unfossiliferous gypsum and
red beds." To the west, he found an extensive lime
stone formation, the Hueco," considered by Girty to be
of Pennsylvanian age, which apparently passed beneath
the base of the Guadalupian succession, although the
actual connection was concealed beneath the unconsol
idated deposits of the Salt Basin. Some hint of an
extension to the southeast of the beds of the Guadalupe
Mountains was given by small fossil collections made
by R. T. Hill in Glass Mountains, over a hundred miles
away (fig. 1)." This was confirmed some years later
by the important researches of Vdden" and Bose."

To the east, however, beyond the Llano Estacado,
red beds and other strata quite unlike those of the
Guadalupe Mountains were being assigned to the Per
mian by various authors, either on account of scanty
marine faunas as in Kansas, or because of vertebrate
remains as in central Texas. The manner in which
these Joined or were overlapped by the beds of the
Guadalupe Mountains remained a matter for conjec
ture. Nearer at hand, in the mountains of New Mexico
northwest of the Guadalupes, the higher Paleozoic rocks
were found to be the red beds and limestones of the
Manzano group." Its fossils, although of later Pale
ozoic age, did not resemble those of the Guadalupe
Mountains, and the physical relations between the two
groups of strata were unknown.

The well-marked lithologic units of the section in the
southern Guadalupe Mountains seemed to offer no ob
stacles to the tracing of them into the adjoining, prob.
lematical regions, yet many stratigraphic puzzles devel
oped as soon as the beds were followed for any distance
away from their type sections. Thus, upon the comple
tion of the Texas work, Richardson" attempted to trace
them northwestward toward the area· of the Manzano
gronp and found that

1T Girty, G. H., op. cit., p. 39.
IS Richardson, G. n" OJ). cit., pp. 43-45.
19 Richardson, G. B., op. cit., Pil. 32--38.
~o Girty, G. H., op. cit., pp. 26-27.
n Udden, J. A., Notes on the geology of the Gluss :Mountains: Texas

Univ. Bull. 1753, pp. 3-59, 1918.
:2 Bose, Emil, The Permo-Carboniferouf:l amml)lloid~ of the Glass

Mountains and their' stratigraphical slgnificanet': Texas Univ. Bull.
1762,1919.

23 Lee, 'V. T., and Girt;, G. B., The Manzano g-roup of the Rio Grance
valley, New ~Ie:tico; U. S. Geol. Survey Bull, 389, 1909.

~4 Rleharrlson, G, B., Stratigraphy of the upper Carboniferous in west
Texas and southeast New Mexico; Am. Jour. Sel., 4th sel'., voL 29, pp.
325-337, 1910. See also, Beede, J. W .• The correlation of the Gunda
lupian and Kansas sectionS: Am. Jour. Sei., 4th ~er., "oL 30, PI). 131
140, 1911).

the massiY~ Capitan limestone merges along the strike into
thin-bedded limestone and sandstone, the limestone element
finally disappearing altogether or being represented by thin,
local beds. * * * Northward from GuadalUpe Point, fossilif
erous horizons become rare in the Capitan, and the collections
* * • brought in tend to Show that with the change in lithology
the fauna also changes in character, so that practically nothing
of th~ typical 9uadalupian fauna is left.~

As a result of these discoveries, Girty concluded in
1909 that "the evidence is such as to demand considera
tion, if not adoption, of the hypothesis that the facies of
the Guadalupian fauna is a regional matter, denoting
not time relations, but geographic relations.""

SEARCH FOR OIL IN THE LLA......~O ESTAC..u>O

The puzzles that developed in correlating the Permian
rocks of the Guadalupe Mountains, and in explaining
their strange variations in facies, arose in part from
the impossibility of deducing what lay beneath the sur
face in the extensive areas covered by younger deposits.
Much light was soon shed on this question by drilling.
During the second and third decades of the century,
there was a tremenclous expansion in the development of
petroleum resources in the southwestern United States.
The Llano Estacado area, east of the Guadalupe Moun
tains and west of the previously discovered oil fields of

. central Texas, received its share of wildcat drilling. As
exploration continued oil was found at many places in
beds of Permian age. At about the Same time, beds
containing potash minerals were discovered in the
higher parts of the wells," and considerable exploration
was begun for this important resource.

When the first wells were drilled, the Paleozoic rocks
beneath the Mesozoic and Tertiary cover of the plains
were assumed to be warped down in a broad, gentle, and
relatively simple synclinorium." Thus, east of the
plains, the Pennsylvanian and Permian strata were seen
to dip westward, and on their western side the Permian
strata rose again toward the Guadalupe Mountains and
other ranges of the trans-Peeos region. The early drill~

ing in the basin disclosed a sequence of red beds, salt,
and anhydrite, which was interbedded below with dolo
mites. Deeper borings on the east side showed that
these beds were underlain by Pennsylvanian rocks.'"
To the west, near the Pecos River, deep wells penetrated
sandstones of the Delaware Mountain group beneath
the salt and anhydrite beds.'"

As drilling progressed,· it was found that the se
quences in different parts of the region were unlike in

~. Girty, G. R., The Gundalupian fauna and Dew stratigraphic evi
dence: New York Acad. Sci. Annals, vol. 19, p. 138, 1909.
~ Girty, G. H., idem., p. HI.
~1Udden. J. A., Potash in the Texas Permian: Texas Vnlv. Bull. 17,

H115.
:l:I Hoots, W. R .. Geology of a part of western Texas and sontheastern

New :Mexico, with special reference to salt and potash: U. S. Oeol.
Sun'e~' Bull. 780, PD. 113~114, pI. 17, 1925.
~ Uutlen. J. A.• The deep boring at Spur: Te:l:RB Unlv. Bull. 363, pp.

74-75. 1914.
30 Hoots, W _ H., op. C'it., pI. 16.
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character, and that the configuration of the synclinori
um was tar from regular. Thus, in 1£126, oil was dis
covered in the Hendrick field, Winkler County (fig. 1),
about. 125 miles east of the Guadalupe Mountains, in
dolomite that stood high aboye its anticipated position.
It had preyiously been assumed that. t.his district lay
near the axis of downwarpillg.31

A short distance west of the Hendrick oil field, the
oil-bearing dolomit.es were not encountered by the dril1.
Instead, after passing through salt and anhydrite, the
sand~tones of the Delaware Mountain group were
reached at a much greater depth than the oil-bearing
dolomites. East of the field, much anhydrite was in
terbedded with the dolomites, and no trace of the Dela
ware Mountain group could be found. Drilling north
and south of the new field made it even clearer that
the Delaware Mountain sandstones were confined to
a relatively restricted area within the InajaI' synclino
rium, forming a depression now 1..·...Hawn as the Dela\\"are
Basin (fig. 11)." The higher-standing zone of dolo
mites that bounded the formation on the east in Wink
ler County was found to curve westward toward the
limestones of the Guadalupe Mountains on the north
and the Glass Mountains on the south.

What was the nature of this zone, and what was its
relation to the Delaware :Mountain group on the one
side and to the interbedded dolomite and anhydrite
on the other~ For answer, the geologists who had been
studying the well records turned to the outcrops in the
Guadalupe Mountains, for here, lying at the surface,
there seemed to be the stratigraphic analog of the oil
bearing beds in 'Vinkler County and elsewhere.

RECE1\""T WORK IN THE GUADALUPE MOUNTAISS

Richardson's later observations on .the changes in
lithologic and faunal facies in the Guadalupe Moun
tains were amplified by the work of Baker as in 1918
and of Darton and Reeside" in 1925. Baker discoy
ered that the thick succession of sandstones of the Dela
Ware Mountain group (member 3 of Shumard's section,
pl. 1), well deycloped to the sonth, does not extend far
to the north in the Guadalupe Mountains (1'1. 7, A).
Instead, its Imyer part passes out by overlap against a
surface of unconformity that deyelops abmptly not far
north of El Capitan between it and the underlying
black limestone (member 4). The upper part "passes

31 'Villi5, Robin. Structural df:''l"E'lopment ana oil accumulation ill Texas
Permian: Am. Af<"OC Petroleum Geologists BulL. Y01. 13, fig. 3, p.
1039, 1929. Acken, A. L., de Chiccis, R., and Smith, R. R., Hendrick
field, Winkler County, Texas: Am. Assoc. Petroleum Geologists Bull.,
vol. 14, pp. 923-944, 1930.

a: Willis, Robin, op. cit., p. 1034. Cartwright, L. D., Transverse sec
tion of Permian basin, west Texas and southeast New Mexico: Am.
Assoc. Petroleum Geologists Bull.. vol. 14, fig. 1, p. 971, 1930, Origi·
nally called the Delaware Mountain Basin, but the shorter term seems
preferable, and has come into general use.

sa Baker, C. L., Contributions to the stratigraphy of eastern New
Mexico: Am. Jour. Sc1., 4th ser" vol. 49, pp. 112-117, 1920.

M Darton, N. R., and Reeside. J. B., Jr., Guadalupe group: Geol. Soc.
America Bull., ,01. 37, pp. 413-428, 1926.

to the north into limestone only a little less massive
than the overlying Capitan," 35 the Goat Seep lime
stone of the present paper. Beyond the point where the
sandstone loses both its lower and upper beds, only an
inconsequential stratum of sandstone could be found
in the middle of a succession of limestones.

The work of the geologists wlio had sought an an
swer to subsurface problems by studying the outcrops
was directed particularly to the structure of the oyer
lying Capitan limestone (member 1 of Shumard's sec
tion,p1. 1) and its relation to adjacent beds. It was
found that this formation, like the oil-bearing dolo
mites to the east, stands at a greater height than do the
upper beds of the Delaware Mountain group to the
southeast. However, along the Reef Escarpment which
bounds the Guadalupe Mountains on the southeast, it
was found that the Capitan comes to an abrupt end,
with its beds sweeping down in great curves to inter
finger with the lower-lying sandstones (as shown in
sections on plate 17). Northwestward also, within· a
few miles, the lnassh'e lilnestones merge with well
bedded limestones, now called the Carlsbad limestone.
Farther north, as at Rocky Arroyo in the northeast
ern Guadalupe Mountains, Baker 36 and Darton and
Reeside" observed that the well-bedded limestones in
terfingered in turn with beds of anyhydrite. The Cap
itan limestone ,,,as thus found to occur onl;y in a. nar
row belt that followed the northeastward trend of the
Reef Escarpment, rising above contemporaneous sand·
stone deposits to the southeast and forming a barrier
between them and the thin-bedded limestones and the
anhydrites to the northwest.

'Vith these stl'atigraphic relations in mind, many
resemblances became evident between the Capitan lime
stone and the barrier reefs now being built by corals and
othel' lime-secreting organisms along the coasts of h-opi
cal seas. The interpretation of the Capitan limestone
as a reef deposit waS announced by Lloyd" in 1929, and
was followed in papers by Crandall,39 and Blanchard
and Davis," later in the same year, as well as by Cart
wright 41 in 1930. The reef was assumed to extend as
a curving barrier around the Delaware Basin from the
Guadalupe Mountains through 'Winkler County to the
Glass Mountains (fig. l4E).

It should be noted that these conclusions although
now generally accepted, and accepted in this report,
were based very largely on the lithologic character of
the beds and on their stratigraphic relations to one an-

3:; Bnker, C. L., op. cit., P. 114.
36 Baker, G. L .. op. cit., p. 115.
31 Darton, N. H., nnd Reeside, J. B., Jr., op. cit., p. 419.
3'1 Llo~·il. E. R., Capita.n limestone and associated formntions: Am.

Assoc. Petroleum. Geologists BulL. voJ. 18, PP. 645-648, 1929.
311 Crandall, K. B., Permian stratigraphy of southeastern New Mexico

nnd acljacent parts of western Texas: Am. Assoc. Petroleum Geologists
Bull., vol. 13, pp. 936-937, 1929.

~o Blanchard, W. G., and Dads. M. J., Permian stratigraphy and
structure of parts of southeastern New Mexico and southwestern Texas :
..I,m. Assoc. Petroleum Geologists Bull.. 'f"ol. 13, p. 980, 1929.

il Cartwright, L. D., op. cit., pp, 977-979.
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other, and that in the work done by Lloycl and his con
temporaries, little stucly was made of the fossils. The
fossils in the Capitan clescribecl by Girty incluclecl no
corals such as are abundant in modern reefs, and the
fauna as a whole did not seem to express a particular
specialization to a reef environment. Girty, ho\vever,
hacl described a number of massive, lime-secreting
sponges from the formation, and Ruedemannt~ during
a visit to the region in 1927, had found in it and the as
soeiatecl Carlsbad limestone the remains of calcareous
algae. One object of the present investigation was to
obtain further information on these unsettled problems.

GENER'AL FEATURES OF STRATIGRAPHY

Previous geologic studies in the Guadalupe j)Ioun'
tains, flS summnrizecl in the preceding section, have
indicated that the stmta change greatly in character
from southeast to northwest across the region. In the
southeast, restiug on the basal limestones (member 4
of Shumard's sectiou, pI. 1), that are now called the
Bone Spring limestone, is a great thickness or sand
stone-the DeJawul'e :Mountain group. North,'n;'st
ward, the sandstone thins nearly to disappearance,
partly by overiap of the lower beels on the upraised
surface of the Bone Spring limestone, and partly by
intergraclation of the higher beds with different lime
stone masses, including those of the Capitan limestone.
The Capitan itself has been shown to occupy a zone only
a few miles wide, northwest of which it is replaced by
thinner-bedded limestone, anhydrite, and other rocks.
These relations have suggested that the Capitan lime
stone is a reef deposit comparable to modern barrier
rcef deposits.

The present investigation has confirmed and ampli
fied these observations. The complex: stratigraphy of
the southel'll Guadalupe Monntains was studied by clc
tailed ma pping, by measuring numerous stl't1tigraphic
sections, and by 11luking fossil collections. The strati
graphic sections were spaced closely enough to trace
the rock units involved through successive sections
across the area.

The areal relations are sho\vn on the geologic map,
plate 3. The stratigraphic sequences in the northwcst
and southeast parts of the are" are so different that it
is necessary to explain them in two separate columns 011

the map. Basic stratigraphic data are also shown on
the sheet of correlated stratigraphic sections, plate G.
Other basic data are presented on the structure 5N;

tions through the limestone mass of the Guadalupe
Mountains (pI. 17). On these structure sections oulv
the rocks that can be seen on escarpments and ("anyo;l

U Rueoemann, RUdolf, cited in King, p. B., and King, A. E .. The
Pflnnsylvanian and Permia.n stratigmphy of the Glass Mountains:
Texas Vnlv. Bull. 2801, p. 139, 1928. Ruedemann, Rudolf, Coralline
algae, Guadalupe Mountains: Am. Assoc. Petroleum G~olog'ists Bull.,
vol. 13, pp. 1070-1080. 19:!G.

walls are shown, and their hypothetical underground
extensions are omitted.

As shown on section K-IC, plate 17, the deepest ex
posures-which also give the most complete idea of the
stratigraphic changes-are those on the escarpments
at the western side of the mountains. The other sec
tions shown on plate 17 lie farther northeast and show
only parts of the upper beds. The long stratigraphic
sections 8hmyn on plate 6 were n1easurecl on this western
escarpment, and the shorter sections elsewhere in the
area.

These basic stratigraphic data are assembled: sum
marized, and interpreted on plate 7. Pbte 7, A is a
stratigraphic diagram extendi.ng from nOl'tlnvest to
southeast aCross the area, on which the structure of
the rocks of the area is show'n as it is assumed to have
existed at the close of Permian sedimentation. Plate
T, B is a group of similar diagrams~ each for a successive
stage of the Permian, which show the manner in which
the structure of the rocks is assumed to have developed.

The stratigraphic features shown on plate 7, A are
in a ycrtical plrtne, and therefore are two-dimensionfl,1.
A part of the stratigraphic information on the area
nmst be of this t\\"o-c1imensional sort: as it is obtainable
only on the west-facing escarpment of the mountains.
For the higher bec1~, however, exposures in, the canyons
east of' the escarpment, and in do\vnfaultecl areas '\Vest
of the escarpment: are so numerous that one can express
their stratigraphic features in a horizontaJ, as well as
a. vertical plane. For them, three-dimensional strati
graphic information is therefore available. This is
summarized in three maps, figures 6, 8, and 10, for 511C

cessiye stages of the higher beds. On these maps, the
boundaries of the different facies are shown by lines.
Note that the information is least complete for the
oldest beds (fig. 6) and most complete for the youngest
(fig. 10).

TERMINOLOGY

The complex stratigraphie relations of the Permian
rocks of the Guadalupe j)Iouutains are difficult to ex
press in a workable scheme of terminology. Such ter
mi.nology must take into account, not only the rock
units~ ,,-hich interfinger with one another in a complex
manner and are likely to be of small geographic extent,
but also time units, ~yhich from place to place include
dissimilar rock units of the same age. The terminology
as no\\" w'orked out attempts to make use of ,both time
and rock cIassificatiolls.

The first subdivision of the section into rock un.its
was made by Richardson in 1004 and although his
original names still rema.in, later authors have rede
fined them and have introduced many new ones. The
newly named units are subdivisions of the original rock
units~ or are rock units that ,vere not kno\vn at the time'
the original classification was made. Some of the mOre
important chu-llg-es that have been made since Richard-
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son's time are indicated in the tahle below. The pub
lications cited therein are by no means all that have
llppeared on the area; they are selected because they
Jue representative of a particular stage in the geologic
study of the mountains-a task that has been carried on
by Illany geologists. Not all of the new names that
appear in each column were proposed by the particular
.author cited; many have originated in .contemporaneous
wri tings of other geologists.

Most of the units listed in the following tables are
of lithologic significance, and have only an incidental
tilue value. The west Texas Permian, however, is now
divided by Adams and others into the four series shown
in column 5. These units are dominantly of time sig
nificance, and are applied across the region to beds of
the same age, regardless of their local rock or faunal
facies.

The writer's terminology in the southern Guadalupe
Mountains, shown in column 4 of the table below, is
given in greater detail in the table on p. 12, and dia
grammatically in plate 7, A.

In the descriptions of the stratigraphy that follow,
the beds are divided into five local time units. The first
of these units conesponds to the Leonard series, the
next three to the lower, middle, and upper parts of the
Guadalupe series, and the last to the lower part of the
Ochoa series. They are treated in turn, from oldest to
youngest. The outcrops of each, and the lithologic
changes that take place in them, are followed across the
area from the southeast to the northwest.

ROCKS NOT EXPOSED

'n,e oldest rocks exposed in the southern Guadalupe
Mountains belong to the Bone Spring limestone, of
Permian age. The rocks beneath it do not come to
view, but they have been penetrated in two wells that
haye been put down in the region. Some deductions as
to the character of the underlying beds can be made from
the data of the wells and also from study of pre-Bone
Spring rocks exposed in nearby mountain ranges.

The two wells are the N. B. Updike, 'Williams No.1,
put down with diamond-drill tools in 1921 and 1922 at

History and general classification oj the geologic terms used in the Guadalupe Mountains

Richardson, 1904 1 King, 1934 2 Lang, 1937 s This report Adams and
others, 1939 ~

Rustler limestone Rustler limestone Rustler formation Rustler formation

Upper Salado halite Salado formationmember Ochoa series
Castile gypsum Castile

gypsum
La-wer Castile anhsdrite Castile formationmember

Carlsbad Capitan i Carlsbad Capitan Bell
Cap-itan CanyonCapitan limestone limestone lime- lime- lime- Iime- forma-

! § stone stone
5

' stone stone , tion
'';;: i :;:; I So
~ d

i
i5

e
'I

= "Dark limestone Dark limestone t Goat Seep "".2 .2 =
i5

member member
i

limestone , .~

:;3

~ i ] Cherry "9 Guadalupe seriesd i5§ § :1 Sandstone Canyon :E0

il
0 tongue of formation- :E Dog Canyon :E Cherry ~

= 0 limestone 2 Canyon ~·2 " i ~
~ Sandstone Sandstone " d formation "= member member '" !I\ '" "= " " C0

" I "
I

~ c
i
~ Brushy

0 Hiatus Canyon
"" , formation

'" i i"" :

Bone Spring limestone II'l Black limestone ! Bone Spring limestone Bone Spring limestone Leonard seriesmember

H neco limestone Rueeo limestone i Rueco limestone H ueco limestone ,rolfcamp series

I Richardson, G. D., Report of a reconnaissance in trans-Pecos Texas north of the TeX&5 and Pacific Railway: Texas Cnh·. Bull. 23, pp. 32-45, lOOt.
i King, P. B., Permian straligraphy of trans·Pecos Texas: Geo]. Soc. America Bull., voJ. 45, pp. 7G3-782, 1934.
! Lang, W. B., The Permian rormatiol's of the Pecos Valley or New Mp.xico find Texas: Am. Assoc. Petroleum Geologists Bull., \"01. 21, pr. 857-878, 1937.
• Adams, J. E., and others, Standard Permian section or ~~orth America: Am. Assoc. Petroleum Geolop:isrs Bull., vol. 23, rp. lelia-1Ml. 1939.

755282--48----2
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Detailtd classification. of the formations in the Guadalupe Jllountains U8 used in thh report

Northwest part of area Southeast part of area Seriel'l

Absent Castile formation Ochoa

Bell Canyon formation:
, ***** 1

Carlsbad limestone Lamar limestone member.
*****

Flaggy limestone bed.
*****

Rader limestone member. 0.

Capitan limestone
~

***** 0
~

Pinery limestone member. '"***** "Hegler limestone member.
.; 0::.

" .;5
0 -,,-

;::;: "Cherry Canyon formation: ~

***** ~
0

Goat Seep limestone Manzanita limestone member. ~
***** "South \Vells limestone Q'lember. "***** ~

Sandstone tongue of Cherry Canyon formation
Getaway limestone member.

*****

Hiatus; absent by overlap Brushy Canyon formation

Bone Spring iimestone: Bone Spring limestone: 'D
~

C'l'tcff srrly member. Cutoff shaly member. ""Yietorio PE:t.k gray member. Black limestone beds. 0
~

Plack limestone bees. ....:

Base concealed Base concealed

I Unnamed bed~_

a point 3 miles south of El Capitan, and the Anderson
and Prichard, Borders No.1, put down with cable tools
in 1934 and 1935 at a point about 14 miles south of El
Capitan. The first well started at or a little above the
top of the Bone Spring limestone, and was drilled to a
depth of 3,400 feet (section 47, pI. 8). The second
started 590 feet below the top of the formation, and was
drilled to a depth of 4,728 feet (section 48, pI. 8)."

ROCKS OF PENNSYLV..!..NIA~AGE

From a depth of 3,183 to 3,400 feet in the Updike
well, and a depth of 3,950 to 4,;28 feet in the Anderson
and Prichard well, there are black shales and clark
limestones which are probably of Pennsylvanian age.
That they are of this age is suggested by some frag
mentarv fossil evidence. In the Anderson and Prichard
well, between the depths mentioned, Rynicker h~s identi
fied Triticites. In the Updike well, in cores from an un-

43 Information on the N. B. l:pdike "-ell is obtained from the drUler's
log, from notes taken by J, 'V, Beedf>, who visited the well when It was
bdnJl; drilled, and from examination by II. C, Fountain and the writer
of the cores themselves, which were Lying unmarked on the ground at
the head of the well. Informatlon all the Anderson and Prichard weI!
Is based on microscopic examillation of cutting'S by :\Iax Littll'field and
Charles Rynicker of the Gypsy Oil Co.

known depth, Fountain has broken out fossils, includ
ing fusulinids on which Dunbar 44 comments as follows:

Before completing the Texas volume [in Hl37] we worked
thesE' small pIeces ot the core for all they were worth find got
eleven rather well-oriented sectious. '" '" '" The t,,·o species
of Tritic.'te8 closely resemble two that I have from the Home
Creel>: limestone of central Texas, The single specimen of
DUl1burinelia is probably ju\-enile. The type species of that
genus W;:lS described by Thompson from the Deer Creek lime·
stone, whicb would be up in the middle of the Cisco. It is
possible that the large species of Triticitcs is the form described
b~' Needham from the upper P,Ht of the l\1a;,rdalena limestone,
as T,'iticilcs ventricosus saoramento&nsis, '" * '" In short,
upon restudying this collection after a lapse of several years,
I am still convinced that it presents a horizon in the Penn·
srlvanian, though possibly it is a little bigher than the top of
the Canyon.

Brachiopods, pelecypods, and gastropods included
in the same lot (No. 7714) were studied by G. H. Girty,
who reported that "nothing in the fauua definitely
points to a geolog;.c .age olde,f than the Bone Spring
limestone, and it has no affinities to the Rueco fauna."
In "ie,,, of the fusulinid evidence, this lot evidently con
tains specimens broken from cores of different depths.

~j Dunbar, C. 0., letter of July 1945. For an earlier statement, see
Dunb;lr, C. 0., and Skinner, J. W., Permian Fusulinidae of Texas:
Texas Univ. Bull. 3701, p. 5DZ, 1931.
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The lower strata penetrated by the wells noted are
thus probably of upper Pennsylvanian age. They are
younger than the lower Pennsylvanian rocks ,,:hich
underlie the Rueco limestone m the northern SIerra
Diablo, not far to the southwest.

WOLFCAMP SERIES OF CARBONIFEROUS OR PERMIAl\
AGE

Above the depth of &,18& feet in the Updike well and
the depth of &,950 feet in the Anderson and Prichard
well, most of the sequence consists of black limestones
and shales like those forming a part of the Bone Spring
limestone at the surface. Rowever, from a depth of
2,912 to &,183 feet in the first well, and of &,GGO to 3,950
feet in the second, there are clastic beds. In the Up
dike well these clastic beds consist of conglomerate
composed of rounded limeston~ pebbles in a limestone
matrix, interbedded with layers of gray limestone and
black shale. In the Anderson and Prichard well, they
consist of dark limestones, in which are embedded
clastic fragments of quartz and feldspar. At the ba.se
are granite and porphyry pebbles as much as 4 mIl
limeters in diameter. Despite certain dissimilarities,
the clastic beds in the two wells are probably of the
same ag~. They are probably eorrelatives of clastic
beds exposed elsewhere in trans-Pecos Texas, which lie
at the base of the ~Volfcamp series, on a surface of un
conformity which cuts acrosS Pennsylvanian and older
rocks.45

Further evidence that the rocks in this part of the
two wells are of WoHcamp rather than of Leonard
(Bone Spring) age is afforded by the occurrence in
rocks in the Anderson and Prichard well, as reported
by Rynieker, of the fusulinid genus P8ewi~schwag

erina. This is a characteristic fossil of the ~, oHcamp
series. In the well, it occurs in black shale and dark
limestone identical with the Bone Spring beds above
and of a facies unlike that seen in rocks containing it
in the Sierra Diablo and other ranges to the west. In
those ranges it occurs in the gray thick-bedded Rueco
limestone, the local representative of the 'YoHcamp
series. In the Updike well, the limestones for several
hundred feet above the conglomerate are gray and thus
more like the outcrops of the Rueco limestone, but no
diagnostic fossils have been reported from them.o

LEONARll SERIES

BOl\""E SPRING LIMESTONE

The Bone Spring limestone is the oldest formation
exposed in the Guadalupe and Delaware Mountains.
It forms a bench of varying height along the west
facing escarpment of the mountains, \"hich is fringed
on the west by alluvial deposits or outcrops of down
faulted rocks. (For views of typical exposures see 1'1. 5;
for map relations, 1'1. 3.) The formation passes be-

-&6 King, P. B., Permian stratigraphy of trans-Pecos Texas: Geol. Soc.
America BulL, vol. 4D, pp. 716-717, 1934.

neath the surface in the southern Delaware Mounta.ins,·
south of the area described, but across the Salt Basin to
the southwest is extensively exposed and forms the up
per three-fourths of the east-facing escarpment of the
Sierra Diablo."

The f0l1l1ation was named by Blanchard and Davis,"
but it had previously been recognized by both Shu
rnaI'd" ana. Girty " as the "basal black limestone" (mem
ber 4 of Shumard's section) .. The type locality is in
the lower course of Bone Canyon below Bone Spring,
on the west side of the Guadalupe Monntains 1 mile
northwest of El Capitan, where there are characteristic
exposures of several hundred feet of its upper be~s.

The formation is several thousand feet thlck, as
shown by the sections on plate 8. On the promontory
of the Delaware Mountains 18 miles south of El Capl
tan. 1 500 feet of beds were measured (section 49), and
at; p~int 2 miles north of Bone Spring 1,700 feet (sec
tion 7), but at neither place is the base expos~d. In.the
Sierra Diablo measured sections show a combmed thlck
ness for the 'Bone Spring and underlying Rueco .of
about 3 000 feet (section 45) . This agrees closely wlth
the 3 123 feet recorded in the Updike well near El,
Capitan (section 47). . .

In the Delaware Mountains to the south, WhlCh III

Permian time were a part of the Delaware Basin, the
formation is evidently much thicker, for in the Ander
son and Prichard well the eombined thickness of Bone
Spring and Rueco limestones, including the beds ~x

posed above the top of the well, totals 4,540 feet (sect~on

48). Accordin" to Adams," in this part of the sectIOn
o "I kseveral faults may have been drilled through, as C lUn s

. of rocks showing slickensides were bailed from the
hole" Judgment must be reserved as to whether the
possible fanIts .have materially al~ere~ the amoun~ of
thickness, but they should be kept III mmd as a pOSSIble
source of error.

The Bone Spring is composed almost entirely of lime
stone beds as contrasted with the dominantly sandy
strata of the Delaware Mountain group which overlies
it (plate 7, A.). In the Delaware Mountains, and ex
tending as far north as Bone Canyon, ~he expose? par~s

of the formation are black, cherty hmestone III thm
beds with partings and a few members of shaly Iime
ston~ and siliceous shale. Nodh of Bone 'Canyon in the
Guadalupe Mountains, the upper part of the black lime
stone is replaced by a thick-bedded gray limestone, the
Yictorio Peak gray member, which also forms the cap-

.6 Kin:;:, P. Do, ap. cit., pp. 751-755.
~~ Blanchard, W, G., and D.o.,is, Y. J., Permian stratigraphy ana struc

ture of parts of southeastern New Mexico and south,,:estern Texas : A~.
Assoc. Petroleum Geologists Bull., vol. 13, p. 961, 1929. Original Y
called Bone Springs limestone; the singular form is used }Jere to agree
with the geographic term.

oIS Shumard, G. G., OiJservations on the geOlogic~l formation~ of. thte
country between the Rio Pecos and Rio Grande, m New MexIco. S .
Louis Acad. Sci. Trans., 'r01. 1, p, 281, 1858 [1860].

19 Girt)", G. H., The Guadalupinn fnuna~ U. S. Geo1. ~ur",ey Prof.
Paper 58, p. 7, 1908.

50 Allams, J. E., letter of May 1939.
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ping stratum of the Sierra Diablo. Between the main
mass of limestones and the sandstones of the Dela
ware Mountain group is a small thickness of inter
bedded limestone and shale, which forms the Cutoff
shaly member and its probable equivalents.

SEQUENCE IN THE SOUTH

OUTCROp.

South of Boue Canyon, the black limestones of the
Bone Spring crop out in a bench along the west base
of the mountains, :forming rounded slopes of a darker
color than those carved from. the sandstones above.
Near United States Highway No. 62 the bench is dis
continuous and low, but it rises to the north and south.
At the top of the bench in the Delaware Mountains
south of the area studied, two cliff-making members of
black limestone form steep walls, in places unscalable.

Outcrops of the Bone Spring limestone in the south
part of the area are shown on the geologic map, plate
3. A part of the outcrop can be seen in the panorama,
plate 5, A, fringing the base of the escarpment below
EI Capitan and Pine Top Mountain. Stratigraphic
sections south of Bone Canyon appear on the right
halves of plates 6 (numbers 15-44) and 8 (numbers 48
and 49). The two cliffs referred to form the 460-foot
interval in the upper part of the formation in section 49.

BLACK LIMESTONES AND .o\SSOCHTED ROCKS

In the southern part of the area studied no more
than the topmost 500 feet of black limestones is ex
posed, although more beds come to the surface farther
south. These topmost beds are fine-textured, dense,
black limestones, in beds a few inches to a foot or more
thick. They are in part straight-bedded and in part

have lumpy or undulatory bedding surfaces. Black,
brown-weathering chert occurs in some of the beds as
long, knobby lenses, nodules, and flat sheets. Chert is
also common in the Anderson and Prichard well
for more than 1,000 feet below the surface," suggesting
that most of it is original with the deposit. The black
limestones are nearly barren of fossils. The known
fanna has been collected from discontinuous lenses, gen
erally more granular than the inclosing rock. Am
monoids in some ·of the lenses not far north of United
States Highway No. 62 are filled with free oil, which
spills over the rocks when the ammonoids are broken.

The black limestone in most exposures shows no
stratification between the bedding planes, but in some
exposures it is marked by finer laminations. Lime
stones marked by closely spaced, light and dark laminae
similar to varves are con'inl0n lower·down in the forma~

tion (iJ!. 10, A) ; they have been observed on the prom
ontorv of the Delaware Mountains 18 miles south of El
Capitan, in the Sierra Diablo, and in the cores from.
the Updike well. Some of the limestone beds are separ
ated by partings of shaly black limestone. The strata
for several hundred feet beneath the two cliff-making
members south of the area studied consist of brown,
platy siliceous shale and shaly limestone.

The following analyses of black limestone from the.
Bone Spring limestone were made. These and subse
.quent analyses of carbonate rocks in this report were
determined by methods described by Hillebrand." The
onlv modification was that insoluble residues were
c;ught on J ena glass filtering crucibles, and the organic
insoluble determined by the Robinson 53 method.

Analyses, in percent, of black limestone from the Bone Spring limestone

[Analyses bS-: K. J. ~[ura.ta: notes on insuluble residues by Charles :.vmton]

4

7

,
Insoluble

R,O.
Specimen loc'ality (mostly CaCO, MgCO. MnCO, Ca,(PO,), Total

Inorganic Organic Fe203)

1. Near top of black limestone, 3 miles south-south-
east of EI Capitan _____________________ ~ ____ 6.11 O. 33 0.29 91. 19 L 76 None 0.06 99. 74

2. Several hundred feet below top of black lime-
stone, at narrows of Bone Canyon below Bone

99.8Spring_____________________________________ 4. 34 .36 .23 91. 52 3.36 None .06
3. Middle part of Bone Spring limestone! 3 miles

north of Victorio Peak, Sierra Diablo; lami-
nated limestone, a thin section of \vhich is illus-

99.7trated on pI. 10, A__________________________ 23. 65 .73 .37 72.00 2.86 None .13

Insoluble residues: I, Dark brownish and carbonaceous, consisting of clay with finely divided quartz particles; 2, similar to No
1; 3, light brown and of fine-grained particles.

At several places, layers as much as 10 feet thick of
platy, fine-grained, calcareous sandstone are inter
bedded with the black limestones. Two specimens of
the sandstone, one from a point 21/2 miles south-south
east of El Capitan and the other from the mouth of
Black Canyon farther south, were studied under the
microscope by ,Yard Smith. The grains have a max-

imum diameter of 0.2 millimeter and lie in a calcite
matrix. They consist chiefly of quartz, with some micro
cline and plagioclase, one! a small but noteworthy

61 Littlefield, Max, PerSOnal communication, 1D36.
82 Hillebrand, W. F., The analysis of silicate and carbonate rocks:

U. S. Gcol. Survey Bull. 700, p[.l. 253-266, 1919.
Ii:! Robinson, W.O., U. S. Dept. Agr., Jour. Agr. Research, vol. 84,

p. 339, 1927.
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amount of zircon, top.rmaline, and apa.tite. These are
the more stable minerals of igneous and metamorphic
rocks.

A mile south of Bone Canyon, several thin conglom
erate layers containing black limestone pebbles are
interbedded in the black limestone (sec. 17, pI. 13). One
of these beds locally attains a thickncss of 4 feet and
contains boulders several feet across of light-gray, fos
siliferous limestone similar to that of the Victorio Pcak
gl'lly member as developed a few miles to the north.
..A..pparently some erosion of ihis contemporaneous,
light-gray limestone 'las taking place at the time the
black limestones were being deposited.

Near Bone Spring, the upper part of the black lime
stone contains lenticular masses of poorly bedded; gray,
granular limestone as much as 50 feet thick (sees. l5a
and 16a, pI. 13) . One such mass exposed on the escarp
ment face not far south of the month of Bone Canyon
seems to lie in a channel in the underlying black lime
stone. Other masses have a moundlike upper surface,
against lvhich the succeeding beds overlap. They COll

tain the heads of massive bryozoans, and also numerous
productids and other brachiopods like those in the Vic
torio Peak gray member nearby. At least some of these
lenticular masses were small reef deposits.

STr:.rC'!'1.,."RAL FE.ATUHEB 11' THE BLACK LIMESTQXE

The black limestones are thinly and evenly bedded.
In the vicinity of Bone Canyon and farther south, how
ever, 1110st of the exposures when viewed as a mass show
a great irregularity of stratification, so Butch .50 that
at nearby points the dip is quite different in direction
and amount. This irregularity results from two types
of structul'ai features, described below.

The first type is found in the yicinity of BDl,e Can
yon. Here, the black limestone is diYided into lUuner
ous wedge-sha ped and basin-shaped masses as much as
100 feet thiek. The strnta within each mass are par
allel but the masses themselves are separated by sloping
planes of contact from other masses of similar litho
logic character in which the strata are differently in
clined." In some places, gently dipping strata overlie
more steeply tilted stl'at.~, and in other places the oyer
lying strata haye the steeper dips. The upper beds are
generally parallel to the plane of contaet beneath, and
the lower beds are cleanly truncated.' None of the lime
stones near the planes of contact is contorted, and nOlle

contains any breccia or conglomerate; the oyerlying
limestones rest directly on the underlying. At one or
two places, however, the smoothness of the contact is

U First described by Baker, C. L., Contributions to the stratigraphy
of eastern Kew Mexico: Am. Jour. ScL, 4th ser., "01. 49, PD. 112-117,
1920. Luter described by Darton. X. H., and Reesiile, J. B., Jr., Guada
lupe group: Geol, Soc. America BUI1., ,"01. 37, p. 423 and [11. 14, 1926;
Llo~'d, E. R., Capitan limestone and assodated formations: Am. Assoc.
Petroleum Geologists BUll., 'Vol. 13, p. 657, 1929; Blanchard, W. G.,
and Da"is, M. J., Permian stratigraphy aDd structure of parts of south
eastern Kew Mexico and southwestern Texas: Am. Assoc. Petroleum
Geologists BulL, 'Vol. 13, p. 962, 1929; and others.

broken by small pockets in the underlying beds, which
are filled by limestone like that above and below.

A typical exposure of such feat nres is shown in plate
11, A, in 'which a pocket like that noted above can be
seen on one of the surfaces. The features are shown
also on the sections accompanying plate D, especially
in the enlarged skef ch on the left, and in figures A and
E, accompanying plate 13. The area in which they
occur is shown on plate 7, A.

These featnres are strikingly exposed in Bone Can
yon, and in Shumard Canyon," the next valley to the
north. They are found also for somewhat more than
a mile south of Bone Canyon, but are absent beyond.
They are absent also north of Shumard Canyon, where
the bedding planes in the black limestone are straight
and parallel.

In Slnu11lml Canyon, the lower part 6f the overlying
thicker-bedded Victorio Peak gray nlelnber contains a
few similar sLructural features, but the angle of diver
gence between the overlying and the truncated beds is
Jess than that in the beds beneath. In this canyon, the
Yietorio Peak itself is tl'llncated and overlain by basin
,haped remnants of the Cutoff shaly member (sec. 0-0',
pi. D).

The second type of structural feature, a remarkable
contortion of the black limestone beds, is known only
in the are" south of EI Capitan, where it can be seen
in the upper layers of the black limestone, the oldest
beds exposed in the district. These features have not
been described in previous publications, although they
lllay have been seen by geologists, and confused with
the featUl'es of the other type near Bone Canyon.
A typical exposure of this second type of feature is
shown in plate 11, B, and the area in which they occur
on plate 7, .d.

In llluny places the canyons that drain across the
black limestone bench cut through steep to overturned
or recumbent folds, involving 10 to 20 feet of beds.
Accompanying the folds are small thrust faults. In
places the contorted rocks pass into masses of she"red,
wrinkled, and rolled lenses of limestone. The general
trend of the folds and thrusts is between east-north.
cast and west-northwest, but the direction of overturn
ing is either 1l0l'thwarcl or southward. Numerous fur
rows and slickensides of the same trend as the folds
groove the bedding planes, both in the contorted rocks
and in rocks not otherwise conspicuously disturbed.

,Vherever they are exposed the strata beneath any
set of contorted beds are little disturbed. Many of the
contorted beds are tl·uncated, a}ld oyerlain by gently
dipping strata. ,Vhether the upper -strata lie uncon
form"bly on the lower or have been thrust over them
cannot be determined with certainty. The contortion

till Name used ill this report for the large, hitherto unnamed canyon
l:t"in; between Bone and Shirttail Canyons on the west side of the
Guadalupe Mountains. Tbe canyon and Shumard Peak, on whose slopes
It heads, are named in honor of Dr. G. G. Shumard, the first geologist
to "isit the region. .
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has not modified the broader features of the strata, for
toward the south the contorted beds stand in cliff-mak
ing members that can be traced continuously for long
distances.

Both sets of structural features are relatively an
cient, for the tilted beds, planes of contact, and thrusts
are in many places cut cleanly through by vertical joints
of probable Tertiary age, some of which are shown on
plate 11, B. The features near Bone Canyon were in
terpreted by Baker" as thrust slices. Darton and
Reeside 51 and later geologists, however, have regarded
the truncated surfaces in this neighborhood as local
unconformities, and the whole feature as a sort of gi
gantic cross-bedding" formed during the time of de
position. This latter interpretation seems best to fit
the facts, as the basinlike form of some of the masses
and the pockets along some of the planes of contact
more closely resemble sedimentary than tectonic fea-
tures. Further, similar truncated surfaces higher up,
which separate the Victorio Peak from the Cutoff mem
ber, seem clearly to be local unconformities. Such un
conformities do not necessarily mean emergence of the
sea bottom; they may have been caused by submarine
currents.

The features farther south are certainly the result of'
some sort of deformation, but I am inclined to believe
that they. also were formed during or shortly after the
time of Bone Spring deposition. The intensity of the
contortion and the small thickness of the beds invol,ed
suggests that they were deformed under a relatively
thin overburden, and that the beds retained a certain
plasticity at the time of deformation. They must have
been sufficiently consolidated, howe,..r. to have been
grooved and slickensided. The deformation m-ight
have been caused by a sliding of one part of the newly
deposited beds oyer another: c'ausing the beels between
to crumple.59 Some of the flat-lying beds that truncate
contorted beds may have slid in this manner. (See
p.27.)

South of EI Capitan, the black limestone bench is
separated from the first sandstone ledges of tIle Brllshy
Canyon formation above by a slope 50 to 150 feet high,
curved from shales~ sandstones, and thin limestones, of
which a typical exposure is sho\'fll on plate H, B.
The~e beds are classed as an upper memb\-'r of the Done
Spring limestone, and tentatively correlated with the
Cutoff shaly memb"i" of the Bone Spring, which is found
in the northern 'part of the area studied. Near £1
Capitan, however, the~ beds thin out and disappear. so

M Baker, C. I.., op. cit., p. ll:l.
G1 Darton, N. II.. find Reeside..T. B., .Jr., op. cit., p. 4~:l.

5S Llo~·d. E. R., op. cit.. p. 657.
W Twenhofel, W. R .. ']'reatise on sedimentation,' 2d ed.. trp. 739-741

(subaqueous gliuing), Baltimore, 1932. Jones, O. Tn On the slidlng or
slumping of suhmarinc sediments in Denbighsllire. north Wales. during
the Ludlow period; Geol. Soc, London, Quart. Jour., \'01. 43,pp. 241
283, 1937.

that the actual connection to the north cannot be traced.
The Cutoff member of the southern area is well exposed
in Brushy Canyon, not far south of United States High
way No. 62 (sec. 36, pI. 6).

The member consists of black, platy, siliceous shale
and shaly sandstone, with a few intercalated sandstone
beds in the upper part, and many tllin beds of compact
gray or black limestone. At some localities, the various
constituents are very irregularly interbedded. In
Brushy Canyon, one of the limestone beds develops
locally into a mass 15 feet thick and contains abundant
brachiopods, mollusks, and other fossils. The thinner
limestones contain little else than fusulinids, and many
are l1nfossiliferous. In some exposures, the shales con·
tain large, spherical, cannon-ball concretions of
linlestone.

In the lower 25 feet of the member, and resting in
places directly on the bbck limestones beneath, are
lenticular beds of conglomerate a few feet thick, com
posed of round black limestone pebbles set in a
calcareous matrix. The upper surface of the black
limestones is not channeled, however, and the limestones
interbedded in the shales above the contact are identical
in appearance with those below. The top of the mem
ber is drawn at the base of the lowest prominent sand
stone ledge of the Brushy Canyon formation, but this is
not a definite boundary, as some similar sandstone is
interbedded in the shales below, and shales and platy
sandstones are interbedded in the thicker sandstones
above.

SEQUENCE IN THE NORTH

OUTCROP

Near Bone Canyon the bench of Bone Spring lime
stone rises to a greater height than farther SQuth.
To the north it stands in an imposing line of cliffs that
rise 1.000 feet or more above the foothill ridges of
downfanlted rocks that flank it on the west. About ,1
miles nodh of Bone Canyon, these downfaulted rocks
rise so high that they conceal the Bone Spring heels on
the main escarpment. Toward the northwest: however,
in the }O\ye1' ridges ncar Cutoff ~:Iountain, the formation
reappears in plaees. It and the overlying rocks arc
much faulted. \.u1<l SOllle of its limestones form. dip slopes
that nre ilH'lined steeply westward toward the Salt
Basin.

Outcrops of the Bone Spring limestone in the north
ern part of the urca nre shown on the geologic maps,
plates 3 and 9. The whole ontcrop in the northern part
of the area also can be seen on the panorama, plate 5,
B. The part of the outcrop on the main escarpment
extends from below El Capitan to the right, northward
past points 5738 and 6,02 to below the Blue Ridge on
the left, where it comes to an end. The outcrops near
Cutoff Mountain appear farther to fue left, and form
the cuestas below point 5443 and elsewhere. Strati
graphic sections of the formation north of Bone Can
yon are shown on the left half of plate 6, numbers 1
to 14.

I,I
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VICTOll.IO PEAK GIUY MEMBER

The black limestones are exposed for only a few miles
north' of Bone Canyon and pass from view beyond.
Most of the exposed part of the formation in this dis
trict belongs to the Victorio Peak gray member, a suc
cession of thick-bedded, gray limestones 800 feet thick,
"hich are the northward equivalent of the upper part
of the black limestones.

The member is named for Victoria Peak," a· high
point on the Sierra Diablo escarpment southwest of
the Guadalupe Mountains. A correlation of the rocks
assigned to the member in the t"o areas seems assured,
because in addition to a similarity of the faunas, the
member at the northwest end of the Sierra Diablo is
divisible into three parts that are identical with its
three divisions in the Guadalupe Mountains. (Com
pare secs. 46 and 7, pI. 8.) Here, as in the Guadalupe
Mountains, it rests on black limestone and is overlain
by the Cutoff shaly member.

On the high ridge bet"een Shumard and Shirttail
Canyolls,61. about a mile. north of Bone Spring, two
well-marked divisions in the lnember are recognized.

(See see. 10, pI. 6; for structure of the ridge, See sec.
B-B', pl. 9.)

The lower division, resting with gradational contact
on the black limestone, consists of 350 feet of gray
brown~ fine-gra.ined, dolomitic limestone in bells several
feet thiclc In Shumard Canyon, many layers of thin
bedded, hackly limestone are interbedded. Here ero
sion has carved th~ limestone of the division into pic
turesque, serrated walls find pinnacles, which are shown
in the lower left-hand part of plate 12, B. The division
commonly contains widely spaced, large, subspherical
chert nodules, and in many beds fragmental remains
of fossils. In Shirttail Canyon, several layers of light
bro"n, fine-grained sandstone are interbedded in the
lower part.

The upper division of the Victorio Peak member on
the ridge between Shumard and Shirttail C(ll)yons is
a light-gray, nondolomitic, lioncherty, thick-bedded
calcitic limestone 160 feet thick, which contains various
productids and other brachiopods.

The following analyses of limestones from the Vic
torio Peak gray member were made:

Analyses, in percent, of limestones from the Fictorio Peak member

[Analyses b~· K. J. Mumta; Dotes on insoluble residues by Chorles Miltonl

I
I I I I

I
Insoluble

R 2O:;
Specimen locality (mostly CaCO, MgCO, MnCO, Ca,(PO,h Total

In- 10 . F",O,)
organic rgallIc

1. Lower division, first ridge south of Shumard
Canyon, at entrance ________________________ 2.64 O. 24 0.25 55. 54 41. 25 0.07 O. 10 100. 09

2. Upper division, Shumard Canyon X mile north- ,
northeast of Bone Spring____ ~ _______________ '.74

::: I
.25 97.50 .69 .02

1

.10 99.63
3.

U~~~~_~~\~i~~o_n:_~_~!~e_ ~_o_r:~~v_e~~ _~f_~~~~ _~~~~~~I I I.92 .20 98.20 .60 None .10 100.06,
Insoluble residues: 1, Dark brownish, carbonaceous,. consisting· of clay and finely divided quartz, some of which is perhaps

authigenic; 2, dark brown, carbonaceous, with large garnet particles, some of which are well-rounded, and also red tourmaline, quartz,
and ·chalcedony; 3, bro\\·n, with quartz, chalcedony, microcline, and coarse garnet. -

The two diyisiol1s'of the Yictorio Peak O'rav rnember
D •

disappear south of Shumard Canyon. The lo,,'er diyi
sion extends as far as a ravine bet"'een Shnmard and
Bone Canyons, where it intergrades abruptly with black
limestone, as shown in figure A, plate 13. The upper
diyision is cut off south"ard by pre-Brushy Canyon
(Delaware Mountain) erosion. In the northern
branches of Shumard Canyon its beds are truncated
by a smooth surface, sloping 15 0 southeast, against
which the sandstones of the Brushy Canyon formation

611 King, P. B., and King, R. E., Stratigraphy of outcropping Carbon
iferous and Permian rocks of trans-Pecos Texas: Am. Assoc. Petroleum
Geologists BulL, TOl. 13, p. 922, 1929. In the Guadalupe Mountains, the
name supersedes the term "gray limestone member" of Darton and
Reeside (op. cit., p. 421), which has been used for it in many geooiogiC
reports.

el According to Mr. A. J. Williams, Shirttail Canyon was so Darned
becaUSe about 1918 a party of fugitives made the canyon their hhUng
place and tied a shirt to a bush near its entrance as a signal to their
'Confei.'lerates.

overlap (sec. B-B', pI. 0). In the southern branches
the upper diyision extends as a rapidly thinning ,vedge,
"hich is locally m-erlain by basin-shaped remnants of
the .cutoff shaly member.

The black limestone exposed in Bone Canyon is of
the same age as the lower division of the Victoria Peak
member a little to the north, and the lenticular masses
of gra:v, granular lin1estone which it contains are con
sidered as outliers of the Victorio Peak deposits. No
equiyalent of the upper division is present here. Crude
tracing of the ledges suggests, however, that bl~ck lime
stone beds younger than any in Bone Canyon come
in beneath the Brushy Canyon formation to the south,
as indicated di"grammatically on plate 7, .1. They are
probably equivalent to the upper division of the Vic
torio Peak member to the north.
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.North of Shirttail Canyon, the lower division of the
Victorio Peak member, which is not widely exposed, is
separated from the npper division by a middle division
100 feet thick of slope-making, thin-bedded, light-gray
or white limestone, with much buff, fine-grained, cal
careous sandstone interbedded. (Shown on sees. 5 and
7, pI. 6.) The upper division is calcitic, light gray,
noncherty, and thick-bedded. (See chemical analysis
No.3, above.) Its upper layers contain numerous poorly
preserved fusulinids and productid shells.

CUTOFF SHALY :l,[E~1BER 13 snU~U.Rn CANYO::ol

In the southern branches of Shumard Canyon, rest
ing unconforrilflb]y on both the lower and upper divi
sions of the Victorio Peak member: find overlain uncon~

formably by the Brushy Canyon formation, are small
remnants of poorly fossiliferous beds which are prob
ably equivalent to the Cutoff member to the north.

Two divisions are present, separated by an uncon
formity. The older one, composed of thin-bedded,
black, chei·ty limestone, is exposed at only one place,
near the head of the south fork of the canyon. It lies
in a steep-sided basin carved in the Victorio Peak lime
stone, which it fills to a thickness of 90 feet. The
younge-r division crops out somewhat more widely in
the branches of the canyon, and consists of thin-bedded
black limestone, weathering to ashen-gray, hackly frag
ments, interbedded with platy siliceous shale. They
closely resemble the limestones and shales of the Cutoff
member as developed farther north. The younger divi
sion is well exposed on the ridge south of the month of
Shumard Canyon, where it reaches a thickness of 60
feet."

The ontcrops of the two divisions of the Cutoff shaly
member in Shnmard Canyon are shown on the geologic
map, plate 9, and their strncture on the accompanying
section 0-0'. The basin-shaped remnant of the lower
division stands ant prominently on the nearest ridge in
the center of the panorama, plate 12, B. The lower (]i,i
siol! is included in section 12a, find the upper in section
13a of plate 6.

CUTOFF SHALY MEMBER IN NORTH PART OF AREA

In the northern part of the area stndied, the Victorio
Peak gray member is overlain, apparently conformably,
by 230 feet of shales and limestones which crop ont on
slopes above the limestone cliffs. They form the Cutoff
member, which is named for exposures on the west slope
of Cutoff Mountain abont 1,000 feet below its summit
(sec. 1,1'1. 6)."

The member consists of thin-bedded, dense limestone
of black, buff, or gray color, weathering to dove-gray

~ This exposure was first noted 1>}' 11:. R. Llord, GP. cit., p. 657.
<13 This member seems not to hu,'e been recognized. as n seParate entity

In previous reports. Blanchard and Davis (op, elt., PD. 968-970) hare
descrIbed some of its exposures in their measured sections ll. short dis.
tance north of the Texas-New Mexico line. They refer to it ns the "top,
gray, hackly member" of the Bone Spring limestone.

uLi~-\D.-\L-CPE MOL7 NTAINS, TEXAS

or ashen, hackly, conchoidal fragments. Some of the
lower beds contain irregnlar musses of black chert. In
the upper part, much platy black siliceous shale, brown
sandy shale, and soft sandstone is interbedded. The
member contains few fossils; some pelecypod imprints
werc seen in the npper part west of Cutoff Monntain_

About half a mile north of Shirttail Canyon, the
southeastward extending ontcrop of the Cntoff member
comes to an end. At this place an erosion surface slopes
southward across the trnncated edges of the Cutoff beds,
with sandstones of the Brushy Canyon formation over
lapping northward against it, as shown diagratP-mati
cally on plate 7, A. To the south, the Brushy Canyon
beds rest directly on the Victorio Peak member..

Correlation of the typical Cutoff shaly member of
the north part of the area with the shales and lime
stones at the top of the Bone Spring limestone farther
south is tentative because only the beds to the south con
tain fossils in any abnndance. The rocks of the dif.
ferent. areas are similar lithologically, however, and all
are included in the Cutoff shaly member in this report.

STRATIGRAPHIC RELATIONS

EONE SPRING FLEXURE

A stndy of the region south of El Capitan reveals no
unusual features near the Bone Spring-Brushy Can
yon contact. The black limestones, which project as a
low bench at the base of the mountains, are overlain
without apparent break by the interbedded shales, lime
stones, and sandstones of the Cutoff member. They
are followed in turn by the sandstone ledges of the
Brushy Canyon formation of the Delaware Mountain
group. as in section 36, plate 6. A view to the north
along-the western side of the mountains, however, shows
that the limestone bench rises to a much greater height
in this direction, without a similar rise in the oYerly
ing sandstone ledges (as shown in 1'1. 5, A).

At the Bone Spring-Brushy Cauyon contact in Bone
Canyon a few miles to the north, in the area of higher
standing limestone, the Cutoff member is not found.
Instead, the upper surface of the black limestone is
channeled and is oyel'lain by coarse conglomerate,.
which contains fragments deri ,-ed from the lime
stone.~'l Besides these fragments the conglomerate con
tains cobbles and boulders of gray limestone unlike any
rock exposed here or to the south. The conglomerate
grades upward into typical sandstoues of the Brushy
Canyon formation, as shown in section 15, plate 13.

i\. view of the relations farther north can be had
from the crest of the succeeding ridge (1'1. 12, B).
Looking down into Shumard Canyon, the next hnge
drainage beyond BoneCanyoll, on'e can see the contact

~ First tlescrihed by Baker (Baker, C. L., ContributIons to the strati.
graphy of eastern New )!exieo: Am. Jour. Sci., 4th 8e1"., vol. 49, p. 114..
1020) and later 1l.1'" Darton and Reesirle (Darton, N. B., and Reeside..
J. B., Jr., Guadalupe group: Geol. Soc. Amerlea Bull., vol. 37, pp. 421
423,1026) and others.
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SOME DETAILS NEAR BONE CANYON

The broader stratigraphic relations of the Bone
Spring limestone and Delaware .l\f~untain group are
clear. but near Bone ::mcl Shumard Canyons local COln

plexi'ties tend to obscure them ano deserve further ex
planation.

The pecnliar, eross·bcddcl1 structure ~f th." black
limestones. and the basins cut into the Vlc.tona Peak
"Ta\' member and filled by the Cutoff shaly membcr
ha\,ce alreadv been describe~l. To produee them, uplift
and erosion '~nust haye taken place on the flexure before
Bone· Spring time Cfll1le to an end. The conglomerates
interbedded in the black limestone south of Bonc Can·
YOll. which arb similar to those in the oyerlying Brushy
Cnn'yon formation, lend support to this ielea, for they
cont~ain fragments not only of black, but also of gray
limest"one.. and thus were llOt deriyed entirpl:v from the
brealHtp 'of the beds next beneath thcm. Along the
ullconformity below the Cutoff member, the Victoria
Peak memb~r is dceplo' ero<led, and the break seems
more important than those "in the black lilnestones be
low·. In places along Shumard Canyon, this uncon
formitv is more prominently exposed than that bebveen
the Cu·toff and the 5tandstones above. This instance is
local. hmYe"er, and the general relations indicate that
the ,~oun(rer unconformity is the major one.

Ti,e a;parent trend of the Bone Spring flexur~ is
east and west, at right angles to the northward trendIng
outcrops, for most of the observable uplift and overlap
take place in a northward direction, along the outcrop.
Closer scrutiny of the rather narrow belt of outcrop,
howe"er, indicates that the actual trend of the flexure
is north-northeast. The limestones on each west-pro
jecting ridge rise higher than they do in the heads
of the canyons to the east (inset, fig. 6), and a westward
overlap of the oyerl:ying sandstones and cong·lomerates
ean be obseryed on the walls of Bone and other canyons
(pl. 13, fig. B). . .

Oyerlying the conglomerates near Bone SprIng IS a
bed of oTay·brmm, dolomitic limestonc which closely
resembl~s the limestones of the lower division of the
Victoria Peak melnber, which lies at about the sal11e
altitude to the north. This forms the 28-foot interval
in sec60n l~). plate 13. It might be Inistaken for n
tongue of the'lower division projecting into and inter
grading with the sandstones of the Brushy Canyon
formatlon were it not that on the south slde of the
next ravine north of Bone Canyon it can be- found ove1'-
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to a high position below Shumard Peak, beyond \vhich
the beds flatten out northward. The ~tructurc of the
beds shown in this view is given in sectIOn I{-IC, plate
17. A closer view of the exposures in ~humard Ca~)yon

is shown on plate 12, B. The relatIOns of the over
lyin rr and underlying beds to the flexure ]8 shown on
the ~)[lP find sections of plate 9, and struc.ture ~()ntours
on the upra.ised surface of the Bone Spnng lImestone
on the inset of figure 6.

115 As first pointed out h~' Darton anu Reesiue (idemL
00 BlanChard, W. G.• and Daris. M. J., Permian stratigraphy ana struc

ture of parts of soutbeastern New IIIexlco and southwestern 'l'e);::ls:
Am. Assoc. Petroleum Geologists BUll., roJ. 13, p. 964, 1829.

... De Ford. R. K., uiscuSSion, Am. Assoc. Petroleum· Geologists null.,
nl!. 13, p. 1031, If.l29.

f I limestone and sandstone on the walls of the
otIC . f "b ItI'b t'l')' 0'01"O'C5' it rIses rom a pOSItIOn eneat 1 1etn u ,1. b b , •

b "er to onc several hundred fpct above hnn on theo sen _ .
1 ~'lll On the farther wall the black Innestoncsfnrt leI' '" . . .

arc oyerlain by gray liU1cstOllCS which stand 111 n h]gh
• '. t"110' bench. These [fray limestones constitute thepro]ec be>"

'~ietorioPeak member and are the source of the bOlllclers
to the south.u~ .

Brown sandstone ledges of the succeeclmg ~rushy

C:ulYOn formation can be traced along the slopes aboyc
the limestone, rising less steeply northward than tl:C'.
limestone-sandstone contaet. One group of them In
middle distance, in the north fork of Shumard Can~·on,

is seen to O\'el'lnp abruptly against the sloping surface.
Xear the pointwhe~e the sandstones overlap, one can

find innumerable ripple marks on their bedding snr
faces: snggesting that the sandstones ,,:re laid dOWl~

Ilcar a shore. The shore itself, the slopIng surface of
the QTUY lirnestones, is a smooth face: cut across the
ed~C'~ o·f gently tilted beds. The sandstones contain
no·~eIllbE'dded detritus deriyed from the shore as they
do at Bone Canyon to the soulh. Perhaps this area
<toad hi "her on the sea bottom so that the detritus was
;1,YE'pt a~'ay: and deposited lower dO\rn the slope~ as at
Bone Can~·on. .

:\orth of El Capitan the Bone Spring limestone lS

thus flexed into a position much higher than to the
south. On the north side of Shumard Canyon the lime
stone stands 2,000 feet highcr than it does south of El
Cilpitan, and 1,000 feet higher than it does in Bone
Canyon nearby. This uplift is onl)' mildly shared by
the ~Yerlving;andstones, and seems to haye been largely
completed b~fore they were laid down. The upraised
limestones ",yere being eroded in early Delaware :JIoun
tain time. and the Brushy Canyon formation of that
group oY~rlaps their sloping surface. The oyerlap is So

great that IPOO feet of beds, the entire Brushy Can:~on

~ formation. is cut out bet1,yeen Bone Canyon and a pomt
2 miles to thc 11orth, The fold produced by this pre·
DeJaware )lountain uplift is blO"ll as the Bone Spring
flexure.

The feature 1,yas named by Blanchard and Duxis,uQ
who called it the Bone Springs arch. It would seem
from their paper that they considered the feature to
h(' anticlinal. and to ha,~e a similar, opposing flank to
the north. l'his yiew was contested at the time by De
FonlY' j)ly work has failed to disclose a north flank
to the featt;re and the term flexure is thereforE' used in
stead of arch.

A O'oocl O'eneral vie1,Y of the flexure call he seen in the
pano~ama~plate 5, B, which S~I~WS the Bone Sp~ing
limestone rising from a low pOSItIOn below EI CapItan
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lapping the similar, older, gray-brown limestones (as
shown at point 14b, pI. 9, and on fig. A, pI. 13) with
the unconformable contact clearly exposed. Moreover,
beneath the limestone bed in Bone Canyon, the con
glomerate contains fragments of the upper division of
the Victorio Peak member as well as of the lower divi
sion, thus proving that the bed is much younger than
the lower division.

Lloyd'" considers that "the lo,ver part of the sand
stone series [Brushy Canyon] merges laterally with the
gray limestone [Victorio Peak] just as the upper part
merges into the lower part of the Capitan." His
interpretation is based chiefly on the apparent relations
of the limestone bed here referred to. This interpreta
tion is not accepted in this report.

RELATIONS NORTH AND SOUTH OF FLEXURE

South of the Bone Spring flexure there appears to
be a continuous, gradational sequence from the black
limestones of the Bone Spring, through the shales of the
Cutoff member, into the sandstones of the Brushy Can
yon formation. Deposition probably was nearly con
tinuous from one formation to the other in this region.
The gray limestones of the Victorio Peak member are
not present between the black limestones and the Cut
off member, but they are not believed to be missing on
account of erosion; instead, during Victoria Peak time,
black limestone was probably being deposited south of
the flexure while the gray limestone waS being de
posited north of it.

North of the flexure, the unconformity between the
Bone Spring limestone and the Delaware Mountain
group is not evident, and the strata of the two units
lie parallel. The beds next beneath the contact be- .
long to the Cutoff shaly member of the Bone Spring,
and those next above the contact to the sandstone
tongue of the Cherry Canyon formation. Near the
north edge of the flexure, however, the Cutoff member
below has been eroded away. Also, on the flexure: a
great thickness of beds older than the s.ludstone tongue
wedge in below the Cherry Cn~yon formation, and con
stitute the Brushy Canyon formation (pI. 7, A). The
absence of the latter north of the flexure indicates that
a great, but nonevident break separates the Bone
Spring limest.one illld Delaware lIountain group in that
region.

FOSSILS

Invertebrate fossjl~ occur in various degrees of abun
dance in all the members of the Bone Spring limestone.
In general, the faunas of all the members arc similar,
!Jut there are some differences which appear to be re
lated to differences in lithologic facies of the enclos
ing rocks. Considered as a whole, the fauna is closely
related to that in the overlying Guadalupe series, al-

08 I.loyd, E. R., Capitall limestolle and llSS0d;ltwl formations: Am.
Assoc. Petroleum Geologists BUlL, vol. 13, PD. 6~0-(l57, 1929.

______ --~~~.... H ....... ..,1 ~""'.A..l10

though of slightly more primitive character. It has
few resemblances to that of the underlying Hueco, and
still fewer resemblances to that of the Pennsylvanian
beneath the Hueco.

Some of the fossils from the. black limestone beds of
the formation were descIibed by Girty" in 1908, and
the general aspect of the fauna of the Victorio Peak
member Was reviewed by him in 1926." Some bra
chiopo!,!s from the formation in the Delaware Moun
tains and the Sierra Diablo were described by King 11

in 1931. The present investigation has furnished much
aclditional information on the fauna, which is Sum
marized below.

In this and succeeding discussions of the fossils of
the Guadalupe Mountains secti~n, information on the
fusulinids is based on the work of Dunbar and Skinner,"
and that on the cephalopods on the work of Miller and
Furnish.13 These studies, which to a great extent ,yere
based on collections made during the present survey,
have already been published. Information ·on the
other groups of fossils, particularly on the brachiopods,
gastropods, and pelecypods, is based on the "'ork of the
late G. H. Girty, who was able tocomp!ete in manu
script a rather long summary of the collections shortly
before his death in 1939. This summary, quoted in this
report, is of particular value because it links the pale
ontological and stratigra.phic ideas of his earlier work,
in 1908, with the ideas obtained by other geologists
from more detailed subsequent field work and collecting.
Throughout his summary, Girty makes frequent com
parisons between the faunas as he knew and described
them in 1908 and faunas as they are reve"led by the
present Inrger collections.

Because of the fact that this report is primarily a
description of the physical stratigraphy of the southern
Guadalupe Mouutains, because of the large size of the
anlilab1e collections, awl becanse of the preliminary
nature of the ideas on many of the fossil grollps~ it does
not seem desirable at this place to include the customary
fossil lists. Instead, in the summary written by Dr.
Girty, the important features of each fauna are dis
cussed, and only incidental reference is made to specific
localities. A similar plan is followed in summarizing
the results of Dunbar and Skinner aJ;ld of :Miller and
Furnish, although the actual localities of tlreir collec
tions have been given in their publications. Although
this melhod of presentation has some disadvantages, it
is believed to have advantages for immediate purposes

eg,GirO', G. H~, The GUlldalupilln fauna: U. S. Geol. Survey Prof.
Paper [is. p. 22, ]908.

76 Quote'l by Dnrton, X. II., and Re<-side, J. ll., Jr., Guud;tltllJe group:
Geol. Soc. America Bull., rol. 37, PP_ 421-423, 1020_

Tl King, R. .E., 'I'he geolog~' of the Glass Mountal.ns. part 2: Texas
Vnlv. Bull. 3042, p. 11, 1031_

7:! Dunb;tr, C. 0., find SJ;:inner, J W., Perminn FusuIinid;le of Texas:
Texas Cniv. Bull. 3701, r,p. 592-;196, 726-731, 1937.

13 )filler, A. K.. and Furnish, W. M., PermIan ammonoids of the
Gual.lalupe )[(Iuntain rf;lnon and adjacent areas: GeoI. Soc_ America
Special Paper 26. pp. 9-12, 1940.
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that outweigh the disadvantages. It is hoped that stra
ti"'raphers and paleontologists will find use for the

o ..,
material as It]s gIven.

"~lthough the summary by Dr. Girty quoted herein
waS completed shortly before his death, he was unable
to edit the manuscript in the manner he had contem
plated; in its original state it was essentially a rough
draft. In order to prepare it for publication, therefore,
it was edited by P. B. King and J. S. Williams. King
condensed and rearranged certain parts: so that as here
given they arc not exactly as written by Girt:-~ although
the, original ITicaning and stJle are retained. ,Yilliams
l'eviev;ed the terminology of the genera and species,
which 11ere not cYcryw'here consistent in the several
parts of the manuscript. 'Vhere discrepancies ,vere
found an attempt i"as made to determine the usage
actually preferred by Girty at the time of wTiting.
}Iost of his preferences could be determined from state
ments in the manuscript itself: but supplementary eyi
dellce was obtained by examination of other notes and
manuscl~pts written by Girty that were anibble to
Williams.

Throughout the summary by Girty~ the generic as
sigmnents given by him "are retained~ and no attempt
has been made to incorporate generic changes that haye
appeared since Gil'ty's death in 1939. In connection
w·ith the generic terminology as used, Girt}" comments
as follows on that of the brachiopods.

13m using the generic name Prodtlctus in the broad sense and
as typified as it bas been fOr a century by P, scmiretfoulati/s
Martin. In my opinion, the subdi,isions of Product1l8 to which
distincti,e names ha,e been applied, such as Pustula, CallC1'·/
nella, and so on up to 50 or more, are not of generic rank, as
genera are recognized in other types of brachiopods. I aIll
employing some of these names as Subgenera, but I do not know
that I have employed th-em consistently or shall continue to
apply them at all. Xcospidfer seems e"en less useful as a sub
genus of Spi1'iter.

The generic names used for the fusulinids are those
employed by Dunbar and Skinner in their publication
of 1937, and those for the ammonoids are those eln
ployed by Miller and Furnish in their publication of
1940.

BLACK LIMESTONE BEDS

In most of t.he black limestone beds fossils are scarce,
being represented by only occasional specimens. In a.
few layers, which are generally lenticular or nodular~

and somewhat more granular than the rest of the rock,
they are more abundant, and from these byers most of
the knoml fauna has been obtained. Slight differences
exist between the fossil assemblages in the different beds.
III some, brachiopods predominate, in others gastro
pods, pelecypods, and cephalopods. According to Dr.
Girt~., the differences between the assemblages are not
fundamental.

One of the most striking features of the black lime
f<,tone fauna. i.5 the abundance of ammonoids at Ilumer-

ous localities. Kearly all the collections that have been
studied, however, came from exposures neal' or a short
dislan"e north of the crossing of the outcrop by United
States Highway No. ·62 (localities 2920, 2907, 7413,
7091,7720, and 8590). These ammonoids belong mainly
to three species: Paraceltitcs elegans Girty, Texoceras
texanwn (Giliy), and Peritrochia erebus Girty. At
one locality (7720) there is also Agathieeras d. A.
g;rty; Bose, and at another (7701), Perrinitcs hilli
fo}'du8 ~Iiller and I'....urnish.a The genus PeTTinites,
although raTe in the Gnaclalupe ~lountains: is an abun
dant and characteristic fossil of the type Leonard series
in the Glass Mountains, with which the Bone Spring
limestone is correlated. According to 1\Iiller, a striking
feature of the ammonoid specimens collected from tlie
black limestone is that nearly all retain the living cham
ber, a fragile structure that is usually missing from
specimens from other beds and other areas. This sug
gests that the shells were deposited in unusually quiet
'W:Iter.

Associated ,vith the alumonoids are occasional nau
tiloids, which were represented in Girty's original col
lections by Metacoceras shumardianum (Girty). In
the later collections ]\filler and Fnrnish" have iden
tified the same species, and in addition, Ti.tanoceras sp.,
"Orthoceras" sp., and Stearoceras? sp.

By contrast with the ammonoids, fusulinids are
nearly absent from the black limestone, although they
are abundant in the gray Victorio Peak limestone to
the north, where alnmonoids are absent (compare fig.
11). Their rarity in the black limestone contrasts with
their abundance in most other beds of the Gnadalupe
}Iountains section. 'Vithin the area studied they have
so far been observed at only one locality in the black
limestone (7923) -in a canyon a mile south of Bone
Canyon. Here the black limestone contains Sohwager
hw setU1n Dunbar and Skinner, which is also found in
the probably contemporaneous Victorio Peak lime
stones not far to the north.'" At the point of the Dela
ware JlIountainR, 18 miles south of EI Capitan, R. E.
King in 1928 collected the genus Parafl<8ulina from the
black limestone.

Regarding the remaining, much greater part of the
fauna, Dr. Girty reports as follows:

",Yncn the fauna of the "basal black limestone" was described
in 1908, only two collections were aTailable to me, and as they
showed considerable difference in facies, it seemed probable·
tbat the fauna as a whole would proTe to be a varied one.
Altbough the two original collections made up a rather long
composite faunal list, many of the species were So poorly rep
resented that they were not identified specifically, To a num
ber of these, King'l'l later gaye specific names, although in some
instances the species were based upon specimens from other
areas, and their identification in rocks of the Guadalupe Moun·

1~ Miller, A.. K., and Furnish, ,Yo M., op, cit., pp. 9-10, 1940.
16l\Iiller, A. K., and Furnish, W. M., memorandum, May 1939.
18 Dunbar. C. 0., and Skinner, J, W., op. cit., p. 728, 1937.
"King, R. E., op. cit., 1931.
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tains waS not always made by comparison with specimens from
that region,

In the original collections, the mOre primitive zoological
groups were almost unrepresented. The fusulinids were es
peciuUy noteworthy for their absence in view of their abun·
dance in the Bueco limestone below, and in the Guadalupe series
above. By reason of variety and especiallJ~ number of in
diviuuals, this might be called a brachiopod fauna; the pelecypods
and gastropods seemed to promise considerable variety also, but
for the most part they were represented by so few and poor'
spectmens that only generic identifications were practicable, and
not all of these were very sound.

The later collections do not greatly amplify the knowledge
of the more primitive zoological groups. Fusulinids have been
found at only one locality [as noted above]. Corals and
bryozoans are scatteringly represented, but offe:r no features
oj interest.

l\.Iuch additional information, however, is now available on
the other groups, am} they prove to be more varied than the
original descriptions would indicate. At the same time, the
fauna now appears to be more closely bound to those of the
higher Guadalupe series than it appeared when the earlier work
was done. :Most of the species found in the original collections
persist throughout, but new ones also appear, as inclicated in
the discussion below.

Among the brachiopods, a species of Enteletes occUl'reu in
both the original collections, but as the specimens ..,nre poorly
preserved, it ,vas merely designated as Bnteletes sp. c. The
specific name lhtmbomls was subsequently given to it by King,
and E, lillmbonus King occurs in many of the later collections,
and in most of them it is abundant.

In both the earlier and later collections, the Ort'hotetinae nre
mainly confined to the genus Meekella. In the earlier collec
tions two species were recognized, .ill. attenuata Girty, and
M. multilirata Girty; these are not so readlly distingnishable
in the later collections, although they are present in nw.ny of
them and form a rather distinctive element of the fauna. In
addition, two new species of the same genus may possibly be
present.

In the original collections, Chonetes was represented by a
single unidentified species, and the genus is neither common
nor abundant in the later ones. Most of the specimens in the
l.'1ter collections can provisionally be identified with 0, subli
rat1ts Girt~·.

One of the notable features of the fauna as originally known
was the scarcity of Productl, only one species, cited as p.ro·
ductus lat'idorsatus Girty var., having been found. Richtho·
tenia (now Prorichthotenia) perm'lana (Shumard) was, how
eyer, present iu the collection, together with two species of
Aulostcgc8, neither of them identified specifically,

In marked contrast to the earlier collections, productids
prove to be abundant and varied in the later ones, but only the
more common or the more conspicuous forms will be mentioned
here. Productu8 occidentalis Newberry, or ....ariants of it, are
common; also Productus (Pltstula) 8ubhorridus Meek. These
two species, with P. guadalupensi8 Girty, are perhaps the most
abundant Producti in tbis fauna. The large and striking species
common];y illentified as P. iv£.si Newberry is present in anum·
bel' of coIIections, and is almOllant in se....eral. P. (Pustula?)
leonanlensis King, or a species closely related to it, ocem's in
a number of collections. Rarer, but more or less noteworthy,
are Productus (CancrineHa?) pho.'mhatictls Girty, P. (Can,
crinella) meekanus Girty, P. (JIarginiferaJ) 'u.magcnian1ts
Girty, P. (Waagenoconcha) rnontpelierensls Girty, and P.
(Striatitera) rrlnnotormis Girty. Prodllctus (Jlu?'!linifera'l)
sltblevi.~ King, A1tlo..~teges maqnicostatus Girty, anll A. 8ubcosta
tus King? are not rare, Prorichthofenia permlana (Shum
anI) is rather persistently present. The Pro'l'ichthofenia and

two ~nidenti.fied species of Aulostcges, it will be recalled, were
found in the original collections.

Camerophoria venusta Girtr. \vhich was not oDe of the orig
inal members of the fauna, proves to be rather persistentlj'
present in the new' collections, and more or less abundant.

The early collections furnished rh)'nchonellid shells in con
siderable abundance and variety, and a few of the later col
lections fire notable for the same feature. The species orig
inally recognized were described as Pugna:c nit ida Girty, P.
osa(Jcnsis Swallow, P. bidentata Girty, P.? pusltla Gil'ty, and
Rhvnchollclla f longae'Ca Girt;)'. Most of these species are found
in the later collections. Rhynchopora was not fonnd in 1905~

but R. taylo1'i Girty occurs in olle of the later collections. Three
or four other species, apparently undescribed, may also be
present.

Subsequcntl;y to 1908, 'Yeller proposed the genus Pugnoides
for shells of the general character of those in the fauna which
were originally assigned to PII(Jna:c, and King referred P.·
bidentata and P. OS(((Jctlsis to that genus. As the genus lVel
lael/a has still more recently been erected for similar shells,
with the Pennsylvanian species lV. tetrahedra Dunbar and
Condra as the genotype, lVellerella will tentatively be substi
tuted fQl' Pugnoides in this acconnt, though the characteristics
that 'would place these species under Pugna:r, PUgnOil.les, or
lVellerella are, broadly speal~ing, unknown, King did not treat
of Pug'1!([{)] 1]itidn or RhYl1chonella longaeva. He belieyes P.
OS([gel18is to be Shumard's P. texana, and he refers P, pusilla
to the genus llustedia. I [Girty] consider this erroneous. P.
plcsflla is a rhynchonellid, but its generic status is uncertain.
The possibility that the forID originally identified as P. osagensis
might be Shumaru's Rhynchonclla taana was originally con
sidered by me', and dismissed. At best, it is no more than a
guess. However, it is almost certainly not Wellerella osugensis,
as that species is now understood, so I shall use Shumard's
name for the species until its relations can be determined,

The terebratuloids, Which were unrepresented in the earlier
COllections, are rare in the later ones. They comprise only
Dielasma? scuttllatim~ Girty, found at two localities, and Noto
thyris n. sp, found at one.

The Spiriferidae were represented in the early collections
b~· only one species, cited as Spirifer sp. b, while Spiriterina was
not found at all. In the later collections, Bpi/·iter proves to be
rather abundant, but most of the specimens are_much e::s:foliated
and broken. Under these disadvantages, I hesitate to give them
specific names. O~e form appears to be Spiriter costella King,
and another ,Yhich is larger and more coarsely plicated can be
cited at present only as Splriter aif. S. triplicatlts Hall. Of
course, both species belong in the pseudogenus Neospiriter.
From one of the ne,ver collections I now have a Spiriferlna, or
Punctospiriter, resembling S. billingsl (Shumard).

Squamularia and Martinia, t,vo genera that were absent from
the t .......o early collections, are present in many of those recently
acquired, nml in some are abundant. Sound specific distinctions
in these genera are difficult to make. Some of the Squamularia~

rna;y belong to S. guadalupensis (Sbumard), and a few pOSSibly
to new species, .l[(trtinia. is less abundant than Squ(unulariu/
the species appears to be nndescribed. A third spirifel'id. genus,
A.mboC"Oelht (A.. arcuata Bl'::msoll), is intL"oduced into the fauna
by the new collections.

The never-failing Compos ita was present In the early cOl·
lections . (C. mexicana !llwdalupensis Girty), and of course is
present in most of the later ones. None of the forms in either
the old or new collections are novel, interesting, or sIgnificant in
any way. :i.\Iuch the same can be said for Hustedia, of which
the original collections contained H. meekana (Shumard) nnll
11. papillata (Shumard):, Shells of this genus run throngh
most of the recent collections, forming a constant but relativelY
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:unimportant element in the fauna. )lost of them are referable
to II, mcckallo.

The notable genus Lcptodll8, '\vllich waf'; Bot found in the orig
ina! C(lllCCtiOll~. oeeurs in two of the lilt~r ()lIes. The sllecics is
probably L. amcricanus Girty.

In the original collections the pdecypods, thougl1 sho,\ving
considerable differentiation, ,,'ere represented by specimen.<: so
poor and so few tbat no specific identifications were made, and
some of the generic identifications were more or less uncertain.
Tl.le sar.lle conditions preyail in the recent collectic1llS, thou~h

some of the genera are surer, and the relation of some of the
species more definite. It is sOlllewl.lat relllc"ll'kable that there
.(lacs not appear to be a closer agreement in generic representa
tion betweell the early collections and the later (lnes. Besides
a number of forms tbat are identified only generieally, ID','ntion
may be made of Edmondia aff. E. giblJosa CMcCoy), Parallc1
OdOIl atl'. P. politus Girty, r. aff. P. /(angal1/Olu'lllfC (Worthen),
Sole/lOmIta n. s[J., .AJltlloconcilo n. sp., A1,iculopcetcn n. sIl.,
1'1agiostoma dcltoidclIJn Girty, and Clef,aopllOl-US pa-llasi
dc!a/w1'cl1sis Girty. I i:>hould lWte here tIlat the diyersified
representation among the pelecypods is due mainly to their
.alHlIHlance in a few collectiolls and that in those collections the
bradliopod l'(\presentation is smalL e~vedtllly among tile Pro
dncti, which in otber collections show much Yariet~-. This re
InUon is much less true of the gastropods, whose features are
noted below.

The gastropods of the original collection were represented.
by better material tban the pelecypods, and tile following forms
were recognized: PIC1ll'otoma-r-ia t arenaria 11lonWtera Girty,
p, stdyi1lata Girty, Sti'apal'olllls surci(o,. (Gil'ty) NaticOIJsiS sp.,
Loroncma? 11lconspic'lIl1m Girty, und Ma,cn)(;hcilinor modcsta
Girty. Since the name P, st1'fgilla fa bas later proyed to be pre
occupied, I ban proposed T. pscudostrigil1afa as 11 ~ubstitute.

J, n. Knighf:5' recent studies nmong the gastropods have neces
sitated a great illl1ny changes in nomenclatme. Xo final reVision
of the specie.s described in 1908 or adjustment to these changes
can be mWle until tbe new material is giyen deseriptiYe treat
ment. Consequently lll:wy of the gaHl'opods cited below are
given under generic names originally used, although it is ree
ognizell tbat they are subject to change,

'I'he later collections contain most of the gastropod species
cited above, and also many not previouslr knowll. Bellero
phontids are rather numerous, but few of them are generically
identifiable. BcUcrop1Lon s. s., Bucunopsis, and EuphemUcs are
probably represented, although not by identifiable :::pedes. A
species of Ompllalotroc1lUs, a speCies of Eotrouhus, and one or
two species of Bulimorpha can be added to the list.

Two trilobites were distinguished in the fauna as originally
described, ilnisoPlIflC pcralll1uloia (Shumard) and A.f anti
qua, Girty-, In the later collections the fil"st species cited
o(·cnrs rather Ilersistentl~·, nncI toe second rather sparingly.
Girty manuscript.

VICTORIO PEAK GRAY MEMBER

Fossils are abundant in many beds of the Victorio
Peak gray member; but are not always easy to collect,
because of the hardness of the rock, and, in places,
because of subsequent dolomitization or silicification.
The material obtained during the present investigation
therefore consists of a relatiyely small number of col
lections. Dr.. Girty states that many of the specimens
in these collections are so fragmentary that they can
be identified only by careful comparisons, if at all.

According to Dr. Girty, the faunas of the member
closely resemble those of the black limestone beds, and

are distinguished more by the absence of forms that
are present in the blaek limestone, than by the intro
duction of novel or instructive elelnents. ].Iany of the
collections consist. entirely ·of brachiopods, ltlld espe
cially of the jarger productids and spiriferoids. The
fatum differs notably from that of the h1:lek limestone
beds in the almost complete absence of cephalopods.
No ammonoids have been found, and on]y one nautiloid
(a Tainoccras according to A. K. Miller). The f,wna
differs from that of the black limestone also in the
ruther great abundance of fusulinids in certain beds in
the upper diyision (fig. 11, A). They helong to two·
species, Schwage-'rina setton Dunba.r and Skinner, and
Parafu8ulina fountaini Dunbar and Skinner.

The lower diyision of the Victorio Peak member is
represented by only one collection, made on the south
bank of Shumard Canyon at its entrance (locality
7725). For it Dr. Girty gives the following proyisional
list: with se\'eral indeterminate forms Olnitted.

Lophop1Iyl7u.1J/ f :'ip.
l-Jntclcfcs liumlJOnus King
M{'ckdla attenuata Girty
Cliol/eics 8ubUratus Girty "ar.
ChoJl(:fc8 sp,
P/"oducfus icesi· NeWberry
Prodllcllls occi(lcnfa1{s Xe~vbel"l'Y

PrOdl/ctlls (fuadorUllcl1si...-; Girtr1 ~

Productll-s aff. P. ~v1litd

Productlls lconardensis King
]'rodllcflls (Pustula-) subhorridus Meek
Prodl/clUB (CatlC1·incUa.?) phosj)haticus Girty
Call1cl"oplioriu '/.'cnusfa Girty
Wel1cFcllaf tc:ralla- (Shumard)
Rlll/1IcllOponr, la-lIlorj. Girt~'

Spil'ita nfl'. S. tripUuafus Hall
Squ-amular!a. guadalujlc/18;S (Shumard) .ar.
Edm-onella? SIl.

The upper diyision of the Victorio Peak gray member
is somewhat better represented by collections. The
material fron1 each locality is rather scanty, however,
and the specific representations are lnostly confined to
two or three specimens. The largest collections were
obtained on the crest of the ridge between Shumard and
Shirttail Canyons, whose summit stands at 6,402 feet
(locality 7690). Regarding the fauna of the npper
cli,·ision, Dr. Girty writes:

The more primitive zoological groups, with the exception of
fusulinids, are hardly represented at all. Among the brachio
pods, Elltcletc8 litanbonU'8 King is present but is apparently
scarce. Meckclla (M. attentwtn Girty) is fairly persistent.
The Producti include Productus ivesi Newberry, which 1s gen
erally persistent, and at station 7&'90 is abundant. Also worUlY
of note are P. (lVaagcnoconclw) monf-pclicrcl1sis Girty, P. (Mar
ginife-raf) clIclw1'is Girt)-, and PI'odudus (Linoj)l'Oductus) cora
D'Orbigny Yar" which is abundant at station 7690. A yariet)'
of Camlcrophorla vcnusta Girty (possibly a ne,,· species) is
abundant at station 7680. Rhynchonellids, which were plentiful
and "uried in the blacl;: limestone are almost absent.

F;pirifer aff. S. triplicatu8 Hall occurs in several of the
collections from this zone, and is abundant a t station 7680.
As already remarked, it has seemed inexl1{'dient to make a
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close identification of the splrifers on the material present,
although a satisfactol'~' classification may be possible with in
tensive study. A sPecies of Squamularia (possibly new) is
present in three of the collections. Pelecypods and gastropods,
altbough present, are rare, and afford nothing worth~' of Dote.
Girty manuscript.

CUTOFF SHALY KEMBER

As will be recalled, the name Cutoff shaly member is
given to discontinuous sets of beds at the top of the
Bone Spring limestone, which are exposed in three
general districts: the northwest part of the area, from
which the name is derived; in Shumard Canyon, not
far from Bone Spring, where it is separable into two
divisions; and along the base of the Delaware Moun
tains in the southern part of the area. In all of these
districts, the member contains some fossils, but the col
lections which have been made so far are 'too scanty
to furnish much information on the correlation of the
beds in the different districts.

Fossils are least abundant in the northwestern eX
posures, from which the member is named, and in the
main part of the member only a poorly preserved im
print of a pelecypod was seen (locality 7650). Some
of the black limestone beds near the base, however, con
tain ,many small brachiopod shells, but they have not
belm collected or studied. , Several miles north of the
New Mexico line, the member contains rather abundant
specimens of Ohonetes (locality 7727).

Only one collection was made in the member in the
Shumard Canyon area. This collection waS obtained
from a lens of massive limestone interbedded in the
black limestones of the lower division of the member
on the south side of the south fork of Shumard Canyon
(locality 7675). Regarding it, Dr. Girty writes:

The collection comprises only 10 species, few of which are
represented by more than one specimen. Consequently. the
fauna, compared with tile more varied ones which preceded it,
is distinguishert more by what is ubsent than by what is present.
I do not find here either Entelete.s liumbomts King, or Productu8
i",'esi Newberry, or the numerous and varied rhynchonellids,
but on the other hand, we do have Meekella attenuata Girty,
Productu.'!I occidentalis Newberry, P1'Orichthotenin permiana
(Shumard), and a species of Spi'rifer related to S. tripIicatu..s
Hall.-Girty manuscript. .

Fossils are more numerous in the Cutoff shalv mem
ber in the so"thern part of the area, west of th~ Dela
ware JUountains. lIere, many of the thin limestone
beds contain fusulinids, which belong to an undeter
mined species of Para!usulina, and some contnin
brachiopods. The largest collection was made on thc
north sidc of Brushy Canyon in its lower co"rse, from
a limestone bed in the lower part of the member, which
has here thickened to the rather uuusual amount of
15 feet (locality 7666). On this collection, Dr. Girty
reports as foil ows:

The cotlection is largt\ and the fauna is aCCOl'fUngly varied,
cOlllpl'i:;;ing O\,(~l' 40 species. It contains a few hryozoans and a
few pelecypods which afford nothing worthy of note, and the

fauna is essentially a brachiopod fauna. Enteletes UumbonU8
King, which heretofore has been rather perSistent and sometimes
abundant, has not been found. Meekella is represented by M.
attenuata Girty, and possibly by two new species. The Producti
are highly diYersIfied although, except for an abundant species
that may provisionally be identified as Productus occidentalis
Newberry, most of the forms are represented by only a few
specimens. Species more or less closely allied to P. ocoidenta.iis
occur in the Bone Spring faunas already passed in review,
although they haye not always been mentioned. Among the
less abundant Producti, the most noteworthy are P. guadalu
pens is Girty, P. (Margin-iterat) u:aagenianus Girty, P. (Waage
noconcha) montpelierensis Girty, P. (Pustltla) subhorr'ida Meek
var., besides which are A.ttlosteges hispid1ts Branson (not
hitherto recognized in the Bone Spring fauna), A. guadalupensis
Shumard, and .4_. magn-icostata Girty, a species that has occurred
sporadically in the Bone Spring faunas already reviewed. Here
also belong Prorichthotenia pennialla (Shumard), and a species
of Tcguliferinaf that has not .been encountered heretofore.

OamerQphoria venusta Girty again makes its appearance and
the Rhynchonellidae, thongh few in number, are varied. They
include several species that may be provisionally referred to
WellenUrr, such as lV. bidentata (Girty) and W.f indentata
(Shumard).

The Spiriferidae, which are rather abundant, are represented
by at least two species, Olle of which may be tentativelY identified
as Spirifer costella King, the other as S. aff. S. triplicatus Hall.
Present also is Jlartinia rhombotdalis Girty, a species which is
fairly abundant and is hardly distinguishable from the typical
form that occurs in the Capitan limestone. We also have a
species of Squamularia, a nondescript Composita, and the per·
sistent Hustedla meektma (Shumard). Leptodus americanu8
Girty occurs here as it does at lo\ver and higher horizons. The
absence from this fauna of two species that have been found
more or less persistently in the Bone Spring faunas preViously
revie,ved is noteworthy. ~either Enteletes liumbonus King nor
Prod1tctlts h:csi Ne''''berl'~'' have been recognized in the Cutoff
shaly member.-Girty manuscript.

CONDITIONS OF DEPOSITION

GENERAL RELATIONS

The Permian rocks exposed in the Guadalupe and
Delaware Mountains, and the Sierra Diablo, were laid
down during a well-marked depositional cycle which
formed the closing stages of the Paleozoic era. This
cycle commenced with the Wolfcamp epoch of Carboni
ferous or Permian age. By the beginning of ,Volfcamp
time, the localized mountain-making and the still more
widespread crustal unrest that had characterized the
preceding PennsylYflnian time in the southwestern
United States had largely ceaseel. Readjustments then
began which brought into existence the depositional
provinces of Permian time (shown on figure 3). These
provinces appear to have been broad, persistent tectonic
features, that had a marked influence on sedimentation.

At the opening of the Wolfcllmp epoch, deposition
began in nn advancing sea which 2pread over a deformed
and eroded surface of Pennsylvanian and older rocks.
From this epoch to the end of the Permian, a distinctive
and characteristic set of deposits was laid down in the
west Texas region, and sedimentation was interrupted
by only minor pulsations which serve to divide one
epoch from the next. In this report, Permian geologic
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history in "l"<est Texas is summarized at the end of the
stratigraphic discussion, and on the maps of figures 13
and 14. Under the present heading, only those features
that were directly related to the Guadalupe Mountains
region are discussed.

In the Guadalupe ::\Iountains region, the deposits of
Wolfeamp and Leonard age are not completely revealed
by exposures. Additional information is afforded,
hO"l"<ever, by the two ,,-ells already mentioned, and by
exposures in the nearby Siel'l'a Diablo. JUdging by the
thickness of sediments laid dO"l"<n (as suggested by plate
7, B), the 'Yolfcamp and Leonard epochs were fully as
long and as important as the succeeding Guadalupe
epoch, "hose rocks are more completely e~qjosed in th",
area of this report.

FACIES AND 1"ROVINCES

During Leonard time (as represented by the Bone
Spring limestone), and probably during 'Yolfcamp
time (as represented by the Hueco limestone-and other

Beds), byo unlike facies were deposited in the Guada
lupe Mountains region. Deposits of the one are black,
petroliferous, shaly limestone, and of the other are
light-gray, thick-bedded to massiye limestone. . The
t,,-o facies tended to persist in separate areas, which corw

respond closely to the provinces of Pel1uian time shown
on figures 3 and 16, A. Thus, the black limestone facies
cl:aracterizes the southeast part of the Guadalupe
~Ioulltains region, or Delaware Basin of figure 16, A,
and the gray limestone facies charactel'izes the north
,,'est part, or Korthwestern Shelf Area of that figure.
The b~lSil1 appears to have been a negathe feature, with
a marked tendency toward subsidence; the shelf was
more positive, and either remained stable or did not
subside as much. During Leonard time, the bound.
ary between the provinces lay along the Bone Spring
flexure of the Guadalupe Mountains whieh, it will be
reqUed, is bent down southeastward toward the b,sin
area.
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'BLACK LIMESTONE FACIES

In the Delaware Basin conditions throughout the
whole of Leonard time were nearly uniform and the
black limestones were laid down in successive beds with
out the admixture of much other material.

Deposits representing this facies consist mainly of
calcium carbonate, impregnated with bituminous ma
terial which imparts to them their characteristic color.
There is also some argillaceous matter and a small
amount of primary silica. Parts of the deposit are
thinly laminated by light and dark bands in such a
man,ner as to suggest that the amount of organic mat
ter III the sea water fluetultted from seasonal or other
causes, and that the water was sufficiently quiet for the
material to be laid down in successive layers on the
bottom.

Evidently the sea bottom during the time of deposi
tion was not favorabie to life, as great thicknesses of
strata are nearly unfossiliferous. In many of the fos
siliferous lenses, ammonoids are the chief fossils, and
these animals were probably free-swimlning organisms
whose shells dropped to the bottom after death. The
associated brachiopods and mollusks, which were cer
tainly bottom-dwellers, are of a relatively few species,
and fusulinids are absent. This general impoverish
ment, however, is not absolute, for some collections
within the black limestone contain specimens of pro
ductids, spiriferoids, and other brachiopods that are
abundant in the gray limestone facies. Further. the
trilobites that have been found are not specialized f~rms
but belong to the same species as those found elsewhere
in the region in quite different types of deposits. Per
haps the less-specializEd animals were occasional mi
grants into an environment that on the whole was not
favorable to them.

The black limestones were evidentlv laid down in
quiet water. The bituminous material ;'ith which they
were impregnated could not have been preserved un
less there was little circulation of the water and such
a lack of oxygen near the bottom that org,mic matter
was deposited faster than it decayed. These assumed
conditions are confirmed by the general poverty of
bottom-dwelling organisms in the fauna, and the rela
tive abundance of ammonoids, which swam nearer the
surface. Quiet water conditions near the bottom are
further indicated by the presence in the ammonoid
specimens of the fragile living chamber, which would
have been destroyed if the shells had accumulated in
agitated water. The conditions just outlined closelv re
semble those under which the black shales of e""dier
Paleozoic systems presumably formed!'

Quiet-water conditions during deposition of b1"ck
shale and limestone deposits do not necessarily indicate
the depth of watet· under' which the beds accumulated.

!lI Twenhofcl, W, H" Trcatlse on sedimentation,2d ed" pp, 250':"265,
Baltimore, 1832.

There· is, however, some evidence to indicate that the
beds in the Bone Spring limestone were deposited in
deep water. Relations at the Bone Spring flexure, out
lined below, suggest 'that the water was deeper to the
southeast, in the black limestone area, than to the north
west, in the gray limestone area. Moreover, the gray
limestone deposits seem to have accumulated in agitated
water, and it is difficult to see how such differences of
deposition could have existed unless there had been also
a difference in depth. Further, the Delaware Basin or
area of black limestone deposits, received a greater
thickness of sediments during Leonard time than the
shelf area or area of gray limestone deposits. This
greater thiclu!ess indicates that the basin area" subsided
more than the shelf area, and thereby entrapped more
sediments. It is possible that subsiclence was so rapid
tbat sedimentation did not entirely keep pace with it,
and the sea floor stood lower in the basin than on the
shelf (sec. a, pl. 7, B).

The black limestone deposits are notably poor in
sand and other, coarser, clastics. The few thin, inter
bedded sandstone layers are very fine grained and con
sist of the more resistant minerals of igneous and meta
morphic rocks. Evidently these sands were transported
from a distant source. In its lack of coarser clastic
material the black limestone contrasts markedly with
the deposits of the Guadalupe series (Delaware ~loun

tain group) that succeeded them, and also with con
temporaneous deposits of the Leonard series in the
Glass Mountains," on the southeast side of the Dela
ware Basin (fig. 13, Band 0). In the Glass ~loun

tains~ the deposits include sandstones and conglomer
ates derived from the erosion of olcIer Paleozoic rocks
of the newly uplifted Marathon folded belt. Evidently
they ,yere not spread far northwestward into the basin.
The fe" sandstone beds in the black limestone might
have been deriyed from this somee, but ',he fact that
similar sandstones are interbedded in the gruy lime:..";
stone toward the northwest suggests that at least some
of the sand also probably came from the opposite
direction.

MARGINAL AREA

In the marginal area, between the Delaware Basin
and the northwestem shelf area, deposits of the black
limestone and gray limestone facies interfinger. .Dur
ing the last half of Leonard (Bone Spring) time, the
gray Victorio Peak member was spread out on the shelf
alea, extending as far southeastward as the edge of
the Delaware Basin, where it apparently intergraded
with black limestone. During the first half of Leonard
time, black limestones extended for several miles far
titer northwestward toward the shelf, underneath the
gray Vietorio Peak beds. In the Guadalupe Moull
tain" exposures of tlte black limestone do not extend

1P King. P. B., Geology of the Glass Mountains, part 1: Texas Univ.
Bull. 3038. pp, 63-69, 1031.
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A. EL CAPITAN TO SIIUMAU'O PEAK, l.OOKING NORTHEAST FHOM HIlH;E ON SOUTH SIDE OF nONE CANYON.

Shumard Peak
86:16

B, NORTH 8LOI'E OF GUADALUPE PEAK TO snUMAHO PEAK, LOOKING NORTH FROM RIDGE ON SOUTH SIDE OF SHUMARD CANYON.

PANORAMIC VIEWS OF CLIff'S AND MOUNTAIN SLOPES NEAR !JONE SPRING.

pnOFI'JH~IONAL l'APER 215 PLATE 12

3

For 10';1I110"ll, R~ f'll1t~ 2. 81...... lltrntij[Tnpltic (.., .. tn""". in none Spdnll Iim~..tone. Del"wllre MOllnl";" lIr<>lIP. GOllt 5",,1' lime~tnne. lind Cupit'ln limestone IIn,1 the mllnne.. in which tbey hllve heen eroded. Noll' e.lope depOllitll 01 vll.rio"e. IIsee.. Qyn. YOllnlJel' ..lIu"ial del"'0"iu; Qrffl, older alluvial depoe.iu; Pc, Cllpit~n lime"lone: PJbk ne~1 Canyodlorn.auon (.S, Pinery InDc"h)(Je member, 4, Hellle.. limnt'...., member); I'~. Gmll Seep Iim('clll..n",,: I'd£:, Cherry Callyon lormllti.... (3, Mllnzanita linle"lorn! m"ml.er. 2, Sn..th Well .. limclltnne member. and I, Gelaway limellto..e membto..); Pd, Sandslone tfloOIlU!' <If Cherry Convon lonnotion; Pdy, Brushy Canyon lormallo"; PbcJ and P 2, ower liD
uPII4l.. divisions of Cutoff ..haly membe.. 01 Bone SP.. inlllirnelltone. PhllJ lind j'bv2, lower and llPI'"r <Iivi"io"s o( Vklorio l'ea\L I"ay member, and Pbl, black Iimelltone bed••

755282 0 - 48 (Face p. 26)
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deeply enou!!h to indicate their relations to the shelf
area. In the Sierra Diablo, howerer, they are replaced
ne.ar the she1f by limestone reefs-a part of the gra,y
limestone faci('~. They oycrlap shelf"i'al'ds on a surface
of unconformit:- that s<~p[Lrates the Leonard from the
underlying ,Yolfcamp series.

In the Guadalupe "lonntains, the southeastern edge
of the gra,' Yictorio Peak limestones follows the upper
part of the Bone Spring flexure. This relation of
depositional facies to a tectenic feature is probably
]110re tlU11l accidental: aBel implies that the flexure waS
in existellce at the time of ueposition. The nncon
formities in the Bone Spring limestone in Bone and
Shmnal'c1 Canyons .suggest contemporaneous move
ments on the flexure. Possibly aL.o, th~ small-scale
contortion in the black limestone f~rther ~olltheast

",-as caused by subaqueons gliding of the newly de
posited sediments a,Yay fr0111 the upraised surface of
the Hexnre.

On the Bone Spring flexure, the unconformity at thc
top of tlle Bone Spring' limestone (uet'Y0Cn it and the
Delu,vare ~\Iountain group) is clearly Inuch greater
than the local unconformities ,vithin the Bone Spring.
This condition might be taken to indicate that the
main lllQyemCJ:;t 011 the ih.'xure came at the end of L'2on
ard (Bone Spring) time~ were it not for opposing evi
dence. D:lring Leonard timc~ the water in the basin
southeast of th~ Hexure l'nt.s Jeep. Further' moyement
on the flexure would either deepen the 'Tater in the basin
still more. or causc a marked uplift in the shelf area.
Neither of these events took place. Actually, as sum
marized in a later part of this report, the water in the
basin during the first part of Guaclalupe (Brushy Can
yon) time, "as probably much shallo"er than during
Leonard time. Also, the shaly, poorly resistant Cutoff
membcr~ the last deposit of the Bone Spring limestone,
under"ent almost no pre·Guadalupe erosion in the shelf
area, and its beds lie parallel to those of the succeeding
series. These conditions suggest .that no uplift took
place in the shelf area.

The marked unconformity at the top of the Bone
Spring limestone on the flexure thus probably resulted
not so much from accentuation of tectonic mOyemellts
along the edge of the Delaware Basin at the end of
Leonard time as from some more widespread phCI\Ol11 M

cnon, sllt:h as a generallo·wering of sea leyel in the basin,
by regional uplift, eustatic change, or other causes.

The Bone Spring flexure, although exposed in only
a small area ill the, Guadalupe "lountains, probably
had a wide extent along the northwest edge of the Dela
ware Basin (fig. 16, A). During late Leonard and
early Guadalupe time, it certainly extended southwest
"ard for some distance, as indicated by certain rela
tions at the north end of the Sierra Diablo. Here out
liers of the Cherry Canyon, or middle formation of the
Dela"are Mountain group lie directly on the Bone

,55~82--48-3

Spring limestone, just '15 they do 1l00thwest of the flc-,\:
ure in thc Gnadalupe Mountains (1'1. 7, <1). The Hex
me is probably buried under the Salt Basin deposits
east of the outliers, for farther east, jn the Delaware
Mountains, the ChclTY Canyon is separatcd from the
Bone Spring limestone by the full thickness of the
Brushy Canyon or lower formation of the Delaware
?\fountain group.

GRAY LIMESTONE FACIES

The gray limestone elL'posits (Victoria Peak gray
member) north of the BOlle Spring flexure were prob
ably laid down iIt shallower, cll'al'er~ better aerated ",m
(cr than the black limestones. Their moderately thick
beds inc1ude layers, traceable for relatiycly long c1is
i-nnces, tllflt 'vere sprcnd out in broad sllE'cts. Tlwy arc
thus unlike the irregularlv bedc1ec1~ massiyc ]il11e~tol1e
deposits higher in the se~·tioll, \vhich have the form
of reefs. The Yictol'io Peak deposits· are better desig
nated as limestone banks than as limestone reefs.

The are-a of gray limestone deposition 'YfLS a more
favorable enyirGnment for hfe than the black limestone
area. The muny large, thick-shelled pl'oductids, spiri
fe-roids, find other brachiopods found in the grn-Y lime
stone probably found fayol'uble liying conditions in
clear, shallow ,Yaters. The. abundance of fusulinids in
the gray limestones contrasts with their abscnee in the
black lil11eston~s. COl1yersely, ammonoids which are
abundant in the black facies are absent in the gray
(fig. 11). It is possible that ammonoids originally lived
in both areas, and in the gl'ay limestone area their shells
v,ere largeI\' destroyed in the agitated wuter and were
not embed(Jed ill th~ sediments.~ Support for this sug·
gestion is found in the fact that the nautiloids, whose
life habits "ere similar to tho~e of mnmonoids but
,vhose shens were stronger, nre represented in the col·
lectiol1s from both areas.

LOWER PART OF GUADALUPE SERIES

TERMIKOLOGY OF DELAWARE :MOUNTAIN GROUP

The great hody of sandstone that forms the surface
of the Delaware "fountains and parts of the slopes of
the Guadalupe Mountains 'Vas noted during the first
geological exploration of the region. In 19010, Richard
son 60 nanled it the Dela"are :Mountain formation.
Richardson's type section was at the south end of the
Guadalupe Mountains, where the sandstones are limited
above by the Capitan limestone. He included in the
formation all the sandstones of the Delaware Moun
tains, the highest part of which is now known to be
younger than the highest standstones of the type section.
As originally defined the unit included the part of the
none Spring limestone that is exposed at the hase of the

a~ Richardson, G. E" Report of a reconnaissa.nce in trans·Pecos Tens
north of the Texas and Pacific Railroad: Teaas Univ. Bull. 23. P. 38,
1904,
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mountains. At about the same time Girt0' " proposed
the broader term Guadalupe or Guadalupian series
(later classed as a group by the Survey), which included
all the exposed fossiliferous rocks of the Gnadalupe
J\Lountains.

Subsequent work has resulted in some modifications
in usage. The Bone Spring limestone was found to be
such a well-marked entity, sO different from the beds
above, that;t has been excluded in redefinitions of both
Delaware Mountain" and Guadalupe." In the Dela-

• ware )Iountains, Beede" demonstrated that the Dela
ware :\Iountain beds above the Bone Spring limestone
were divisibo]e into three distinct and nearly equal parts,
which later were considered of fonnation rank. These
parts are now termed the Brushy Canyon, Cherry
Canyon. and Bell Canyon formations of the Delaware
:AIountain group.S5

In the Delaware l\Jountains, according to the new
definitions, the' Dela,vare nlountain group and the
Guadalupe series have the same limits in the sequence,
but each terIll has a different cOllllotation. The ntll11e
Delaware Mountain is applied to a distinet;ve facies of
dominantly sandy rocks, which projects as tongues. be
tween other units of different facies but in part of the
same agE'. The llalne Guadalupe, on the other hand, is
nsed for a time unit, applied over the whole of the west
Texas l'egion to rocks of the same age.

SUBDIVISIONS OF GUADALUPE SERIEs

From the standpoint of physical and faunal history,
the Guadalupe series can conveniently be divided into
three subordinate time units, whose limits correspond
to those of the three formations of the Delaware Monn
tain group. The Guadalupe series is limited below and
above by unconformities nne! abrupt changes in sedi
mentation, and the three subordinate units arc parts of
a continuous sequence of sediments lying Letween. They
express more or less perfectly the gradual changes in
sedimentation and f[lunas that took plttce~ by virtne of
the passage of time, 'within a single cycle of
sedimentation.

In this report, it is convenient to consider the three
subordinate units under separate headings-lower,
middle, and upper parts of Guadalnpe series-and to
describe in turn the various features of each. As a
result of this arrangement, it will be noted that the
parts of the Dela\vare :Monntain group are sepllratcly
described under three successive he,ldings, along with
the formations with which each is correlative.

SI Girty. G. H .. Tlw upper PermIan !If W(>8t Tex:I~: Am. Jour. ~l'i., 4th
ser., vol. 14. PD. ::W3-368, 1902.
~ King, P. ll., Permian str:ltigt';\!)h~' of tmns·Pecos Texas: Oeol. SlW.

America Bull., vol. 45, p. 705, 103{.
IU Adams, J. E,. anll othet's, St:lllllard Permian Section of 'Sortlt Amer·

lea, AID . ..\8130<'.. Petroleum Geologists BUll" \'01. 2?" p. linD, l!)~';:).

B~Bee,le, .r. 'v., Report on tile oil and g,18 pn""ibilities of the T:tlin'r"it~·

bInd;: 46 ill CnlheJ·son COU!lt~·: Tex:Is Uniy. BIlII. 2:34(;, }lp. 1:~-H.l!)~4.

85 Kin;;. 1'. I!., The Permian of west 'I'e:ell:,; :Ind soutl\('astern ;'\ew
::lIexico: Am. As:;;oc, Petroleum Geologists Bull., vol. :W, pp. 5.j-5SH,
1042".

BRUSHY CANYON FonMATIO:i

In the Delaware )Iountains, the Delaware )Ioun
tain group is a. nwss 2~700 to :3,475 feet thi('k~ whose
component formations divide it into approximately
equal thirds. The lowest formation was deoeribed by
Beede as consisting of "thick, yellowish standstones
with rather distant shale partings"; it maintains this
character ove.r wide areas. Its present name is de
rived frOln Brushy Canyon, which drains westward
acroSS the Dehnvare ~Iountajn escarpment tl short dis
tance south of United States Riglnvay Xo. 62 (1'1. 3);
along its course the whole thickness of the formation is
exposed. The Brushy Canyon formation re~t~ on the
Cutoff shaly member of the Bone Spring limestone, and
its top lS formed by a persistent, massiye Stlllcbtone
ledge that is nearly continuous throughout the- area
(1'1. 7, A). The ledg'e is prominently dewloped on the
slopes below EI Capitan, where it forms a flat project
ing bench about halfway up the slope from the black
limestone bench to the limestone cliff above (1'1. 1).

The Brushy Canyoll formation crops out in a broad
belt on the west side of the Delaware )Iountains, and
extends northward along the 1yest slope of the Guada·
lupe )'Iountains. North of Bone Canyon, it thins by
overlap on the Bone Spring limestone, and it~ outcrop
comes to an end a few miles to the north. The forma
tion is exposed also at many places west of the Delaware
Mountains, where it has been downdropped by fault
ing. In the Delaware _:Mountains, its outcrop has been
cut bv manv strike faults, so that its full thickness
cann;t be d;termined. Belo,,- El Capitan, it is about
1,000 feet thick (sec. 18,1'1. 6), and in the XielWllS et
aI., Caldwell Xo. 1 well, 35 miles east-sontheast of EI
Capitan, it is 1,152 feet thick (1'1. 6).

The formation consists largely of snnd5tone~ a part
of '\vhich, coarser grained than the rest, stund:=; out in
massi'n~: yellow or brown ledges or for111s th~ caps of
flat-topped mesas (1'1. 14, 0). Great, rectangular
blocks of this sandstone are strewn on the slopes be
IWN the le{lges. Between the massi\·e saucbtoues are
fine-grained~ thin-bedded, or eY811 sIlaly s<llld:3tones,
whieh erop out on slopes.

The formation is easily recognizable on air photo-
. graphs by its strong ledges, which contrast with the

smoothly l'ounded slopes of the ovedying Cherl'y Can
von formation ~ and by the nbundance on it of cedar nut!
~ther trees, wl;ieh gi~'e its outel'op a speckled appear
ance ill the photographs.

MASSIVE SANDSTONE BEDS

The massin~ beds that form the most cOI1:::pit:uous
parts of the formation consist of buff or yellowish,
medium-grained, friable sandstone, which on some
,,,cathered surfaces is coated ,vith a brown crl1:-:.<to :J.Iany
of the layers cont:'lill ,ddely spaced, parallel laminae,

":1
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To::: SD'ld;IO~e iecg€ of
'3r~s'ly Can,·o". fc'mo~i:'l

F1GrIU: 4.-SectiOlls "ho,,-illg lenti('ulnr llature of massiye sandstone" of
the Brn~h~' Can rOll forlllutioll, and of Hmestolles of Get[\wn~' mem!H'r
of Cherry C11l1~'OU formation. A_, l~ast ;:ide of Glwdalu\le Canyon .!'o\1th
of GU<\lblulle Pas.s; R. West slolle of El capitan; 0, Delaware ),loun
l;lin e",·nrplllCtl! 11ear Guadalupe SUlllmit radio l:itation.

O'IHER ROCKS

RELATIONS OF ERUSHY CANYON FORMATION IN BONE CANYQX
AND NORTHWAitD

In Bone CanYOll, at the lower end of the Bone Spring.
flexure, the ba8;,1100 feet of the Brushy Canyon forma
tion cOll~ists of conglomerate, limestone, and luedium
grained, thin- to thick-bedded sandstone (as shown on

1'1. 13i.
The conglomerates in the cRnyon form several beds.

as much as 10 feet thick, interbedded with Sllndstone
and composed of pebbles, cobhles, or even boulders up
to 4: feet in din.meter. 86 The smaller fragments are of
black lilnestone like that in the underlying Done Spring
limestone, but many of the cobbles and boulders are of

::\1any of the massive sandstones cont.ain s~nttercd

calcareous tests of fllsu1inids~ and in some lentieulal'
beds these tests are so numerous and the sandstone
llw1rix so scant thnt the rock is more properly ealled a
limet-"tonC'. SeYt'ral of the lnrger of these be(15 jn the
Dphnntre ~IollntaillS are separately shown on the geo
logic map~ plntf':3. Some of the calcareons lenses con
tain abraded crinoid stems ,mel braChiopod shells. The
fl1~n1inid tests tend in eneh layer to hnyc a common
oripntation in S0111e one djl'ectjoJl~ as shown on plate. 1£)~

E, but the direction may differ in different layers. Very
commonly the trend is between nort.h and west (fig, 6).
01' nearly at right angles to the prevailing trend of
)·ipple lllarks in nearby beds.

The thin,bedded sandstones that lie between the
lnassiye beds nre genel'ally buff and fine-grained, and fiTe

marked by closely set, light and dark laminations, sug·
gesti"e of "arYes. In places there are thin, interbedded
layers of black har,1, platy, shall' sandstone.

At two localities in Guadalupe Canyon, 250 feet below
the top of the formation, there are thin beds of green
siliceous shale 01' chert (in secs. 24 and 27, pI. 6). They
nun- consist of altereel yoleanjc ash like simila.r rocks in
the~ ~[anzanita limestone, melnoor of the overlyiDg
C1lerr:- Canyon formntion, but no yerifieation is avail·
able because no thin sections weTe examined.

!Ill llakE"r. c. I.J,. Contributions to tbe stratigrnphy of e:l.stern New
),lex:leo = Am. Jour. Sei., 4th se1"., yo1. 49, p. 114, 1920. Darton, N. H.,
und Rl!eside, J. D., Gurlllalupe group: Oeol. Soc. America null., "01. 37,
pp. 421-423, 1026.

zirton and [l fpw other accessory luincrals nre present.
The grain size i~, notably coarser than that of other
sHnd,..;tones of ilw DeJawH.re }'Iountain gronp or Bone
.spring linw,;:.:tOlw. in which ~llc maximum diameter is
0,1 to 0.2 millillH'tC'r. The only comparable f'andHtOlle:::
are in the Goat Srei) and Cl.1l."lshan formnt.iollB, in t.he
YOHnger part of the Guadalupe series in the nort.hwest
part. of the area. In the massive sandstones of the.
Brut-hy Canyon formation the accessory lllil1era.l~ £11'('

less abundant and varied than in the finer-grained sand
~tones of the, Bone Spring limestone and Dela"vare
)lonntitln group.

~ 1'::;·:·::1 c::::=J
Limeston~ tJ.css;ve 1h;"-oedded

scndstCf>e sondsto"e

''',-'_--,'",000 Feelo 1000
---"

c I, c..,wo"':s;;' m'e,"'
F'~SJ I ':'10- oeD~in9

il,~e5tone

Canyonlhey are absent entirely (sees. H and 15, 1'1. (i).

The 1l1<1s:siye bed~ thicken and thin rapjdly along the
strike. On the south slope of EI Capitan they are re
placedlater"lly bo'layers of hard, shaly sandstone. At
some locfllities~ len:"es of lllilSsiyl' snndstone are arranged
en echelon, as though a single channel or basin had
migrated npwarcl and laterally as sedimentation ",ent
on I fig. -1, A and E). A few of the lleds are persistent;
that at the top of therol'mation can be traced across
nearly the entire area, and some others lmyer down per
sist for seyeral miles.

Four specimens of sandstone from the massive beds
were studied under the microscope by "'Yard Smith,
The chief minerals are quartz~ microcline, UIHl plngio
clase; they haye a maxil11mn grain size of 0.5 millimeter,
and are set in a calcareous matrix. Small amounts of

Top ~C'ld,lone :ecoe d
Br~s,~y Can."c,'l 'c~'''',"~iQr'l

B ~~:~;:~~"':~

'lIH1 sunll' nre cross-bedllc(l. :.\IallY of the bptltling sur
fllces :ll'C ripple-marked, particularly north of Bone
Cll1l3'on on the· Bont' Spring ft(>xure~ where the beds
on'l'lnp tb: :3ul'faC'(' of Tbe Bune Spring linwsto})r-, Here
the !!l'lll'ral nend is nOl'thca~twa1·tl. parallel to the ('(lge
of till' th:'xul'f', and the :"alUe trend is also COllllllOll far
tber ::;outh ~ fig. ()). -'I:m)' of the massivE' ~all(blOneS

1'('.'4 (lIl :lll undnbtury. chaundel1 surface of tIle thin
be(lde,l :-::l.nd,stoues llt'xt beneath.

The m,ns:3iY(~ Sfilld:3tOIlC beds form members from a
few ff'('l to more than n hundred feet thid.:. which altcr
wIte ,\""jth thinner-lle-dele(l salldsto})e~. In the south part
of the area the be'd, are thick and closely spaced. but
belo's El Capitan there 'are only four 0'1' fly€, such beds~

:111d for nbout a milC' along the outcrop Hear BOlle
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gmy limestone or dolomitic limestone, and a few are of
calcarcous sandstone. The latter can be matched with
rocks seen in place in the Victoria Peak gray member
of the DOlle Spring limestone not far to the north (see
Pl'· 18-I!») :tnd contain similar fossils. The conglomer
at.e~ h:tve <\, It'nticlliar development along the outcrop for
1\/" miles to the south, and boulders of gray limestone
OCClll· [o)":t mile south of the c:tnvon. North of the can
yOIl, higher on the flexure, the sa~ldstonesof the Brushy
Callyon formation rest on the Bone Spring with no in
t"N''''CIl illg conglomerate.

In tlw vicinity of Bone C:tnyon, :t layer of fine
?!t':lilled, in ptllt sandy, gra.y limestone as much as 30
i\'d thick on~rlies the basal conglOlnerates and sanc1
01011<'8. (This fonns the 28-foot interval shown in
se,,- 15,1'1. 13.) It overl:tps on the Bone Spring lime
sl,olle ill the next ravine north of the canyon (pI. 13, fig.
--(). 80llthward it thins out and disappears in the saml
s(one.':';. Neal' the point of its disappearance, a Inile
~ollth of the canyon, another similar limestone bell oc
l~lIl'S ill thl~ sandstones beneath. (This forms the 18
foot interval shown in sec. 55, pI. 13.)

,In Shumard Canyon, north of Bone Canyon, heels
of the Brushy Canyon formation that are younger than
the eonglomerate and limestone just described rest on
tho Bone Spl"ing limestone. These beds include mas
SlVC, Illcdinm·rrraincd brown sandstone beds, two

~ ,
g'·oups of which form prominent ledges (sees. 11, 12, ancl
1;;, pI. (j). The lower passes ont by overlap in the
north branch of the canyon, where it Ims an original
dip away hom the limestone sUrIace of more th'Hl 10
tlq~l'el'S. The upper, at the top of the formation, con
tinlll's some miles farther but passes out by overbp
against the Cutoff shaly member half :t mile north
of Shirttail Canyon. Apparently no beels of the Brushy
Canyon formation were laid down any farther north.
In this rcgioll, the Bone Spring limestone is overlain
direet.ly by higher beds of the Delaware ~Iountain

group-the sandstone tongue of the Cherry Canyon
formation (1'1. 7, A)_

STRATIGRaPHIC RELATI0:\S

After the hiatus that intervenes in places between
the Leonard :tnd Guad:tlupe series, deposition appar
ently went on with little interruption throughout Guad
alupe time. At most places the first deposits of the se
ries, the Brushy Canyon form:ttion, extend without
break into the succeeding Cherry Canyon formation.
Locally, however, the uppermost beds of the Brnshy
Canyon formation have been cut by channels. One of
these channels, shown in figure 4, 0, is occupied by
fusulinid limestones belonging to the basal Cherry Can
yon. These channels seem to be of no more importance
than others in the sandstones "bove and below; they
were probably caused by submarine erosion.

FOSSILS

Exeept fer fusulinids, fossils are not abundant in
the Brushy Canyon formation, perhaps because the
sandy facies of the deposits was not favomble for life,
or because conditions were not favomble for the pres
ervation of shells. The btter possibility is suggested
bv the fact that most of the fossils that have been col
l;eted are fragmentary and water-worn. The thonsand
feet of beds in the form:ttion constitutes a conspicuous
break in the paleontological sequence.

The great abundance of fusulinicl tests in many of the
sandstone beds of the formation has been noted in de
scriptions of the stratigraphy (p. 29: see also fig. 11,
A), and was first observed by Shumard." The fu
sulinids all belong to the genus Para/u8uli-na, which
occurs also in the Bone Spring limestone below and -the
Cherry Canyon formation above. The speeies in the
Brushy Canyon nre characteristically larger and more
highly developed than those in the Bone Spring. They
include P. rothi Dunbar ::lncl Skinner, P. sellatdsi Di1n~
bar and Skinner, P. maleyi Dunbar and Skinner. and
P. lil/eata Dunbar and Skinner." The first three of
these species haye been identified also in the lower part
of the succeeding Cherry Canyon formation.

The other fossil groups are found only in occasional
lenticular calcareous beds, und though considerable mR

terial has been obtained from some of the localities, Dr.
Girty observes that "the preservation of the specimens
is, in every instance, so poor as to hamper close identi
fication." The largest collection was obtained on the
sout.henst side of a gravel-capped butte 3 miles south
southeast of El Capitan and half a mile ,outhwest of
bench mark 4733 (lecality 765G). A col1ection contain
ing many of the same species and from nenrlythe same
place (locality 2919) was deseribed by Girty 59 in 1908.

Most of the identifi:tble material from thi, and other
Iccalities consists of brachiopods, althongh the pres
ence of other groups is suggested by occasional speci
mens. Girty~s original-collection contains the bryozoan
Fist,dipora grandis guadalupensis Girty. The mOre
reeent collections from station 7656 include some frag
mentary ceph:tlopod shells, mostly unidentifiable, but
acording to A. K. :Miller probably including the nauti
loid Coloeeras. In :tddition, H. C. Fount:tin has noted
the presence of abuncl:tnt crinoid stems, and poorly pre
served cup corals, pelecypods, and gastropods. Dr.
Girty comments as fol1ows on the brachiopod assem
blage:

Enteletes is a recurrent genus, bnt the specific rell\tion of the
few poor specimens is uncertain. Jleekella (M. attenuata Girty)

S7 Shumard, G. G., Ohservations on the geology of the country b~tween

the Rio Pecos and Rio Graofle. In Xew Mexico: St. Louis Acad. Sci.
TraIlS., vol. 1, p. 250. 1858 [18601.

8lI Dunbar, C. 0., anel Skinner. .T. W.• Permian Fusulinidae of Tes8.s:
Texas Univ. Bull. 3701, pp. 593 and 126. 1931.

f!& Girty, G, R., Tbe Guadalupian faullll: U. S. Geol. Survey Prof.
Paper 58, p. 21, 1908.
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is better represented. Chonetes (C. sufJU,·ufu.'f Girt)'?) is for the
first time miller abundant.

TIw IH'o<lnctid", are all small (which imI11ies the nhsence of
prodU f'tu8 iN'.~i Nc~~;belT~"), cxceIlt fot' tlll"ce pOOl' spcei'luens
frolll stntioll 765G, which :Jre tcntatiyNy j(}elltifie(l as P. indiC'us

King (nOll \Yaagcll). Amollg the sl"ualler species, P. guadalu
tIC/Isis Gil'T~' is ratlK'l' ahnn(]flnt. A1.<.;o }lrCSeut ;1l'e P. (AIa1"
aillifcra r) 1r<Jof/clIfarI1l8 Gi1'1y, P. (..!lla?·[linifcra?) 1co1'dcWi;8

'eKillg). p. l!lc1t'nlrlfus Girty, P. (/cnfr-uluhls GiL'ty, and a 8pecie~

01' two l't':3E:mbling P. popej, opimufi Girt~·. PI'Ol'ic1ltllofc1Jia COll

tinUes to be IJl'eSent.
A distiu('f change is tllU~ indlcateu in the pro(lu<:tid l'elll'e

sentatioll. but it may not be as 11l:ll'J;:{!d r:.'s it first :lIlpears to
be, for S0111(' of tlIe forms which, bl'canse ot tlbumlnn(:e and
good prescnation arc lllcntioned in this faunal nss\~mblage,

nlfl~- lww bl.'('n llassed OTer ill others by rE':1S0n of scarcity uu<l
fragmentary condition, a cirClllllSUtllCe which cun defeat' eVell
.I;;uch h'llt::l.tiy€ idelltificatlons 38 are !Jere r~cord('d, In this
plnec. I mil;; note also that the prodnctid repl'eSelltatiH~s of
these l(llS from the Brnshy Canyon f(Jl'matioll haye little in
common among tllcmse1,es,

Spil'ifers related to 8}lirifcr friplicatWi Hall occur in all tbl'e(~

collectiom. SqllU1Jlllla1'ia is present in one collection, but is
not <letel'lninab1e speciticnlly. AmlJocodia, Sp'il'ifcriJlu, COIJ1

P(J81·to, fUEl IIustc(lia arc an present btl;: represellte(] by speci
mens too 1wor for consideration. On the whole, tllc fauna of
tIle Ernsl)~' Canyon for1l1ntion, althnugh its identification 8uf
fers from rhe pOOr prcser,ation of the specimens, presents many
depn.rture~ from the fauna of the CU((Jff slla1y member bc1o~ it.
GirQ' manuscript,

COKDITIOKS OF DEPOSITIQ!'o.

REGIONAL RELATIONS

After the close of Leonard time, at the beginning of
Guada lupe time, a marked change ill sed~nelltation

took plnce in the Guadalupe Mou~,tajlls regiaD. The
preceding deposits ,,,ere spread ncross the whole area,
'I"Ihercas those of the Brushv CIl11YOn formation were
1'€'3tricted to the southeasten"'l part: or Delaware Ba~111.
The preceding deposits ,,-ere limestones or ycry fine
clastics .. ,yhercas the early Guadalupe (Brushy· Can
yon) deposits I'lere dominantly s<1llclstonc, in part
~IlO~lel'Ul:el~~ coarse g:'ained. 1'l:e preceding deposits
111 the DeJaw,:ne Dasll1 (black hmestone facies) shmy
e.".iclencc of haying been deposited in quiet and perhaps
deep 'iymer, Ti-hereas many beds of the sueceeding
Brushy Canyon fm'nwtion in the S.:1InC area ,vere laid
dO'iYll -in agitated Ivatel', and the whole formation is
probably a shallow-water deposit.

Some (If the causes of this chan!!e 1n sedimentation
hayc ,;ll'eady been considered (p.~ 27). It was con
cluded that at the beginning of Guadalnpe time the
Delaware Basin became all area of shallOlY water, and
the adja.c·ciit shelf arcas were cmel'gent~ but dill not
stand higlL

Because of this condition, sediments could be washed
into the basin f1'0111 almost any direction, and t1'~Ll1S

!)Ql'tatioll of coarse material to it Iyas probably less
1mpeded than at any other time in the Permian. The
occurrence of relatively coarse-grained sandstone in the
Brushy Canyon deposits of the Delaware Basin thus

does not necessarily iDdicate renewed uplift in the lands
that supplied sediments to the region.

The coarSeI' sands continue to the top of the Brushy
Canyon formation, where they come to an end in a
single, persistent layer; in the. Delaware Basin no simiw
Jar beds are seen in the higher Permi,,,, beds. Sands
equally coarse, hm,ever, are found Dorthwest of the
basin in the younger Goat Seep and Carlsbad forma
tions. These relations suggest that the source of the
sands by somewhere to the northwest, and that eros10n
of the source area continued after the close of lower
Guadalupe time. Later 011, southeastward transporta
tioD of the material into the basin was probably hin
dered by the development of limestone-reef b"rrier8 of
middle 'llld uppe!' Guadalupe age (Go"t Seep and Capi
t an limestones) and coarser sands could be laid down
only in the shelf are" northwest of the basin.

DETAILED FEATURES

The different types of sediment in the BlUshy Canyon
formation alternate ill lucle cycles, as shown on section
33, ngure 5. Each massive sandstone generally rests on
a chanlleleJ. surface ,yhich records a tinle of maximum
current action, They themselyes contain ripple marks~

cross beds, and oriented fusulinids, which indicate that
they Were Jaid down rapidly iD agitaood water, within
reach of effective "ave action. The massive beds arc
succeeded by thin-bedded, fine-grained sandstone, with
yurvelike lal11inae~ ,yhich record slower, quieter deposi
tion. To"ard the top of each cycle are intercalations of
dark, shaly sandstone, probably with a considerable
bituminous cont.ent, which suggest an approach to t.he
stagnant bottom conditions of the older black-limestone
de.position. Each cycle is brought to an end by another
period of channeling find deposition of coa,rser sand
stone.

These rude cyclical units cannot be traced far along
the ontcrops, and it is questionable whether aDy 011e is
of more than local extent. They indicate, hOWeyel\ a
regula l' fluctuation in conditions of sedinlcntation from
agitated to quiet water but prob"bly with no aCcom
panying changes in depth.

The ripple marks in the 11la.ssive sandstones have
nearly the same northeastward trend us the Bone
Spring flexure, ,\hich formed the shore in lower Guad
alupe time (fig. 6). They were evidently shaped by
movements of the. ,,'atel' oricated at right angles t(j tbe
shore. These HlOVe1l1ents Blight have been undert(l\'{
currents, crlused by the return along the bottom of water
that had previously been piled up on the shore by the
waTes. 01' they might have been the to-and-fro 05ci1
lutioll of water within the wayes themselves. :l\1ove
ments of the first sort ,You1d form current ripples, an,l
of the seconu sort oscillation ripples,90 The mark:,; in

00 Kindle, E. U., and Bucher, IV. H., Ripple mark anil its Interpreta
tion, in Twenhofd, W. H" and others, Treatise On sedimentation, 2d ed.•
PD. 644-G53, Baltimore, 1932.
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the Brushy Canyon formation appear to have a sym
metrical cross section, which indicates they are oscil
lation rathel' than cnrrent. ripple marks. Howeyel': no
secondary crests 'are found, snch as CCClll' in InUllY oscil
lat.ion ripples. Current moveillents are itHllcated by
the channelillg of the associated deposits.

The fusnlinid tests, which are commonly strung out
in a lIorthwestward direction, at right angles to the
trend of the ripples, were probably placed in this po,i
tion by the same oscillation movements of the ,yater
that producecl tbe ripples. After the death of the ani
nulls! their many-chambered tests probably had COll

siderable buoyallcy, aIld were easily tUl'lwd in the direc
tion of least resistanee to water motion; that is: elongate
parallel to the movement.

The sea uottolll during 10,ve1' Guadalupe time '\"('8

probably inhospitable to many forms of life, because of
its sandy sudace, and the probable agitation and tlll'
bZllit.y of the overlying wat.cr. Shells of whatel"el' bot
tom fauna existed were largely broken up l)('fol'l~ tht'Y
could be fossilized. Whatever the conditions of life
for most of the falllla: the lower Olladalnpe sen "was
de.fillit.ely favorable to the existence of fusulinids alH.l
the IH"CSe"n'ation of t.heir te~ts a~ indieatec1 by the enOl'

mOlls numbers of the tests that Wt'l'e l'ne1o~ed in the sedi
ments.

MIDDLE PART OF GUADALUPE SERIES

Beds of middle Guadnlupe age form an assemblage
considerablv more varied than that of any of the units
that preced~d them (pI. 7, A). Toward thesoutheasL
they consist of the CherryCallyon formatIOn. about
1.060 feet thick ,yhich is a succession or fine-grained
.<l;ld O"ellf'l'all" tilln-beclcled sandstones, with fl number
of p~"si~tent~limestOlle beds SOllIe of which fire distin
guished as nanl.ed luemoers. Toward the northwest,
the limestone members thicken abruptly and form a
continuous Succession of limestones, the Goat Seep,
which is eqniv,\lent to the upper three-fourths of the
1I11it to the south. The lower fourth of the Cherry
Canyon formation persists northward as a sandstone
tongue a few In ndred feet thiclc Near the southeast
edge of the Cinar Seep lil1lestolle~ the middle Guadalupe
beds haye n thickness of about 1,500 feet, bnt f,nther
nortlnn:'st tlle\C c1,,-indle to 7;'50 feet.

In the Del,;'vare Monntains, the middle part of the
Glladalup2 Hel'ies: or Chen)' Canyon fOl'mation~ Cl'~)PS

out alollg the crest of the range in a belt 8 or 10 miles
,,-itle. X-ortlnnnu. the Cherry Cnnyon extends along
the west faee of th~Guatlalupe 310untain8 past EI Capi
tan (pI. B). Farther north, the Goat Seep 1i,me~tone

is extellsiyely exposed alung the lower slopes of escarp
ments <llld eanYOll w<llis that are cappetl by the younger
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Capitan and Carlsbac1lilnestoHes. The Cherry Cc111\"on
find Goat Seep formations are exposed also' at m~nY
placf's in the downfuu1ted areu west of the high mou)~
tains.

CHERRY CANYOX FORMATION

The Cherry Canyon formation, as here clistinn:ni:shect
corresponds approximately to that part of tJ;e Dela
ware ::\Iollntain group recognized by Beede Dl as con
sisting of ;~bl'OWllish, rather bituminous f3hales. \\"ith
limestones and some' SfilHlstoncs", Its llnme is ~ taken
from Cherry Canyo111 which drains t.'llstwanl across the
summit of the Delaware Mountains for ahout \l
miles .. from Pille Spring: to a poillt. 3 miles eH:-;t of dIe
D I~Hneli Headquarters where it joins Larnal' Canyon.
The course of Cherry Canyon crosses most of the ~)ut
crop of the formation; some parts of the i'ormation
neal' the canyon llrc covered by Quaternary arayels.

On tlle ontcrop, the Cherr~' Canyon fO~l'l~ation has
a nearly constant thickness of"l,(I()(J feet, hut this thick-

Ul BN'de,.T. ,y,",; Report Oll the oil and I::"HS llOs.silljJities of the lJniw'rsit,·
hloek ..H\ ill ('l1]1wr"ou C01111ty: Texllo; l.:lli\·. Hull. :!:14(;. p. 1.':, HJ:!4. .

ness illCrel1Ses to 11283 feet in the Xiehalls et aI., Cald
"\"'(;'11 Xo. 1 'wel1~ :15 miles east·southeast of El Capitan.
In the Ll'oad belt along the crest of the Delawal'e :Moun
tains. it dip;; at Hngles of n few degrees to the east
northeast, bnt toward the wcst it is considerably broken
by strike faults of small di~plal'elllent. East of the
easternmost fault, \y11i('h crOsses the west end of Get
a'\YH:' Gap1 the lim8:stone membe.rs of the didsion ..;;:tand
in lo\\, west-facing, frayed-out cuestas, \"hose el1~tern,

back slopes are cut on the surfaces of resistant be,ds.
The most conspicuous of them is Long Point~ capped
Ly limestones of the )Ianzanita lll.embel',

Onttl'0ps of the Cherry Canyon fOl1natioll nre ~hown
on the geologic map. plate iI, 'Note that to the south,
as Bear section D-IJ' ~ the, belt of outcrop is wide because
of the gentle dips alld low topogl'aphi(~ l'elief; whereas
to the north, as near section B-B', the belt of outcrops is
narrow~ not Lec'anse of steeper dips, but bel'anse of
greater topographic relief. Views of this part of the
outcrop, forming smooth slopes between the ledges of
the Brushy Canyon formation and the cliffs of the Capi
tan hmestone, are shown in plate 1, plnte 5, ...4., and
phte 12.
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FlGUII8 7.-St'ctioJ;.S silowin;, channeling and lenticulal' t1epositioll of
sandstones ill laWN' part of Cherry Canyon formati\)ll, .! anu B, in
Cherry Canyon, 2 to 3 mil~s southeast of Frijole Post Oilice. C alld
D, ill Glovel' Canyon, 2)::: miles sonth of Pl'ijole Post OUlce.

SANDSTONE BEDS

The standstones of the Cherry Canyon formation lie
in beds -rr few inches thiclL with occasional thicker lav
el'S and layers of hard, 1;laty, shaly sandstone. Tlle
thinner beels are all marked by light and dark laminae,
possibly varves, of which there afe commonly 10 or
20 to the inch; there are occasional zones wh;re they
are more closely or more widely spacec!. The sand

LIMES'IONE MEMBERS

(fig. 8). In some exposures, individual beds can be
traced for long distances. In others, the bedding is
le~s regular, and the sandstones are cut by channels
several feet deep, which are filled by more massiYe,
more shaly, or more calcareons strata than those be
neath (fig. 7). The materi"l filling the clmnnels is very
irregularly bedded, but almost nowhere contains allY
conglomerate. Channeling of the sandstones is most
cornman in the lower two-thirds of the formation.

At some localities the sandstone contains spherical
or o,aI nodules, lenses, and thin beds of ,fine-grained,
gray, sandy limestone or calcareous sandstone, butel:5e
where great thicknesses of strata contain no caleareous
beds. In some exposures, as on the south side of Get
a'yuy Gnp, the various rock types appear in rude cycli
cal order through interv"ls of 10 or 20 feet of bee],.
Sh"ly sandstones below are followed by thin-bedded
sandstones, and then by limestone lenses or noclules,
"fter which the succession is repeated (see sec. 40,
fig. 5).

GETAWAY LIMES'IONE MEMBER

The Getaway limestone member is a group of lime
stone beds in the 10IYer part of the Chen)" Canyon for
mation that are '\yidely exposed in the Deb,,~u·e nfoun
tains (pI. 3). The member caps the rim of the west
facing escarpment. of the Delaware 1fotlutains for
mUllY miles south of El Capitan, and is the first abun
dantly fossiliferous layer encountered in the section on
pn~:sing upward from the Bone Spring limestone.

The limcstone beds in most of the Cherry Canyon
fornliltion are lenticular, consisting in places of solid
limestone members 100 feet or more thick, and in places
of thin limestone beds interbedded with thicker layers
of sandstone, as Sh01Vll diagrammatically on plate 7,
A. They exhibit considerable yariety in lithologic
character from place to place. The two members dis
tinguished in the lower part of the formation, the Get
a"ay and South 'VeIls linlestones, change in this man
ner, and between them other thinner~ less continuous
limestone beds are locally prominent. The upper meIn·
bel' of the formation, the l\Innzunita lime~tolle, is more
per3isiellt than the 1m-vel' members in lithologic char~

acter alld thickness over wiele areas.
The position and extent of the limeHolle members

in this p,lrt of the succession has not been described
hitllt"rto although ynrious authors have lloted the oc·
currence of lirne~tone interbedded in the sandstones of
the Dehmare :\Iollntnins. The lack of pre"ions obser
vrttions 011 t]w limes-tone mClnbers is partly because the
members ,11"e poorly developed on the slopes below El
Capitall, where most previous stratigraphic sections
,\yere 1l11'<lSured.

[I
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E.X?:..ANATIO~~
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grains are so fine that they cannot ordiwll'ily be dis
tinguished by the unaided eye. _-\... single specimen of
the Sfl.llthtones \YllS examined uneler the microscope by
'Yard Smith. It came from beds behyeen the South
'Wells and Manzanita members at the base of the slope
neal' Pine Spring, and is megascopically similar to the
sandstones in other exposures of the formation. It con
sists of angular grains of quartz and some fel(h,par,
,vith a maximum diameter of 0.1:) millimeter, closely
packed in n nOllcalcareou:5, argillaceous mattix. There
are also a few grains of zircon and tourmaline.

The bedding surfaces in many of the s:uHlstones are
straight and smooth, out some are covered by ~hallo\Y

ripple marks, measuring several inches from crest to
cl'est, which trend in a generalnol'theasterly direction

Sections of the Cherry Canyon formation can be seen
on the right-hand half of plate 6. Note that in the
area of flat topography to the southeast, only incom
plete sections are shown, or complete sections that have
been pieced together from measurements in different
places, as in sections 37 and 42. In this region, the
record of the Niehaus well, also shown on the plate,
provides a useful check on the surface IneaSUl'ements.
The continuous sections farther to the left (sccs. 12-18)
are measured on the steep slopes at the south end of
the Guadalupe :Mountains. For general stratigraphic

. relations of the formation, see plate 7, A.
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I

The melubcr is named for Getaway Gupt~ (i miles
o::outhp.ast of El Capitan, on whose north unLl south sides
it is well exposed. At the gap, the member has a thick
ness of 10i feet, and is separatecl from the uppermost
nl<lssiyc sandstones of the Brushy Canyon formation
bY 192 feet of Ihin-bedcled slllulstonc (sec. 40, pL 0) .
•The member is well exposed also along GJoyer Canyon

:2 miles north of the gap (sec. H7a), on the south side of
Guadnlupe Pass oyerlooking Guaclalupe Canyon (see.
0j). and on the Deb "'are ~iOtlnta111Sescarpment below
Gl~~<1altlpc ,Summit radio station (sec. 33). At these
p]accs~ as much as 200 feet of l1eflTly continuous lime
stonE' beds is present, but H(>ftr the lniddle sp.Yel'ullayers
of sa"elstone are generally inlerbedelecl. In other parts
of the area, cyell at points dose to these localities (as
shown in fig. 4, A and C), the member thins to 50 feet
or less. At some places, as on the slopes below El Capi
tnn (sec. 18, pi. 0), the member nearly disappears, anel
in the inlelTal where it is expecleel only a few limestone
beds less than a foot thick are present. (Areas in which
the member is thin or wtll1tjng .are 8110'1\"11 on fig. 8.)

The Getaway membel' consists largely of fine-textured
black or dark-gray limestone, ,,;,-111Ch weathers to Blouse·
gray or ashen-gray surfaces. n.fost of the beds arc a
few inches t.o [l foot thick, but some pal'ts arc thiuly
laminated or platy. The more granular beds contain
small, irregular e1le1't nodules. Thrany of the bedding
surfaces are straight a11tl smooth, but others ilTe nodular,
way)', anel hummocky, with straighter-bedeled layers
deposited oyer the uneVPll surfncE'. In exposures :2. 1.0 3
miles east of El Capitan: some of the bedding surfaces
arc stl'luted and fluted in the same mauner ns in the
black limestones of the BOlle Spring. Between some
of the limeslone beds are thin-beddecl or platy sand
stone layers and rare, palt.illgs of marl.

Interbedded with the dark, thin-beeleled limestones
are some lel1ses of light-gray, more granular limestone,
in places dolomitic, in massive beds 2, to 10 feet thick,
\\'hich extend 25 to 100 feet along the outcrop. Some
of them conlain smalL rounded limestone pebbles.

The foUO\ying analyses of limestone from the Get
a\yuy limestone membrl' \,ere mude:

Atlall/8CB, 1~n llc/'cent, of limcst01lC from the Gefatcay limestone 11ICllluC/"

[,\lJfllyses by K, J, :\Iunna; notes on in.ooluble residues b~· Charles :Uilion]

99, 49

TotalSpecimen locality

I I I' iii

I, Insoluble ! n.~03 I' ! I '

----,-~--I (most]y CaCO, :-rgCO, I~lnCO, ICa,(PO,), I
iInorganic IOrganic I Fe,OS I i I I

~-~-----~~~- I il~--II----'I'1 I 'I'-~
1. Lower part of melllber, east bank of Gloyer

C:lllYOn at section 37 a, 3 miles southeast of
Pine Spring Camp ~ ~_ 11. 88 0.63 0.44 I 85.0(\ 1. 33! 0.03 0.171 99.54

~. Fpper part of member, same locality a~ So_ L__ S.38 , 45 .32 I 88. iG 1. 26 l,! .04 .33 I 99.54
3. 25 fed below top of member, rim of Delrnmn'

2\IOllltiains at section 33, at Guadalupe Sum- I
mit radio ,:;tation; granular phase ~________ 13. il ,10 ,73

1
81. 27 ., 70 .09 1.00 I 99. GO

4_ Same locality and horizon as );"0. 3; C'ompa(:t I'

pha.:-C'____________________________________ 10.0(1 ,08 . HI! 87.62 1. 17 .06 .00 I' 99.84
5. :.\C:l1" Lone Cone, west of Delaware i\Iollntain~;

grannl:tT, sandy limestone, exfoliated b:'i- I
'w3thcring ~______________ 11. 06 .2-1 .30 SO. 92 .92 ,0;:1 Trace I

-------
In~o]llble residues: 1, Dark brownl::-h, wiih fine quartz" Ie dspnr, find Hlus-coyite particles :md nuch clayey material: 2, dark

]mmniE:.h, with larg~ chert parti~k:o, quar!z, feldspar, and occasional zircon; 3, gray, with nry little clay, subroundl'd detrital q\lartz,
fcld:,:p~lr, and OCC::slO11al13mall ZIrcon p:ralll~: 4. g:rily, ypry little ('la~', mo.:-otly l'l'yptocrystt1.11iIl(' qunr1z or chalcedony, :come feldspar,
H.JI(lsollle ..5pherulitic aggn'ga1e:::, possibly feldspar; tl. ligbt. gray, subround('d detrital quar~z grains :tnd fdd.:cpar, with a fe-..y small
Zlre(ln graln~.

Fossils are aLundant in parts of the Gelaway lime
stone ll1r:mlwr, and incluc1e u great diversity of types.
They are particularly numeroUs ftnd well prescl'Yl_'d in
the !!rnnlllal' limestones, where they tend to be concell
trat;c1 in lenses in the n~ore balTcn"'rock. 1'he biyahed
sliclls in sneh beds are commonly joined together: a:::
though they had 110t been greatly disturbed after the
dealh of the animal. Some of the fossils are silicified on
the ,yeathered surface of the rock. but most of them can
be clis(;oyercc1 only by breaking 'the rock. Fusulinids

~: A{'conling to :.'IIr, Walter Gio....cr, in the early dlt~-s of ranchl.ng in the
cOlllltry wikl hor,o;:el) were fr('q\lent1~· rounded up and cavturcd in the
bn.sil1 west of the j!al1. Kow and then, howe\'!:'l', thq made a dash for
frl'('(lolll, and "grJt tl"-ny" throUf;b the gnp.

Ilre abundant in the denser Elnestones, and tend to be
oriented in a general northw('st',al'd direction (fig. S),
in the same manner as in the sandstoncs of the under
lying Brushy Canyon fOl'mation.

"Where the limestol1e beels of the member thin out,
their plaee is taken by platy, sha]l' sandstone"s that crop
out in tugged ledges. Thcse shaly sandstones contain
zones of limestone nodules, \yhich are probably the
eql1iva1ent of continuous beds elsewhere. In places the
nodules a.ppear to be broken and rolled fragments,
resulting fro111 the destruction by wave action of a con
tinuous limestone bed, after deposition and before
buriaL
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BEDS ADJACENT TO GETAWAY LIMESTONE MEMBER

In the sandstones that tmderlie and overlie the Get
a,,,ay limestone member are occasional limestone beds
that are too thin or discontinuous to be mapped or
:namecl.

Beneath the Getaway member, in the 100 or 200 feet
of beds that separate it from the top of the Brushy
Canyon formation, are occasional lenses and channel
fillings of clastic or sandy limestone, containing broken
fmgments of shells. The fossils collected from these
beels nre referreel to below (pp. ±l--42) as constituting
the snb-Getnway fossil zone.

The interntl beb,een the Getaway limestone member
and the succeeding South 'Yells limestone member COIl

sists largely of snndstone, but southeast of GetaWlty
Gap a number of thin limestone beels occur (sec. 42,
pI. 6) . In plnces they contain fossils, but no collections
have been made from them. The limestone beds give
place along the outcrop to thin layers of slabby, reddish
qnartzite. which for111 l'esisttlnt ledges that are widelv
traceable'in the field nnd on aerial p~hotographs. Som~
of these quartzite ledges are indicated on the geologic
map (pI. 3).

SOUTH WELLS LIMESTONE MEMBER

About 200 feet aboye the Getaway member is an
other, less prominent, less continnotl~ group of lime
stone leelges, which is named the Sonth 'Vells limestone
member. The type locality is at the South ,Vells of
the D Ranch, 11 miles southeast of El Cnpitan (pI.
3)." The member here consists of seyeral limestone
beels as mnch ns 20 feet thick, interbedded with sanel
stolle~ and locally replaced by mas-sive s.andstone beds.

In the southeast part of the nrea. nenr South Wells.
the limestones are gray. fillc-gl'uinccl. and nondololllitic~
and form beds a - fe,,~ inches to several feet thick:
with some lenses Hnd thin beds of dense, black ]ill1e~
stone. The bhek beds contain llumerous well-presel'Yed
ammonoids and a few species of brachiopods. The
lighter beds have a lllore diYersified brachiopod fauna.
In places the limestone beels are replaced laterally by
slabby~ reddish qnartzites. The slllH.lstones beneath
some of the limestone ledges are thick-bedded and crop
ont in bare, rounded slopes.

Farther north, in the sontheastel'll foothills of the
Guadalupe :Mountains, black limestone be<ls disap
pear from the South Wells membel·. The member here
contains beds as much as 10 feet thick of buff, or <lrab,
fine-grained, dolomitic limestone: in part sandy, which
weather into large slabs or blocks. Some of these beds
contain searns of Hat sandstone and limestone pebbles,
and in places, irregular segregations of brown chert.
Va.rious fossils can be Seen in the rock, but they are
presel've(1 aliI)' as casts 01' molds. O"erlvino- each mas-- . "

03 The lIot'thern of TIN'de's two sections includes be(ls exposed Itt this
locality (op, eit., I" G).

sive bed is a few feet of slabby, compact, dolomitic lime
stone. The limestones are associated with thick beds
OT brown, calcareous sandstone of a slightly coarser
grain than the sandstones above and below. At some
places, as in Cherry Canyon 3 miles east of Frijole Post
Office, the limestone beds pinch ont, and only the thick
sandstone beels remain to indicate the position of the
melnbel'.

The following allalysis was made of a speciJnen of
drab dololllitie limestone from the Sonth 'Veils lime
stone member collected at the south base of Rllcler Ridge
due north of Nipple Hill:

Analy,')is of dolomitic limestone frolt~ the SO-11th Wells
limc.stone member

[Amtl~'sis b~- K. J. :.\Imata; note on insoluble ['esidue b~· CIHll'les :.\IUtOll]

Percent
Inorganic InJ3oltlblt:'~ ~~ 21. 83
Organic in8oluble ~________________________________ .2H
R20J (mostly Fe~OJ) 1.36
CaC03 ~_~__ -Ht 03-
:lIb"C03_ _ _ _ ___ 3:!. 60
l\lnC0

3
___ _ __ _ _ _ __ • 13

CU3 (PO,) ~ ~ None

9D.2-!

Insoluble residue: Cla~yey, light gray, with quartz U1Hl :111~alic

feldspars, occasional green tourmaline, and other detrital min·
erals.

MANZaNITA LIMESTONE MEMBER

Several hundred feet above the South 'Vells lime
stone member, near the top of the Cherry Canyon for
Ination~ are the persistent calcareous layers of the J\-Ian
zanitn limestone member (right-hand half of pI. 6).
This member is named for l\Iallz<\llita Spring, three
quarters of n mile east of Frijole Post Office; the type
section is all Nipple Hill~ a conical butte carved from
the llleJ'nber, which rises from the plain neal' the spring
(right-hand end of 1'1. 4, B). The member crops out as
a thin banel on the slopes belo\\-' the limestone cliffs of
the Guadalupe :\Iountains (pI. 9), and extends south
ward as a broael belt into the Delaware Mountains
(pI. 3).

The member lUIS it thickness of '75 t.o 150 feet, and con
sists of straight-bedded ledges a few inches to a foot
thick, of dense, greenish-gray, earthy liluestone, which
weather to a stl'ikillg orange-brmYll or yellow color.
Under the microscope the limestones are seen to con~

tain scattercd detrital qnartz grains. Some of the lay
ers contain irreglLInr cavities and pockets~ part of which
nrc geodes lined \vith calcite crystals. Some of the
geodes were originally the molds of fossil shells. Fos
sils, ho"Y\'cl'~ are all poorly prcserved, and none WaS
collected by Fonntain or mc. Occasionally imprints of
ammolloids and crinoid stems can be seen 011 the betI
ding snrfaces.

The following analyses of limestone frorn the ~Iall

zanitn limestone member 'vere mnde~
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I "I i(mo,;;tly eaeo:; :'lgCO, "}.!nCOs Cas(P04h Total
II . I ° . I Fe,O,) I' I; norgrUl1C I rgall](' I, • - i I

------------1--
1

\ ! li--~I--~-----·-I·--
1 Side nI,·llle drailliug: inlo Lamar Cam·oll from I

. ,;o\llh, ~4 mile t'ai't of ht·lJeh mark 492'3_ ______ G8. 29 II O. 05 2. 74 II 14. 91 12. ;')8 0.07 O. 10 II 99. 74
2. South ~ide of Rader rUdge, due Bort.h of Xipple ,

!liIL I 21. 70 i .11 1. 5G I 44.09 31. [,2 .12 Xone \ 99.20

--~--
lll:=:<;lublc r~'."idll(,<::: J, Light p;ray, many ~raim;, of f'ubrounded quartl': and feld~Jlar, ,<;:OltlC lnU1:'C'oyite of detrital origin; 2, light

gray, clay('y, Wllh quartz and feJd~par, !-'orne tournJalillC, and oIlier detrital minerals. .

The limestone beds are generally ~epnrated hy part
ings and thin lwds of soft. fine-gl'nined, greenish s<lnd
Aone. Sontheast of Xipple Hill, as neal' the D Ranch
Headquarters ill Cherry Call)'on~ the lhnestones are di
yided in the rniclclle by a 50-foot bell of massin'~ fiBe
£!'l'ninec1. gl'eelli~h-gray sandstol1e, which <.'1"0PS out in
;'ollnded le<~es. Similar sandst.ones 50 to 100 feet thick
tlllc1t' l'lic the luelllber.

The most tlistinctiyc featurE' of the ),Inl1znnita mem
ber is its intercalated beds of altered "olcanic ash. These
beds nppeal' gellerall~' as pale, apple-green siliceous
slwles 01' cherts~ bnt in places they are waxy, green~ben
tonitic days. The chel'ts~because of theil' l'esist:mce, are
wielely (lisnibtltpd in the slope-wash deposits and
stream grayels of the region, where theyattl'aet notice,
beca lise of their unusual coloI'. The wllcanic ,ash forUls
beels as much n~:2 feet tllil.'k that occur at yurions posi-

tiOlIS within the nwmllcL The beds are shmyn by a
srwcial symbol on the s('c'tlons of plate G,

Ash brJs ill tlw Delaware )lOlmtnill sectjon~ pel'hap~

belollg-il~~t to tIle ~ll\llznnita membeL were noted by
Cl'<llldall,!'4 ,,'ho spe<iks of '"some t1.in layers of 11 pe
culiar Imn1. green argillite '" * 400 to ;)00 feet be:
len" the top of the [Dela,,,are Monntain] formation."

Fiye thill-sl':dlOn~ of the nsh frOlll different parts of
t1w area han> heen examined by C. S. Ros" of the Geo
lO,uic<1l Survey. He states that ash stl'llctures are gell
er.tHy dearly recognizable under the microscope,
although somewhat obseul'ed by silil.'ification~ as ,yell as
by deyitritic<\tioll~ \yhich has produced clay Ininerals
and secondary qUI1l'tz. SOllle of the softer beds have
been so altered to chy minerals that the fish structure,
if origillally present ~ is no longer eyident.

Analyscs, in percent, of bentonaic clay from the 1I1anzaldta limes/one mem.bcr'

l.\nalyses b:r E. '1', Erickson]

99.84

99. 92

Total

4.92

H,O

10.425.02 i

1\:,0

.80

.78

1. is !

1.34

eao

2. 72

5, 60

1IgOSi02

I R,O, I
j (mostly

Al,O,)
I

I
I

t;0.88 I 19. 96

I
I

5J.46 I 24.84 I,

1. Side ravjne draining into Lamar CalJ~'on fron)
~oulh, %mile-cast of bench mark 4923; show:;;
ash :;;t.ructuref' under Hl.icroscope . \

2. South bank of Cherry Canyon on road leading Ii

south from D Hanch headq\lal't.er~: docs not!
show rccognizablt~ a;.;h ~trllctllrcs under micro- '
:3cope. " :

___~I -'--_

Specimen localities

Chal'<lctel'istieully. the yokunlc ash beds in the ~Ifl.n~

zUllita membel' are well deYeloped far ontside the ]ocal
outcrop in the southern G\l<ldahLpe ~[ol1nt<lins; they
hit ye been i<lentified in ntllllerOllS wells drilled in 'i:he
Delaware Basjn 1\l'ea dmvll the clip to the east. They
appear. for example~ in tlH:" Xiehnus et al, Caldwell :\0.
1 welL a5 miles east-soutlwast of El Capltall~ ,-dIOse log
is sho\YIl on plnte G, They llHye b2en fou\1(l also in the
Gett,· Oil Co.. Doole,· Xo. ,well in the (ietty oilliehl.
enst of Carlsbad. X. ~lex. (for location see fig. 2), and
also in other \\'e1]s farther east and southeast.

South of Delaware Creek, the orange-brown,
straight-bedded limestones of the member change into

c1nrk-gl'ny~ lumpy limestones l'Ollt<UllWg poorly pl'e
se-rYec1 ammOllOids m1\l .separated by crumbly gretlnish
marl which cOlltaill~ small linwstone lumps. (This
facies is separately llwpped on pl. :-1: see also sel', -1:2~ pl.
6.) TlJe latter beds c1osel~- resemble those of the Hegler
limestone HH.'mber of the Bell Canyon formation along
tIle soutlw:\st base of the Guadnlupe :MOHutains. 1..\8 de
scribed LIter in this report. (1-1'een chert (voleanic ash)
is rare in this facit'S but was ob:,;el'ved ill a few places.
The lumpy lillle.stones cap many mesas and cuesh\s in

III CnllHl,111, K. II.. P",nllian 8tratigrnl11lr 0C 80uthl'3stl'rn Xl',," 1!cxico
i'llIll <1l1ji\CCllt llar[~ of we;,:t\,l'l\ TE');/(s: .\nL A8:;;OC. l'l'trOII'UlU Gl'"ologists
Bull., \"01. 13, p, 931. l{j:!!l
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late~ dl'seribctl b:r Darton, :'\. IT., and Reeside, .T. B. ,Tr., Gtl.Hlalupe group;
Genl. Soc. America Bull., yoJ. 37, p. 423, 1026, alld others. Darton and
llceside nscrib(>d the northward thinning of the Delaware .Mountain
group flntirelr to overlap of the lower bet];;.

00 Cranda.lI, K. H., op. cit., p. 935.
1I1 Sho"n us "Goat Spring·' on the Guutlalupe Peak topographic sheet

of tIle G~ologlc.\I SUr\"e~·, but Goat Seep is the form generally used by
the inb<.\bltants Of the an',\.

:l8 Crandall. K. H., OD. cit., p. 933.
f/{I Lang, W. B., 'I'he Permian forma.tions of the Pecos .alley of New

::\Iexieo anti Texas: Am..-\;;soo:'. Petroleum Geologists Rull., vol. 21, p. 858,
1!J37,

GOAT SEEP LDIESTONE

DEFINITION

The name Goat Seep limestone is here given to mas
sive or thick-bedded limestones similar to the Capitan
limestone, but of pre-Capitan (midelle Guadalupe) age,
which crop out in the Guadalupe Mountains (1'1. 7, A).
The name is taken from Goat Seep," on the west slope
of the mountains 1¥2 miles northwest of Guadalupe
Peak (for location, see pIs. 3 and D) . The limestones of
the formation, in their southeastern, margiI~al facies,
are exposed up the slope from the seep, which issues
from sandstones of the underlying Delaware Moun
tain group. .Complete, well-exposed sections of the
formation are found on the '\lest-facing escarpment of
the Guadalupe Mountains for several miles north of
the type locality.

In preY-ious reports, the formation has been given
various Hames. Crandall tlS termed it the ::Chupac1era
limestone j " a llame imported from the central New
::\Ie:xico sequence. The unit, however, does not include
all of the type t Chupadera, and there is a strong prob
ability that it is younger than any of the t Chupadera.
For beds of approximately the same age in DOb Calt
yOll, in the northern Guadalupe 'J,IolUltnins, L~ng tltl

proposed the name Dog Canyon limestone, and extended
the term to inclnde the beds here called Goat Seep
in the southern Guadalupe }Iountuins. Petroleum ge,.
ologists, engaged in regional stl'<.ltigraphic stw:.lies, haye
found the name Dog Canyon confusing because of its
similarity to the term Dog Creek shale, used in Okla
homa for beds of about the same age. The term is
therefore abandoned, and in this report the name Goat

S_'\"~DSTO~E TOloOGUE OF CHERRY CANYO~

FORJ1.JATIOX

CHERRY CANYON FORMATION IN AERIAL PHOTOGRAPHS

1I6 FIrst <1escribed by Baker, C. L., Contributions to the stratlgraplly
of eastern New :Mexi('o; Am, JOllr. SeL, 4th ser., vol. 4!), p. 114, 1920 i

North of Shirttail Canyon, on the west side of the
Guadalupe Mountains, the lower formation of the
Dela,yure l\Iolllltain group (Brushy Canyon) is missing
by overlap on the Bone Spring limestone, ancl the upper
t~ree-fourths of the sl~cceeding formation (Cherry
Canyon) mterfingers With the Goat Seep limestone.
The lower fourth of the Cherry Canyon formation, how
ever, persists as a layer of sandstone 200 or 300 feet
thick. Its outcrop extends northward past Cutoff ~Ioun
tain into New Mexico, and forms a we"k, sandy break in
an otherwise continuous succession of limestone.o.'l Ac-

In aerial photographs, the Cherry Canyon formation
is recognized as that belt of outcrop between the promi
nent sandstone ledges of the Brushy Canyon formation
below and to the west, and the top of the Manzanita
limestone cuesta above und to the east. As such, it can
be traced through the Delaware Mountains for more
than 30 miles south of the area studied.

The part below the South ,Yells member forms a
topography of smooth, rounded ridges and hills, mi
nutely dissected by valleys and ravines. Many of the
valleys and ravines appear to follow faults or joints,
some of which are traceable for many miles frOln OIle
drainage area to the next. The Getaway limestone
member does not make distinctive ledges and is not
traceable on the photographs.

In the photographs, the upper part of the formation
differs fronl the lower in having n. well-marked cnesta
topography, each cuesta cOllsistinO' of an abrupt west-
f

. b

aCIng scarp, indented by each stream that drains across
it, and of a broad back-slope descending eastward with
about the same inclination as the dip of the beds. Two
CUE-stas are more prominent than the rest, a. lower 'West
ward one corresponding to the South ,Yells member.
and, a higher eastward one corresponding to the :Mall~
~allltfL member. The latter may be tr"ced cominuously
from Long POlllt southward for nearly 20 miles beyond
the area mapped, until it is lost in the faulted area ~f the
southern Delaware l\Iountains.

ob GEOLOGY OF THE SOUTHERN GUADALUPE MOUNTAINS, TEXAS

the southeast part of the area, of which the most con- cording to Crandall," the sandstone pinches ant entirely
spicuous is Long Point. At Long Point (sec. 42), not far to the north in southern New Mexico.
the most prominent part of the member is the lower F fi or outcrops 0 the sandstone tongue, see the geologic
calcareous division, below the medial sandstone. The map, plate 3. The slope on which it is exposed stands
upper division is represented by similar beds a few feet out prominently below Shumard Peak and Bush i\Ioun
thick. lain on the panorama, plate 5, B. The structure of the

Between Bone and Shirttail Canyons on the west side rocks appearing in " part of this view is shown on sec
fIG I tion K-K', plate 17. Sections of the sandstone tonQUe

o t le uae alupe Mountains, the Manzanita member appear on the left-hand third of plate 6, ~os. 1 t; 9.
thins out northward and disappears between the Heo'ler
and Capitan limestones above, and the Goat Seep li~e- The sandstones are buff or pink, soft, and very fine-
stone beneath (between sees. 9 and 13, 1'1. 6). grained. In the upper part are some interbedded

bro\\"u, sandy, cherty limestones that contain numerous
silicified brachiopods. The sandstone grades into the
overlying Goat Seep limestone, and the two typcs of
rock are interbedded at the contact (as in sec. 7, 1'1. 6).
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s('('p~ based on. ,exposures within the area. studied, is
_ '-,tituted for It.....nu-
- The true stratigraphic relations of the Goat Seep
lil11('f.tollc "ere cle:ll'1y i-ccognizcd by Daker,l and luter
n bY Cl'andall,~ but in most. of the other reports \\"rit

~en :~t that time it \yas confused \"jth the similar but
y(lllnger Cnpittm limestone. Darton and Rt'eside 3 e1'
;,\lJlrolls1y identified the Goat Seep beds neal' the TeXltS

,cW )'Iexico State line as ;'upper dark limestone" (Pin
;ry lime-stone membct of Bell Canyon formation) fmd
c:~pitan limestone. Blanchard :llld DaYls 4 recognized
the gradation of sandstones lJeJrny the Capitan into
lillH-';:;iones at Goat Seep, but considered it a local fea
{Hre; the~· cOl'relnted all the limstones farther 110rth
with t]le Capitan.

GENERAL RELATIONS

The deyelopmellt of: the Goat Seep limestone out of
the :::f\l1dstcmes of the Cherry Cnnyon formation can be
(1b~('rq:cl to g:oml aclnultage from the CTest of the l'j(l~e

hl'l\H'l'll Bone nnd SllUnul~'d Canyons (pI. 12~ B). The
C:tpiwll limestone rises to the er;.st in a sheer wall, stand
illg on the ledges of the "Upp>21' dark limestone'~ (Heg
h~r anJ Pinery ·members of Bell Canyon fonnation).
Drhl\Y. lOll!! :::mooth slopes~ broken }Wl'(' uIHl there by
limestone ledges (Gebmay and South ·Wells memoe,:,
'of Cherry Crm:,,"oll fonnatiOJl) extend dO\Yll toward the
olJ3cITcr acros::: the sandstones of the Delaware :MOUll
tain group. On the north side of Shumard Canyon.
ho\\"eYN', on the high spur that rises aboye the Victoria
reak limest.one bench~ thick limestone ledges are inter
bedded 1,yith the sundstones. At the same position on
the next spur to the north, aboye Goat Seep and beyond
Shirttail Callyon~ the sandstone beds have disapp~ared
nlHl the limestones haye merged into a single group of
cliff,. They form the Goat Seep limestone, of which
thi3 is the type section. The t"\,o spurs arc surmounted
by the higher, steeper cliffs of the Capitan lime'tone,
from which the Goat Seep cliffs are separated by ledges
of the "upper dark limestone." This relationship indi
rates the Goat Seep limestone is of pre-Capitan age,

Tbe yic1,v described aboye is ShOYl"ll on plate 12. B.
The two spurs On which the Goat Seep limestone nrst
appears he below Shumard Peak near the midclle of the
"jew. The ~tructure of the beds on the two spurs is
shown on sections A-~:l' and B-B' of plate 9. The
~('ql1cnce on the t\\o spurs is shown in sections 11 aDd
9, plote 6. Xote how, in sections farther to the right
on tlllS plate, the Goat Seep limestones are traceable
1ll(0 the Getaway and South ·Wells limestone members.

To see the continuation of the Goat Seep toward the
north, one must go several miles "estward into the Salt
B:\sin, where the~whole west face of the mountains can

1 Baker, C. L" op. cit" p. 114,
~ Crandall, K. H., op. cit., p. 933.
B Darton, No B., and Reeside, J, B., op. cit., p. 422, fi;, 4,
I Blallchnl·d, "'. G., and Da,·is, 11. J" Permian stratigraphy and

Btructure of parts of southeastern New :Me~ico alld !;outhwestern Texas:
Am. Assoc, Pt!troleum Geologists Bull., Y01. 13, pI. 11, p. 969, 1929.

be obsCl'yed in panorama (1'1. [;, il). The Goat Seep
beds can thel'c be traced nort1nYfird a1onp: t.he monnwin
fa.ce from the hro spurs ncar Shmnf\l'c1 Ca.nyon~ rising
[lIld thickening~ with the line of srparntioll from tIw
Cnpitnl1 Yisihle as a distin('t~ softer parting which rises
diagonally across the cliffs Ulltil it reaches the mountain
sununit, Here the Goat Seep cliffs rise itS high and
stand as steeply ns do the Capitan cliffs farther Gouth,
making it ca~y for the t1,YO units to be confused with
each other. Nearer the obserycr, and fri.nging "Lht' lJuse
of the high mountains, are rugged lower limestone
ridges 1,Yhich in another setting 1"ould be mountains in
their o,nl right. CloseT exmninutioll sho"ws that they
are composeu of downfaulted rocks, of which the
most conspicuons constituent is again the Go~\t Seep
lim('~tonC'.

This .".ie~· is seen in the panorama of plate 5, B, the
structure of a part of 1,Yhieh is shown all section [i.-fl.' of
plate 17., The 1ine of 8l'paradoll between the Goat Seep
and CapItan appears len';" down 011 the c1itf below smn·
mit .s~1JG (to Jeft of Shumard Peak), and rises north
Ylard :d011!! it to the s11l11mit. which it teaclH?,S on the
north S]011t' of Bartlett Pen"k. Notice that benyeen
Shumard Peak and Bush 1\Iolllltain the fonnatioll is
massiYe anel stands in sheer cliffs, bllt tllat farther
north, neal' Blue Ridge, it is bedded and forms ledges.

SOUTHERN EXPOSURES

On the ,Yest side of the Guadalupe Mountains, the
Goat Seep limestone thus makes its appenrantE'- aboyc
Goat Seep in Shirttail Canyon, or seYeral miles nort h of
the south edge of the Capitan limestone at El Capitan.
It is formed by the nortl",ard thickening of the lime
stone beds of the Geta"ay and South 'Yells members
(as shown on 1'1. 6). Like (he Bone Spring flexure, the
line of ,tl':Hlsition behyeen it and the Cherry Canyon
formation trends northeastward at an acute angle to
the tl'end of the escarpment (fig. 8). Xear Shumanl
and Shirttail Canyons more limestone is thus present
on the points of the projecting spurs than in the can
yons that are cut farther to tile east.

The deposits, on the southeast margin of the Goat
Seep, e:<posec1 on the ridge between Shumard and Shirt
tail Canyons (sec. 11, 1'1. 6), consist of massive lentic
ular, gray, dolomitic limestones in beds as much as 10
feet thlck, many of which rest on channell-xl surfaces of
the underlying sandstones or slabby limestones. The
massive beds comll1only contain angular limestone peb·
bles anel fragments of fossils. Nearly all the interca
lated sandstones pinch out a little farther north (sec.
9,1'1. 6), but a layer at the top, in the position of the
:Manzanita member, persists for several miles, forming
the parting of soft beds between the Goat Seepalid
Capitan whieh may be recognized On the cliffs from a
distance.

North of Shirttail Canyon, the formation thickens
rapidly to 1,200 feet at Bush Mountain, a prominent
point on the escarpment 1% miles beyond (sec. 6. pI.
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5). The lower half of the formation in this vicinity
consists of light gruy: dolomitic limestone, weathering
to dil'ty-grny, jagged surfaces, in beds 10 to 50 feet
thick, interbedded with some bnfF~ ctllcareous, mellium
grained sandstone. Some of the limestones Hre cro'wled
"dth the remains of fnsnlinids: no\\" presel'Yed onl:r as
molds, and hen('c unillentill'lble.

The upper half of tilt, formation, below Bush :\Ioun
tflil1~ stands as a single~ mnssive bed of Umestone, with
out trace of bedding planes. Its npper part, vl'hel'c
studied on the mountain erest a short distance south of
Bush ~Iollntaill~ is fl s,u1<ly, buff, elolornitic limestone,
containing casts of brachiopods, pelecypods: and fusuli
nids. r pper beels of the formation of similar eharacter
are expo::-;e{l also on the slopes of the northerll Patterson
Hills to the sontlnvest, and of the head branches of
Pine Spring Canyon and North ~IcIGttrick Canyon to
the llortheast (pI. :3). The line of separation between
them and the Capitan is not as clear as on the cliffs near
Bush )fountain. They differ from the Capitan in being
thick bedded, rnther than ,vholly rnassive, as ,yell as
being lllOre clolOlnitic, and in places somewhat sand.y.

The following analysis ,va~ made or a ,vhite dolomite
from the lower part of the Goat Seep limestone collecte,]
on one of the foothill ridges 2lj2 miles nOl'th"·est of
Bone Canyon:

An,Jllj8is oj lellit1' do7omite trolll fllf' lOlcr'r part of the Gr)(d Seep
limestoJle

[All:Il~-sis hy K. J. :\Inwti,: note Oil insoluhle l'l'sidue by Chul'le:'; ::\Iiltvll]

Percent
Inor1!llnic itlsoluhle ~_______________________ 0.8:1
Ol',!::lllic i tl~olnhle . __ . ._________ . 0:1
R,Q;, (tllostLy 1<'e,O:;) ,__________________________________ .~.s

Cat'(), ._, :)3. 21
:lIgCt).:. --t8. 07
('01.,; ( PO.J..l ~ __ ., Xnne

In:-:o]uhle rpsidut'; Light l'f'(j(lish-gl'ay. ,,,[th 8uhrouudell
qu,l rtz nnd l'eLd:-:ll:tl' gl'ilil\~, (ice:l:-;illllal au;.:'ite, atld llHH'h tUl'bill

C!;lr·

NORTHERN EXPOSURES

The. Com Seep forms a thick. homogeneous lime:-3tone
mass only in the yiejnity of Bush ~Iollntain. Xorthw,u'd
as ,yell as southwanL it thins and contain:': more inter
bedded sandstones.

At Cntoff Monntain (sec. 1.1'1. G), in tlte llol'llnwsl
part of the area, it is 550 feet thiek. Here. most of the
10'\\"er half of the formatioli is thick-bcddec1~ hnff, cal
careous san(lstone, with a few intel'Le<1<.led limestone
layers. The sandstones, like tho~w in the nl'u~hyCanyon
formation to the south~ contain fnsulinicl lllollls~ are
cross-he{l(lcd~ anel are moderately coarse-grai-netl. A
E-pec:imcli of olle of the- sandstones. studiell lllHlel' the
microscope by "~al'cl Smith: consist:,; of well-l'Otllllle{l
f]lhH'tz grains as much as 0.3 milJimetel" in diameter,

many calcite grains of clastic origin, and some grains of
zircon, all set in a calcareous matrix.

III the upper half of the formation~the sau(lstones arc
finer-grained and form thinner members. Between are
many thin- to thick-bechle<1. light-gray limestone layers.
The ~ limestones are simila~' t~ tl~~se" in the overl}-ing
Carlsbad limestone (equiyalent to the Capitan farther
south), but are not as thinly laminatec1~ have it dflrker
weathere(l surfaee~ and clo not contain the cnlcareol.ls
pisolites that are characteristic of the Carlsbad. East
of Cutoff ~Iollntaill~ on the east sicle of 'Vest Dog
Canyon a mile north of Lost Peak (sec. 2. 1'1. 5). there
is n~ar the top of the formation a bed of dense; gray,
petroliferoLls, calcitic limestone. which contains brach
iopods and pelecypods (locality 750:3).

Rocks similar to those all Cutoff ~rountain are ex
posed s~)me miles to the east on the Jov,er slopes of the
escarplnent on the east side of Dog Canyon. This is
the area in ,yhich the name DO!r Cilllvon limestone ',"llS

applied by Lang."" Theil' e.xp;;snres~nre shown in the
panOril.mH~ plate 1-:1:: A: where they fornl the lower
led~'es on the distant escarpment. that are delimited
ab~Ye by sIope~ Tonned on the bas·fll si.llllhtone bells of
the Carlsbad. As ShO\Yll in the pflnornma~ the r()ck~

extend northward a]on2' the e~earpment into Xew ~Iex

ieo. beyond the urea studied. They extend aho into
the head of :'\orth :\IcKittrick Canyon, ,yhich appears
in the cli~tance on the panorama. In that canyon. ~l5

s11o,,'n on plate i1 Hnd on section E-E': plate 17~ they
dip southeastward bene,\th the Capitan limestone.

STRATIGRAPHIC RELATIO="S

In all parts of the orea, there was probably continu
ous clepo~ition from middle Guudalupe into upper
Guadalupe time~ ,,,it h only slight changes in sedimenta
tion and faunas.

In field mapping:: an attempt WllS mn(le to eIrelw the
upper Lonndlll'Y of formations HssigH('d to the middle
pIll'! OT the Gnadalupe series at horjzoll~ that could be
sll(-'('e~sfl111y traced. Thus. in the Del,lwar€' )Ioulitain:::
to the southeast. the top of the Cherry Canyon forma
tion is drawn at the base of the fleglel' limestone mclll
bel' of the Bell CnlYtm forl11otion. This is the b,,,e
of the lowest bed tl;ut ~T~Hle~ into the en pitalt lime
sione tu the northwest. ... In the nOl'th,y('~t part of the
ure,l. the top of the Goat Seep limestone i~ drawn at
the base of the prominent sandstone tlwt forms the
lo,y£>st bell of the Carh;barllimestolle.

In the inrt='l'\"('ning area~ howe'~er~ he(ls of both middle
and npper G-lllu1alupc age are of reef fncil's~ flncluln:
siTe Goat Seep lime:-;tollc is on_'rlain by ma~sive Cnpl- J
tan limestone. Hl~re, the bonndary is 1lot easy to. trace~' ~
although it is belieYell th,lt the contaet in 1110:4 places
has been located 'Yidl a fair degl'ee of certainty.

:; Llll;;'. w. n.. 0[1. dr.. p. 8;:;8.
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FOSSILS

The 111id(1\e part of the Guadalupe ,eric's in the area
studied contalHS almndalll alHl i1l1L·1'(,..-.ting fmmns. Y€'l'y

fe'" of lyhich "-('l'e knowll prior to t11i)-: illn~stip'atlon.

Girty,o in hi~ (Il'iginal ",York on the Gwultllupian fauna
descl'ib(·(] h,o lots of fo%ils Om'alit-ie::: 2110'1 and :W:31)
from beds no''" known to llclong to th(', lower part of
the Che1'l'} Canyon fornwtloll, but tlw main fossilif
erOllS ZOllE'S 11ighel' 11p 11:\(11lot tlH'n 11('l'l) l1is(,()Yt'l'ed.
I-Iowen'l': hi~ colledlo11s from bf'<ls highelo amI lower
thall tht' Ini<ldle part of the GnHtlalnjJe ::;(,l"ies :llHL from
the southe1'n Delaware ~Ioulltainsinrll1dei..l many of the
species limy known to occur 111 the H1ic1i..l1c 11;11't.
Brachiopod :;:l'ecie:-; chan\cteri~ti(' of the middle IHll't
of the Gnadalnpe SerlE'S haye hpPll ~1('~n'1lwd by IGng"
from equiY111ent stratn in the Gla::-s )'10Ulltflill~. .A~1.
monoids: from the CIH:'lTy C;lllyon fOl'mnt1()}} ,,'ere 0;'01
lecied by J, ,\', Beede in ihe early lD20's, and were
after,Y;n'(ls (1e8('rib('(1 b:" Plummer :lnd Scotto"

In tIll? :;;ontlwast part of the f1l'en ~tll(lie~l~ thrc(' milin
f()~sjliferon8 horizons nre represented in t11C }le,y col
lection;:;. The loycest. cnlkc1 .101' l'Olly('})i(~lH..e ill this
report the :::u1J-Getnwi.1Y fossil Z01H,:. lie~ lNhY(>(-,ll the
Geta way 1i111(>8tone member of tlw CheIT:' C,myon fol'
m:.1tion (mel the uppermost massiye Si111dstones of the
Bl'u.sl1Y Can:·on formation. TIle next lies in the Get
a,Yny lime:3tulle- member~ flnd the hight.'st in the South
,Yells limestone member. Poorly pl'esel'Yed fossi13 oc~

cur also i11 thin limestone beds between the Ge-ta \YilY

and South "'Yells limestone llwlllhcr5. and ill the OYel~~
lying ::\£anzanita limedone ll1ember~ but 110ne 11<1::: been
collected by Fountain or me, The intel'yul uetween the
South 'Yel1."3 member find the Hegler memlJer at the
base of the :::l1ceeeding Bell Canyon formation. amount
ing to seyeral hundred feet of bt'{ls; is tlm.'3 poorly
kllOWJl paleollto10gical1y.

In the northwest part of the area. fos~ils OCl'lll' 8pO
l'adi('al1~' in both the ~andstone tOll.gue of the Chen'v
en llyOH formation and the Goat SCi::'I; limestone. The,s~e
fossils were ullkno,Yll prior to t he present inYestigntion,
ahd eyen ll(lW are represented by only small collections.

CHERRY CANYON FORMATION

Sl:r:-G£TA'\YAY FUSSIL ZO:XE

The 100 io 200 feet of beds that sepal'aie tho top of
tlw Brllshy Canyon formaboll from the base of the
GehnY<lY limestone member of tl1('- Chl'lTY Ctl11.yon for

mation m'e mostly thin-bedded sandstone, but here and
tlwl'c OCt·tn· lenses and channel fillinO's of StllH.ly liTne-o ,

.~tone in \yhich fosEils are abundant.. The two lots of
fossils (Xas, 2903 and 2D3l) from Guadalupe Canyon,

~ Gll'ty, G. B .• TIH.' Gtw.l1nlnj,inn faullu: L. S, Geol, SUHf'Y Prof. Puper
;;8. fl. 21, lflOS.

7King, R. E., The 6"1;'010;." of tbe Glu~s )Iountnins, l''lrt :!: Texas
Lllh-. Bnl\. 3042, 19:n.

~ rhunmer. F. E" find SCt,tt, Gay1f', Upper Puleowic ammonites in
Texus: Texus 'CniY. Bull. 3701, p. 27, 1931.

described by Gil'ty in lfJOS, appareni1)' came fl'om these
heds. Included in these collect.ions was the mumonoid
P8(udog(o-dr'iu(·crG,r:.: -serl'atmn (Girty). Fusulinids are
ablllllbnt in the sub-Getaway lx~ds, but none l)l\s bt'<.m
('011C'('1('(1 or identified. The species that occur aboyc
and bc'low tlle zone nrc the sa1lie~ so it is 11nlikcly that
those in the zonf> bet\Yl'.en llay(', any novel features. Dr.
Girty reports as follows on the remainder of the 1'e
C('lIt ('(,11ection5:

This unit lW(lY('~ to he hi:_d1lr f(lss.ilif~~rolls find the fnllowing
~llnllnar.\- {~oH'r~ fin~ large {:'ulkctions which. tnk01l together,
l)l'e,':':l'nt It rich aBel dh'l'l'SlfjpIl 1'n11n:l. OIlC' of the c(lllpl'tions
(No. ll:!~l) aDpC[l,l·.~ t<I haye heC'1l wade at n(,f1l'J~" the ~ame lo
cality and horizon as (me of lll~- ol'igiunl colll~cti(lns (No. :m:nl,
\yhich lllfly h{, H1kf'n [IS fl ,<:.Lanrlnrd of compnrison.

Fll~lllillil.ls -that WE'-l"C' 11l"(>~C'llt in tlH.~ ori;:.:;illul collcction fll'e
pr<'sl'llt rll~o ill tht, later one:,:. ('ortll.-:: aud bt'yozo,ll1S an.' S}l<1r
il1r;:ly l'rpreseHtc'(l in the later c(lllectiolls, and not nt all in the
original onC'. The corals llelong- to n l'>ingle sllecie~ of Lo/l1/fj·
JIII/II/IIJII. or a gell115 (If similal' cml~t]·uctioll. Tile hl·yozoan~

nl.~(J lI:lye but a limitl'rl )'C'prcsemntion, the most eonmWH ~CllUS

Dein;: Fi8fulillora. \Jut with S1clIopora, B(do8fomc7.la, Scptopom,
and AC(Jlltlloclodia also present:.

Among tllp brflchi(lllOd~, the ol·thoids fIrc all bnt ab~cnt: they
were entil'el~" ~o in the original e(lllpction. A single slwcimell
of Elltdc1c,<; (F. dllJllvld Giny·:) \\':18- found in one collection,
and nn indt't<'rminnDle specimen of the ~nllle gcnus in another.
J1cc1;d/((· continues to be lIn~sent fllId is alJUlulant in Seyer,lI
collections, It seems to be cOllfinNl to fl single spedes whkh
may lH"oYiBionally Dc identified as J1. ot1cJI1/Ofa Girt,Y. l\lention
should also be made of a larg:e find singularly markecl dorsal
YlIIye ,,·hidl unc10ubteclly belongs to a lte,v SlJecies, but t.he
genus is Ullcertnin as between Dcr1Jya and Orthotdcs. The
Ol'thutetinae were not rellresentetl fit all in the original col
lection_

('lu.l1'1ctcs, whIch has been rather sparingly present in the
lower bedS, occurs in all five collections. All but a few speci
liens belong to one species which i11JPNlrs to be a large form
of C. xubl.i'j·ofus Girt)'. The genus was found in the original
colJtoction, lJUt the s.pecies WitS not cletermined.

The Producti fire extl'emel~' almmlant tlu(l varied, They are
especi:l1l~' so at station 74H, and rather rare fit station 7070.
I propose to liE-nUOn olllr the stl'Ollg:l~- charnC.'terized and in
tcrc.."ting types., but there are many others whose l'ehltions ::ire
llnc€'rttdn. The original collection cont.ains species irlentitiecl
as Produdus guada]uIlCllsis Girt)', p. 11/eC7w/lUs Girty, P. sf{llla~

tus Girty. 1'. signaflls GiNy YiH., r. ~p. e, P. sllblwrrid1l-8
1"I/[!QfuluS Gkty, and 1'. walcottiOJms Gil'ty. 'rhe later col~

lectionii' contain p, [/lH.1f.lal1llJCl1/<'is Girty 'with several varieties,
P. (Colledllclla) siqHatlis Girt;\·, I'. (/lust ula) SUVIIOJ·l'idui>
:\leek Y:11'" aud P. ·/fO·/coftianU/l' Gil'ty. In addititlll, tlw)" COll

tain the following species that hfld not preyi{msly he('n re
ported: p. COmallcllca1!1IS Gil't~-, p_ fCXallU8 Gil'ty, p_ :lff. P.
llOllci Slnllnal'd, P. atl'. r. IOH!ll1·S ].lee];:. P. nff. P. lJJuUisfriattli<
l\I(>ek, P. (lVa(l[/CIlOCOHc11 a) 11'l,0l1fllChen'Jll:lis Gitty, P. (Call

criMI·llI) aff, r, cancriHifonnis Tschernyschcw, and 1-'. (Mar

ljillifcnll') C'uU/iar{s Girty. The.y ul~o contain Aulostcgcs [11/(H1(1

711}!C1Ud.'i Shumard, which \YtlS )wt found in the origillul col
It''ction. an<1 PrOi'idltho1cnia 1lcnnialta (Shumard), which W:l8.

CamCrofJ1/oria. (C. vCllUsta Girts) occurs lien', fl.S in the
lower bpds. Rbrn(~llOndlidsarc abundllnt, e8pedall~- Wcllerc11o·

fCJ'(J1W (S]Hunatd), '''ltt seyel'ul Yilrieties. Among the novelties

are t\yo new species of Wcllcrella 31Hl Leior1JlIlIc1I1Uf ·wl:('1:·15i \-ar.
1/obilis (Gil't~-), while Rhynohopora, ialllOl"i Girty appears in
e\'err collection saye one. Xone of these were represented in



 

 Information Only 

the original collection except Wellerella texana (Shumard),
which was assigned to PU{Jna:IJ osagensis Swallow?

Terebratuloids are almost absent, and tIley were entirely so
in the original collection, Aside from three or four frngmen
tary specimens, tIl ere is one that appears to belong to Diela8ma
cordatlWI. Girty. The original collection contained no repre·
sentation of the genus Spirljer, but they are abundant in the
later ones. S. sUlcijer Sbumard appears for the first time, and
S. pscudocameratus Girty appears in several collections. This
species has not been recognized in lower horizons, although ut
least SOllie of the imperfect specimens cited as S. aff, S. tt'ipli
eatus' Hall may belong to it. Spiri.fcrilla is rather sparing1y
reD resented, but I recognize three species, S. ClJ1(julata King,
(probably a synonym of S. lIaannani Haack) S. laa:a Girty,
and fJ. hilli Girt}'? The orig;iIlul collection containcli only
one species, provisionally referred to as S. IJilliJ/{]8i (Shumard).
Amboeodia (A. (ll'c/((Ma Girtj-') is falrl~' abundant, but CompoiJita
is uHtumally nne, :.\Iost of the specimens seem to be referable to
C. cmarglnata aftini8 Girty, but G. aU(justa King is also
present. ll/lstcdia is fair!.v abUl1rlal1t and persistent. Aside
from tile ubiquitous H. meekuna (Shumard), I ha\'e identitieil
H. bfpaTtita Girty in one collection. lS"either Ambocoelia, Com~

j)f)Sita, nor HU8tedia ~ere found in the origin;II collection, but
Leptodus americanus Gil'ty occurs in both the origInal and later
ones.

Tile original collection from t.his general horizon contained
a varied pelec;ypod fauna, and it is closely reproduced in the
lelter ones with, of course, some additions. In f~lct, the pelec)'4
pods for the the first time occur in suffi~ient numbers and qual
ity to im-ite comment. It seems to he true of tbe collections
that ,yhere the brachiopods are abundant anI] varied the pelecy
pods are fe\y, and vice versa.

The ol'iginal collection contained an unidentHilllJle species of
Edmo1Hlia and a small specimen identified as Edmondial bel
luTa Oidy, which was described from the Capitan limestone.
The new collections contain a large, snbcil'cnlar svedes (pos
sibly Edmondia sp. f of Professional Paper 58), which resem
bles E. circ:ulari8 Walcott, but is probably new. Nucula, repre·
.sented in the original collection by an unidentified species, is
not rare. It may be provisionally designated as Nucula aft N.
bel/ric-hi von Sclmnroth.

Pamllelodon was, in the original collection, represented b~'

P. 'I1lultistriatl(8 Girty and P. politltS Girty, both described fl'om
the Capitan liniestone. In the recent collections, the genus is
abundant and Yfl.ried. In addition to the two species just riamed,
there arc two new ones. One 1s large and marked by Yery
coarse and strong radial costae. It recalls P. saJloamonCnS6
(Worthen), but is cleal"ly distinct. 'The othet· is remarkable
for an extremely prominent nmbonal ridge.

S('/l-'izodus was not present in the original collections, but it
appears to be rather abundant, and is represented by two
spec[es, S. terrieri Gil·ty, ana 8chizodlu~ aff. S, 1'ossiC118 de Ver
neni!. Three uviculoic1 shells were recognized in the original
collection, identified as Bake10ellia'f sp., Pleria riclt,anlsoRt

Girty?, and Ptcria sp_ P. richardsoni has also been recognized
in one of tIle later collections. The original collection contained
a species of Myulina, cited as JI. permitlna Swallow:, and the
same species occurs ill several newer collections, although as to
identification, we lmow S,,,allo\,;r's species only by the grace of
Meek and Hayden, and even so, only as a probability.

The Pectens, in the broad sense, seem rather more varied in
the original collection, where they were represented by forms
identified as Camptoncetes? pa.pillat-ltS Girty, Aviculopecten
delatt-'arC118tS Girty, A.canthapectcn aft'. L1. carboniferus Stevens,
and Pernopect.en obliq/l,u,<J Girty. The more recent collections
contain Aviculopecten delawarensis Girty (which should prob~

.ably be removed to Deltopccten), with two additional species,

------ '~I ----~--

D. vanl:leeti Beede and D. cOl'eyanus White. Camptonectes
papillutns Glrty is also present, and likewise a new- species,
apparently of the same genus, as well as pernopeeten? obliqltU8
Oirty. In this connection, mention lllay be made of two unde
termined species which apparently belong to Branson's genus
CyrtorGstnt, althougb tlJat naHle seems to coyer about the same
sort of shells that European wtit"ers, including "\Vaagen, refer to
Oxytoma. These furms wel'e not found in the original collec
tions, nor were any representatiYes of Pseudomonotis, Which
are present in the later ones. Two species cun be distinguished:
one is related to P. Ivtl/.:ni ;)leek and Hayden, but is probably
new; the other, also probably new, is distinguished by its very
lat"ge size, but is too poorly represented to be identified or
de~crjbed,

...1Iitru'tcll((. n{(Sut(t Girry, which was desLl'ibcd feom the Glass
:\Ionntain~. is present in both the original collection and the later
ow:":-. J'7elll'orhoru8 "'tiS represented in the eal"ly collection by
P. delrt1caren-sis Gil"ty, and by the pO:3sibly related Clcidophol'us
j)allllsi tlelalwrcnsi8 Gil'ty, the trIle specimt.'Bs of both species
hi.1Xillg been fOlmd at this horiz:)IJ. Doth species occur in t.he
collections of recl~nt d~lte, besides several other species of
PlellJ'ophoJ'1t.~, one related to P. occideutuUs ::\leek and Hayden,
the others new or uncletel'lllinetl.

A scaphopod. it.lentifiJcl :IS Pla.fJioolY}Jfa canlia lVhite?, wa,,;;
fOlIml in the first collection, and in the new ones as welL

The gastroIJo<1 representation in the early collection 'V<lS no
less v-aded t!w.n the pelec~'pod representation. It inc:lUlled eight
~pecies of Pleurotomaria, that terlll b:,~jng cmplored ill a brOad
sen~e. These are P. mllltilineata Girty, P. sIJ. el, P. cU[Jlypllca
Girty, P. pscudostl"igillata Giety? (tIle originals being from the
:Bone Spring limestone), P. arenarea Girty, P.! phwnlli'ta Girty,
]>.1 llela!(~arCn8is Girty, und P.i' caril1ifera Gil·tr·

In tIle more recent collections also, the gastropOels are well
representeel. but they are practicallY confined to one collection
(locality 7729). The eight species of pleurotomaria all occur
in the later collections, besides one or two ne,,' ones. Details
here would Imve little roint, inasllluch fiS the new species can
not be cited without further stuel:r.

Among the bellerophontids, the original list included only
Bucanopsi8 sIlo and lVartllia ame·ficana Gilty. The new col
lections elo but little better. They give us lV,/rOlla, america,na,
two indeterminable species of BllcaJ!-opMs. and nn indetermina
ble species of EupTtemlte8, resembling E. carbonariu8 (Cox) OIl

a la rgc scah~.

The residue of the gastropods in the original list cohsistetl
of Naticopsis sp., Pseudomelania sp. a, Bulimorpha chrysaHs
delall:uretl,ji.;; Girty, and JIfl.crochcililla? sp. a. In the new col
lections, we have N((ticop.~is sp., Pscudomelania sp. a, and Bull
morpha eltrysali8 deialCaren8is Gidy, but in addition nre n
species of Trocht/sr, an indeterminable species of Ompllalot)'l)
chus. and Ianthinop.'5ts n. sp., which seems to be rather abundant,

'The trilobite ~4Jl.i8op!Jge pcra-nnlllata (Shumard) occurs in
the old collection and in the new ones, a survival from the Bone
Spring limestone. It continues, in fact, into the highest fos
siliferous bells of the Guadalupe section.-Girty mannscript.

GETAWAY UMESTO~E MEMBER

In the Getaway limestone member, which lies a short
distance above the beds containing the above described
fauna, fossils nre still more abundant and have been
collected at numerous localities, of which 13 llre herein
reported by Dr. Gil'ty. All the collections came from
the ,vestern part of the Delaware l\fountains in an area
extending some eight miles south of Pine Spring and EI
Capitan, and include material from Getaway Gap
(7621), Guadalupe Summit rodio station (746a,7474,

I
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7615), near Guadalupe Pass (7422, 74G5, 7475), and
the hills south of Pine Spring Camp (HOG, 7470, 7641)
(1'1. 2). The member .w~s apparently not repr€sen~ed

by cal1CctlOlls 111 the orlgUlul work on the Guadaluplan
fauna.

The Geta"ay member contains numerous fusulinids
belonging to the genus Pamfl!8ltlina. Of them, the fol
lowing species have been identified by Dunbar and Skin
11er: 9 P. nwZeyi Dunbar and Skinner, P. lnaleyi.
,d61'f-a Dunbar and Skinner, P. ,"othi Dunbar and
Skinner, and P. sellard,! Dunbar and Skinner!. It will
be recalled that these same species occur also in the un
derlying Brnshy Can;yon formation. Th,,)' haYe not
been found nbore the Getu1Y3y member. In ndditio111

Needhmn" has identified P. dunbar! Needham from
beds 700 feet belo"- the Capitan limestone on the south
slope of EI Cnpitan. This horizou is probably in the
Getaway member. Dunbar and Skinner 11 consider his
specie::. a synonym of their P. 1'othi.

Among the cephalopods, the nautiloids are repre
sented by varied material: although only a few speci
mens are present in anyone collection. In this group,
l\1iller l~ has recognized the follo,ving: "Orthocel'as':
sp., TitanoceJ'G,8 sp., ...lIfetacoceras shuma'rdia'nwn (Gir
t)'), Tai"oce),(l.' sp., and Stenopocerasl sp. The ammo
noids m'e less "eJ] represented, only a fe" specimens
haying been found and these belonging to genera that
are not 01 great yalue for zonation and correlation.
From the member :lIiller and Furnish" have identified
Psctrd(![la8tr'ioceras 1'Oadenfse (Bose)~, PS8udoga.st1'io·
cem", sp., ZIfedlicof.ti!t bUI"ckhardti Bose, and Pameel
tites ol"naf-lls1I1i1Jer and Furnish!.

Regarding the 1>cl11ainder of the fauna: Dr. Girty
reports as follows:

The sponges, ' ....hicl1 rue a really remarkable feature of the
Guadalupiun fauna but heretofore haye not figured to any exteni,
now nppenr in SOllle force. Stable generic identifications must
nece~sarily tn'·fLit IDOl'€, careful 8tud~' than it has been possible
to deyore to this diflkult group, but for present pur})oses record
m:.l~· be made of two new species of AmblljsiphOnclla, a specimen
of Glwdalupia zittcliana Girty? (described from the Capitan
limestone), and Anillracosycon tiCl/1S Girty7. The latter species,
'with another Ullnnmcd species of the same genus, ,,·as found
in one of the origlnal cOllections from the BOne Spring lime
stone, nnd these two are about the only representatiyes of this
group that ha,e been obseryed below the Getaway limestone
member.

Corals continue to be poor in numbers and ,ariety. They are
ex:ceDtiol1ally so 'when one considers the abundance and dl',ersity
of other forms in these collections. Tlle cup corals appear in
only sis collections, mostlr a single specimen in each, As pro-

DDu'nbar, C. 0., nnd Skinner, J. W., Permian Fusulinidae of TeXllS:
Texas Ulli". BulL 3T01, p. 593, '2'26-727, 729, 193'7. Horizon cited 3.5

"limestone in lo"'er pnrt of middle diyision."
10 ~'eedhnm, C. E., SOllie ~'ew 1'l1e::dco Fusulillldae: New :Mexico School

Mines Bull 14, p. 13, 1937.
II Dunbar, C. 0., and Skinner, J. W., personal communicatioll, 1938.
1~ Miller, A. K., memorandum, May 1939.
13)liller, A. K, Rnd Furni'sh, 'v. M" Pcrmian ammonoids of the Guada

lupe )lountaiu region and adjacent areas ~ Geol, Soc. America Special
l'aper 2\3. PT!. 11-12, lfl40. .
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visionally identified, tbe~T represent but a single species, and it
appears to be the same as that found in the preceding fauna,
wbich wus cited as Lophophyllum? sp. The columella in these
corals is more cOIlllJlicated than it is in the more simple and
typical forms of Lophophyllm-n, and more complicated than it is
in some of the forms tllat pass as L. P1'oU{crum in the Carbon
iferous faunas of the l\1id-continent area. Here for almost the
first time appears the delicate compound coral Cladopora spi111t·
lata Girty, ,vhiclI was first described from the "1.lpper dark lime
stone" (Pinery member of Bell CUllyon formation).

:Many bryozoans C:IlI he identified, even genericall:v, only by
means of thin-sections, so no more than a tentative outline
can be given of those in the Getaway limestone.. Fistulipora,
rCDresented b~T F. grandis uua,dal1lpcnsis Gil'ty, and possibly a
lle\V species, is rather abundant, and also A.canthoda,dia guada
lupcnsis Girty. Aside from these, however, the bryozoa.ns, al·
though varied, baytJ n ,<;mnll and s('utterf.'l'lreprCSCllt:lt"ioll. The
following forms, llHW;\· subject to reidentification, have been
encountered: An[sofl'ypa'f ::il'., Leiocluma? sp., BatostomeUa!
:sp., Fcn(,8tclla. :scv. sp., Rhomboporo sp., Cocloconus? SIl., Rhflb·
domcsol1 r sp., Cystodictya· sp., and Domopora tC1·minaUs Girty.
'l'he selies of forllls tentntively referred to as Domopol'a m·e
111\11211 more abundant at higher horizons, nnd notably in the
Pinery mcmber.

'The brachiopod genus Entc7eics, which is so abundant in some
of the older faunas, is absent from the Getawar limestone, as
are the related genera R11ilJidomella and SC711zopl1orla, which
occur here and there in lower horizons.

Of the Orthotetinrte• .vCl'7,'clla· ('ontinuC's to be by far the
dominating tnJe, M. att-e11twta Girty or M. mttltiUra·ta Girty,
or sometimes both, OCC1.1r in most of the collections. 'Ve :llso
have Dcrbl.1a 11. sp., tl large and remarkable form, which was
noted in the 111l(1erl~-ing fauna, but not identified because of
the absence of the ventral "alve, There a.re a few other rarer'
forms that do not belong to any of the three species mentioned,
but ·whose generic status cannot be determined, as they are
rcpresen ted mostly b~' dorsal YalYes, One of these may be
St,-ep.torlILH1C71us pyramidale King.

Clwllctcs occurs in almost eYf~ry collection, and is gcnerally
abundant. ",Ve seem to have here both C. subliratus Girty-,
which was described from the Pinery limestone, and C. hH/
anus Girty, which \....as described from the <;apitan limestone.
Apparently the latter is more common, but the two species are
diftkult to distinguish.

The productids are exceedingly numerous and Ylll'ied, almost
thirty different forms having been discriminated, inCluding
a nUlliber of Tnrieties and several new species, The follow~

ing are the most noteworthy: PrOdllct1ls popci Shumard (ill

the sen,se of King, rather than Girty), P. popei mln01' King,
p, guadall1pcl18is Gil'ty, P. 1Da7cottianltS Girty, P. wa,lcotti(l111ls
costa·tus (King), PI'OdltCt11S aff. P. lO'l1gus Meek, P. aff. P.
gC11ic1llatus Girt.y P_ occidcl1talis Newberty, P. tcxan1f.8 Girty,
1'. capita116IUJis Girty, p, (P1tst1l1a) 8ub·ho1Yidus Girt;;.' and One
or two Yarieties, P. (Pl/.stuhd) pilcolus Shumard, P. (IT'aagen

oconcha) lIlontpclicrcllsis Gil'ty, P. (CancT'inclla) sig-natus
Girty, and a number of varieties, P. (Cancrinclla,f) phosphot'i

CIIS Girty, P. (Ma1"'!Hniferat) 'lVol·densis (King), P. (Ma·rgini

fera?) sublcvis King, and P. (A1.'Oll'ia) n. sp.
Some of these specics, for instance P. cop'itanc'/H;is Girty and

P. (Pu8tula.!) pilcol1t8 Shumard, which were described from
the Capitan limestone, haYe not been found in beds below the
Getaway, and some of the species found in the underlying
heds, for instance P. cOlllanchea1lUS Girty, P. aff. P. muUi8tr,iattts
Meek and others, llU've not been found in the Getaway lim.e
stone. There is, however, such a general homogeneity in the
productid representation thnt it is doubtful wbether these
items of disagreement lwxe much importnnce.
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A rather notewortby change comes in at this horizon in the
genus .:1ulostegc8. In the black limestone beds of the BOne
Spring A. maunicostatu8 Girty is abundant and also a species
identified as .-1. subcostatU8 King. The genus was not present
in the Victoria Peak gray member, but it reappears in the Cut
off shaly membet', 'which contains the first-named species and
also A. hii:Jpldu8 Branson and A. guadalupensis Girty? In the
Brushy Canson formation I found a single specimen of doubtful
affinities which was not mentioned in the summary of that
fauna. III the Getaway, the genus occurs in nearly every col
lection and in abundance. The prevailing species resembles A..

!J/llCdalupensis Shumard, but is varietally, if not specifically dis
tinct, aml is also distinct from species of the genus in under
lying faunas. Witll it occurs a different and much rarer species,
possibly related to A. wolteamlH.."'nsis King, represented by only
three specimen'l.

Prol'lchthotenia OCCurS ill eyery collection S:l.YC one, and is
abumlant in most. The species seems to be that of the preced
ing faunas, P. permiana (Shumard). Leptodlts is fairly persis
tent in tIle collections, but i:s abundant ill only one of them. In
others, it is represented only by a speclmen or two. Most 01' all
of the svecimens belong to L. ameriCI111//8 Girty.

Camcroplwria colltinues to be represented by C. ·vcJlu8la Girts,
but it is accompanied by a smaller species provisionally re
ferred to C. dcloi King, and [l third form ,\-hich may be only a
variety of C. vcnttstfl..

The rhynchonellid8 al'e i.lbllntlant amI highly di-rersifiecl.
;:\Inny changes are noted frol11 the rhynchonellid representation
of the beds below. In genel'ul, these shells sIlow a closer agree
ment with the rhyncllonellicl fnunas higher in the section. A
noteworth;y featm·e of this element in the Getaway fauna is the
introduction for the first time, and also at some localities in
abundance, of the large shells cited under the genus Li01·hynchu8.
More specifically, I recognize lVellerella! 8lcallo-1Ctana (8hurn
mard), W.? swallo'lCiana val'" W. rplHflUiS (Girty), lVeUerella aff.
W.? indentata (Shumard), Camarotocheaf lon!Jaer-u (Girty), a.
n. sp., RhYllchopora taylort Girty, R, illinoisensls ('Vorthen),
Leiorhvnchu8 weeksi l10bilis (Girty), and L. bis1l1cat1tm
(8hummd) .

TIle terebratuloids ilre ruther numerous and varied. I rec
ognize Dida8rYtfl spatillatum Girty, D. prolongatllJn Gil't.", Diel
asmina? n. sp" Ileterelasma? u. sp., and Crvptocanthia n, sp.

Spiriter is represented by t,,'o species, a large form whicb is
common, and which is pro\'"isionally referred to S. ]atl/-8 King
(his Spirifer (Neosplrifer) me.ricanus latus), and a much
rarel' form which may be S. sUlcifel' Shumard, if onc may US~

sume that Shumard's figure is poor (wbich is lwobable). Spiri
ferina is pr~sellt in most collections, but·the specimens are iW

few nnd so poor that most of them cannot safely be identified,
Some, ho~vever, appear to belong to S. hUll [Jolypleurlls Girty,
some to S. l(UNt Girty, und some to a species relate.:l to S. 'welleri
Girty, but probably ne,". _.{mboclJl!lia is present in a numbel·
of collections find is abundant in some of them. It is n l'e
marlmiJly hu'ge species and the Yentrnl yulye looks like a
rather small, gibbous Sqltl1mularia. 'l'he species is new.

Composita, as woult! be expected, is present in most of the
collections, sometimes in abundance. There are at least two
distingui~hablespecies, One, which is exceptionally large, lllay
be citeel as G_ emar{Jitl(llt~ ((ffilli.~ Girt.}'. The other is a rather
sUlall form, but apparentls mature, if oue lllay jUdge by its
8tron~ convexity and well-cle"elolwd fold and ~iJlus. It closely
resembles C. mexieana (Hall).

Hl/8ft'diM also is l'epre8ented in almO:'it every collection, and
in some abnHr}antly. Most 0.£ the spedmens are here identified
as H. meekann (Shumard), ,llthollgh H. bipartita Glrty and a
variety of it tlre also presf>ut. The specimens of H. meekann,
sOllie of which are exceptionally large, show considerable

variety, and under careful study may be susceptible of minor
subdivision,

In general. the pelecypod faunn of the Getaway limestone,
while showing some departures from that of the sub-Getaway
zone, does lIot show as many as might be expected, in ,-iew of
the fact that pelecypods are abundant nt only two localities in
tile sub-Getaway.

Solerwmya is represented hy two more or less doubtfUl species,
one of which appears to be- related to S. radiata :Jleek and
\VortIl€n.
Edmondf{~ is represented by several species, but most of the

specimens nre so JlQor thl1t the generic identifications are hypo
thetical. Of the uncertain forms, one is a large subcircular
species related to E. circulal'is Walcott, aUlI not improbably the
same species that WilS mentioned in the ~ul)-Get1l\Yay fauna.
The other is a much smallet" form related to B. gi·bbo8a Swano,v.
However, Edmondia· and Astartella han a close superficial re
semblance and are difficult to distinguish in poorly presernd
matel}al; the ;,;pecimen lll:l;r therefore be a yery robust species
of the Intter.

Xucula and Leda, ns in the preceding fauna, are almost un
represented. The collection contains a single u~identifiable
specimen of tbe OTIl?, and a sing-le sp€cimen of tlle other, related
to the ·common N. bellistriata (Stevens).

Pal'allelodon has much the same representation as in the pre
ceding fauna, although the preservation of the muterial leaves
much to be de:,<ired. It comprises a large and ,"err conr:':'t'ly
costate species viihich [s undescribed, and another species with·
out costae, which runy be identical with P. paUtus Girty, and a
third species which liar be ide.ntified ",ith P. multistriatlts
Girtr.

Ptel·ia (besides several doubtful species) is represented by
a remarkable form resembling P, longa (Geinitz),b-ut very much
larger, nearI)' 80 millimeters long obliquely. This is probably
the species figured in Professional Paper 58 as Pteria sp,

Myalina is moderateI;}' abundant in one collection but is rep
resented by a single species in the others. Most of the speci·
mens are in a POOL' state of [lreseryation, and all ma~' be referred
to provisionally ns J1. permialla Swallow?, which wns also
identified in the sub-Getaway fauna.

Schizodus, which was srunty in the sub-Getaway fauna,
and· represented by snul11 species related to S. rossiclIs de
VemeuiI, is here fairly abundant and represented by a large
species. The specimens vary more or less in shape, some
being similar to the Pennsylvanian species S. affinis· Herrick,
others to such species as S. 'harel Miller, and S. ulrichi Worthen.
The possibility cannot be dismissed that tbis is S. phospllori·
anus Branson, for his tsp~ specimens nppear to be frngment·
a·ry [lnd preserved in a diftl2"rent maune!· from mine, n-hit'h
have been macerated.

The Pedenidae are numerous and direl·sified. Some· of the
species are uncoUlmonly large. Many of the generic references
are pl'oYisional, as nre some of the specific identifications.

·Many of the specimens are not of the best. nnd obviOUSly fail
to show characters of importance. Besides a number of in·
rleterminate forms, 1 recognize Acanthopecten n. sp., A. colorad
ensi8 (Newberry), Girtypecten sublaqueatlt.<;, Girty, Delto
pecten aft'. D. proride1lvCn8is (Cox), D. delalcarcnsis (Girty),
D, !71wdulUpensis (Girt;y), D. vanvlceU Beede, and D. coreyanwl
White. The two species last mentionell are illterpret~d in
the Sllllle manner as in my l'f~port on the fauna of the :Jlnn·
zano group. Pernopecten! obliquus Girty, which is rather rare,
and Camptonectes n. sp. also belong here. The latter occurs
sparingly in many collections, but is extt·emely abundant at
station 7424. On the whole, this type of shell is more abundant
nnd dh-ersified than it was in the lower horizons. On the
other hand, the interesting forms belonging to Cyrtor08tra or
Oxytoma IHn-e not been found. There is, however, an un-
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certain spedmen that looks much Iike CyTtorostra, scxrwdiCLta
Branson, if, indeed, bis species is congeneric with the others.

Of Lima I haTe only one s!lecimen, a lu"rge, finely striated
form. which probably represents a new species, although the
specin1en is hardly suitable for use as a t~'pe.

The pleurophorids, although numerous and Yuried in the
Getaway member, are difficult to identify generically or spe
cifically. Some nrc broken, otbers huYe indefinite outlines,
Some are internal molds. or show no surface cbaracters, and some
may be compressed and have a different aSllcct from better
preserved specimens that are probably of the same species.
Because of their defects, manr specimens cannot be distributed
satisfn.ctoriJy uetween the genera Jfyoconcha l Ple1lr01J1JOntS, and
C1eidophOr-us, They snggest gradation between the genera,
and becloud identification of species.

As in the preceding sUb-Getawa)' fauna, the Getaway con
tains good rf>pre~entntions of Ml10COtH.'ha costulatu, dcla·1wl'en.sis
Girty, Plc1ff"ophOl'US delawarensis Girt~', and Cleid-orJhonfs 1JaZ
las'r, (Ic1awarc'Ilsis Girty. The second species is represented by
a few specimens of normal size and possibly by an extremely
large internal mold of similar shape but nearly three times
the size of the ho}otn~_ I baye no misconception regarding
the form caned Cleidop7lOru.s pallasi delau;al'Cnsis. It lll'ob
ably does not belong to t.he genus Cle{dop1torus, and may be
a Pleu1·olJ1WrUS. The formula adopted was for the purpose of
noting a resemblance to the European species which bas passed
as Cleidovltol'us paHasi de Verneuil. The internal ridge or
plate "'i'"hich has passed as characteristic of this· genus, and a
sembHlllce of which has been found in my specimen also, is
really the boundary of the anteriol' muscle scal".

In addition to these, the Getaway contains a shell that re·
sembles Myoconclw, cost1l1·afa d·elawa,rensis in a general way,
It is much larger than the holotype, and, one of the specimens
shows that the surface is marked by yer~' fine radial striae,
whereas the holotype is supposed to be without sculpture, There
is also a ycry large fragmentary specimen which probably rep
resents a new species of MYOco11c1La, but it could not be made
the basis of a description.

Another smaller and still more refractory group of specimens
are more the type of Pleurop1tol"'Us as it is generally identified.
It is doubtful whether the most c,areful work would resolve these
shells satisfactorily into genera and species. Specimens of
Pamllelodon may be among them, especialls representing such
forms as are without radial striae or have only very fine ones.
There may be also specimens of ..4.Il01·istnu-not. A.llorisma of
the type A. te11ninale Hall, but of other tvpes that haye been
referred to that genus. The absence of t:",Pical species of this

·genus (such as A. terminale Hall and A. capu:£ Newberr)') is a
noteworthy fea ture of the fauna.

Tbe gastropods of the Gctawa;y limestone are fairly numerous
and 'Varied, and add considerably to the Guadalupian fauna.
Tbe information which the)' afford, however, is in many cases
rendered indefinite because specimens have lost the surface
characters, so (hat identification is rendered hazardous or lm
possible. This loss is evcn more detrimental in the case of the
gastropods than It is with the pelecypods.

The bellerophontids are mainly in the form of molds and such
specimens are beyond the pale of scientific classification. All
betong to small species. Among those that are susceptible to
some sort of classification there is one specimen that appears to
be specificall~' identical with the form from the southern Dela·
ware Mountains that ~ figured as Bellerop1ton cra·ssus Meek and
',,"orthen, an identification which I now propose to abandon.
There are also two indeterminable species of Buca1topsis, rep
resented b:,,' fragments, and a species of Euph·e1nites which
might be described as a large, sle.Hder form of E. carbonariu8
(Cox).

The pleurotornaroids, like the bellerophontids, are mostly in
determinable by reason of exfoliation, wblcb has deprived them
of their sculpture, upon which the specific and even the generic
classification depends~ There is a rather diversified pleuro
tomnl'oid fauna in the bef1 below the Geta\'i:ay and some of the
species will undoubtooly al)pear among the identifiable speci
mens from the Getmvay itself. .At present, I am prepared to
idclltify Pleuroto/fwrw., CUfll'lIphea Girty, and P. n. sp.

Seyera I poorly pre~erv~ld specimens apparently belong to
Stm,paroUus sulcifci' (Girt}'), described from the "upper dark
limestone" (Pinery mcmbw), and the related genus Omphato·
fj'ocllUs is represented by a new species.

'Naticopsis is represented by several species, although their
relations to ODe another and to species in the literature are not
readily determinable because of their condition. One species
(it is an internal mold or partly macerated) wbich appears to
belong to this genus is remarkable for its large size. Others, on
the contrar~T, are very smalL An undetermined species of Natt.
copsi.s was found in one of the original collections from the sub
Geta,vay zone, and it is quite likely that the same speeies cecurs
in the Getaway fauna. The peculiar shell that for the time
being can be designated as Ianthinopsi-s n. sp, occurs in several
collectioDs, It has nlread~' been lloted in the fauna preceding
this One.

The characters on ,,-hich rest the distinction between Bult
morpho., lJIcchospi1'a, and St"~1)eU8 are rarely observed. With
this qualification as to generic identification, the fauna of tbe
Getaway limestone contains t,,,,o species of Bulinwrplt,a, one of
them uncommonly large and both new. It is poSSible, however.
that B. clw1!sal1s delalt,a,'ellsis Girty, which was described from
the sub-Getaway zone, WM based on an immature specimen of
one of ttlf'm. 'rhere is also a small, globose species of StrobeU8
very similar to S. Uftonanus (Hall) of the Spergen limestone,
:which is also new. I might remark that the scarcity of shells of
this genus in the Guadalupian fauna, as compared with a num
ber of faunas of Pennsylvanian age, is a noteworthy feature.

The Platyceras tribe is met with for the first time in the sec
tion in the Getawa~' fauna. \Vith full recognition that not only
specific but generic distinctions in these sbells are in dispute, it
would appear that the three specimens in these collections
probably represent two new -species, one of Platyceras, and the
other of Orthonllchia.

Lastly, among the gastropods, we haye two poor specimenS
which belong to a species tbat was briefly described in Profes·
sional Paper 58 as Psell,domelU'l1·ia sp. a. If not the same species,
this is a closely related one, and it is remarkable for its numerous
flat-sided whorls that make up the spire which appears to be
more cylindrical than conical in shape. Unfortunately. the
specimens are decorticated and no better generic reference than
the one originally made can be suggested,

Of the crustaceans, the representation is all but restricted to
the trilobite ..4.nt:sopyge pcm1L11ulata (Shumard), which is present
in most of the collections. Ostracodes are a rare feature of the
Guadalupian faunas, and they bave not been mentioned in
descriptions of the underlying faunaS. In the Getaway lime.
stone, they are also abSent from all collections but one. In this
one there is a small slab that is fairly packed with tllem.
Girty manuscript.

SOUTH WELLS LIMESTONE MEMBER

The South Wells limestone .member is represent<ld
by collections from only- the southeaswrn part of the
area studied as: near Long Point (No. 7641), 2 miles
southeast of lhe D Ranch South Wells (No. 7649), and
in the PinyOl. Hills (Nos. 7658,7664, aud 7665) (pI. 2).
Most of the fauna was unknown before the time of
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th~. px~s~nt. ~~vestigation, although ammonoids were
collected from it near the South Wells in the early
1920's by J. IV. Beede, and were afterwards d~scribed

by Plummer and- ScotL" The sandy and dolomitic
limestones of the member n'orthwest of the localities
mentioned, as in the foothills of the Guadalupe Moun
tains, contain poorly preserved fossils, but none has
been collected and their character is unknown.

The fossil-bearing beds iu tM southeast part of the
area have yielded collections that are relatively small
compared with those from the underlying Getaway
member; also the fauna appears to lack the diversity
of the older one. Two more or less distinct facies
are present: Oue is gray, granular limestone which con
tains fusulinids, productid and spiriferoid brachio
pods, bryozoaus, and some pelecypods; the other is·
black, dense limestone, reminiscent of the black lime
stones of the Bone Spring, and like them containing
great numbers of ammonoids. Associated with the
ammonoids are abundant rhynchonellid brachiopods,
particularly of the genus Leiorhynchus. The gray
limestone. facies is dominant at the Pinyon Hills lo
calities; the black limestone facies is dominant at
Long Point and near South lVells, although here also
some of the gray limestone facies is interbedded.

In comparison with the Getaway fauna, fusulinids
are considerably reduced in numbers. They have been
seen in the foothills of the Guadhlupe Mountains, but
are too poorly preserved there to be collected or iden
tified. Some have been collected in the Pinyon Hills,
from which Dunbar and Skinner" have identified
Leiilla fmgilis Dunbar and Skinner, and Parafu8ulina
n. sp. This is the highest zone in the area at which
the latter genus has been certainlv identified. The
next zone above from which fusuli~ids were collected
during the present investigation is several hundred
feet higher in the Hegler limestone member. Here the
dominant genus is not Paraf"wlina but the related
and younger genus Polydiexodina. In the southern
Delaware Monntains, Skinner" reports that he has
collected Pamfu8ulina [md Polydiexodina within 75
feet of each other in the section but has never seen
them in association.

The ammonoids, which form an abundant and strik
ing feature of collections made near Long Point and
South Wells, have been described by Plummer and
Scott on the basis of Beede's collections, and by Miller
and Furnish 17 on the basis of collections made during
the present study. From this area, the latter have

14 Plummer, F. n., and Scoft, Garle, Upper Paleozoic ammonites in
Texas; Texas Unh". Bull. 3701, p. 27, 1837.

l~ Dunbar, C. 0., and Skinner, J. W., Permian Fusullnitlae f)f Texas:
Tt)xas Uni". Bull. 3701. pp. 593 and 727, 1931. Horizon referred to as
"limestone in middk of lllhldl~ division."

l~ Skinner, J. \V., personal Communication, August 1938.
11 MilIer, A. K.. and Furnish, 'Y. 1\I., Permian ammonoids of the

Gu:tdalulle Mount:till region and adjacent areas: Geol. Soc. America
Special Paper 26, PII. 10-11, 11)40,

identified Medlicottia burckhardti Bose, Pareteeltites
ornatu8 Miller and Furnish, P. sellards; Miller and
Furnish, Psm.tdoga8triooerf18 beedei (Plummer and
Scott), P. roade,,"se (Bose), Waagenoceras guadaliup
ewe Girty, and W. dieneri richardson; Plummer and
Scott. A few similar forms have been obtained also in
the Pinyon Hills. With the ammonoids are a few nauti
loids, which A. K. Miller has identified as Metacoceras
sp. and "Orthoceras" sp.

Regarding the remainder of the fauna, Dr. Girty
reports as follows;

The more lowly organic t.rPes are poorly represented. Fusu·
Hnids are present, but not abundant, and the sponges are
apparently absent altogether. The corals are represented by
two specimens, apparently belonging to the same species that
has been cited in the faunas already rel'iewed as Lophophyllum
sp_

The ·bryozoans are poorly represented. Fist-ulipora (P.
grandii; guadalllpe1l8t8 Girty?) continues to be the most abun~

dilllt type. There are probably two species of Taoulipora.
Domopora, which is so characteristic of the Pinery fauna, is
represented by D. ocellata Gil't~'. The absence of Fenestella,
Polypora, Acanthocla(Ua and other genera is more or less note
worthy.

Turning to the brachiopods: Enteletes and related genera
are absent entirely. .Meekella. is present, but is represented by
a fen" poor specimens:, provisionally identified as JI, attenuata
Girty. Chonetes is present at one locality. It is difl'icult to
tell wllether the specimens belong to O. S/lbliratll8 Girty 01' C,

hllla1/us Girty, or both.
Productlds are reduced in numbers aod Yariety, as compared

\vitb those of the Getaway limestone, l\fanr of the species are
the same, but the specimens are fe,vel' and poorer. The fol
lowing DroYisional identifications have been made; Productll3
vopei Shumard (as interpreted by King-) , P. (JJlarginifem?)
wordGnsis (King), Productu8 sp. (p'ossibIY Aroliia signata as
interpreted by King, P. (lVaagenoconclw) montpeFeren8is
Gil'tr, P. (Callcrillella) sigllatlls Girty with n 'Variety 01' two,
P. (Cancrinella?) phOsphaticus Girty, and P. (Jlarginitera7)
n. sp.

AUlosteges is present at one lomIity. The species seemS to
be the same as that Which occurs in the Getaway limestone,
where it was cited as A. gua([alIlIJf'U8io' ShlUllalTl \"ur. Proricht
hofenia permiana (Shumard) persists, and at Olle locality is
relnti_ely abunclunt. Ca-fI1crOnTlOria is r81Jresented by only a
fragmentary specimen, probably C. l.'e'lIU8ta Girty.

The South Wells fauna is remarkable for the abunclance and
<Jiversity of its rhrnchonellid shells, and this fact is especially
noteworthy in vIc,,," of its p<.ulcity of other (ypes. Some of the
species are of large size, fwd they are e:;pecinlly abundant.
Some of them rcsembie the sp~ies thut ,,-ere descl'ibed by me
as Pugllax b-ilmlcafa (Shumard), P. ~l;eck8i Girtyand P. weeksi
nobili,~ Girty. They appear tob<:! the same species, wbolly or
in part, that King figures as Leiorhynchus bisulcatum (Sbum
Ul'{l) and L. tueelesi lIobiUs (Gtrty), but I am sati8fied that my
ne,,," specimens cunnot be identIfied with tIle originals of the
species just named in spite of a general resemblance to them.
The shells of the present collection differ from the species nametl
in size, and in number, strength, and distributiOn of the pU
cations, so that if oDe wished, ten or a dozen species or varieties
CQuid be distinguished, all of them new. The best way to
classify these protean shells must awnit more cut"eful consid·
eration than has ;yet been pOSSible to give. The pt"eceding Get
away fauna also was notable for the abundance and variety of
its rhynchonellid shells, but in the South 'VeIls fauna we seem
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to llaye .'1 nl'w (1i~lwnsutiol1. ).Iany of the form" that oeciw in
the Sout.h ""ell:;;: fauna seem not to occur in the Getnwlly, and
'dee yet'sa. 'fh(o."e forms t1wt are similar 01' possibly tllf~ sallie
nrc rcpresclltf'(1'"'bY ff!W specimen!'. Among these f01'l11~ men
tion may be made of WcllCrcllo bidC/lfafa (Gil'ty), lrcllc(cllrt?
ph10lliS (Gil't~"l :', and 1FcHc)'clo'n aft'. lr.? 'ilHlcnfofn (SllUllUll'd),

all of whidl are scar('e.
The lel'f.'br:lH,loids are reprl'senteti by lJido8J1W conl(lfu1lt

Girt.", Dicla,50i1"illa gll(ldalll}J('n.si,~ Girty, nnc1111'obull]Y by t\yO :::pe
cies of CnlptocflntJlia (thi5' generic reference subject to re,i
SiOll) , one of them being 11. sUl'yiynl from the GetmY:l:,!, limrstone.
'These shells are rather all\llHl::mt all(l form :l. lJoteworth;; feature
of the fmmn. Their large size is in striking contra.st to the
Penns:dr:l.ninn speci(~s of thl':' ~('nlls and, as th('~' h(IYe a :o:eptum
in the dOl"Bnl 'lllye, jt is likely that they will In'oye to be geneI'
ienlly new.

Sl)frifc'j' is l'epreS('llted by one :o:pecimen \yhich allllear;;; to be
S. SIt/eifel' Shumard as intervreted heretofore, and by frngmellts
of ",bat Ullllt'::U to lJe SeYE'l'al (lIher species, (!He of them related
to S. triplicofils Hall. Spiri(('riJl(l if; in like lllallner repre:-.cnted
by a few fragmentary specimen.;;:. T\yo species can he distin
guished, olle of whi(;h cnil Dl'oYisionnll~- 1)(' illentifif'll as R. laxa,
Girty. SqllfwiIIluria is d0uLltfnlly represented by a ,<;in~'le speci
men.

COJllpMila is represented b~' nnmerous 5<pecimcns.. and can
he diYide(l into two mOr(" or 1e-5.s interlocking s,flcde:::. One is
C. CJJWr[lillata ufJhds Girty; the otber ii3 "ery close to C. S110
tinto (Hall). Ill/Media C01HillUeS to Ill' Vl'r,:,ent as H. mcc1..·o.'1a
(Sllumard) .

In COI1SullanCE' with the rei3tl'icted rCflre:::cntation of otllel'
groups, tbe prdecYVo{1s (If the South Wells fauna are confined
to tIle genu!:' Paro71dO(]OH, to the l'E>ctenidae, and t0 the genus
JJ!fO!iUa. They afe so poorly represE'ute<l tilat they could banlly
d('lIlOllstnlte any <:1ose nffiniiy, or lnck (If it, wUh the pelec~'pod

fl'\Ulla of the Getaway limestone.
ParallelodoJ1 is represented by a small, fragmentary, and

doubtfully identifill.Llle specimen. It certainly does nOt belong
to P. po1itus Girty-, but migbt possibl~y be an immat.ure sped·
men of P. m 1l1ti8tl'i.atlls Girt:-. Myalilw is doubtfully repre
sented by a fragmentary specimen,

Among the I'ectenidae, :l. fragmentary Sllccimen of Delto
l/eaten appear~ to be related to D. ljltarJ,olupcnsfs (Glrty) .. A
poor specimen of Pcrnopeat-in probablr belongs to P.7 obliqlW8
CGirty). Fintl.ll~-, there is a peculiar form which suggt!sts the
specics described as AViculojiccten monl]w/icren,sis GirQ', a type
of shell which has sometimes been referred to the genus
Strcbloptcria. The Guadalullian form may not be congeneric
with .4.. m011tlJeUCl'en.sis, and it.s generic relations are 1UlCe'l'tain
from the m~terial at lJaud.

The gastropods are still less distinctiYe in their reJa tionships
than the pelecypods. They include a probable ne'" species of
CapuT118, a doubtfnl species of Plcllrofoma1'la, an imperfect
specimen that prob(lbl~· belongs to Bu7imorplw, anindetenni-·
nate species of EuomphaTtl8, ~lH.l an impeded specimen that
probably rcpre:'!ents a new species of Ompllalolrocll1ls.

Ani-sopyge 1JCnmnulatn (Shumard), which has occurred in
all the underlying faunas, find is encountered in those above,
does not appeal' in the collection:'! from the South 'VeIls mem
ber.-Giety ruanns:cript.

)f.A.'KZAXIT.A. LI)fEST01\E ),{E.),{BER

During field work both Fountain and I observed at
many places in the orange~brown, earthy limestones
of the :Manzanita member the molds of ammonoids,
crinoid stems, fusulinids, und other fossils, but were
unable to collect identifiable material. Since then,

Clift011 " lIas collected and identified fossils from the
membe-r at Long Point, apparently from the lllrnpy,
slabby facies of the membe1'. According to Clifton,
the m.ember here contains the follmving ammonoids:
illedlicottia sp., PamceUitcs o"natus Miller and FIU'
nish, Cibolites ·uddeni Plummer and Scott, Pscudogas
l1'iocel'a8 altudc1lsc (Bose), P. roade1lsc (B<;se), P. bcc
dei (Plumme1' and Scott), P. d. P. teroanu1n Clifton,
AgaUticcras giT/yi Bose, lVaa!Jenoceras guadalupen"e
Girty, lV. dienel'i Bose, 11'. rielul1'dsoni Plummer and
Scott, and TinwJ'itcs.'? sp. Associated with the ammO
noids nxe bra.chiopods, pelecypods, sponges, a gastro
pod, a crinoid, and an echinoid. Clifton also notes
that he and his asoociates hove collected fusulinids
from the memher on Nipple Hill, but the identity of
the species is not stated.

SANDSTONE TONGUE OF CHERRY CANYON ::FORMATION

The four preceding faunas (suh-Geta",ay, Getaway,
South ~Vells, and Manzanita) all occur in the Cherry
Canyon formation in the southeast part of the area,
and lie one aboyc the other in normal strn.tigraphic
order. The next two fn nnus (sandst0l1c tongue of
Cherry Canyon and Goat Seep) lie in the northwest
part of the nrea~ in beds of approxinlately the same age
as the preceding four, but of different facies. As will
be seen from the descriptions, these differences in facies
are reflected in the composition of the faunas of the
bvo areas. The two fnunns to the northwest resemble
each other Blore than they do any of the four fa nnns to
the southeast.

In the upper part of the sandstone tongue of the
Cherry Canyon formation are calcareous layers that
contain poorly preserved fossils, most of which are so
silicified that their internal structure is destroyed;
many remain only as molds. Collections were made at
four localities; three of them (Nos. 7634, 7651, and
7728, pI. 2) were in the outcrops between Goat Seep
and Cutoff Mountain, and one (No. 7647) was north
west of Cutoff Mountain and about 3 miles north of
the New Mexico line.

The last named collection contains large fusulinids,
superficially similar to the species of PamfusuUn<1 in
the Brushy Canyon and Geta,my fannas to the south
east. The specimens are so completely silicified, how
ever, that their internal structure is destroyed, and
they are apparently not even generically identifiable.
1\....0 ammonoids have been found in the sandstone
tongue.

The greater part of the fauna consists of braehio
pods, bnt a few bryozoans, pelecypods, and gastropods
have been collected. Regarding these groups, Dr.
Girty reports as follows:

18 Clifton, R. L., Ammonoids from upper Cherry Canyon formation
of Delaware Mountain groUp in Texas: Am. Assoc. P.etroleum Geologists
Bull., vol. 28, pp. 1644-1056, 1944.
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Br)"ozoans are represented by a single specimen, probably
belonging to the genus ScptopQra.

Enteletes is apparently represented by four species which
may provisionally be identified as E. Uum,bonu8 King, E. angu
latu8 Girty, a third uncommonly large form which may prove to
be new, and a fourth distinguished by being marked with
numerous -fine plications. The specimens are, however, few
and poorly preserved, adding difficulty to the discrimination
of species in a genus in which discriminatlons are always
difficult. The preservation of these specimens is pOOl' but one
or two may belong to the genus Meekella. This is especially
true of the fourth species mentioned, which is represented by
only internal molds of dorsal valves. These strongly suggest
dorsal valves of Meekella (such as M. 8kenoidcs Girty), but the
specimens seem to haye a well-marked cardinal area and a
cardinal process like that of Enteletc8.

Chonetes is represented by an indeterlllinable specimen in the
form of an internal mold.

Product ids are fairly abundant and varied, relative to the
other forms, but they almost defy Chlssification. Most of the
specimens are in the form of molds, so the identifications adopted
indicate what the specimens might be if they were well pre
served, rather than the presence of distinctive characters ·that
can be definitely recognized. Besides several forms that are
wholly unidentifiable, the following species may be cited as
present: Productus guaaalupensi8 Girty, P. te;r.anus Girty, Pro·
ductus sp. a (of Professional Paper 58), P. (Cancrinella) aft. P.
meekanu8 Girty, and P. (Margi.nifel'a.r) 1caageniC!'1tus Girty.

The rhynchonellids are represented by a single specimen
which is very similar to l-VeUereUa? swallotcian-a (Shumard).
The terebratuloids are apparently absent. Poorly preselTed
specimens of Leptodus are present, apparently belonging to Lep
todu8 americanu,s Girty.

Spiriferoids are fairly abundant, Three species of Spidler
can be distinguished, but they are more easilr differentiated than
identified. One whicb llas fine fascicUlate costae may be S.
costella King. A second species which has coarse costae strongly
grouped in bundles of three may be the species identified by King
as S. pseudocameratus Girty, while a tbtrd form (a single poorly
preser,'ed specimen) may be the species he identified as 'Spiriter
au-leiter Shumard.

To Spirifer'ina are attributed hvo specimens, although neither
of them can be certainly distinguished from Spirifero One may
be cited tentatively as a large variety of Sp;'riferina hUH Girty.
The other is more likely S. hill'l, polyplew·i~s Girty. Sq-ua
1n-ularia is abundant in one collection. The specimens probably
represent a new species related to S. fJuadaJupensis (Shumaru),
but with a high cardinal area and filirly strong sinus in the
ventral valve.

Of Composita there may be h"'o species. One is very similar
to O. sUbtilita (Hall), although reaching a rather large size in
specimens. The other species is small, and is more compar·
.able to O. m€xwana (Hall). HU8tedia persists in the common
species H. meekana (Shumard).

The mollusks are all but missing. One pelecypod probably
belongs to Parallelodon muUistriatus Girty; another is an in·
determinable species of Av-Wulopecten; and a third is a some
what doubtful specimen of Astartella (apparently not A. nasuta
Girty). A gastropod, apparently a species of Strobeus, ~om·

pletes the tale of the mollusks, and indeed of the entire fauna
of this zone,--Girty manuscript.

From field relations, the sandstone tongue of the
Cherry Canyon formation appe~rs to be equivalent to
beds between the base of the Cherry Canyon formation
and the base of the Getaway limestone member toward
the southeast. Its fauna should, therefore, be of ~bout

the same age as the sub-Getaway fauna, and should be
a little older than the Getaway fauna. Dr. Girty, how
ever, points out a number of marked differences between
its fauna and that of the other two members. These
differences are, perhaps, the result of differences in.
facies.

In the sandstone tongue, many genera and groups of
brachiopods are absent or poorly represented, although
thev are well represented in the two faunas to the
southeast. These faunas include the rhynchonellids
and terebratuloids, and the genera Meekella, Ohonete8,
and Ambocoelia. Pelecypods and gastropods are like
wise absent or poorly represented in the sandstone
tongue, and are abundant to the southeast. Only one
group of brachiopods-the orthoids-show any compen
sating increase in numbers; the genus Enteletes is com
mon here, but is entirely missing to the southeast. Dif
ferences are not as striking among the procluctids and
spiriferoi<;ls, so far as can be judged from the material
collected; those of the sandstone tongue are found also
to the southeast. The genus Leptodus also occurs in the
same form in both areas.

GOAT SEEI' LIMESTONE

Up to the time of the present investigation, no fos
sils had been described from the Goat Seep limestone
of the southern Guadalupe ~Iountains. Some collee
tions made by Darton ~nd Reeside " from Last Chance
Canyon in the northern Guadalupe Mountains (fig. 2)
had been identified by G. H. Girty. They are now
known to be from beds of approximately the same age
and facies as the Goat Seep.

Even on the basis of the collections of the present
investigation the fauna of the Goat Seep limestone
is relatively poorly known. Fossils appear to be
abundant in places, but are nearly all badly preserved.
011 account of the prevailing dolomitization of the
rock. Collections that ha'-e been made to date are
therefore so few and widely scattered that they may
not be representative of the fauna as a whole. The
following report is based on six colrections. Three
are £1'0111 the upper part, in the massive limestone
facies: and were made on the summit of the range near
Bartlett Peak (~o. 7404) and in the northern Patter
son Hills (Nos. 7482 and 7627) (pI. 2). Two others
came from the basal beds on the west slope of the
range (Nos. 7628 and 7646), and a third from the
fossiliferous lens a mile north of Lost Peak on the
east side of West Dog Canyon (No. 7603).

Nearly every,,-here in the southern Guadalupe Moun
tains there are beds in the Goat Seep limestone that
are crowded with fusulinids. Unfortunately, nearly
all of these fusulinids are so dolomitized that the tests

l'Da.rton, N. H., Ilnd R.eeside, J. B., Jr., Guadalupe group: Geo!. Soc.
America Bull., vol. 37, p. 426, 1926. "Fossils from above the uncon·
formity."
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are presl'l'''ed only as molds anel show so few diag
110Stic characters, such as internal structure, that they
cannot ue identified, In the Last Chance Canyon area
of the llOrthern Guadalupe Mountains, from heds prob
ably of the same age and facies, Skinner 20 hfts iden
tified Pamiu8ulina 1'otM Dunbar and Skinner and re
luted species ,,,hieh occur also in the lower part of the
eqniyalent Cherry Cfl11yon formation in the sout.heast
part of the area, From the Last Chance Canyon area
N'eedham" has identifiecl Para/u,,,7ina dtlnbal'i Need
ham. ",yhich Dunbar alld Skinner consider to be a
syndnym of their P, rot 11 i (see 1', 4:3), '

No cephalopods are known from the Goat Seep lime
stone, except some fragmentary specimens of "Ortho
ceras."

Dr. Girty~s report on the remainder of the rauna
is giyen belO1Y. This report giyes no information on
the occurrence of the forms cited at the indjyidual
localities: "hich is regrettable in yiew of the possible
heterogeneity of the collections.

The collections include hyo sponges, Olle pl'obtlbly Glla(lalupia
:::'ftteHa1lG Girry. the otller of doubtfUl nffinities, possiblr a
species of Amblysip1Wl1ClIa. Of corals, there are none, und
of bryozoans, n dO\lbtfuJ species of Fistulipora.

Entelctc8 is present in one collection, and is not exnctly
\ rare, It probably belongs to E. Uumbonu8 King. Some of the

smaller but apparently mnture specimens mar be Yarletal1y
distinct.

The Ortbotetinae are fairly abundant and di'\er.siHed, al
though the specimens themselves leuye much to be desired.
One species apparently belongs to Ort7lOtetc8 d,istortu8 Girty.
At one locality an uncommonly robust species of Meckella

is abnndantly represented by incomplete dorsal ,-alves. It is
identified as JI, globosa King. A smaller form is identified as
M. 8kenOidcs Girty, aud a single specimen which apparently
belongs to tllis genus much resembles SOlne of King's figures of
1lI. in-cul/laris tcxana King.

Chonetes is represented only by molds. which aec so pOOl'
that they Cllnnot be identi.fied specificall:;-.

Product ids are fairly numerous, hut are HOt yaried, The:;>.'
occur 1110Stly as molds 01' impressions, few of which are good.
so the grou]) is IlOssiblr more differentiated '{han it appears to
be. lYirh some reserYations, I ,,·m cite: Producfu8 grwdal'll

pe1J.8is Girr.'", P. (Cal1('rif,clla) n. sp. (aDl'arentl.', Al;OIJia si[}nata
(Girty) as identified by King), a finely marked ,ariety or
possibly a distinct species reIn ted to the same, P. 1L'alcottianus
Girty, P. 1J(IJlci Shumard '!. and P. (lFaa[jclloco'llc-lIa) mont·
11clicrOllsis Girt~·.

A species of A1110StCgC8 is abundant in one collection, and is
the same as that which has alread.\· been cited several times as
A.. UlwaalupC1I8is Shumard Yar. Prol'icll thotenia IJCrllllatw·
(Shumard) is rellresented by a single specimen in one cCtllec
tion, and Tcgulitcrina? sp. (Which is possibly :1n immature
Prorichthotcnia) in anotber.

Rh~'l1cllOnel1ids are scarce, and on1y two speCies hflye been
recognized. One is Rh1f1u:llOp(;1'a taylori Girty, of which there
is a single specimen, The other is a species that may be cited
as lVellcrcllafswaUo1Diana (Shumard)! and is rather abun
dant at one locali!:}·. Of the terebratuloids, I have a single un-

~a Skinner. J. "., letter, 1939.
~l },-eeuham, C. E., Some 1'iew Mexico Fus\llinidae; l'ew Uexieo School

Mines Bull. 14, p. 13. 1937.

identifiable specimen of Dlclasma, and the generic position of
that is open to question.

Spiriter OCC'lIrS in but two collections, a large form with strong
plications con:-.picuonsly grouped in fascicles of three, wbich
may well he the species tba t King refel'S to ~8 Spirifcr pseudo
camaatu8 Girty. A single specimen (If Spit"lfcrina seems to be
identic'al with S. lIilHl1usi Shumard.

ComposUa can be classed in two "S!}<!cies, one C. cmarginata
affinis Girty, the other C. 8uutiHta (Hall), or if not that species,
at least one yery dose to it. A fra~mentar;r specimen probably
oelol1g:-:; 1.0 lJ1l-stcdia, flnd if so to H. mcc1.'u,na· (Shumard).

Pelecypods are few, and for the most part poorly preserved.
A large, snbcircular EdmondIa resembles E. c.inJII-laris Walcott,
and is probably the same species as one that is mentioned in the
sub-Getaway fflunn. N1Icu/(i. is. represented by a small, in
determinable F-peci1l1cn, A coarsely costate Parallel.od,on may
be an imperfect and immature 5=.pecimen of the new species men
tioned sereral times in preceding faunas.

Pectenidae are better repre~E"nted in numbers and variety
than an~' other group of lwlecypods, but most of the specimens
are indeterminate or belOng to undescribecl sDecies. One large
and fairl:y well-pl'E"senec1 5=.peC'imf:>1l fll)l)ea1's to be u left yul\-e of
tlle slH:cies that ''las referred to Ddf'lpcttcn 1'll1lrlecU Beede in
tbe f:luna of the Manzano group. Another left valve appears
to be a species of Acanthopectcn, p01>sibly new. A small right
valye may belong with olle of. tbe Gllfldaillpian species of Camp·
tonectcs. Besides these 8peciInens of more distinguishable
species there are se,eral too imperfect to be worth citing. An
imperfect specimen of MJ/aHua ma)- well be M. penni,ana Swal
low.

Of the SCfLllhol)Q(ls, a single specimen probab1r belongs to the
species that I haye been accustomed to identify as Plag-ioglypta

canna ''"bite.
The gastropods can barel:-- he identified generically, for tbe

most part. The belleropbontids are represented by a few small
specimens, but as they are internullllolds it is impossible to tell
the genus to \Y11ich the-y JJelong. The pleurotomaroids are not
represented at alL

A fragmentary internal mold pl'obab1y represents a medium
sized species of Xaticopsil). Another specimen in a similar con
dition c'ridently belOl:gs to a maIJ~·-whorled. high·spired shell,
possibly a species of Orthonema. Still another specimen must
originally bUTe llad a spreading conical sbape like Omphalotro
CJW8 or Euconospira.

Tbe trilobites are represented b:\-' the persistent Anisopyge
perannulata (Shumard) -Girty manuscript.

Comparisons with other faunas of middle Guada
lupe age are made difficult by the scantiness of the col
lections from the Goat Seep limestone, On the whole,
the Goat Seep fnuna resembles that of the underlying
sandstone tongue more than it does the Cherry Cunyon
faunas to the sontheast

Like the fauna in the sandstone tongue, this one con
tains few or no brachiopods of the genera Chonete8 and
Ambocoe7ia, or of the groups of terebratuloids and
rhynchoneUoids, AU these urachiopods are present in
the faunas to the southeast, and in some they are abun
danL The last named group is common in the Getaway
fauna, and is markedly developed in the South WeUs
fauna, Like the fauna of the sandstone tongue, and
unlike the faunas to the southeast, Enteletes is present,
The Goat Seep fauna, however, differs from that of
the sandstone tongue and resembles those to the south
east in the abundance and fairly diverse character of the
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Orthotetinae (Orthotetes and illeekella) . In the
faunas both to the northwest and southeast, productids
and spiriferoicls are common, and appear.to belong to
the same general types, but collections from the Goat
Seep ancl the sandstone tongue are too small to afford
extensive comparisons with the faunas to the southeast.

Pelecypods and gastropods are better represented in
the Goat Seep limestone than in the sandstone tongue,
but are not as common as in the sub-Getawav and Get-
away faunas. According to Girty: •

Each fauna contains a number of genera amI of species that
Ul'e not kno,vll in SOllle of the others, but many of the species
are new, and more detailed stmly is needed before an accurate
delimitation of genera and species can be presented. TIll~ pelec;y
pod and gastropod fauna,S of the Goat Seep are evidently exten·
sive, anel many of the differences between its fauna awl the
others CUll doubtless be charged to the accidents of conccting,~
Girt~· manuscript.

Comparison of the description of the Goat Seep
fauna with descriptions of the Capitan and Carlsbad
faunas that are given on later pages suggests that there.
are considerable differences between them. This fact
is of interest because the two limestone formations oT
upper Guadalupe age overlie the Goat Seep and are of
such similar rock facies that it is difficult to distinguish
the one from the other two in the field.

CO~D:rTIOXS OF DEPOSITIO~

REGIONAL RELATIONS

During middle Guadalupe time, deposits were laid
down not only in the Delaware Basin, but also in the
shelf area beyond. As compared with lower Guada
lupe time, the area of deposition was greatly increased
(sec. c, 1'1. 7, B). The deposits both in and beyoncl the
Delaware Basin were of lnarine origin. If the region
outside the basin was land during lower Guadalupe
time, there was a readvance of the sea during' middle
Guadalupe time. At first, the marine sediments laid
down in both the basin ancl the shelf were sandstones,
but before long the limestones of the Goat Seep began

, to be built up along the margin of the basin. Sandstone
continued to be the domin::mt deposit in the basin, and·
was also laid down between limestone laYers of tbe Goat
Seep northwest of its margin. ~

In the Delaware Basin, deposits of middle Guadalupe
age have a nearly constant thickness of 1,000 feet,
whereas beyond the basin to the northwest their thick
ness is only 750 feet. Along the margin of the basin,
they reach 1,500 feet, the increased thickness being
mostly in the limestone layers of the Goat Seep (1'1. 7,
"1) .

It is not eosy to restore the structure of the sell bottom
on which these deposits of various thicknesses, ancl the
similar ones of upper Guadalupe age, were laid down.
The lay of the beds has since been modified, especially
by the tilting and fllulting that accompanied the uplift
of the mountains during Cenozoic time. Reconstruc-

lions (such as those of 1'1. '7, B) have been made in part
on the basis of the beds exposed on escarpments and
canyon walls (SOITJB of which are shown on 1'1. 17),
where the effects of later deformation are evident or
unimportant. Further data on the reconstruction has
been obtained from the thickness of the unit in different
parts of the area, and from the nllture of the beds found
there.

The exposures shown in section K-IC, plate 1'7, sug
gest that the great thickness of middle Guadalupe beds
along the margin of the Dela.ware Basin "as not aceom·
paliied by any local subsidence of the beds beneath, but
rather that the thick deposits were laid down on a sur
face that sloped southeastward toward the basin. The
section shows that the southeastward slope of the beds is
steeper at the top than at the base of the unit, as though
it had been accentuated during the period by greater
deposition in the marginal area than in the b.lsin. Less
conclusive evidence from the exposures shggests: how
ever, that there was no corresponding slope from the
thick deposits of the marginal area towards the thinner
deposits to the northwest; instead, the beds of the two
areas appear to haye joined in a nearly horizontal posi
tion (1'1. 7, B).

These relations are explained by :lssuming that the
Delaware Basin during middle Guadalupe time waS
a region of greater subsidence tllfm the area. outside
it, and that the marginal area was consequently flexed
down toward the basin in the same manner as it Wft.S

during the formation of the older Bone Spring flex
ure but to a lesser degree. Under this assumptioll~

sedimentation in the shelf and marginal areas kept
pace more or les.s with subsidence~ so where subsidence
,vas moclernte the deposits were thin; and where it Wfl5

great the deposits were thick. The deposits are
thinner within the basin itself than in the marginlll
area because sedimentation took phlce more slowly
and thus did not keep pace ,,·ith subsidence.

DEPOSITS OF THE DELAWARE BASIN

The source of the fine-grained sandstones of the
Cherry Canyon form[l.tio~ is uncertain. Perhaps
sorne of the material was derived from the south side
of the basin, but here the equiyalent beels, the ',ord
formation of the Glass n.lountains/ 2 contain much less
clastic material tlmnthe formations that precedcd

thcm (fig. 14. A). Apparently the Janel that hael previ
ously contributed clastics to the south part of the basin
,vas now contributing little sediment.

On the other hanel, samlstone does not appeal' to
h:\ye moved freely into the basin from the northwest.
The margin of the basin on this side was covered by
limestone deposits of the Goat Seep, considerable thick
nesses of which do not contain much sand. Howen~r,

:~ King', P. B., GE'ol()g~' of the Glass Mountains, part I: Texas unlv-.
Bull. 3038, pp. 09-73, Int.
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the limestones of the Goat Seep formation farther
northwest are interbeddecl with sand that is coarser than
any in the b"in, and more like that which filled the
basin in lower Guadalupe (Brushy Canyon) time.
This coarser material was probably trapped behind the
lilnestone burrier, and the finer material \vas able to
make its \yay into the basin, either directly across th~

burrier, 01' through such openings in it as may have
existed. This infiltration Inay htn'e gone on slowly.
At any rate~ the possilJility is suggested that sedimen
tfition in the basin was so slow that it failed t<J keep
pace ,yith the 3ulJsidence taking p1ace there. 'l11is
condition veas probably caused by the Goat Seep
barrieT.

The yo1canic ash of the :Mtll1z:lnita liJnestone 111e111

bel', near the top of the Cherry C"nyon formation,
had a different source from the rest of the clastics
and was no cloubt the wind-borne product of distant
eruptions. T11e eruptions probably were to the south~

for neal' Lns Delicias, Coahuila, a thick sequence of
,"olefinic rocks is exposed, whose fossils indicate them
to be of Leonard and Guadalupe age." Further evi
dence that the source of the ash beds was to the south
is given by idams/"" who states, on the basis of sub
surface "ork: that in the region farther east bentonitB
layers in equiYOlent beds thicken southward. As there
are some le~s-continuous ash beds both aboye find
possibly below the :MaIlzanita Il1cmber, the volcanic.
actiyity in the distant region was probably long con
tinued. Assuming that conclitions of transportation
and prcselTa tion were the Si1ll1e throughout Guadalupe
time, the a,h falls in Manzanita time were caused by
an eruvtion more yiolent than the rest.

Some of the sandstones of the Cherry Canyon for
mation "ere lajd down in agitated water. In the lower
half of the formation, many of them are cut by chan
nels or marked by ripples. Channels are conspicuous
along the southeast margin of the Goat Seep limestone
mass.

The ripple marks in the sandstones, like those in
the Brushy Canyon formation, have a general north
eastward trend (fig. 8). In the Brushy Canyon forma
tion, these ripple marks ,,,,ere explained as the result of
wuye motion or undertow currents oriented at right
angles to the Bone Spring flexure, which was the shore
at the time. In the Cheny Canyon formation, the
shore lay much farther northwestward, but the Goat
Seep limestone, whose southeast edge had a northeast
trend simil,,' to that of the flexure (fig. 8), apparently
formed an area of shoals that probably had a similar
influence on movements of the water. The channeling
along the southeastern margin of the Goat Seep lime
stone is further evidence that it formed an obstruction

~J King, R. E., The Permian of southwestern Coahuila, Mexico: .Am.
Jour. Sci., 5th ser., vol. 27, pp. 98-112, 1934.

2-< Adams, J. E., Upper Pel'rotan stratigraphy of west Texas Permian
basin: Am. Assoc. Petroieum Geologists Bull., vol. 19, p. 1016, 1935.

to the waves. :Most of the ripple marks in the Cherry
Canyon formation arc symmetrical,. and were therefore
fon;1Cd directly by oscillation of the waves. A few
asymmetl'ical ripples lw,YC ueen obs~rvcd, ho,ycyer,
whose steepest sides are to the southeast.. These ripples
were probably fonned by undertow currents, moving
mny from the shoal water to the northwest.

Some of the limestone beds also appear to have been
bid down in agitated water. Parts of the GeL"lway
member conlllin pebbles eroded from the beds next be
neath, anel other parts contain fusulinids lying in paral
lel Ol'ientatioll, generally at right angles to the trends
of ripples in adjacent beds. An environment of shal
low, agitated water is ~,uggest('d also by the rich and
diversified bottom-dwening fauna of the membeT.
Similar pebble beds and oriented fusulinids are found
in the gra,-, dolomitic limestones of the SOllth Wens
member along the northwest edge of the Delaware
Basin. The ll'l'egu1ar, lenticular devclopl11~nt of the
Getawaj' nnd South ",Vdis limestone memvers snggest
that they were laid clown ullder distnrbed conditions.

Some of the other beds of the CherTy Canyon forma
tion were laid down in quieter water. The thin-bedded
sandstones which forn1 a large part of the sequence,
,yith their thin, varvclike laminations, could not hnye
been spread so evenly if the water had been much elis
tmbed. Moreover, in the Getaway member, many of
the bivalved shells are preserved entire, indicating that
they had not been moved very for after the death of the
animal. In fact, the bival,-es may have been buried
before the dead animal had decayed. Some of the beds
are strongly bituminous, suggesting that from time to
time the ,vater was quiet enough to be fouled by de
caying organic Inatter.

Bituminous lilllCstones fOl'TI1 a prominent part of
the South 'Wens member in the southeast part of the
area, a,vay from the edge of the Delaware Basin. The
fossils that they contain are less diverse than those in
the Getaway member. The dominant group is the am
monoids, \Yhich were probably free-swimll1ing organ
isms, whose shens settled into the fouled bottom water
after death. The bottom-dwel1ing fauna is greatly re
duced by comparison with that in the Getaway, except
for rhynchonellid brachiopods. These brachiopods
were probably more suited to inhospitable bottom con
ditions than other groups of animals. The Manzanita
nlcmber also appears to have been laid down in quiet
water, for its beds, including the volcanic ash layers,
retain the same character and thickness over wide areas.

Indications of agitated water appeal' to be most com
mon in the lower part of the Cherry Canyon formation,
and of quiet water in the upper part. The channeling
and ripple marking of the sandstones is found chiefly
in the lower part. Likewise, the limestone beds in the
upper part appeal' to have been laid down under quieter
conditions than the limestone beds in the lower part.
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00 BEDS OF MIDDLE GUADALUPE AGE
(GOAT SEEP LIMESTONE AND
CHERRY CANYON FORMATION)

OulcrOjlS of the unit

"I- ---l~_

5"1-------~

/

____ ...,'V..., ............. ,.I.~ ULi.nVAUU.t'"J:'.i .lY~UU..l."iTAl..l"\j:::;, TEXAS
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Stratigraphic diagram of the unit,
showing position of lines A aM
B of the map. Line B incloses all
areas where Getaway limestone
member is more than 50 feet thick

:F'IGURE S.-Map of area studied, showing aistribution of fades and other stratigraphiC features in beds of midtlle
Guadalupe age (Cherry Canyon and Goat Seep formations).

This change probably resulted from progressive deep
ening of the water during middle Guadalupe time.

In parts of the Cherry Canyon formation, the beds
tend to be repeated in cyclical order. The repetition of
the cycle of shaly sandstone, sandstone, and nodular
limestone below the Getaway member at one locality has
already been noted (sec. 40, fig. 5). Higher up, each
limestone bed or member is eommonly ,underlain by
massive sandstone and is succeeded by thin-bedded
sandstone; this succession is repeated several times up
ward in the section (sec. 42b, fig. 5) .

DEPOSITS OF MARGINAL AREA (REEF ZONE)

During the time when the Cherry Canyon formation
was being deposited in the Delaware Basin, the lime
stones of the Goat Seep were being built up in the mar
ginal area. As exposed in cross-section on the west
face of the I\1lOuntains, the limestone forms a solid mass
only a few miles wide and interfingers northwestward
as well as southeastward with sandstone. Although
the mass is not widely exposed on either side of the
mountain face, the evidence there suggests that it had

the form of a re~f that lay in a narrow belt trending
northeastward (line E, fig. 8).

The bedding planes of the limestone indicate that at
first the reef grew slowly as a series of broad, low lenses.
Later on, when it formed massive beds, it grew more
rapidly and became thicker than the deposits to the
northwest or southeast.. During the latter part of its
growth as it was laid down on a southeastward sloping
foundation it rose several hundred feet aboye the fioor
of the Delaware Basin to the southeast. During this
time, as already indicated, the deposits in the basin were
laid down in less agitated (and perhaps deeper) water
than the earlier deposits.

Like the other limestones along the margin of the
Delaware Basin the Goat Seep limestone is quite gen
emIly dolomitized, with the result that many of the de
tails of its original structure are now lost. Not many
reef-building organisms have been collected from it.
No corals have been found, but Dr. Girty reports the
presence of sponges. It is not possible, therefore, to
determine whether the Goat Seep reef was built by or
ganic Qr by inorganic growth. By analogy with the
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ceeeding sinlilar Capitan limestone, organisms prob
~IY aided materially in its construction.
n The mllrgin of the Delaware Basin, where the bot
tol11 sloped down from the shallow shelf area into the
deeper, more rapidly subsiding area of the basin, Inust
have been !l faYOl'able place for such organisIns to grow
and to huild up masses of limestone. The lnargin
,,"ould be f,,,"01'able also for direct precipitation of Clll
rimn cal'boll<1te, for water that lnovcd into the warm,
a~itated shallows from the deeper, quieter, and perhaps
C:;oler wllters of the basin probably lost its dissohed
cnrbon dioxide and thus became supersaturated with
c.nlcium carbonate.

UPPER PART OF GUADALUPE SERIES

The upper part of the Guadalupe series contains
the iast Permian deposits laid down under normal
marine {'onditions in the region, and the greatest devel
opl11ent of limestone reef deposits. Like the middle
part of the series, the upper pnrt consists of three
dissimilar but contemporaneous facies eOlTlposed of
various sorts of limestone nnd smdstoDe (1'1. 7, A).
It is succeeded by beds of aDhydrite and other evnporite
deposits. .

In the southeast part of the nrea studied. beds of
upper Gmdalupe nge are classed as the Bell Canyon
formation of the Delaware Mountain group. This
formation is (;70 to 1,040 feet thick and is composed
of sandstone, with some thin, dark-gray linlestone
beds. Farther northwest, in the Guadalupe Moun
tains~ the Bell Canyon changes into the ·white. mflssiye
Capitan limestone, which forms a reef nlas~. Here,
the unit is 1.500 to 2,000 feet thick, or more than twice
the thickness of the equivalent beds to the southenst.
The Capitan does not extend inr to the northwest, for
within a fe\\" miles its massive limestones change into
the thinner-bedded Carlsbad limestone. Tongues of
the highest Carlsbad overhlp the Capitan to the south
east and form flat benches on the summits of the
Guadalupe Mountains.

The Bell Canyon formation crops out in a belt 5
to 10 miles wide on the east slope of the Delaware
Mountains (1'1. 3). Farther northwest, the Capitan
and Carlsbad limestones spread as a plate over the
Guada lupe ~lountains and constitute its highest peaks
and ridges. The limestones are exposed also in the
downfnulted area west of the high mountains, where
they form the Patterson Hills.

BELL CANYON FORMATION

. The Bell Canyon formation, as here distinguished,
1S roughly equivnlent to the highest part of the Dela.
ware 1lountain group described by Beede" as con
sisting of "very thick sandstones, alternating with less

15 Beede. J. W., Report on the oil and gas possibilities of tbe Uni"er
sity block 46 in CUlberson County: Texas Univ. Bull. 2346, P. 14, 1924.
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thick limestones, and rather hard shales." The forma
tion is named for Bell Canyon, which lies in the north
east part of the area studied (pl. 3), heading on the
Reef Escarpment of the Guadalupe Mountains and
draining eastward 5~/~ miles to the old route of United
States Highway No. il2, where it joins Lllmar Canyon.
In its course the canyon crosses only the lower l)Rrt of
the formation. The upper part is well exposed in the
hills directly northeast of the canyon nnd is crossed
by United States Highway No. (;2.

The unit is classed as the uppermost formation of
the Debware Mountain group. Recent work indi
cates that it is nearly Illl younger than the typical
Delaware Mountain, as defined by Richardson," at the
south end of the Guadalupe :l\1ountains near EI Capi
tan. It was mapped by Richardson, howeYer, as part
of the Delaware :Mountain in his reconnaissance of the
Delaware Mountains, and this practice has been fol
lowed in all subsequent geological reports.

In its outcrop on the cast slope of the Delaware
Monntains. the Bell Cam-on formation forms a belt
of rolling· country 5 or 10 miles wide, in which the
beds dip east-northeast or northeast at angles of a few
degrees. Occasional mesas or lines of cuestas rise
uboyc their surroundings, and are capped by limestone
members. Along the southeast base of the Guadalupe
Mountains, large tracts underlain by the formation
are covered by Quaternary gravel deposits. A short
distance cast of United States Highway No. (;2, the
formation has a measured thickneSS of il70 feet (sec. 34,
1'1. 6), but in the Niehaus et aI., Caldwell No.1 well,
35 miles cast-southeast of El Capitan, the thickness has
increased to 1,038 feet.

In the Guadalupe Mountains, ti,e formation inter
grades with the reef mass of the Capitan limestone, the
change taking place farther southeast in the upper
thnn in the lower part. The lower members thus extend
northwestward for several miles beneath the Capitan
limestone. They form ledges along the bases of the
Capitan cliffs on the southeast and west sides of the
mountains.

The outcrop of the Bell Canyon fonnation is shown
on the geologic map, plate 3. Some of its outcrops in
the Del",vare Mountains appear in the northeastern
part of the map, inten-upted by patches of gravel.
Larger areas of outcrop, not shown, lie beyond the map
area to the east. Outcrops in the Guadalupe Mountains
appear as a nan-ow band along their southeastern and
western sides. The structure of the formation in the
Guadalupe Mountains is shown on the sections of plate
17.

Views of the outcrops of the Bell Canyon formation
on the southeast side of the Guadalupe liiountains ap
pear 111 the pauoramas of plate 4. In plate 4 A its
limestone members can be seen standing in bendhes,

::l) Richardson, G. B., Report of a reconnaissance in trans-Pecos Texas
north of the Texas and Pacific Railway: Texas Untv. Bull, 23, p. 38,
1904.
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mesas, and cuestas along the base of the Guadalupe
Mountains escarpment; the highest member, the La
mar, appears at the extreme right. In the district
shown on plate 4, B, erosion has advanced farther, and
the members have been worn back to the base of the
escarpment, where they project in ledges. The lower
members can be seen agfUn in the views of the western
side of the mountains, as on plate 12, where they stand
in ledges at the bases of the cliffs. .

Stratigraphic sections of the formatiOll are shown
on the right-hand half of plate 6. Furthcr strati
graphic details for the area along the southeast base of
the Guadalupe Mountains are shown on plate 15.

SANDSTONE BEDS

The sandstone beds of the Bell Canyon formation,
.like those of the Cherry Canyon, are buff colored and
~,xtr_~B_~ly fine grained. Three thin sections of typical
specimens were studiecl under the microscope by 'Vard
Smith, one from the lower part from just aboYe the
Pillery member at El Capitan (sec. 18,1'1. 6), and the
other two from the upper part below and above the
Lamar member at its type locality, 15 miles to the east
(sec. 38, pI. 6). Their ll1aximum grain size ranges
from 0.1 to 0.2 millimeter in diameter. The dominant
grains are quartz, microcline, and plagioclase, but in all
three specimens"the accessory minerals are diverse and
fairly abundant, and include biotite, chlorite, tourma·
line, zircon, apatite, and staurolite. A fresh surface
of the specimen from the lower part shows a faint
greenish color which is probably caused by the chlorite
grains. In the specimen from above the Lamar mem
ber, the grains arc finer)n some laminae than others,
and this structure, with an increase in the amount of
clay in the same laminae gives the rock a platy layering.
The matrix of the sandstone tends to be calcareous.

Aside from the- occasional; persistent liInestone ll1en:l~

bel'S, the sandstones contain few or no calcareolls beds
or lenses, and there are no interbedded black, shaly lay
ers of the sort found in the Cherry Canyon formation
beneath. Some of the sandstones are in byers a few
inches thick, some are thinner bedded or even platy,
and some are thicker bedded or massiYe. Most of the
beds show faint, closely spaced, light and dark lami
nations, but these laminations are absent in S0111e of
the massive beds. Each of the limestone members is
underlain by 50 or 100 feet of very massive sandstone
that crops out in prominent ledges bare of vegetation,
or in rocky buttes. Most of them are overlain by platy
sandstones (sec. 34, fig. 5). Thus, a tendency toward
cyclical deposition is indicated.

In the Delaware Mountains, the bedding sm·faces of
most of the sandstones are straight and smooth. The
sandstones contain no channeling or irregular bedding
of the sort found at many places in the Cherry Canyon
formation, and only a few ripple marks (fig. 11). Rip
ple marks are found occasionally as high in the unit as
the Rader member, but are nearly absent above. Thns,

in the extensive exposure of the sandstones extending
100 feet or so below the Lamar member, 1% miles north,
east of the junction of Bell and Lamar Canyons, a care
ful search showed only one bedding surface "i,h ripple
marks, and these marks were faint and shallow. All
the other numerous exposed surfaces at this locality
were smooth and featureless. .

Alonrr the Reef Escarpment of the Guadalupe Moun-
b .

tains, and nearer the Capitan reef, the sandstones have
a somewhat different character. In the tongues that
interfinger with the Capitan above the Rader member,
the sandstones are coarser grained than to the south
east, and contain lenses and tongues of sandy dolomite:
extending out from th~ Capitan. A specimen of sand
stone from one of the sandstone tongnes near the head
of Rader Ridge was examined under the microscope
by 1Vard Smith. Its grains are coarser than those in
the sandstones to the southeast, reaching a diameter of
OA mm., but like them consist of quartz, microcline, and
plagioclase, with rather abundant accessory minerals,
such as tourmaline and zircon. The matrix is-- calcite.
The sand;tones between the Lamar and Rader members
at the mouth of McKittrick Canyon are cut by channels
at one or two places, and many of the beds are ripple
marked.

LIMESTONE MEMBERS

Four limestone members are distinguished in the Bell
Canyon formation. The Hegler, Pinery, and Rader
members are closely spaced in the lower fourth of the
unit, and are separated by several hundred feet of
sandstone from the Lamar member which lies near its
top (pI. 7, A). In addition, a thin limestone bed about
halfway between the Rader and Lamar members has
been mapped ,but has not been named, being designated
merely as "flaggy limestone beel."

The limestone members are thinner, but more per
sistent, than those in the Cherry Canyon formation,
and are separated by sandstones containing few cal
cerous beds. In the Delaware Mountains, the mem
bers are each 10 or 25 feet thick, dark gray to blnck,
fine grained, and mostly thin bedded. They contain
few fossils,. in contrast to the Getaway member of
the Cherrv Canyon formation lower in the section
with its ;bunc1a;'t and diversified faunas. Toward
the nOlth"est, nearer the Capitan limestone reef, each
limestone member thickens to 50 or 100 feet, and be
comes lighter gray, thicker bedded, and more
fossiliferous.

HEGLER LIMESTONE MEMBER

The Hegler limestone member, which forms the basal
bed of the Bell Canyon formation, is named for the
Hegler Ranch at the east end of Rader Ridge; on the
hillsides near the ranch its thin ledges are well exposed
(1'1.3).

In the southeast part of the area, it consists of 30
or 40 .feet of dark-gray, fine-grained limestone in beds
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" few inches to a foot thick, interbedded with platy
sandstone (ns shown in sec. 34, pI. 6). The more
O'l'allular layers contain small chert nodules, a.nd some
fusulinids, ammonoids, and brachiopods. Near the
D Ranch headquarters and Long Point the limestone
forms the caps of small knolls on the surface of
lUesas and cuestas of the lIInl1zanita member of the
Cherry Canyon formation. Xortheast of the ranch
headquarters, near Lamar Canyon, the bedding sur
faces are hummocky and there are some irregular dips
and small folds, perhaps of the same character as tllOse
in the Done Spring limestone. In this district, at the
junction of Cherry und Lamar Canyons, seums o£ whit€.
claY less than an inch thick are interbedded in the
lin~estone. C. S. Ross states that these seams consist
of volcanic tuff: showing good ash structures but
partly altered to clay minerals.

At the type locality, and elsewhere along the south
eastern edge of the Guadalupe )'Iountains, the liUlestones
of the member are different, although they lie in the

; same position: tlH1.t is, 2·5 feet or so above the n.lal1
I zanita member of the Cherry Canyon formation (as

f
SllOwn in sec. 2-3, pI. 15). Tlley consist of dark-

,
'. gl':ty: fine-grained limestOl1e~ ma.de up of closely spaced

lump;; an inch or so thick. In IllOst pla.ces these lime-
st011es stand in two groups of ledges with f\, total
thickness of 12 to 25 feet, sepaTated by a break of
smc1 or marl. The limestones contain poorly pre
se'l'yed ammonoic1s~ and some of the bedding surfaces

! fire cl'Ossecl b~' small tracks and trails. In some locali
I ties, as at Xipple Hill and on the northeast side of

I
I Guadalupe Canyon (sec. 18, 1'1. 6), the member clis
. appears, and the first limestone above the ~IaDz[\nita

. memher is the Pinery member.
The following analysis of limestone from the Hegler

limestone member "as 111ade. The limestone is 01
lumpy"facies, characteristic of the member along the
southeast side of the Guadalupe ilIountains, and was
collected on the south side of Rader Ridge north of
Nipple Hill.

A.J!Qlysis of limestone from the Heyler limestone lllcmbcr

{"\ll[llysis by K. J. ::'.Iur,nta; note on insoluble residue uJ.· Charles Milton]

]'cn:cnt
Inorganic insoluble ~ ~ ~~ 11. 99
Orgaliic il1so1uble ~ ~ ~ ~____________ .34
R:03 (illostlr Fe:()~) __ ~ ~____ 1. 00
CaC0

3
-- _~ -___ _ _ _ _ 83. ~2

MgC03 ..:. .. ~__ 1. 87
MnCO, .... .. .. .... : .... .... .. .09
Ca3(PO~)~--'- ~ .- ~ ?\olle

99.10

Il1501uble residue: Ligh t gray, clayey, with quartz and felds·
par. and minute zircon and tourmaline particles.

The Hegler limestone member extends seyeral miles
northwestward beneath the Capitan limestone. On the

west face of the Guadalnpe Mountains below Guada
lupe Peak, the lumpy, clabby limestone ledges can be
traced northward into light-gray, thick-bedded,
sparingly fossiliferous limestones more than 100 feet
thick (as between secs. 14 and 15, pI. 6). Still farther
north, near the head of Shirttail Canyon, these lime
stones grade into the Capitan limestone (sec. 9, pI. 6).
Similar limestones CTOp out as inliers in the bed of Pine
Spring Canyon near Deyils Hall, and along South
J\:l.cIGttl'ick Canyon between the Pratt and Grisham
Hunter Lodges (secs. E-E', R-F', and 1-1', pI. 17). At
Deyils Hall, the member is " dark:gray, hummocky
limestone in beds a few inches to a foot thick (sec. 59,
pI. 15), and nearby there are interbedded lenses of mas
sive limestone (sec. 60, pI. 15, and fig. 8, 0). Near the
Pratt and Gl'isluun-Hunter Lodges, the luember is
dense, light-gray, sparingly fossiliferous, thin-bedded
limestone, with some interbedded massive layers in the
upper part.

FINERY LIMESTONE MEMBER

The Pinery limestone member includes the main part
of the dark-gray, bedded limestone, called the "upper
dark limestone" by Girty," which crops out beneath the
Capitan limestone at the south end of the Guadalupe
Mountains. This limestone formed member 2 of Shu
mard's section.2s The name is taken from The Pin
ery," the old stage station on the Butterfield Trail at
the mouth of Pine Spring Canyon. The type section
is on the hillside aboye Pine Spring, a shOTt distance to
the north (sec. 21, pls. Gand 15). The greater part of
Girty's "upper dark limestone:' fauna was obtained
from the lower part of the member at this locality.

In the southeast part of the area, the Pinery member
consists of 25 feet of thin-bedded, dark-gray, fine
grained limestone, with a few sparingly fossiliferous,
more granular, thicker beds, and mnch interbedded
platy sandstone. It lies abont 75 feet .b9\,£ the Hegler
limestone, and crops out less prominently than that
member. Its ledges are exposed on the north bank of
Lamar Canyon for several miles southeast of its junc
tion with B~n'Canyon ·(sec. -34, pI. 6).

Farther northwest along the base of the Reef Escarp
ment 'on the sOlltheast side of the Guadalupe Moun
tains, the member passes beneath the Capitan lime
stone, and forms prominent ledges all the slopes below
the ragged Capitan cliffs; these ledges are well exposed.

~; Girt)", G. II., The Guudalupian fQUnR: U. S. Geol. SUl'\'ey Prof.
Pap()r 5S, PI). 17-19, 1908.

2S Shumard, G. G., Ollsen-ations on the geological formations of the
(',(luntrv between the Rio Pecos and the Rio Grande, in New Mexico:
St. LO;lis Acad. Sci. Trans., ~ol. 1, pp. 273-289, 1858 {1860].

2{1 Tlw names Pine Spring and I'lnery date froIll the first visits to the
region by Americans nnd are mentioned in the earliest publications on it.
'fhe names were applied because of the pine trees growing on the floor
of Pine Spring Can~'oll in its lower course. According to locnl tradi
tion, these trees were mil!.']] more numerous "at the time of the first
visits than they are now. Shumard (idem, p. 280) refers to Pine
Spring Canyon as The Pinery.
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between Pine Spring and Frijole and are illustrated in
the panorama, plate 4, B. Good exposures are found
at Pine Spring (the type section), at Soldiers Lookout
near Frijole (sec. 65, pI. 15), and on Rader Ridge to
the northeast (sec. 23, pI. 15) .

Along the base of the Reef Escarpment, the member
reaches 150 feet in thickness, and consists of gray, fine
garbled limestone in beds a few inches to a. foot thick,
containing small nodules and 'sheets of brown chert,
many fusulinids, and a few crushed brachipod shells.
Interbedded with the thinner-bedded limestones are
lighter-gray, quite granular, thick-bedded to massive
layers 5 to 10 feet thick. At Pine Spring, the most
prominent massive layers are at the base, but there are
several massive layers higher. The lower massive beds

SE.

;;;;:;;;Z¥~T_I W
A

NW.

Analysis of limestone from the Pinery limestone member

[Anul;)'siS by K. J. Murata; note on insoluble residue by Charles Milton]

Percent
Inorg:w ic insoluble~~___ _ 4.39
Organic insoluble________ __ .32
R~03 (mostly Fe::Os) .45
CaCOs .________________ _ 92.95

lIIgCO,_______________________________________________ 1.64
MnCOs__________________ _ _ .07
Cas (P04) 3 =-__________ .06

33.88

InSOluble residue: Gray. consisting of clay and org.lnic mat
ter, with quartz and feldspar particles and occasional green
tourmaline.

Farther northwest, in Pine Spring Canyon, the mem
ber changes to lighter gray, the chert disappears, and
the sandstones between the member and the Capit.an
give place to lil'nestones like those below (as shown in
sec. 61, pI. 15). The beds of massive limestone increase
in number and the thinner-bedded limestones contain
lenticular bodies of massive limestone (as shown in fig
ure 9, B). Similar beds are exposed on the west side
of the Guadalupe Mountains as far north as Guadalupe
Peak, and in McKittrick Canyon, half a mile east of the
Pratt Lodge (secs. E-E' and K-K', pI. 17.) Farther
northwest, the member is replaced by a part of the
Capitan limestone.

3~ According to :Mr. J. T. Smith, the ridge was named for the Rader
famlly; they were em"Ir settlers and had a mnch near it.

RADER LIMESTONE MEMBER

The Rader limestone member is named for .Rader
Ridge,'" a series of benches and mesas that project. south
eastward from thc Guadalupe Mountains )lortheast of
Frijole Post Office.. They are capped by outliers of the
member (sec. 0-0', pI. 17).

In the southeast part of the area, as at the junction of
Bell and Lamar Canyons, the member is 15 feet thick
and lies 30 or 40 feet above the Pinery member (see. 34,
pI. 6). It consists of several layers, as much as 3 feet
thick~ of gray, granular limestone, with numerous
rounded pebbles, fragments of bryozoans, cup corals,
and fusulinids, and of interbedded, thinner, darker-gray
limestone. At several phtces in this region it contains
a bed as much as 2 feet thick of apple-green, silicified
volcanic Hsh. One specimen, from 1 mile east of the
junction of Cherry and Lamar Canyons, was studied
under the microscope by C. S. Ross, who states that it
contains well-preserved ash structures and primary
fragments of euhedral' orthoclase, plagioclase~ and
quartz. The original glass has been completely altered
to secondary quartz, and perhaps to kaolin. A speci-'
men from another locality, similar megascopically, is
said by Ross to contain no grains that are definitely of
volcanic origin.

s.

a 25 100 Feet
~,~,'"-,'U'.l'__'-_-'-_-J'

...........N.

FWU"RE D.-Sections showing lenticular, reefUke features in limcstone
members of Bell Can~'oll formation adjucent to Capitan reef mass.
A, Lamar limestone member, south bank of draw half a mile southeast
of entrance to :McKittrick Canyon j B, Pinery limestone member,
southeast bank of McKittrick Canyon, a quarter of a mile east of
Prutt Lodge; G. Hegler lImestone melllbel', northeast bank of Pine
Spring Canyon sonthwest of Pilillacle.

are crowded with the silicified remains of bryozoans
(such as Domopora) , fusulinids, cup corals, small bra
chiopods, and occasional calyces of small echinoderms
(such as 0 oenooystis) . The member is separated from
the Capitan above by about 100 feet of interbedded

-sandstone and limestone.
The following analysis of limestone from the Pinery

limestone merr"ber was made. The lilnestone is gray
and granular, and is of a facies that is characteristic of
the member on the southeast edge of the Guadalupe
Mountains. It was collecte,] on the sout.h side of Rader
Ridge north of Nipple Hill.
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To the northwest, on RacIer Ridge and elsewhere
near tile Reef Escarpment, the member is 30 to 100 feet
thick (sec. 23,1'1. 15), and consists of rounded ledges of
very mltssiYe~ granular or dense, light gray or ,Yhite
limestone, mueh like the Capitan limestone in appear
ance. Some of the beds contain angular limestone
cobbles. Fossils are C01l11110n, consisting mostly of
Capitan species, but including numerous bryozoans, a
group not common in the Capitan. Occasional lenses
of sandstone and clark gl.'ay, slnbby limestoDc are found
in depressions on the undulatory upper surfaces of the
Innssive beds.

The following analysis of limestone from the Rader
limestone member was made. The limestone is light
gray and o~ a facies characteristic of the member on
the southeast edge of the Guadalupe Mountains. The
specimen was collected from one of the massive beds
near the head of Rader Ridge, north of Nipple Hill.

A11Qlysis of limestone from the Ra·der limcstOflc member

[Analysis by K. J. !\Iurata; note on insoluble resialle by Charles :::lIilton]

PCf'CCllt

Jnorgan ic insoltlble____ _ _____ __ _ 1.11
Organic insoluble_____________________________________ .03
R:03 (mostly Fe,Od . ~_____________ .24
Co CO, 97.66
MgC03_ __ 1.71

)lnCO,__c_ __ __ .07
CU3 (POl):_ _ _ ~one

100.84

Insoluble residue: Light gray, with detrital quartz and feld.
spar and enhedral, doubly terminated quartz, possibly of
authigenic origin.

In the vicinity of Rader Ridge, the Rader limestone
member is separated from the Capitan limestone by
several hundred feet of sandstone and thin-bedded
limestone. When traced to the southwest along the
escarpment, the intervening beds are replaced by the
Capitan limestone, and about a mile west of Frijole the
member itself merges with the Capitan. (These rela
tions can be traced out on the ridges to the left of Smith
Canyon illustrated in the panorama, pI. 4, E.)

FLAGGY LIMESTONE BED

About 100 feet above the Rader member in the Dela
ware Mountains is a 10-foot layer of straight-bedded,
fine-grained, gray limestone, in part sandy, forming
ftaggy beds a. few inches thick (as in sees. 32 and ~3-L pI.
6). The flags have been quarried on the McCombs
Ranch and farther southeast, and have been used locally
for building purposes. The same bed is present also
in the exposures of downfaulted rocks west of the Dela
ware ~iountains.

LAMAR LIMESTONE MEMBER

The Lamar limestone member is a bed of dark lime
stone lying near the top of the Bell Canyon forma-
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tjon. It erops out in a belt of northeast-sloping cuestas
that extend southeastward from the mouth of Mc-

. Kittrick Canyon into the Delaware Mountains. It
hus been named for LaHUlI' Canyon,:n and its type
locality is on the escarpment northeast of the El Paso
Natural Gas Company's road across the canyon: about
15 miles east of El Capitan. and east of the area shown
on plate 3. The name Fl'ijole limestone has previously
been used for the member,32 but this name is abandoned
because the member does not crop out nelU Frijole
Post Office, and the dark limestones there are of Hegler
and Pinery age (see sec. G5, 1'1. Hi).

The confusion in terminology has perha ps arisen
£r01n difficulties encountered by previous geologists in
tracing the limestones exposed below the Capitan near
Frijole northeastward along the Guadalupe Mountain
escarpment toward McKittrick Canyon, wllere the
Lamar member is exposed. Blanchard and Dayis, and
Darton and Reeside" considered the beds at the two
places to be the same.

Near the type locality, anel elsewhere in the sonth
east part of the area, the member consists of 15 to 30
feet of gray, dark gray, Or black, fine-grained lime
stone, weathering brown and rough-surfaced, and
forming beds a few inches thick, with some lenticular,
thicker beels (sees. 34 and 38, 1'1. 6). Some of the
rock is thinly laminated and contains small chert
nodules. Near the crossing of United States Highway
No. 62 o,'er its outcrop, a few feet of platy sandstone
is interbedded in the middle. In most of the Dela
,Yfire l\lountains the .member is unfossiliferous, but to
the uorthwest, within It few miles of the edge of the
Guadalupe Mountains, some ledges cOlltain brachio
pods and other fossils.

In the vicinity of United States Highway No. 62,
the limestones of the Lamar member are somewhat
contorted, in a luanner that r-e.scmbles the contortion
of the black limestones of the Bone Spring limestone.
Bedding surfaces ape undulatory, and some of the
less competent beels are twisted and rolled into lenses.
Some of the bedding surfaces are fluted and striated
in a general north-south direction. These marks are
perhaps the "ripple marks" reported by Crandall"
from this Yicinity. I did not see the features that he
suggested might be mud crilcks when I visited the
locality.

J1 Lang, 'Yo B., The Permian formations of the Pecos Valley of New
::'-Ie:>o:ico flnd Texas: Am, Assoc, Petroleum Geologists Bun., "I'ol~ 21,
pp. 874-875,1937,

~~ Blanchard, 'V. G., and Da,-is, M. J., Permian stratigraphy and
structure of parts of southenstern New Mexico and sonthwestern Texas:
Am. Assoc. Petroleum Geologists Bull., yoL 13, p. 973, H129.

33 Darton, N. H .. and ll.neside, J. B., Guadalupe group: Geol. Soc.
America Bull., \'ol. 37, pp. 423-424, 19~6.

3.1 Cmndall, K. H., Permian stratigraphy of southeastern ::s'ew Mexico
and adjucent parts of western Texas: Am. Assoc. Petroleum G{'{)logists
Bull., ",01. 13, p. 933, 1929.
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Farther northwest along the base of the Reef Escarp
ment on the southeast side of the Guadalupe Mountains,
as at the mouth of McKittrick Canyon," the member
thickens to 150 feet or more, and is lighter gray, more
granular, and more fossiliferous (sec. 28, pl. 6). The

. fossils are strewn abundantly over the bedding snrfaces,
and many of them are silicified. The shells are closelY
packed, and the valves of most of the brachiooods a;e
separated, or at least twisted, in a manner su~gesting
some transportation before burial. By far the most
common fossil is a large SquamulrO'ia, but there are

other b~achiopods, mostly' of Capitan type, and also
some gastropods, pelecypods, bryozoans, and trilobites.
Fusulinids and ammonoids are absent. About a mile
southwest of the entrance to the canyon on the south
side of the stream, the Lamar member contains mound
like, massive limestone lenses up to 10 feet in thickness,
which interfinger laterally with thinner-bedded lime
stones (fig. 9, A).

The following analyses of limestone .from the Lamar
limestone Inember were made:

Analyses, in percent, of limestone from the Lamar limestone member

[.\.nnlyses hy K. J. Murata; notes on insoluble residues by Chnrles :Milton]

Specimen localiiy
Insoluble I ]120

3
I

CaCO, AlgCO, l\InCO, Ca,(PO,), TotalI (mostly I
, InOrganiCI Organic Fe201) I
i . ! I

!L Middle part of member. north ~ide of TJ. S. High- I Iway No. 62 1 %mile ,,,'est of bench mark 4729__ L 81 0.13 96.02 L 02 0: 06 Kone
,

99. 27

I
0.23 I

2. Highest beds of member, south side of U. S. High-

O. 13\

way No. 62 about. 11 mile northeast of No.1;
this specimen and No.1 are tvpicalof the facies.

,
of the member in the southeastern exposures __ I. 86 . 19

I

.26 95. 67 2.61 None 100. 72
3. Fine-grained, gray limestone from middle of

member, south side of :\IcKittrick Cam.-on at
Ientrance. The:3e beds grade into Capitai.llime-

stone a few hundred yards to northwest. ,

I

Analyses of the latter rock are given as Kos. 3 , .,
and 4 under Capitan limestone __ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 2.96

,
. 13 . 17 94. 56 1.77 Kone .03 i 99.62

I

Insoluble residues: 1, Brown, organically colored, '"ith much chert ancllittle detrital material; 2, dark brown, similar to Xo. Ij
3, brown, similar to 1'\0. 1. '

•

Northeast of McKittrick Canyon toward Big Can
yon, the Lamar member spreads out in a broad area at
the base of the 1'10lmtains (pl. 3), forming low, dark
colored hills, covered by a grmyth of lechuguilla.
Southwest of the canyon for seyeral miles the member
forms the cap of benches that project along the base
of the Reef Escarpment (as shown on the left side of
pl. 18). Beyond, at the head of Rader Ridge (sec. 23,
.pl. 15, alld ""c. L-L', pl. l'i') alld Oll the ridge northeast
of Gnadalupe Canyon (sec. J-J', pI. 17), only small
remnants of the member are preserved projecting as
tongues into the Capitan limestone. They consist of
white, platy limestone, containing crushed brachiopod
sllells.

HIGHEST BEDS OF BELL CANYON FORMATION

Some miles southeast of the Capitan limcstone on the
R'2e£ Escarpment, well out in the area of the Dela,vare
Basin, the limestones of the Lamar Inember are over
lain directly by thinly lamiuated limestones and an
hydrites that are the basal beds of the Castile formation.
This relation of Lamar to Castile was observed also on
the outcrops in the downfaultecl area west of the Dela
ware Mountains, at the south edge of the area studied

3~ 'The member at this place has been described previollsly by N. H.
Darton and .T. B. Reeside, Jr. (OV. cit., p. c:!:::lc:!:), tlild by K. H. Crandall
(011. cit., p. 933).

(1'1. 3).. It is reported also in wells drilled east of the
outcrops, as in the Niehaus et al., Caldwell No.1 well,
35 miles east-southeast of El Capitan (pt 6).

Farther northwest, within several miles of the Reef
Escarpment, the Lamar member is separated from the
Castile formation by a small thickness of yonnger Bell
Canyon beds. In the exposures in the Delaware :Moun
tains southeast of United States Highway No. 62, these
beels consist of 20 feet of very fine graineel sandstone
(sees. 34 and 38, pI. 6), whose petrographic character
has already been noted '(1" 51). The rock is thinly
laminated, its bedding surfaces are flat and smooth, and
it breaks out in thin, flnt plates. The beds are well eX
posed a short distance southeast of the highway, on the
north bank of a creek, half a mile northeast of bench
mark 4729 (pI. 3), where their relations to the Lamar
below and Castile above can be obselTed.

Northwest of the highway, and nearer the Reef
Escarpment, the beds are thicker, anel include l30me
limestone. Between McKittrick and Big Canyon
Draws, they are preserved as scatterecl outliers, which
form light-colored knolls on the tops of the darker
colored hills of Lamar limestone. Some of these beds
are less than a mile from the base of the Reef Escarp
ment. The best exposure is on the north side of Big
Canyoll Draw near the State line, and three-quarters
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f a mile northwest of the Gray Ranch (1'1. 3). Here
~he Lamar is overlain by 20 feet of fine-grained sand
<tone, and this by 15 feet of light-gray or white slabby
i'mestone, containing crushed brachiopod shells. Thisi: topped by the basal laminated limestones of the Cas
tile. In other exposures near the Reef Escarpment, the
<andstones are thinner, and most of the beds above the
L.mar are slabby limestone.

At the base of the Reef Escarpment itself, at :3Ie
]i:ittrick Canyon and elsewhere, the Lamar member is
overlain by a small thickness of massive dolomitic Cap
itan limestone. This limestone is evidently cquiyalent
to the sandstones and slabby limcstones not far to the
southeast, but the actual connection bebveen them has
been removed by erosion, so that the change cannot be
t,.:tced from one outcrop to the other.

BELL CANYON FORMATION IN AERIAL PHOTOGRAPHS

In :terial photographs the Bell Canyon fonna tion can
be recognized as that belt of outcrop between the back
slope of the cuesta of the Manzanita limestone member
of the Cherry Canyon formation on the west, and the
low, light-colored ontcrops of the Castile formation on
the east. The outcrops of the Ben Canyon formation
form an eastward continuation of the cuesta topography
already described as characterizing the upper p:trt of
the Cherry Canyon formation.

Cuestus are poorly developed in the lower part of
the {ormation, although the photographs indicate the
traces of numerons ledges that belong to the Hegler and
Pinery limestone members. The first strong cuesta east
of find nboy<! those of the nlfiTlZanitu limestone member
is formed by the Rader limestone member. Still far
t.her east is a· low but prominent cuesta formed by the
flag,gy .limestone bed. It has a persistent dcyelopment
southeast anti south of the area studied~ and indicat.es
that this limestone is a continuous and persistent. unit.
Still farther east is the high and prominent cuesta of
the Lamar limestone member. It has a steep \Yest~

facing scarp, fl'ured by erosion into numerOus promon
tories, outliers, find indentations. The sandstones oYer
lying the LU1nar can be recognized flS far south as Dela~

Wfire Creek but arc indistinguishable beyond. The
dark-colored back slope of this cuesta is bordered on
the east by lighter-colored outcrops of the anhydrites
of the Castile formation.

The Lamur limestone cuesta can be traced 30 miles
01' more south of the area studied, along the east slope
of the Delaware Mountains, or nearly to Seven Heart
Gap at the north edge of the Apache ~fountains. How
ever, about 20 miles south of the area studied, the ledges
and cuestas of the underlying l11c111bers merge into a
nearly continuous succession of ledges, eYidently a
nearly solid limestone bodv. This limestone bodv con-
tinues southward to the Apache Mountains. •

155282-48--5

CAPITAS LDIESTOXE

DEFINITION

The Capitan limestone was named by Richardson,"
its t,-pe locality being on Guadalupe Peak, about a mile
north of the summit here called EI Capitan." The ex
posures in the yicinity of the two peaks were first
studied by Shumard," who set off the white limestone
of the fOl1nation as member 1 of his section (1'1. 1).
According to present usage,311 the formation includes
the thick-bedded or massive white limestones of reef
facies and upper Guadalupe age, that crop out in the
Guadalupe Mountains (pl. 7, A).

RELATIONS TO BELL CANYON FORMATION

Xear the top of the Cherry Canyon formation is the
1fanzanita limestone member, whose outcrop extends
across the Delaware l\Ioulltains and into the southern
Guadalupe l\lountains. Its orange-brm\ll ledges and
its intercalated seams of volcanic ash retain the same
character oyer ,vide. areas, and fon11 an unmistakable
horizon lJ1:trker (p1. G).

The sequence abo,"e the Manzanita member in the
Del",,"are ~lonntains, however, is profoundly different
from that in the Guadalupe ~lountains (as may be seen
by comparing sees. 34 and 14, 1'1. 5). In the Delaware
~lountains,as alongUnited States Highway No. G2, the
memLJel' is oyedain by s2ycr<.ll hundred feet of sand
stones and thin limestoncs, forming the Bell Canyon
forma tion, and these in turn by the anhydrites of the
Castile formation. The Bell Canyon formation erops
out northeast of, and down the dip from the :Manzanita
member in low hills (such as those shown in the center
aml right foregrouncl of 1'1. 4, A). In the southeast
pnrt of the Gnachtlupe l\Iountains, the mClnber is over
lain by a few lllllldred feet of thin-]Jedded limestones,
the I-Iegler rmd PinelT members, and these by several
tlWUSllllcl feet of massive Capitan lilnestone. I-Iere, the
Manzanita member for111s ledges that fringe the bases
of lofty cliffs.

Looking northwest from the low hills of the Delaware
:Jlountains near United Stat.es Highway No. 6:2, one cun
see. n steep escarpment t.hat rises in jagged spurs and
irregular cliffs 2,000 feet or more aboye the observer
(forming the background of 1'1. 4, A). This is the Reef
Escarpment, which forms the southeastern edge of the
Guadalupe l\Iountnins rmd is composed largely of Capi
tan limestone. Behind it, the Capibm crops out on
rugged canyon walls (some of which are shown on pI.
18). Southeast of it, in the Delaw"re Mountains, no

30 Richardson, G. B., Report of a reconnaissance in trans-Pecos, Texas,
north of tbe 'Iexas and Pacific Railway: Texas Gniv. Bull. 23, p. 4.1,
1904_

3; For a discussion of the geographic terminology see Lang, '·V. B.,
op. cit., PP, 839-844.

3S Shumard, G. G., Observations on the geology of the country between
the Rio Pecos and Rio Grande, in Kew Mexico: St. Louis Acad. Sci.
Trans., "1"01.1, p. 280, 1858 [1860].

$\I Lang, W. B., ap. cit., p. 163_
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remnants of the Capitan are present, if indeed they ever
existed.

The Lamar limestone member, near the top of the
Bell Canyon formation in the Delaware Mountains can
be traced northwestward along a line of cuestas to the
base of the Reef Escarpment at the mouth of McKitt
rick Canyon. Viewed from a distance (as shown on 1'1.
4, A), the member seems to extend beneath the Capitan
limestone at the canyon, for the Capitan rises 1,500 feet
above the cuestas to the flat benches of Carlsbad lime
stone which form the rim of the escarpment.

That this is not the true relation is at once evident,
however, when one climbs a little distance up the spurs
on either side of the canyou mouth (1'1. 16, A). Viewed
now in cross section, the Capitan limEstone is seen to be
made up of thick beds which dip to the southeast at an
angle of 20°, or at about the same angle as the slope of
the escarpment itself. The Lamar member, forming
benches of well-bedded limestone at the mouth of the
canyon, changes northwestward into thick beds, indis
tinguishable from the rest of the Capitan, which can be
traced up the surface of the escarpment until they lie
directly beneath the ledges of Carlsbad limestone on its

. rim.- The greater part of the Capitan limestone which
lies beneath these beds is thus clearly older than the
Lamar member. These relations have been described by
Lloyd'" and other authors. They aN well illustrated in
a diagram by Cartwright."

The structure of the beds shown in the pauorama of
plate 16, A, is given on the right-hand end of section
E-E~, plate 17. For a more gener,,1 view, which shows
that the same relatiou exists on nearby spurs of the
escarpment, see the aerial photograph, plate 18.

Beneath the Lamar member at the mouth of McKitt
rick Canyon, several hundred feet of sandstones and
some thin, interbedded limestones are exposed (sec. 28,
1'1. 6). These limestones also crop out here and there
along the edge of the escarpment to the southwest. Sev
eral miles southwest of McKittrick Canyon, near tl,e
head of Rader Ridge, where the beds stand higher and
erosiou has cut deeper, the sandstones are seen to be
underlain by the Rader limestoue member (sec. 23, 1'1.
6). Here, on the point of each spur is a slope carved
from tl,e sandstone, but in the ravines between, cut back
a little farther into the escarpment, there are no sand
stone beds. Instead, limestone tongues appear between
the sandstone on the sides of the spurs, and thicken into
a continnons succession of massive Capitan limestone
along the bcd of each ravine. The Rader limestone
member itself can be seen to mergo with the Capitan
limestone a mile or so southwest of Rader Ridge.

The mountain spurs above Rader Ridge can be seen
below point 8078 at the right-hand end of the panorama,

~o Lloyd, E, R., Capitan limestone nDd ~socillted formations of New
Mexico Ilnd Texas: Am. Assoc. Petroleum Geologists BuB., TOL 13, p.
649, 1929.

4t CartWright, L. D., TransTerse section of Permian basin: Am. Assoc.
Petroleum Geologists Bull., Tal. 14, fig. 3, p. 978, 1930.

plate 4, B. Note the malmer in which the Capitan lime
stone ledges dip to the right, down the spurs, to be suc
ceeded at the ends by slopes cut on sandstone. The
structure of the spurs is shown on section 0-0' and in
greater detail on section L-L', of plate. 17. The merg
ing of the Rader member w,th the Capltan can be seen
on plate 4, B. Note how, when traced to the left fr~m
Smith Canyon, the slope between ,t and the Capltan dl~

appears, and in the next canyon beyond, the member 's
the low'est of a continuous series of ledges. .

The intero-radation of Bell Canyon beds and Capitan
limestone. b';,tween the Rader and Lamar members is
shown also by. the stratigraphic sec.tions on plate 6. (be
tween uumbers 21 and 32), and mgreater detall on
plate 15 (right-hand half). The distance in which the
chano-e takes place is not as great as that wluch separates
the s:ctions, for the sections show only the Se~l1ellCeS on
the points of the spurs, and not the very different se
quences exposed in the nearby ravines.

At the point where the Rader member merges with
the Capitan limestone southwest of Rader Ridge, it is
underlain by two other limestone beds belonging to the
Bell Canyon formation, the Pinery and Hegler mem
bers. These limestones stand in ledges at the base of the
escarpment (1'1. 4, B). They can be traced southwest
ward across Pine Spring and Guadalupe Canyons to
E1 Capitan, where they form the pedestal on which the
great cliff of Capitan limestone rests. This cliff extends
northwest"ard from EI Capitan along the west side of
tl,e mountains.

Viewed from below near Bone Canyon (1'1. 12, A), the
ledges of the Pinery and Hegler members can be traced
northwestward along the bases of the cliffs, but near the
head of Shirttail Canyon (below summit 8356) they are
absent, and the Capitan cliff stands directly on ledges
of the Goat Seep limestone. The two members do not
pinch out northwestward; instead, as each of their thin
dark-colored beds is traced from EI Capitan, it becomes
1io-hter colored and thicker, and extends upward along
~ . .

the cliff merging with the massive Cap,tan hmestone., ". .
In this manner, all the Pinery member dIsappears lUto
Capitan below Guadalnpe Peak, and all the Hegler
member at the head of Shirttail Canyon. The north
westward thickening and increase in dip of each bed is
so "reat that the stratum equivalent to the top of the
Pi;erv member rises to the summit of the cliff on thA
north' slope of Guadalupe Peak. The Capitan lime
stone as developed farther northwest is therefore wholly
of Pinery and Hegler age.

The structure of the panorama, plate 12, A, is shown
on section K-IC, plate 17. The ch~nge~rom the 1;'mery
and Heo-ler members into the Cap,tan hmestone lS also
shown bY the stratigraphic sections on plate 6 (betwe~n
numbers 9 and 18). Similar relations, worked out m
greater detail in Pine Spring Canyon to the northeast,
are shown on the left-hand half of plate 15.

These observations show that the Capitan limestone
consists, at different places, of beds equivalent to various
parts of the Bel! Canyon formation (1'1. 7, A). Toward
the north"est, it is chiefly of Hegler and Pinery age, but

1,

\
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. {nrther southeast there are younger, similar-limestorics
f Rader to Lamar age. Only several hundred feet of

'~be highest Capitan and Carlsbad limestones, overlyillg
clie Lamar equinlent in McKittrick Canyon, cannot be
traced directly into beds of the Ben Canyon formation,
because tlleir southeastward extensions have been eroded
a"ay. As already indicated (pp. 5&-59), these several
bundred feet are probably equivalent to the slabby lime
stones and sandstones ahoye the Lmnar member south
east of the Reef Escarpment.

The limestone members of the Bell Canyon formation
change into the Capitan limestone by an increase in
thickness of each layer, and by a change in color and·
te:sture. As the change takes place, the interyening
sandstone beds disappear, partly by intedingering with
numerous limestone tongues and partly by a change into
sondy lillIestone and thence into pure limestone.

OUTCROF

The Capitan limestone extends north,;estward into
the Guadalupe Mountains for about 4 miles northwest
of its edge along the Reef Escarpment. Farther north
west, its place is taken by thin-bedded limestones of the
Carlsbad. Toward the northeast, along the trend of
the Reef Escarpment, its cxtent is much greater. Its
outcrop extends for many miles into New ~fexico, and
it has been recognized in wells farther northeastward.
To the south"·est, along the srune tre-nd: it crops out in
the Patterson Hills.

The northwestern and southeastern limits of the Capi
tan wi thin the area studied are sho,,-n by lines Band E
all figure 10, and its outcrops are shown on the geologic
Ulap, plate 3. The probable regional extent of the belt
of Capitan limestone is suggested on figure 14. B. A

. view of the outcrops of the Patterson Hills call be seen
on the left half of the panorama of plate 5, A. Note
the contrast in height between the outcrops here and
those in the mountains on the right half of the pano
rama. The structural relations between the two areas
are shown on sections B-B' and 0-0' accompanying
plate 3.

Along the canyons and ridges of the Guadalupe
Mountains, the formation crops out as lines of irregular
cliffs or as steep, rocky slopes which support a growth
of forest in protected places (pl. 18). Along the north
side of Pine Spring Canyon, erosion along joints has
carved the rock into closely spaced, steep-sided pinna
cles; elsewhere it weathers to rounded, bouldery maSseS.
On the west side of the mountains, near Guadalupe Peak
and El Capitan, the formation stands in a cliff, 1,000 feet
or more high. The form of the cliff is controlled by
joints, many of which can be seen traversing it from top
to base. Its steepness has been maintained by under
cutting of the weaker beds below.

THICKNESS

Within the area studied, tlle Capitan limestone has a
variable thickness, nowhere less than 1,000 feet and
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nowhere greater than 2,000 feet. On the west face of
Guadalupe Peak, where it is underlain by the Hegler
member and overlain by the Carlsbad limestone, it is
about 1,350 feet thick (sec. 14, pI. 6). At several places
in McKittrick Canyon (as in sections E-E' and F-F',
pl. 17) there are exposures 1,500 to 2,000 feet high,

The Capitan lil11estone is, however, a facies that ex
tends irregularly through the upper part of the Guada
lupe series, and its top and base are therefore not of the
same age at all places. "'ithin the area studied it is
every,,-here underlain by some beds of the Bell Canyon
formation and overlain by some beds of the Carlsbad
limestone, the first tending to replace it to the soullieast,
and the second to the northwest (pI. 7, A). At no place
within the area does the Capitan limestone facies extend
continuously from the base to the top of the upper part
of the Guadalupe series.

Outside the area studied, the Capitan is reported to
have a much greater thickness. In the Getty Oil Co.,
Dooley No.7 welL in the Getty oil field east of Carls
bad, N. lIfex. (for location, see fig. 2), the interval
from the base of the Ochoa series downward to the
top of the bentonites of the Manzanita member of the
Cherry Canyon formation is more than 2,700 feet.42

Most of this internl is occupied by a single mass of
white limestone, probably of Capitan facies, although
some thinner-bedded, or darker, or sandy limestones
are present at the top and base. A similar thickness is
present in the Ohio Oil Co., Tracey No.1 well, drilled
a few miles west of the town of Carlsbad." It is
likely that in the neighborhood of these wells there
are more beels in tile upper part of the Guadalupe
series belonging to the Capitan facies than in a single
section at any point on the outcrop.

LITHOLOGIC FEATURES

The Capitan limestone consists in part of compact,
light-gray, cream-colored, or white calcitic limestone,
which breaks un,ler the hammer into splinters and
conchoidal chips. Some beds contain numerous, beauti
fully preserved fossil shells. At one locality Mr. H. C.
Fountain broke nom the limestone several gastropod
shells on which the original color markings are still
preserved. The calcitic limestones crop out in bouldery
masses or smooth-surfaced ledges, and in places stand
in sUlooth, light-gray cliffs.

Associated with the calcitic limestones are dolomitic
limestones. They are gray or buff, finely crystalline,
and contain occasional tiny cavities, which ~uggest that
the' process of dolomitization has changed the volume
of the rock. Scattered crystals of calcite are embedded
here and there, and also irregular bodies of crystalline

~ King. P. B.. The Permian of west Texas and southeastern New Mex~

ico: Am. Assoc. Petroleum Geologists Bun., vol. 26, fig. 7, p. 585, 1942.
43 B~'bee, H. B., and others, Detailed cross section from Yates area,.

Pecos County, Texas, into southeastern New Mexico; Am. A8S0C~

Petroleum Geologists Bun., vol. 15, pl. 1, p. 1088, 1931.
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calcite as much as 6 inches across. The dolomitic
limestones contain fossils similar to those in the cal.
citic limestones, but the shells have been so greatly
recrystallized that they remain only as "ghosts". The

dolomitic rocks weather to dirty gray, pitted or jagged
surfaces, which in many places show a rude exfoliation.

The following analyses of Capitan limestone were
made:

Analyses, in percent, of Capitan limestone

[Anal}'ses by K. 1. :Murata; notes on insoluble residues by Charles MiitonJ

99. 64

99.63

100.00

99.87

Total

)!one I
None

None

None

None

None

None

None

.62

27.84

.80

98.83

71. 47

98.60

.28

.17

None

.05

.03

.03

, 15

.36

.27

Specimen locality

I .

Insoluble I R20 3 I
I (mostly II

I Fe,O,)
Inorganic Organic I

------------~------II, 1

1

---1----11

1. Compact, light-gray, calcitic limestone, on trail
leading nor~h out of P!ne Spring Canyon j 0.21 0.06 0.08 92.06 7.23

2. Compact, splIntery, whIte, translucent calcitic
limestone, typical of fossiliferous beds of for-
mation; from another point On same traiL _

3, Light gray, granular, dolomitic limestone, strati
graphically equivalent to limestones of Lamar
member to southeast; south bank of McKit-
trick Canyon at its mouth _

4. Compact, calcitic limestone from adjacent bed at
same locality as No. 3 :- _

Insoluble residues: 1, Light gray, with abundant euhedral, doubly terminated quartz crystals and occasional green tourmaline;
2, dark brown, with abundant euhedral quartz. also detrital angular grains, and brown biotite, zircon, and microcline; 3, brown,
very fine-grained, occasional chert fragments and extremely small green tourmalinei 4, dark brown, similar to No.3.

Both the calcitic limestones and dolomitic limestones
are irregularly distributed through the formation. The
dolomitic type is somewhat more abundant than the
calcitic; it is found at all places, whereas the calcitic
limestones disappear in places. On Guadalupe Peak
and near the mouth of :McKittrick Canyon, the young
est beds of the Capitan, of Lamar or younger age, are
mostly calcitic limestone, and ure underlain by dolomitic
limestone. In the older parts of the formation, the two
types are interbedded. Thus, on the trail up the west
wall of South McKittrick Canyon near the Grisham
Hunter Lodge, there are two 400-foot members of calci
tic limestone, separated by a 'OO-foot member of dolo
mitic lilnestone, Here, the ReIger limestone member
lies below and the Carlsbad limestone above. Near the
Grisham-Hunter Camp, 3 miles to the southwest, richly
fossiliferons, calcitic limestones lie at the base of the
Capitan and are probably of Hegler age. They are
overlain by dolomitic limestones.

In the main 11lilSS of the Capitan limestone, none of
the beds are sandy, and there is no interbedded sand
stone, ~4..long its southeastern edge, a few streaks of
sandstone extend back for about half a mile into the
limestone from the thicker beds of sandstone of the Bell
Canyon formation.

A rich and abundant fauna has been collected from
some of the nondolomitized parts of the Capitan," the
most abundant groups being brachiopods, gastropods,
pelecypods, nautiloids, and trilobites. Rather exten
sive collecting by H. C. Fountain and me has convinced
us tItat these fossils occur only in relatively thin, len-

~'Girty, G. R .. The GuadalupJan fauna: U. S. G~oI. Survey Prof.
Paper 58, pp. 15-17, 1908.

ticular strata, not differing greatly in lithologic char
acter from the inclosing rock. According to our ob
servations, the greater mass of the formation contains
little else than the abundant remains of sponges, a few
crinoid stems, and some calcareous masses that may be
of algal origin. The dolomitic limestones, which were
probably altered from an original calcitic limestone,
seem also to contain both the brachiopod-gastropod,
etc.: assemblage and the sponge~crinoid, etc., assem
blage.

BEDDING

The Capitan limestone consists of beds 15 to more
than 100 feet thick, separated by indistinct bedding
planes, and with very few interbedded, thinner layers.
The bedding planes are well exposed in the cliffs on the
west side of the mountains (pI. 12, A), but on the
gentler slopes to the northeast they are not as clearly
evident (pI. 16).

In the McKittrick Canyon region there are some
prominent, quite massive members 100 to 300 feet thick.
One of them, approximately of Lamar age, lies jnst
under the Carlsbad limestone along the top of the
escarpment~~ncar the mouth of the Canyon. Farther
northwest are several older members, one of which
rises in lines of cliffs along the north and south branches
of the canyon. Because it lies above the inliers of the
Pinery member in the canyon, and dips downstream
beneath the Lamar member, it is approximately of
Rader age. Each massive bed grades northwestward
within a short distance into the thin-bedded Carlsbad
limestone and tends to change southeastward into more
steeply inclined, thick-bedded limestone.
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BRECCIA FHASE OF CAFITAN LIMESTOl{E

~ Johnson, J. E., Permian lime-secreting algae from the Guadalupe
!\fountnins, New Mexlco: G~ol. Soc. America Bull., vol. 53, pp. 216-217,
1942.

range. At least a part of the dip of the Carlsbad is
therefore pre-Cenozoic.

According to Johnson" the Capitan limcstone in
outcrops near Carlsbad and Carlsbad Cavern can be
diyided into 1, a reef face, or rough slope along the sea
side of the reef, composed of massive, inclined beds of
dolomitic limestone; 2, a reef crest, forming a low, nar
row ridge at the top of the reef face and rising slightly
higher than the reef platform behind; and 3, a reef
flat a few hundred to 1,800 feet wide, composed of
poorly bedded dolomitic limestones. The reef flat
grades in turn into lagoonal deposits of the Car'.sbad
limestone. Xo details based on specific localities are
given. 'Yhile these subdivisions correspond in a gen
eral way with features observed during the present
work, one wonders whether the observations are wholly
objective, or are undnly influenced by comparisons
with modern reef deposits, some of which may not be
jUftified.

At thr~e places in the mountains the normal Capitan
limestone is replaced by a dolomitic, sandy breccia.
Exposures are found in South McKittrick Canyon near
the Grisbam-Hunter Lodge, in Pine Spring Canyon
near Devils Hall, aud on the nearly inaccessible cliffs
on the west side of the mountains north of Guadalupe
Peak. At each place the breccia lies on the Hegler
limestone Inember, apparently "with unconformable con
tact, and it se.ems to have been deposited in deep pock
ets and on knobs and sharp pinnacles of the underlying
limestone. So far as the Capitan beds above the breccia.
can be traced, they seem to be equivalent to the Pinery
member. The breccia. somewhat resembles caliche
cemented talus of Quaternary age which in places lies
on the Capitan. It is actually distinct and is a part of
the Capitml and of Permian age.

The breccia consists of cavernous, sandy, light-buff
or pink dolomitic limestone, of tufalike appearance,
with irregularly developed, rude bedding. It stands in
irregular cliffs and crags, with numerous small caves,
and is less jointed than the limestones above and below.
Embedded in the sanely dolomitic matrix are tumbled
and disordered limestone blocks frOln six inches to sev
eral feet in diameter. Near the Grisham-Hunter
Lodge the matrix contains imprints of fossils. The
breccia contains lenses of fine-grained, well-bedded,
calcareous sandstone, and toward the top it is inter
bedded with dolomitic limestone. It apparently
grades both upwarel and laterally into the more norma.1
Capitan deposits. The greatest thickness observed is
380 feet.

For general stratigraphic relations of the breccia, see
plate 7, A_ Its structure in Pine Spring Canyon is

The nlassive member that is approximately of Lamar
C-all be seen forming a clift just below point .7058 on:Fe anorama, plate 16, A. Cliffs formed by the mem

e lhat is approxlmntely of Rader age appea.r all the
~rther side of McKlttI'lck Canyon m the aerwl YleW,\.e 18. The manner in which the massive ll1cmbers
t'l~n the Carlsbad limestone farther northwcst, in Xorth
!!~KittrickCanyon, is suggested by the panorama: plate
16 B. The maSSlYe members are separately mdlcated
n)~ the Cfeologic map, plate 3, and on sections E-E' ando 0 H

F-F' platel ..
Both on the Reef Escarpment and within the moun

tains, the bedding planes in the Capitan limestone dip
southeastward at angles of 10' to 30' (as shown on the
sections of 1'1. 17). To a large degree, this dip is not
shared by the beds beneath. Thus, the summit of El
Capitan consists of a number of southeast-sloping snr
faces cut on the inclined hedding planes of the lime
stone, and other inclined beds can be seen on the cliffs
below. Howcyer, the beds in the lower part of the cliff
are less inclined, and the dark limestones of the Pinery
and Hegler at the base are nearly horizontal. The
underlying bedded limestones at some of the inliers
within the mountains have dips of more than 10' (as
in South McKittrick Canyon, shown in sec. F-F', 1'1.
17). Because these beds were deposited near the edge
of the Capitan lilnestone mass, their inclination may
have been original.

The inclination of the bedding was caused by the
greater amount of deposition in the Capitan area than
in the area to the southeast, where the Bell Canyon for
mation was deposited. Thus, as each bed of the Ben
Canyon formation changes into Capitan facie8, it swells
to several times its previous thickness, and acquires a
dip to the southeast, partly from the slope of its own
surface and partly from the slope of the overthickened
beds on which it was deposited. The face of the Reef
Escarpment on the southeast side of the Capitan mass
is approximately the surface of the last of the inclined
beds deposited, somewhat modified by erosion (fig.
20, B).

The dips ,,-ere probably accentuated by slight tilting
of the rocks at various times after Capitan deposition.
The much later Cenozoic uplift of the mountains im
parted to all the Permian rocks an east-northeast com
ponent of dip. There seems to have been also a pre
Cenozoic southeastward tilting, perhaps or later Per
mian, post-Guadalupe age, as there is a ,slight south
eastward dip of the well-bedded limestones associated
with the Capitan. Thus, the Hegler member at inliers
within the mountains lies 1,000 feet higher than on the
points of Rader Ridge, 4 miles to the southeast (com
pare sees. J-l' and G-G', 1'1. 17), and the Carlsbad
limestone on the n10untain summits dips southeastward
at angles of 3' to 5' (as in secs. E-E' and H-H',
pI. 17). The tilted Carlsbad beds are truncated bv the
upland surface of the mountains, which is probably a
peneplain formed before the Cenozoic uplift of the
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shown on section 1-1' and on the west face of the moun
tains on section K-K' of plate 17. A stratigraphic sec
tion of the breccia in Pine Spring Canyon is given on
plate 15 (No. 58) , and on the west side of the mountains
on plate 6 (Nos. 12 and 13). Note the manner in which
it overlies the Hegler limestone member, and is appar
ently traceable beneath the Pinery limestone member
in the sections to the southeast.

CARLSBAD LIMESTONE

DEFINITION

The name Carlsbad limestone was given by members
of the Geological Snrvey" in 1926 to beds exposed in
the vicinity of Carlsbad, N. Mex. Thin-bedded lime
stones of the Carlsbad facies had been described pre
viously by Tarr," Richardson," and Baker." The
rocks at the type locality are thin-bedded limestones
of late Capitan age and are of a facies that is exten
sively developed in the Guadalupe Mountains.

The name Carlsbad has been used by some geologists
Ior a tongue of the thin-bedded limestone which in New
Mexico projects northward into red beds and evaporite
deposits," now called the Azotea tongue, and ·by others
for both thin-bedded and massive limestones which
correspond to the upper part of the Capitan limestone
at its type locality." It seems more proper, how..er,
to apply the name to all the thin-bedded limestones
equivalent to the massive Capitan limestone," and this
usage is followed in the present report.

RELATION TO CA:PITAN LIMESTONE

The relations between the Carlsbad limestone and
the Capitan limestone are best exposed on the northeast
wllll of North McKittrick Canyon, which cuts trllns
versely through the upper part of the Capitan lime
stone mass (pI. 3).

Toward the southeast, at the mouth of McKittricl,
Canyon, the rim of the northeast wall is formed by a

«f Darton, N. R., and Reeside-, J. B., .Tr., Guadalupe group ~ Geol. Soc.
America BUll., yol. 37, p. 419, 1926. Meinzer, O. E., Renick, B. C., and
Bryan, Kirk, Geology of numb€r 3 reservoir site of the Carlsbad irriga·
tion project, New Mexico: U. S. Geol. Survey Water-Supply Paper 580,
p. 12, 1926.

47 Tarr, R. S., Reconnaissance of the GuadaluPe Mountains.; Texas
Geo1. Survey Bull. 3, pp. 29-30, 1892.

018 Richardson, G. E., Stmtigruphy of the upper Carboniferous in west
Texas and southeast New Mexico: Am. Jour. SeL, 4th ser., vol. 22, p. 336,
uno.

'" Baker, C. L., Contributions to the stratigraphy of eu-stern Xew
Mexico: Am. Jou •. Sci., 4th ser., vol. 49, p. 115. 1920.

50 Fiedler, A. G., and Nye, S. S., Geology and ground·water resources
of tIte Roswell artesian basin, New l\lexlco: U. S. GeoL Survey Water
Supply Puper 639, pp. 53-55, 1933.

51 Dalton, N. H" "Red Bed;;" and associated formations in New Mex·
leo: U. S, Geol. Survey Bull. 794, p. 224, 1928. Blan('hanI, W. G., and
Davis, M. J., Permian stratigraphy and structure of parts of south
eastern New Mexico and southwestern Texas: .:lm. Assoc, Petroleum
Geologists Bull., vol, 13, pp, 983-985, 11:129.

&<l Crandall, K. H" Permian strn,.tigra.l>by of soutbeastem New )Ie:dco
and Ildjucent pads of western Texas: Am. Assoc. Petroleum Geologist
Bull., vol. 13, p. 938, 1929. Lang, W. B., The Pel'minn formations
of the Pecos valley of New Mexico and Texas: Am. Assoc. Petroleum
Geologists BulL, vol. 21, p. 868, 11)37.

small thickness of thin-bedded, flat-lying Carlsbad
limestone, slightly younger in age than the Lama~

limestone member of the Bell Canyon formation (pI.
16, A). The flat-lying Carlsbad limestone rests on
southeastward-sloping, thick-bedded or massive layers
of Capitan limestone. At first view, the difference in
dip between the two formations is so striking that they
appear to be separated by an unconformity. However,
when the Capitan layers are traced up the canyon wall
to the northwest, they lose their inclination and change
within a short distance into flat-lying, thin-bedded
limestones similar to but older than those which form
the rim at the mouth of the canyon. These limestones
continue northwestward into the mountains, either in a
horizontal position or with a low dip to the southeast.

As each bed of the Capitan is traced to the northwest
along the wall of North McKittrick Canyon, it changes
-in this manner into Carlsbad limestone (pI. 16, E).
Finallv at the head of North McKittrick Canyon, at" ,
the pass which leads down into Dog Cllnyon near El
Paso Gap Post Office (pI. 3), the thin-bedded Carlsbad
limestone and its basal sandstone member rest directly
on the Goat Seep limestone of pre-Capitan age (pl.
14, A). The ledges of white, thin-bedded limestone
that form the walls of Dog and West Dog Canyons be
yond contrast greatly with the ragged cliffs of massive
or th.ick-bedded limestone of the same age that form
the walls of McKittrick Canyon and its branches a few
miles to the southeast.

The two panoramas· in McKittrick Canyon, pl:tte
16 A. and E give a nearly complete cross sectlOn
th~ough the c'apitan .and Carlsbad limesto!'es. They
join each other at theIr ends, so tha~ pomt ,0440 on .the
rim of the canyon appears in both vIews. In addltlOn,
the relations farther northwest are shown on plate 14, A.
Note that point 7378 near the head of North McKittrick
Canvon. shown at the left end of plate 16, E, appears
also"in the right-hand part of pl"~e 14, A. The contrast
in the appearance of the mountam slopes to the north
west with those to the southeast, both Cllrved from rocks
of the same age, can be seen by compllring plate 14, A
with plate 16, E. .

The structure of the beds shown in the three pano
ramas is assembled on section E-E', plate 17. On this
plate, note the similar transition northwestward from
Capitan into Carlsbad limestone .s~lOwn on sect~ons

F-F' H-H' and I-I'. The transItion from CapItan
into Carlsbad is not represented on section K-K', plate
17 or on the stratigraphic sections of plate 6 bec~use
on' the west side of the mountains, where the sectIons
were measured, the beds of upper Guadalupe age have
been eroded away in the critical area at the head of
Pine SprinO" Cam-on between Bush Mountam and

~ "
Bartlett Peak.

As shown on the walls of North McKittrick Canyon,
the southeastern edge of the oldest beds of Carlsbad
facies lies northwest of the youngest beds of Cllrlsbad
facies. (The southeast edge of the oldest beds is shown
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lIS line E, fig. 10.) The southeastward advance of the
Carlsbad limestone, however, does not take place bed
by bed. Instead, there is a tendency for groups of beds
up to se\-eral hundred feet in thiclmess to chlinge
soutbeastward intD the Capitan at the same place. In
section E-E' of plate 17, which gives the most com
plete section through the transition zone, there are 7
such grvups of beds. Similar gronps of beds, which
are possibly equivalent to some of these, are shown on
Ule other sections of plate 17.

THICKNESS

The Carlsbad limestone on the walls of North Mc
Kittrick Canyon dips southeastward at angles of a few
degrees. Each thin-bedded layer which comes out of
the Capitan mass, "hen traced northwestward is cut
off ill a fe" miles by erosion, so that the upland surface
of the mountains bevels the gently dipping beds (sec.
E-E', pI. 17). Here and else"here in the southern
Gnadalupe Mountains this snrface, which is probably
an uplifted peneplain of post-Permian and pre-Cre
taceous age, cuts o:ff the beds in such a manner that no
complete section of the Carlsbad limestone exists.
Where the lower part of the formation is exposed, its
top is eroded, and where its top is exposed, most of the
lower part has changed into rocks of Capitan facies
(p1.7,A).

The greatest thickness measured in the area, 787 feet,
is found on the slopes of Lost Peak between Dog Canyon
and 'Yest Dog Canyon (sec. 3, pI. 6), "here the forma
tion rests On the Goat Seep limestone. In the upper
course of North McKittrick Canyon as much as 1,000
feet of Carlsbad limestone appears to be present above
the Goat Seep limestone. According to Lang" and
others familiar with the region in New Mexico to the
north the total thickness of the Carlsbad and the associ
ated Chalk Bluff formation of that area is about 1,000
feet. This amount is about the same as the Inaximul11
thickness observed in the area of this report.

LIMESTONE OF SOUTHEASTERN EXFOSURES

Where the Carlsbad overlies the Capitan in the south
east part of the area, it consists of thin-bedded, "hite or
gray dolomitic limestone. The stra;ght, smooth bed
ding planes are a few inches to a foot apart, and SOll1e

beds are thinly laminated. Many of the layers are
crowded with pisoJites. These pisoEtes have been con
sidered by some paleontologists to be of algal origin.
They have been described and figured by Ruedemann,"

~ Lang, W. B., op. cit., p. 820, nnd personal communication, 1931.
M Ruedemann, Ru(lolf, Coralline algae, Guadalupe ~ountains: Am.

Assoc. Petroleum Geologists Bull., '01. 13, pp. 1079-1080, 1929.
r.s ~\.ckers, A. L., and oth~rs, Hendrick field, Winkler Countr, Texas:

Am. A!<soc. Petroleum Geologists BUll.,Yo1. 14, pp. 932 (figs. 9, 10).
'94.0, 1980.

W Lan::;, W. B" op. cit., p. 86\}.
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Ackers and others,~5 Lang,f.u and Johnson.liT They are
concentric, subspheric..'\l, calcareous bodies ranging in
size from that of a pea to that of a ball more than an
inch across (pI. 19, A). The pisolites are discussed fur
ther on pp. 79-80. Other beds are crowded with fusu
linids which are commonly oriented in a northwestward
direction, perhaps by waves or currents (fig. 10). The
parallel orientation was noted by Girty " on the summit
of Guadalupe Peak. The fusulinids and pisolites are
found in the same exposures of the formation, but com
monly occupy distinct beds. Some of the interbedded
layers are barren.

In many of the dolomitic limestones, cross sections of
other fossils can be seen, but the rock is so h>trd and
brittle that it generally breaks across them. In occa
sional calcareous beds a considerable fauna, SODle\vhat
resembling that of the Capitan, has been collected. This
fauna includes several species of brachiopods; the gas
tropods outnumber all other groups. Many of the
gastropods and fusulinids are coated with a concentric,
calcareous growth, possiblJ' made by the same encrust
ing agent that formed the pisolites. A similar descrip
tion of these rocks fiS exposed in New Mexico has been
given by Johnsan.59

LIMESTONE OF NORTHWESTERN EXPOSURliS

In the northwestem pmi of the area, where the Carls
bad lies directly on beds older than the Capitan, its
dolomitic limestones are more compact, thinner-bedded,
and with a greater variety of colors than in the south
eastern exposures. Fusulinids, pisolites, and all traces
of other fossils are absent. The ch>tnge from one type of
rock to the other takes place along a fairly definite line,
which passes a short distance north of Lost Peak (line
A, fig. 10).

About 460 feet of such beds overlie the Goat Seep
limestone a mile north of Lost Peak (sec. 2, pI. 6), They
include prominent ledges, consisting of compact, dolo
mitic limestones, which are separated by sbbby, brown,
pink, or reddish dolomitic limestone, and some platy
sandstone. Some of the slabby limestones are full oX
round holes up to an inch in diameter, possibly caused
by solution of soluble minerals. A layer of brick-red,
sandy shale lies 300 feet above the base. The same layer
is also recognizable on many of the hillsides between
Dog and tvest Dog Canyons.

The following analyses of limestone from the Carls
bad· of the southeastern and northwestern exposures
were made:

~7 Johnson, J. E., Permian Ume~secreting algae from the Guadalupe
'Moun't.'lins, New Mexico: Geol. Soc. America BUll., vol. 53, pI. .6, p. 225,
1942.
~ Gl.rty, G. R .. op. cit., p. 15.
69 Johnson, .T. E., op. cit., p. 2iT.
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Analyses, in percent, of Carlsbad limestone

(Anal:)'ses by K. J. Murata; notes on insoluble residues by Charles Milton}

Insoluble ! R 0 I:'\[gCO,Specimen locality , "
TotalI(mostly CaCO, MnCO, Ca,(P04),

. Fe2OJ)

I
Inorganic I Orgamc

"

1. White, fine-grained, dolomitic limestone, char-
I I Iacteristic of southeastern facies of formation i

head of trail on north side of Pine Spring

I

Canyon __________________________________ ], 36 0.06 O. 17 60.96
I

27.02 None Kone 99.57
2. Buff, dense, dolomitic limestone, characteristic

43.981
of northwestern facies of formation; ridge be- ,.

I I 99. 57tween Lost Peak and Dog Canyoll___________ .46 .06 .44
!

54.61 0.02 None
,

Insoluble residues: 1, Light gray, "".ith many euhedral, six.sided platei'" of nlllSCO\'ite, prismatic doubly terminated quartz, and
occasional green tourmalinei 2, light gray, mainly very small imperfectly crystallized stubby quartz grains.

S.\NDSTONE OF SOUTHEASTERN EXPOSURES

Interbedded with the limestones of both the south
eastern and northwestern exposures are ma.llY sandstone
beds. They are thickest and most prominent toward
the northwest.

Along the southeast edge of the Guadalupe Moun
tains, the sandstones form occasional beds up to a foot
in thickness, which are difficult to trace because of the
heavy cover of forest and brush. One member in the
upper part, more prominent than the rest, caps the
ridges between North and South McKittrick Canyons,
and those near the headwaters of Dog Canyon. It has
a thickness of about 50 feet, and contains relatively
few, thin, intel'bedded limestones. This member and
a few other beds are separately mapped on plate 3. It
may be equi"alent to the Yates sandstone,'· which has
been traced widely in subsurface work in the area east
of the Guadalnpe ;'Ionntains.

The sandstones of the southeastern eX;)OSUl'es [11'2

brown, fine~grained, in part calcareous, and fornl slabby
beds or rounded ledges. Many of them wcather re:ldish
brown. thus giving the false impression that they are
red-lJecllayers. Three specimens of the sandstone, from
the region between Pine Spring Canyon and the Gris
ham-Hunter Cabin, ,vere studied under the microscope
by 1Yal'cl Smith. The maximum grain size varies in the
different specimens from 0.15 to 0.50 millimete!'s in
diameter; in the coarsest-grained specimens the space3
between the large grains are filled byfiner detrital grains
and clay. The principal mineral is qual'tz. Some of
the quartz in one of the specimens sho'vs lines of inclu
sions and is clearly of igneous origin. S;)lue other
grains are microcrystalline. There are also grains of
feldspar: zircon, t.ourmaline, and chlorite. At one
locality, a sandstone containing small chert pebbles was
llcted, but no material ns coarse as this was found in
other places.

M Gester, G. c., and lIawlf'}', H. J., Yates tie-hI. Peens County. Texas,
Structure of tJ'pical Americnn oil fields, yol. 2, pp, 480-498. T\llsa. 1929.

SAN-DSTONE OF NORTHWESTERN EXPOSURES

In the northwestern part of the area, the sandstone
beds in the Carlsbad limestone are thicker and more
nlUnercus, and fonn persistent nlembers 5 to more than
50 feet thick. At Lost Peak the 787 feet of section
contains 9 such members; the thickest is at the base
(sec. 3, 1'1. 6).

This basal sandstone member, which lies on the Goat
Seep limestone, appears to be a widely traceable hori
zon. On the escarpments on the east sides of Dog and
,r-est Dog Canyons, it is buff, fine-grained, and some
what calcareous~ with some cross-bedding, and occa
sional limonite nodules. It crops out in prominent,
brown-co]oredledges as much as 10 feet thick. South
wnrd on the t\Yo esclU'pments, and on Cutoff Mountain,
the s,mdstone becomes more thinly bedded, and is of buff
or reddish color. In this vicinity it contains much
intel'bedded, platy, white or pink dolomite. A speci
men of sandstone from the memoer, collected near Cut
eff )Iountain and studied under the microscope by 1Varel
Smith, consi::;ts of qunrtz and feldspar grains, with a few
grains of zircon and clastic calcite, all loosely packed in
a calcite l11utrix. The maximulh diameter of the gruins
is 0.2 millimeter.

When traced toward the southeast along seyerallines
of outcrop the basal sandstone member of the Cal'!sbad
limestone appears to extend eithel' into the basal beds
of the Capitan limestone or into beds jnst beneath it.
One line of outcrop is along the west edge of the moun
tains. Here the thinned equivalent of the sandstone
seems to be traceable, near Bush i\fountain, into the
sandstone break that separates the Goat Seep anel Capi
tan limestones (as suggested by con'elation lines between
secs. 4 and 11, pI. 6). Another line of outcrop extends
fron) Dog Canyon, near EI PllSO Gap Post Office, into
Xorth )lcKittrick Canyon. Here also the .,melstone
thins southeastward, and its equi"alent appears to lie
near the boundnry between the Goat Seep and Capitan
(sec. E-E',pl. 17, and pl. 3).
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I'ROFESS10~AL PAPER 215 PLATE 19

A. "ISOLrn:s, PROBADLY I~ PAItT OF _-\U;,\L OltlGIX, FRO~f CARL<;B-\l) Ll~IESTO~E.

/I f'USL'LI;,(In~ (1',.\IUFlSl'I.L,\ \ ~I') ,'\ :-'.o\:-':OS'I'O\·£ Or TJIH'SII \' C\:-' 1'0'\ FUH.\I.-\ 1'10:-'-. SIiO\'l'I:'iG TE.'\DE.'\CY '1'0\\ ARU
I'AR·\LI.EL Ollf.;.'\T.\T1u.\.

SO.\IE FOSSILS FIW:\( G[ADALl'PE MOUl\TAIXS.

.\11 I;~u:res 8re natural l"izea
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The basal sandstone member of the Carlsbad lime
stone also is traceable northward along the east side
of Dog Canyon into New Mexico. It was studied from
distant views, such as that shown on plate 14, A. In
this direction the bed seems to rise toward the top
of the escarpment and finally to spread over the moun
tain crest in the vicinity of Queen Mesa (for location,
see fig. 2). It therefore may be tbe same as the Queen
sandstone member of the Chalk Bluff formation, "hich
was described in that area by Blanchard and Davis"
and by Lang.v-:o

If the correlations just outlined are correct, the
Queen sandstone is of early upper Guadalupe age, and
is equivalent to beds at the base of the Carlsbad and
Capitan limestones. In some earlier reports it has been
correlated "ith much higher parts of the Capitan
limestone. Thus, Blanchard and Davis" state that
thev have traced the Q:leen south"estward to within
a n~ile northeast of Guadalupe Peak, and that it lies
stratigraphicany within 300 feet of the top heds of
the peak. According to obsermtions made during the
present "ark, there are many thin sandstone beds at
different Inels in tile. Carlsbacllimestone near the peak,
but no continuous traceable layer. These sandstone
beds are bere interpreted as lying much higher strati
graphically than the Queen and associated sandstones
farther north.

:::"ORTHERN GUADALUPE lHOUNTAIKS

In the northern Guadalupe Mountains, which lie in
New Mexico, outside the area studied, the Carlsbad
limestone interfingers with rocks of another facies,
composed of anhydrites and other evaporites, thin dolo
mites, red beds, anel sandstones. These rocks form the
Chalk Bluff formation of Lang," and are of the same
age and facies as the 'Vhitehol'se group, as that term
is used by geologists engaged in subsurface work east
of the Guadalupe Mountains." The beds in the
northern Guadalupe Mountains were laid down farther
a,yay from the Dclaware Basin, and farther within the
shelf area, than any beds within the area of this report.

The beds in question are exposed east of the central
ridge of the Guadalupe Mountains toward the Pecos
Rh-er, ""here they form the Seven Rh-el's Embayment
and the north.easterl1 prong of the mountains (fig. 2).
In the embayment and prong- al'ea~ the Carlsbad and

Q Blanchard, W. G., and Davis, M. J., Permian stratigraphy and
structure of parts of Boutheastern New Uexico and southwestern Texas:
Am. A",soc. Petroleum Geologists Bull., vol. 13, p. 972, 1929.

B: Lang, 'Yo B.. ap. cit" p. 859.
m Blanchard, W. G., and Dads, M. J., idem, p. 912.
8<, Lang, W. B., The Permian formations of the Pecos Yalley of New

:Mexico and Te:s:as; Am. Assoe. Petroleum Geologists Bull., ,01. 21, pp.
855-851, 859-863, 1937.

eo De Ford, R. K., and Llord, E. R., Editorial introduction [to west
Texas Permian s~·mposium] : .am. Assoc. Petroleum Geologists Bull., yol.
24, pp. 8-9, 1940.

Chalk Bluff formations interpenetrate as a series of
tongues. At the base is the Queen sandstone member
of the Chalk Bluff, "hich extends up oyer parts of the
central ridge (as on Queen :lIIesa), where it overlies
the Goat Seep limestone or its eqnivalents. Above it
is the Seyen Rivers gypsiferous member of the Chalk
Bluff, consisting mainly of anhydrite and red beds.
This member is poorly resistant to erosion, and has
been carved into the Seyen Riyers Embayment, a 10"
lying plain, down the dip from and east of the central
ridge, and between the ridge and the northeastern
prong of the 111onntains, The elnbayment is wedge
shapeel, with its point to the south, where the ccntral
l'idge and the prong come together (fig. 2) . This topo
graphic relation is a reflection of the southward disap
pearance of the Seyen Riyers member along the out
crop, by intergradation ,,,ith the more resistant and
topographically more prominent Carlsbad limestone.

The northeastern prong of the Guadalupe Moun
tains, down dip to the east of the embayment, is capped
by a sheet of Carlsbad limestone that forms the Azotea
tongue of Lang. It partly oyerlies the Seven Rivers
member, but intergrades with it to\vard the northwest,
as exhibited in excellent exposures along Roch-y Arroyo,
in the gorge cut by it through the prong." The ontcrop
of the tongue crosses the Pecos River northwest of Aya
Ion Lake, where the tongue forms a rapidly thinning
wedge enclosed above and below by beds of the Chalk
Bluff formation."

O,-erlying the Azotea tongue of the Carlsbad lime
stone in the north part of the northeastern prong is a
higher tongue of the Chalk Bluff formation, called tbe
Three Twins member by Lang. This tongue inter
grades ,yith the Carlsbad limestone a short distance
nortl",-est of Carlsbad. According to De Ford and
Riggs,GS it includes the Yates sandstone of subsurface
nomenclatnre, and an overlying unit, which they call
the Tansill formation. As shown by drilling east of
the outcrop, the Three Twins member is overlain by
the basal beds of the Salado formation, a part of the
Ochoa series.

North of the al'ea covered by figure 2, the tongues of
Carlsbad limestone wedge out entirely, and all the beels
of upper Guadalupe age are of Chalk Bluff type. Still

6G First described by C. L. Bakel·, Con tributions to the stratigraph)'
of ellstern New Mexico: Am. Jour. Sci., 4th ser., yo1. 49, p. 115, 1920.
For detailed description see Bates, R. L., Lateral gradation in the
Se,en Hiyers formation, Rocky Arroyo, Eddy County, New Mexico:
Am. Assoc. Petroleum Geologists BUll., 't'ol. 26, PP. 80-99, 1942.

~'Exposures of the ton;ue at this locality were described by O. E.
?!lelm~er, B. C. Renick, and Kirk Bryan, Geology of number 3 regen'oir
slt!! of th!! Carlsbad Irrigation project, 1\ew Mexico: U. S. Geol. Suryey
'Yater-Supply Paper 580, PP. 12-13, 1926. The oYerl~·ing beds, which
they terllled Castile forIDntion, are now known to belong to the Three
Twins memher of th!! Chalk Bluff formation.

~s De Ford, R. K., Riggs, G. D., TansiIl formation, west Texas and
southeastern 1\ew Me..>:ko: Am. Assoc. Petroleum Geologjsts Bull., 't'ol.
25. pp. 1713-1728,1941.
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STRATIGRAPHIC RELATIONS

FIELD RELA.'I:IONS

farther north, limestones of middle Guadalupe age,
equivalent to the Goat Seep limestone, also disappear,
their place being taken by rocks of Chalk Bluff type.
In its northern exposures, the Chalk Bluff formation
is thus partly of upper Guadalupe age and partly of
middle Guadalupe age. .

The description of the relations of the beds of middle
and upper Guadalupe age in the northern Guadalupe
.1lountains, as given in this report, is based on nomen
clature adopted by the Geological Survey, which em
phasizes lithologic units. A different system has been
used by petroleum geologists, both in subsurface cor
relations and surface mapping, which emphasizes time
units, regardless of their lithologic variations from
plaee to place. By the latter system, the beds here dis
eussed are termed the Whitehorse group, which is di
vided from below upward into the Grayburg, Seven
Rivers, Yates, and Tansil! formations. These forma
tions are delimited and traced in both the Chalk Bluff
and Carlsbad facies of present usage. Both systems of
terminology have merit and originated for specific
needs. The lithologic units are of value for reconnais
sance surface mapping, and the time units are of YaIlle
for subsurface work, such as well-log correlations and
the recognition of subsurface structural features.

tirely away before deposition of the Castile, so the
Castile was deposited on beds older than the Capitan,"
2, the Castile anhydrites could be the southeastward
e'lui"alent of the Capitan limestone, the two deposits
grading into each other near the present Reef Escarp
ment;" and 3, the Capitan limestone could be older
than the Castile formation and pass laterally into the
Bell Canyon formation, the difference in altitude
b€tween the two being the result of irregularities in the
original depositional surface.

The present field work indicates that the third ex
planation is the correct one, and demonstrates that the
greater part of the Capitan limestone is of the Sallle
age as the Lamar and underlying melllbers of the Bell
Canyon formation.

Although the greater part of the Capitan limestone
can b€ traced along the outcrop into the Bell Canyon
formation, a few hundred feet of Capitan and Carlsbad
limestones that are younger than the Lamar member
and form the top anel face of the escarpment at Mc
Kittrick Canyon cannot be traced southeastward be
'cause they are cut off by erosion. Their correlation
with the Bell Canyon formation of the Delaware Moun
tains is thus somewhat uncertain. To the northeast,
in New Mexico, greater thicknesses of Carlsbad lime
stone than at McKittrick Canyon extend to the edge of

. the escarpment. Some geologists have suggested that
although most of the Capitan limestone is equivalent

In the Delaware Mountains, the Bell Canyon for- to the Bell Canyon formation the highest beds at Mc
mation, at the top of the Guadalupe series, is overlain .. Kittrick Canyon are contemporaneous with the Castile
by the Castile formation. In the Guadalupe :Moun- formation, and that the thick Carlsbad limestones to
tains, no beds younger than the Guadalupe se!"ies are ."the northeast include strata that are younger than those
present. The highest beds of that area are the Carlsbad at the canyon."
and Capitan limestones of Guadalupe age, which have The youngest Capitan and Carlsbad limestones at
been deeply eroded. TI,e top of the Bell Canyon for- McKittrick Canvon and farther northeast are identical
mation of the Delaware Mountains lies at a much lower in character with those of the older parts of the same
altitude than the Carlsbad and Capitan limestones of formations elsewhere in the mountains. If they were
the Guadalupe Mountains, with the overlying Castile laid down at the same time as the Castile formation, the
extending up to the base of the Reef Escarpment. Xear conditions of their deposition would have been very
the Gray Ranch in Big Canyon Draw (northeast cor- different from those of the older beds. It seems prob
ner of pI. 3) the Castile crops out within a mile of the~ble, therefore, that they are equivalent to the 20 to 35
Reef Escarpment and stands more than 1,000 feet be- 'feet of thin sandstone and limestone beds that lie be
low the crest of the escarpment. tween the Lamar member and the Castile formation

The contact between the Ben Canyon and the Castile southeast of the Reef Escarpment. These beds are
in the Delaware Mountains appears to be conformable. much thinner than the limestones on the escarpment,
The highest sandstones of the Bell Canyon give place but the older sandstone and limestone members of the
abruptly to thinly laminated limestone of the Castile, Bell Canyon formation are likewise thinner than that
which grades upward in turn into laminated anhydrite. part of the Capitan limestone which has been proved
There is no sign of erosion at the contact. to be equivalent to them.

ALTERNATIVE INTERPRETATIONS

The features just outlined would seem to require some
special explanation; they have puzzled geologists since
the time of the first work in the region. Three prin
cipal explanations have been offered:

1. The Capitan limestone conld have been laid down
across the Delaware ~Iountain area but was eroded ell-

09 Richardson. G. n., ReconnaIssance in trans-Pecos Texas north of
the Texas and Pacific Railway: Texas Univ. Bull. 23, pp. 43-44, 1904.
Darton, X. B., and Reeslde, J. B., Guadalupe group: Geol. Soc. America
Bull., ;oJ. 37, PP. 42Q-.4:!1, 1926.

70 Baker, C. L., op. cit., pp. 116-117. This view was widely held by
other geologists about 1915, but apparently none of them published
their conclusions.

?l Blanchard, W. G., and Davis, M. J.. Permian strati;;raphy and
structure of parts of SOllthenstern New :Mexico and southwestern Texas:
Am. Assoc. l'etroleum Geologists Bull., yoL 13, p. 085, 19:!9.
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Whether any limestones younger than those at ~Ic

J{ittrick Canyon come in to the northeast remains to be
roved. In view of the widespread and often abrnpt

~placementof the Capitan by the Carlsbad limestones,
it is probable that the limestones of the two areas are
.of about the same age.

INFERRED STRATIGRAPHIC RELATIONS

The Castile formation may haye been deposited on
the highest sandstones of the Bell Canyon formation
,,"ith little or no break in deposition. The sandstones,
it is true, record a time of clastic deposition in a body
of water connected with the ocean, whereas the anhy
drites indicate deposition caused by concentration of
salts in a partly inclosed body of sea water. Both, how
eyer, seem to have been deposited slowly in quiet water,
flnd the change in character of the sediments probably
resulted from eYents outside the area, such as the growth
of a barrier across the entrance of the Delaware Basin
(as suggested in fig. 14, 0).

Toward the margins of the basin the stratigraphic
,,,lations are probably different. If all the Capitan
and Carlsbad limestones are older than the Castile, they
formed a mass tllat projected aboye the sea bottom of
the Delaware Basin in sonlewhat the 111anner as the Reef
Escarpment now rises aboye the plains to the southeast
of it. Deposits laid down in the Delaware Basin in
post-Capitan time probably oyerlapped the more ele
nted Capitan deposits. The nonresistant Castile for
mation has now been entirely eroded from the face of
the escarpment, so this relation cannot be proved in the
flrea studied. Farther east, howeyer, where the Capi
tan and Castile formations pass beneath the surface,
the eyidence of drill records is interpreted by many
geologists to indicate that the Castile does overlap un
conformably on the surface of the Capitan at the edge
of the Delaware Basin (as suggested in sec. e, 1'1. 7, B)."

FOSSILS

The upper part of the Gnadalupe series contains
abundant fossils at many places. Its faunas were, in
fact, the ones bcst known in the Guadalupe Mountains
before the present inyestigation, becau.,., they fnrnished
a large part of the matcrial preyiously dcscribed by
Girty "in his Guadalupian fauna. In addition, collec
tions of this fauna made later by Darton and Reeside,"
haye been reviewed by Girty.

In the discussion that follows, as in that on the
faunas previously discussed, the information on the
fossils is largely based on the work of Dunbar and

v. Cartwright, L. D., Trans"erse section of Permian basin: Am.
Assoc. PetrOleum Geologists Bull., vol. 14, pp. 979-980, 1930. Kroen
1ein, A. A., Salt potash and anhydrite in the Castile formation of south
east Kew Mexico: Am. Assoc. Petroleum Geologists Bull., ,01. 23. figs.
2 and 3, pp. 1685 and 1687, 1939.

T.I Girty, G. E., The Guadalupian fauna; U. S. Geol. Sur,ey Prof.
Paper 58, PP. 15-20, 1908.

74 Darton, N. n., and Reeside, J. B., Jr., Guadalupe group: Geo1. Soc.
America Bull., "01. 37, PP. 414-416, 424, 427--428, 1926.

Skinner," Miller, and Furnish," and G. H. Girty. In
addition, sonle information is taken from the recent
work of Pia n and Johnson" on algae, of Edwin Kirk
on crinoids, of L. G. Henbest on Foraminifera, and of
N. D. Newell" on pelecypods.

In the upper part of the Guadalupe series, fossils
occur in varying abundance. They are very common
in the reef mass of the Capitan limestone and in imme
diately adjacent parts of the Bell Canyon formation
and Carlsbad limestone. In the Bell Canyon formation
farther southeast and in the Carlsbad limestone farther
northwest they are less C0111111on, and in many beds are
absent entirely. Like the rocks that contain them, the
faunas differ marke(lly in facies from one part of the
area to another, even in contemporaneous beds. The
first group of faunas, described below from the limestone
members of thc nell Canyon formation, lie in a normal,
ascending stratigraphic sequence. The next group of
faunas, described from the Capitan and Carlsbad lime
stones, are from beds of the same age as part or all of
the members of the Bell Canyon formation. The fossils
from each of these two formations are considered as
units and no separate zones have been distinguished in
them.

BELL CANYON FORMATION

HEGLER LIMESTONE MEMBER•
The Hegler limestOlle member at the base of the Bell

Canyon formation contains fossils at numerous places,
but they are never abundant or varied, and many are so
poorly preserved that collections made from it are small.
According to Girty, "The member has a ratller extensive
fauna, but most of the species are represented only by
a specimen or two in the collections in which they occur.
The collections occur in rocks of several distinct litho
logic types, but the faunal characters are much the same
and the differences do not seem to be significant."

Collections "ere made from the thin-bedded, granu
lar facies of the member in the Delaware Mountains in
the southeast part of the area, and in the downfaulted
area to the west. They were made also from the lumpy
facies along the Reef Escarpment, On the southeast side
of the Guadalupe Mountains, and from the light-gray,
bedded facies in McKittrick Canyon.

'5 Dunbar, C. 0 .. and Skinner, J. 'V.. Permian Fusulinldae of Texas:
Texas Uniy. Bull. :::701, liP. 5!)4--590, 727-731, 1937.

7C Miller, A. K., and Furnish, "". M., Permian ammonoids of the Guad
alupe Mountains region and adjacent areas; Geol. Soc. America Special
Paper 26. pp. 11-12. 1940.

Tl Pia, J. V., Die wichtigsten t:alku]gen des Jun:::palaozoikums und
ihre geologisc:he bedeutung: Compte rendu du deuxieme congress pour
L'a,ancement des etudes Carbonifere, pp. 813-837, Heerlen, 1937;
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sandstone: Geol. Soc. America Bull., Tol. 51, pp. 279-280, 1939.



 

 Information Only 

1...i.t.VLut..'d: U1<' THE SUCTHERN GUADALUPE MOUNTAINS, TEXAS.u

Fusulinids are rare iu the Hegler member, but at a
few localities, as at 7622 in McKittrick Canyon, there
are specimens of PolycNewodina shumu:rdi Dunbar and
Skinner. The genus has not been found below this
member in the Guadalupe section.

The cephalopods are represented by ammonoids only,
no nautiloids having been found. Collections from the
Hegler member have furnished a greater number and
variety of ammonoids than were found in any other
member of the Bell Canyon formation. Am';;onoids
arc especially common in the thin-bedded, granular
facies in the southeast part of the area, but they are
found also in the lumpy facies to the northwest, where
they are seldom well preserved. From the Hegler mem
ber, ~Iiller and Furnish have jdentifie,l ilfedlicottia
girtyi Miller and Furnish, Paraeeltites altudensi8
(Bi'se), Pseudogastrioeeras altudeme (Bose), P. beedei
(Plummer and Scott), Xenaspi8 skinneri Miller and
Furnish, Cibo/ites "ddeni Plummer and Scott, TVaage
noceras glladalupense Girty, and Timorites 8ch,wnert
Miller and Furnish.

By far the most abundant type is the TVaagenoceras,
which occurs in great numbers at all collectionlocalities.
Considerably less abundant, but still common, is the
genus Pseudogastr-ioceras. The Timorites occurs at
only a single locality (769-!), bu~ is of some significance,
because Miller and Furnish so have med it to name the
Permian ammonoid zone next above the zone of
TVaailenocems. Here and elsewhere, however, Ti·,nor
ites ancllVaagelWCel'aS occur in association in the lower
part of the zone of T·;rno,.ites. That the Hegler member
is of later Permian age is suggested by ..iYenaspis which
occurs high in the Permian seqnence~, of the island of
Timor (Netherlands Ellst Indies), and of the Salt
Range of India.

Regarding the remainder of the fauna, Dr. Girty re
ports:

The corals are somewhat mor~ cUvel'si:fied than is common
in the Gnadalnpian faunas, although the,\! cannot at this time
be safely identified eyen genericall,Y. A few !3pecimens rna;;' be~

long to the form cited in the collections from lowel' beds as
Lophophyll/{fIt sp. There seems to be a second species con
structed along similar lines, but forming long, slender corulites
resembling ..:1mplexu,~, Cy1tthaxonia appears to be prcsent in one
collection, and in allother the small compound coral described as
Cladopora spinulat(t Girty is not rare.

Br,yozoans are tairly well represented and abundant in one
collection, but not in the others. In this one collection (No.
7622) Filitlllipo/'(! is as usn:ll the most abundant genus, Tbe
specimens have the form of rather slender cylindrical stems und
belong to tIle species described as F. gnuu!is {/Iwllalupctlsis Girty.
A. few slender branches· are peovisionally referred to Batos/o
mella, but il more detinite assignment must await study by llle:1l1S

of thin sections. Some coarsel.y silicified fromls belong to
Feneslelht or Polvpora, or both. .t1cunthodadin .'J1Mulu.lllpcw;is
Girt~' is fairly abundant, as are :some slentlt~l' stems belonging to
the spedes described as D(iJ)wpol'(J, oeetfata Girt.v.

'Q :UlllC'r, A. K., and Furniflh, W. :\I., op. cit" p. ::m.

Turning DOW to the brachiopods, we find that the orthoids are
distinguished by their absence. The Orthotetinae ure repre
sented by a few small and poor specimens whose identification
would hardly be profitable. Only one is a ventral val,e; It
probably belongs to the genus Orthotetes, Chonetes is repre·
sented by two species, C. 8ublirntu8 Girty, and C, permianu8
Shumard, which 1s here encountered for the first time.

The productids ure much reduced in numbers and variety, and
half the species are represented by but a single specimen, Aside
from several species that, in the present state of my in.....estiga·
tions, are indeterruinllble, we have here Produc:tus capitancnsil
Girty, p, popct opimus Girty, Productus aft. P. occidentalis New
berry, and two species which in Professional Paper 58 were dis
tinguished as Productus sp, a and Productuls sp. d, antI tinally I
would judge, the species that King' described as At:oniau...alcot
tia·na costata.

Of dl11osteges, there axe apptlrently two species. each repre·
sented by a single specimen. One of them, which is fragmen
tary, IDa.y belong to A. f/uadalupensis Shumard. TIle other be
gins 'with an ornamentation of large, elongated nodes, which
farther forward deyelop into coarse, irregular costae; the
species is appllren tly new.

Prorichtlwfenia is .present at two localities and is fairly abun.
dant at ODe of them. Pending detailed study, the species may be
included under P. permiana (Shumard), Carnaroplwria is rep
resented, if at all, by a mere fragment. It might belollg to C.

'l.;enusta Girt;}'.
The rhynchonellids of the Hegler limestone are rather ~lblln

dant and diversified, ahvays remembering that this member is not
highly fossiliferous. I recognize Leiorhynchus: bisulcatum
(Shumard), L. '! bisulcatllln setll.inltloides (Girty), Leior/r !Jllt'hlts!

n, sp., Wellerella? shumardiana (Girty), lVelle-rella! $H:allolc1'
ana- (Shumard), and WeliereUa! indentata (Shumard),

Only two terebratuloids are present, one an indetel'luinuble
species of D,ielasma, the other Dielasmina guadalllpellsis Girty.

The spiriferoitls are represented by rather numerous :;pecil's.
but by few individuals. I may name Spid{er mexlcanlfs ShU

mard, S, sulcifer Shumaru?, S, aI/Zeiter var., Spirifer D, sp.. Spiri
terina billino.si ShuIllard, nnd Spiriferina pyramidali8 Glt·t;;·!.

This group seems to show marked Capitan affinities.
Compojita is numerous at one locality, but few of the spt...... i

mens al'e well preserved. Two species. cun be distinguhllt.'<I.
whic:b may be called Compos ita aft'. 0, 8ubtilita (Hall) 111111 C.
emarginata affinis Girt}'. Some of the IDtter are very large.
HlIstedin is repl'esemed b.y few specimens, but ther aprt.'ar to

belong to three species, H. meckalla (Sbumard), Hw~tCIUll :tIY.
H. monJloni (:Harcou), and Hustcdia aft', JI. bipul'fU(! Girty.

The pelecJllods, folLowing the general paucity of fossils in this.
unit, me :scantily represented, and many of the spedtllE'DS ~re
not identifiable. There is a doubtful species of Sed!Jlcickill :1o.d
a doubtful species ot ParallclodoH. As in the faunas already
disl'u~;;:ecl, the peetenolds are more plentiful ancI Y<lried thall the
other groups, I may record Perni[Jcctcn! ObU/l/luS Girt~·?,
GirflljJCcten sub7aqlu,;lltlls (Girty):, Dcltopcctcn n. ~p., Ctllllpto

l1€Ctr:S sculptili~ Gil'ty?, [lnd CI/1UptOllitcS? n. sp,
Of the gastl'opod:3, the collectiolls affol·tl a single fr:.lgmt>nt:1ry

specimen, wllkh mig:lt belong either to EiwIHplwlus or Ol1lplIt
1


lfJ(i'fJr'/11/8. Lastly, the trilobites ar~ represented br ."1 f~\-r
fl',lglllellts, pt'Ob~bly beloll,:;ing to Ani..,ojlyge pcnnl/llllaltf

(Shl:ll1ard) .-Girty lU'lnUSCrlVt. v

In comparison with the fauna of the preceding Sou~h
'Veils member, Dr. Girty notes the reappearance ~

I iriferOldthe Hegler member of bryozoans ane ~p

brachiopods, which were absent in the South Wells 'Ul~
common in still lmyel' horizons; the absence in both 0
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clctes, although it was present in the Goat Seep
~t tone. and the absence in the Hegler of Meokella
Ii"'es' . ......1 Cr~ptocanthia, wInch were present 111 the South«ells. .Chonetes pe1'",ianus Shumard, which occurs
. the RegIer, has not been found at lower horizons.
;;, productids seem to dIffer consIderably from those

f ~e older faunas. Both they and the spiriferoids
°loselr resemble those of the Capitan limestone.
~c<Ol:ding to Girty, "like the South Wells fauna, the
it gler fauna shows an abundance and diYersity of
J~'ncllOnclljds, but the specific representation is dif

~ ;cnt The South Wells fauna is conspicuous for its
IOr"e forms, such as Liorhynchu8 weeksi (Girty), andl. ~cccksi nobilis (Girty), neither of which occUrs

here."
PINERY llMESTOKE MEMBER

The Pinery member contains the assemblage de
",ribed by Shumard and Girty as the "upper dark
iim.stone" fauna. Most of the material on which the
earlier descriptions were based came from the hillside
nboYc Pine Spring~ the type section of the 111cmber
(Girty's locality 2930). Subsequent collections were
made at the same locality by Darton and Reeside"
(Ko.5S15) and during the present imestigation (Nos.
74~0,7477, and 7703). (See 1'1. 2.)

Collections lUade here and elsewhere along the base
of the Reef Escarpment reveal abundant and diverse
fossils, constituting " fauna of relatiyely constant
ellaracter. Similar fossils, but with a considerable
admixture of Capitan species, occur in the lighter
colored limestones of the member farther northwest
(as at locality 7412), where the member hegins to
change over into the Capitan facies. Southeast of the
Reef Escarpment, in the Dela,Yare l\fountnins, how
ever, large numbers of the characteristic elements of the
fauna disappear. A collection from this last named
region (locality 7643) contained abundant fusulinids,
anunonoids, and rhynchonellid brachiopods. a few
produeLids and pelecypods, and nothing else.

FjlSulinids occur in nearly all exposures of the
member, regardless of facies. A.ccording to Dunbar
and Skinner, they belong to the large species Polydi
exodina shumal'di Dunbar and Skinner and P. capitan
en~r.;i8 Dunbar and Skinner, a11d to the small species
Lelia bellula Dunbar and Skinner and Codonofusiclla
paradoxica Dunbar and Skinner.

Ammonoids are represented by fewer collections than
those from the underlying Hegler member, but belong
to the same species. From the Pinery, Miller and
Furnish have identified 1Vaagenoceras g1ladalupense
Girty, Xenaspis skinnm"! Miller and Furnish, and
Pseudoqastriooeras sp. No nautiloids have been found,
either in recent or earlier collections.

At seyeral localities along the base of the Reef
Escarpment, as at Pine Spring: seyeral nlinute crinoids

81 Darton, N. B., and Reeside. J. B. t Jr., op. elt., p. 416.
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haye been collected. They may possibly prove Lo be
index fossils of the horizon, for Lhey have been found
at no other bed in the section. According to Edwin
Kirk, they include CoenoCY8tis richardsoni Girty and
Allegecrinus 51'. The genus Coenocystis and its species
were established by Girty" on the basis of material
from a locality in the southern Delaware Mountains
(No. 2969). The stratigraphic position of this collec
tion is unknown, but it is probably of the same age as
the Pinery member. According to Girty, the Pinery
member of the Guadalupe Mountains also contains
spines and plates of the echinoid Archaeooidaris.

Dr. Girty writes as fol1ows on the remainder of the
fauna, the thOlme of his report being a comparison be
tween his original col1ection at locality 2930, and the
later col1ections from the same and nearby localities:

The original collections contained two sponges (Polysiphon
mil-abilis Girty nmI Stci-nmannia· amC";'CQlla Girty), neither of
,,,hieh has been recognized in the new collections.

Of the corals, five are listed from station 2930, Lindstroernia
pcrm{al1((. Girty, L. permiana Yar., L. cylindrica Girty, Lina
8troc1l1ia sp., and OIadopora spinulata Girty. The four species
referred under Lil1dst,·oemia haYe, in a general way, the struc
tural features of L01)hophyHum, and the forms loosely cited in
these reports as LophophyUum.? sp. will, when studied, closely
reDl'esent the same species as the above. They IDa)' prove to
belong to ncither LophphyU-um nor Lindstrocmia. In thc recent
collections I l"ecognize, besides LophophyUumf sp., both Clado
pora spinulata Girt~' and C. tabulata Girty.

Among the bryozoans, station 2930 furnished a long list,
containing no less thrm 15 species under the gencra Domopora,
Fistulipora, Stellopora (now Tabulipora) , Fcnestclla, Poly
pm-a, and AC!lnt71odadia. The same genera, and probably the
same suedes, occur amongst the bryozoans in the recent collec
tions, although for obYious reasons I haYe not gone into the
matter of specific differentiation.

Among tbe brachiopods, the original list contained Crania
8p.. Dcrbya sp., anel three species of Chonetes (C. pCl"1nianus
Shumard, O. IdlloHlIs Girty, and C. sublimtus Girty). The Dew
collections ure more varied. Oran-ia is unrepresented, out in
the Ortbotetiuae I find Derbya nasuta· Girty var., Dcrbya D. Sp"
Del·bya! n. sp., and Stl·cptorhynchus? sp. Chonetes is represented
by the same three species as in the original list.

The early collection contained 8 species of Pl·oduct,t8, as
welI as Aulostcge8 guada.lillpcl1Sis Shumard and Prorichthofenia
pcrmi.ana (Shumard). The pl'odnctids eompl'ised the follow·
ing species: Productlls capital1cl1sis Girty, P. popci Shumard,
P. f!opei opimu8 Girty, P. i-ndentatus Girt~T, P. oCCidcntalis New·
berry, P. 2Ji1colus Shumard, P. Umuatus Girty, and ]lyo1'iclttlto
tenia sp. d. The newer COllections contain most of these
(P. 1im1Jatus being the most notable absentee), together with
P. l,coJlardcHSis King?, and Productus (Marginifcn1.!) s1tlJle~i8

(King). The species of AuloMeges and Proric1ttho!enia- are
like""ise present.

The original list included Lciol'hYHcll1ls,~ bisulcatum (Shu
mard), together with its varieties L.'! b. scntinuloidcs {GirtYl
and L.1 b. gratiosa (Girty), WeUet'611a·' swal10wiana (Shu
mard)?, W. tc:mna (ShumardL W. bidentata (Girty):, W.f
IJinguis (Glrty), Wcllerella, sp. a, and W.? indcnt!Lta (Shu
mard). This list is practically duplicated in the new collec·
tions, which contain also a few Oameropkoria venusta Girty.

~ Glrty, G. H., The GUlldalupian fauna; U. S. Geol. Survey Prof.
Paper 58. pp. 108-109, 1908.



 

 Information Only 

72 GEOLOGY OF THE SOUTHERN GUADALUPE MOUNTAINS, TEXAS

Terebratuloids in the original collection were limited to three
species: Dielas-ma spatulatum Girty, Dielasmina guadaZ'upens-is
Girty, and Notothyris 8ohuehertenst.s O1Jata Girty:. The same
assemblage OCCurs in the new collections, except for the species
last named.

The spir1feroids in the collection from station 2930 comprised
Spirifer mexicanus Shumard var., SpiTiler sp. a, Spiriferina
billingsi Shumard, S. lax-a Girty, S. hUH polypleura Girty, and
S. welleri Girty. This group is more generously represented in
the recent collections. I provisionally identify Spiriter 8uleiter
Shumard, S. pseudocameratus Girty, S. mexicanu8 latus King
(which probably covers S. mexicanu8 var., Spirifer gp. a, and
possibly S. meancanus of the old collection), besides Spiriferina
hUH Girty, S. billingsi Shumard, S. lama Girty, Spiriferina n. sp"
and Squamularia sp.

The original collection contained only one Camposita, which
was identified as a. ernarginata Girty, The recent ones contain
a large species, apparently the one King figures as C. emarginata
aJ}'lnis Girty.

The brachiopods of the original list included also Hustedia
meekana (Shumard), H. meeh~ana trigonaUs Girty, H. papillata
Shumard, and H. bipartita Girty. The new collections contain
the same assemblage, except for the variety triuotutHs. Lep·
todus, notl'eeorded at this horizon before, continues its upward
range.

Among the pelecypods, the original collection from station
2930 contained JlyaUna squamosa Sowerby?, Deltopecten guada
lupensia (Girty), and Deztopecten sp. a. The more recent col
lections have a much better representation of this group, and
contain Ed",nondia aft'. E. ovata l\feek and 'Vol'then j Parallelo
don mult'lstriatus Girty, P. poUtus Girty?, Paralle[.odon n. sp.:,
a small MyaUna having the configuration usually ascribed to
M. perm-iana Swallow, some imperfect specimens of Aviculo
peeten tbat are provisionally identified as .d. guadalupensls
Girty and A. guadalupensis "'far., Myoconcha costulata Girty,
and Pseudomonotia1 n. sp.

The gastropods in the original list are represented only by
Straparollus sulcifer (Girty) and S. 8ulcifer angulatus (Girty).
In addition to these, the new collections contain a species of
Platyceras, one of Omphalotrochus, and a number of indeter
minahle specimens of Euphemites, besides a miscellaneous lot
of indeterminable bellerophontid shells,

Both the old and new collections contain the long-ranging
trilobite Anlsopyge perannulata (Shumard) .-Girty manuscript.

In summarizing the collections, Dr. Girty notes the
dose resemblance between the Pinery fauna and the
underlying RegIer fauna, the main difference being the
greater abundance and diversity of the Pinery fauna.
In his original work Girty 83 made the following com
parison between the Pinery and Capitan faunas. Some
of the differences mentioned have been removed by
subsequent collecting, but most of them persist.

The Capitan fauna, as exemplified by the collections obtained
in its middle portion at station 2926, and the fauna of the "dark
limestone" show well-marked differences. '" • * Some of the
more distinguishing characteristics of the "dark limestone"
fauna are the abundance of Fllsulina elongata * * *, the
greater abundance of cup corals, 'the presence of Cladopora
spin-ulata, the greater abundance of the Domoporas and other
Bryozoa, the presence of Chonetea perm"iamM and a. subUrat'u8,
the abundance of small Producti of the semireticulatus g!-"oup,
such as P. popef-, P. indentatus, etc., the presence of A1tlosteges
uuadalupensis and Spiriferina laa:a, the abundance of the group
of Pugnax bisulcata, the presence of A:viculopecten guadalup·

~J Glrty, G. H., op. cit., p. 19.

ensis, and of Euomphalus sUlcifer U and its variety anuulatus~

and the abundance of Anisopyue peran-nulata. An equal num·
ber of distinctive forms might be named on the part of the
Capitan fauna.

:B.A.DER. LI.MESTONE MEMBER

The Rader limestone member is represented by fewer
colledions than the underlying Pinery member, and is
apparently not as fossiliferons. The largest collections
came from the. vicinity of Rader Ridge (Nos. 7480,
7600, 7668, and 7693, pI. 2), from light-gray, massive
limestone resembling the Capitan facies, or from dark
gray, bedded limestone resembling the Pinery facies.
Smaller collections were made farther southeast; one
of them from east of the area mapped on the south side

of Lamar Canyon contains only ammonoids (No.7654) ;
another contains only fusulinids (No. 7921) ; and two
others contain only smaller Foraminifera.

The fusulinids, represented in two collections (Nos.
7480 and 7921), have been identified by Dunbar and
Skinner as PolydieJJodina capitanewu Dunbar and
Skinner, and P. 8humardi Dunbar and Skinner. This
genus is characteristic of the beds of upper Guadalupe
age. Smaller Foraminifera were obtained by R. C.
Fountain from two localities in the eastern part of the
area. They were found in thin marl layers interbedded
with the limestone and were separated from .their
matrix by washing. According to Renbest S5 the fol
Imving forms are present:

Foraminifera from Lamar Canyon

Locality

2

Text"l",ia sp--------------------------------1 X X
Deckerella laheei Cushman and \Vaters .______ X
Climacarnmina sp '__ ~___ X
Tetrataxis aff, T. conica Ehrenberg_____________ X
Glol,ivalvulina n. sp .____________________ X X
Polytaxis, 2sp__ : X
Rudilaxis sp ' X
Geinitzina C'fscoemis Cushma.n and Waters __ • -- - t X
Geinitzina n. sp______________________________ X X
Monogenerina sp_____________________________ X X
Spandelina sp_______________________________ X X
Spandelinoides atf. S. striatella Cushman and

~Tater5?__________________________________ X
Ozawainella delawarens£s Dunbllf and Skinner? __ X X
Stajfella sp ~________________ X
N. gen. aff. Ozawainella_______________________ X X
,Juvenaria of fusi.form fusulinids____ ____________ X X
Crinoid columnals____________________________ X
Spicule of siliceous sponge (with bulbous termini) _ X

1. In Lamar Canyon 1M miles east-aoutheast of its junction
with Cherry Canyon.

2. On northeast bank of Lamar Canyon, three-qu8.I'ters of a
mile northwest of its junction ~'ith Cherry Canyon, in the gully
east of the windmill.

84 Equivalent to StroparfJl!u8 aulciter of Glrty manuscript just above.
8& Henbest, L. G., memorandum, May 1938.
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j\.mmonoids from locality 7654 haw been identified
by Miller and Furnish as X enaspis skinner! Miller and
Furnish, and 1Vaa17enoceras guadalupe"se GIrty. The
first genus and species does not range below the upper
part of the Guadalupe series, and the second does not
r.ncre below tl,e middle part. Except for a few frag
me1rts, no nautiloids haye been collected.

Regarding the remainder of the fauna, most of which
"os obtained from the localities 11ear Rader Ridge, Dr.
Girty writes:

The corals comprise tile following: ar(ldopora spimaata Girty,
C. tabulata GirtYl\ Cla(lochORuS sp. (fragment), Lophophyllumf
sp., and Amplexus? sp.

'.£be bryozoans appear to b-e well di\-ersified but, as many of
tlleDl require study by thin sections, this group must at present
be treated in a cursors manner. The identifications made nre
subject to rc"ision. FishlIipora. is fairly abundant and appar
ently bclongs to a single species, F. gralldis guadaiupen-sis Girty.
The singUlar series of forms provisionally referred to the genus
DOJl/opora is plentiful and di"ersified. I rccognize D.oceHata
Girts, D. tenninaUs Gil'ty, and D. vittata GirtS. Besides these,
we haye Batostollv::l1a? sp., Leioclema'! S1)., PencstcHa, (frag~

ment) , A.callt1l.Ocladia glladalupensis Gil'tr, and Rhombopora'

sp.
Alllong the brachiopods the orthoids, as is usual in the higher

Oundainpian faunas, <Ire unrepresented, and the Orthotetinae
are yery scarce. There are only a few poor specimens of the
genus Derblfa, which might be a small ,ariety of D. nasu-tG
Girts. The absence of Chonetes is a noteworthy feature of the
fauna.

The productids, together with the relateJ. genera Aulosteges,
Pro1-ichthofenia, and Scacc1t:in.ella" are diversified but by no
DleanS bountiful in indi"iduals, and the individuals are mostly
poorly preseryed. They comprise productus capitanensi-s Girty,
P. popei Shumard, P. popci opimlts Girty, P. (Buxtoniaf) sp.,
and the peculiar P. (Pustulaf) pileolu8 Shumard. A number of
specimens are more or less closely related to another peculiar
form, described as Productus iimbatus Girty, and the question
again arises ,without being answered, as to whether this species
is not actually an Auiosteges. To the latter genus belong A.
guadal11petlSis Shnmard, and possibly a very small, smooth form
of doubtful affinities. Prot·icltthofenia, permiana (Shumard)
occurs in seyeral coll~tions, and a single small specimen is
doubtfully referred to Scaochinella.

Camarop1Lo"ia continues to be represented, although scantily,
by p. venusta Girty, and tbere is another form, unfortunately
not g~nerieally determinable, which resembles a. venusta except
that it has notably finer and mare numerous costae.

'1'he rhynchonellids are diversified and fairly abundant. The
outstanding species are Leiorhynchus? bi81t1catll11l- (Shumard)
and L.t bisulcatum scminuloidcs (Girty). WeHerella? inden-
tata (Shumard) is 31so present, with one or two yurieties or
related species.

The representation of the terebratuloids holds closely to type.
I recognize Die/.asma spatula tum· Girty, D. cordatum Girty,
Dielasmina guadalupensis Girty, and a new species of the same
genus or possibly a dimtnutive variety of the same species.

The spiriferoids are represented onl.' by the genera Spinier
and Spiriterlna. They include Spiriter mexfcantLs Shumard,
another species which may be S. sulcifer Shumard, Spiritel"ina
'billingsi Sbumard, S. a,ngu~ata King and S. laxa Girty.

Of Compos-ita, there are several species represented by se-
leeted specimens. Besides C. etn-arginata Girty, we have the
variets afftnis Gitty, a form very similar to C. sUbtilitG (Hall)
and another related to C. me4:'icana (Hall).

The pelec;ypods are few in number and poor in preser,aUon.
Only the following have been recognized: Solcnomvaf sp., .Avi
culopedcn sp., FU/,lciculiconc:ha sp., Pcrnopcctin obIiquus Girty,
Camptonectes sculptiUs Girty, and Myalina permian-a Swallow?
Gastropods are all but absent. The only forms noted are Bu
canopsis sp.t together with a few indeterminable bellerophontid
shells and Trachydomi(l.? sp. Finally comes the ever-present
Anisopygc pera.nnu1ata (SllUmard), and sollie undetermined OS

tracods.-Girty manuscript.

According to Girty, the Rader fauna is similar to that
of the Pinery, but (as C[Ln be expected from the smaller
collections) is much less yaried. Among the brachio
pods, the fe,,,er Orthotetinae and the absence of Cho
netes are notable. Other groups, such as productids,
rhynchonelloids, terebratuloids, spiriferoids, and the
genera 0 amarophol'ia, Composita, H'ustedia, and Lepto
dUB are about the same in both faunas.

LIMESTOlS'E BEDS BETWEEN RADER AND LAMAR MEMBERS

In the Delaware Mountains, the several hundred feet
of beds between the Rader and Lamar members are all
sandstone, except one fiaggy lin1estone bed, and no fossils
have been observed in any of them. Along the Reef
Escarpment, ti,e interval contains a number of fossilif
erOus limestone beds which are, in fact, tongues of the
Capitan limestone. These beds are represented by tl,ree
collections, two from the mouth of McKittrick Canyon
(Nos. 7608 and 7708), and one fronl the head of R[Lder
Ridge (No. 7360).

The latter, obtained from beds a few feet aboye the
Rader member, contains fusulinids. They have been
identified by Dunbar and Skinner as Ozawainella. dela
wal'ensis Dunbar and Skinner, and Polydieroodina shu
mardi Dunbar and Skinner. No cephalopods have been
found in the interval.

Regarding the remainder of the fauna, Dr. Girty re
ports as follows:

Sponges are represented by a specimen of A.rnblysip1toneUaf sp.,
another species of doubtful nature, and Oystothala·mia no
duli1era Girty?

The corals are represented by a single specimen belonging
to the species described in Professional Paper 58 as Lind
:Hroemia cyUndrica Girty. Similar corals have been cited as
LophophyUumf sp. in discussions of u.ndertying faunas._ A
quite novel type is Ohaetetesf sp., which grew upon, but appar
ently did not form a part of, the sponge cited as Amblysiplw
nella? sp; It is of doubtful nature, and differs from Cha.etetes
in that the slender cells do not seem to be closed bY tabulae.
Bowe,er, many silicified specimens of Chaetetes fail to show
the tabulae that they originally l)ossessed..

The following bryozoans are each represented by a single
spedmen: Fistulipora sp., Do-mopora terminaUs Girty, D. ooellata
Girty, Septoporaf sp., PhJylloporaT sp.t and Aca-nthocladia uuada
lupensis Girty.

The brachiopod group of Orthotetinae, which have been abun
dant and diversified in some of the faunas previously discussed,
are represented by a few specimens identified as Orthotetes
guadalupensis Girty. Chonetes is absent.

The productids are well represented, but in only one of the
three·collections under consideration (No. 7608), and the specific
representation is not large. It is as follows: Productu8 capi-
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taneMis Girty, P. (Margin£feral) waagenianu8 Girty, p. popet
Shumard, P. popei "ar., Product-us atf. P. (Pu8tulal) latidor
satus Girty, P. (Striatifera) pinniformis Girty, Aulosteges
guadalupen3"is Shumard, Prorichthofenia permiana (Shumard),
and Bcacehinellaf sp. The generic relations of P. pin-nijormis,
which is rather abundant, are uncertain. Some of my specimens
give evidence of having been attached by cementation, and the
general configuration suggests that of Aulosteges, but I have been
unable to ascertain that a cardinal area Is present. Altogether,
the productid fauna of this horizon is reminiscent of that of the
Capitan limestone.

Camerophoria continues to be represented, although very
scantily, by C. VI'mu-sta Girty.

The rhynchonellid fauna is considerably diversified, but each
collection seems to have its Own set of species, and most of the
species are represented by single specimens. These shells are
classified as lVellereUa? 8wallowiana (Shumard), W.18humard
ian-ar (Girty), lV.? pinU1tis (Girty), W.f indentata (Shumard)?,
and Leiorhynch-us! bisltlcat-um seminuloides (Girty)?,

Terebratuloids are feebly represented by a single small sped·
men of Dlelasma cordatum Girty, and se,eral indeterminate
specimens.

The spiriferoids include a single specimen of Sp'irifer, possibly
S. 8ulcifer Shumard as identified by King (which 1s doubtfully
the authentic S. sulcifer). Spiriferina is represented by S.
10elleri Girty, S. billingsi Shumard, and S. evax Girty? The
group also includes Mart'inia skumardiana Girty and Sqllamu
laria guadalupensla (Shumard).

Oomposita, although by no means scarce, is so poorly peescned
that little that is definite can be said about it. a. emarginata
Girty is definitely present, and some specimens suggest C. 8ub
tUlta (Hall), and 0. mexicana (Hall). Of Hustellia, the col
lections contain only two specimens, one- referable to H. meekana
(Shumard), and the other to H. papillata (Shumard). Leptodu8
americanu8 Girty is present in two collections, with one specimen
in each.

The few pelecypods present 1Jelon.~ must1r to the pcctenoids,
and few of the forms can be identii1cd. I cite only Ariculopccten
n. sp" Fasciculiconcha sp., and ..icanthopecten coloradocnsis
(Ne,vberry)? Mention should be made here also, but with
great reserve, of a fairly large specimen referred provisionally
to pse-udomonotis. Only the anterior half is present, and even
that is for the most part an internal lllOW. It is marked by
fairly strong plieations which are \"err irregular in size, spacing,
and eyen in direction_ Aside from the species cited, there re
mains only an imperfect specimen proyisionall:i' referred to the
genus Myocone-ha..

The gastropods comprise only a few bellero[lhontid shells
which cannot be determined genericullr, and Worthenfa? n. sp.
No trilobites are present.-Girty mannscript.

In summary, Dr. Girty notes that the fcHUla of this
interval is closely related to the underlying fauna. The
main differences lie in the closer similarity of the fauna
of this interval to that of the Capitan, a fact to he
expected in view of the similarity of the facies of the
containing beds to that of the Capitan, their close
proximity to the Capitan, and their gradational rela
tions with it. Among the Capitan affinities of the
fauna is the presence of Calcispongia, of l.lIartinia and
SquamuZaria, and of the productid species Product",8
(Pustulat) latidorBai't,., Girty, P. (Striatifera) pinni
for-mi8 Girty, and P. (Margillilera?) waagenianUil
Girty, none of which were found in the Rader fauna.
By contrast, rhynchonellids of the type LeiorhynchUil

bilntlcatum (Shumard), and also Spiriler and Spiri
lerina, which were common in the Rader fauna, are
absent here.

LAMA.R LIME5TON'E MEl!BEB

The Lamar limestone member contains abundant
fossils along the Reef Escarpment, near the Capitan
reef mass, but they are nearly or completely absent
farther southeast. Although they OCcur in gray or
dark-gray, bedded limestone, very different from the
Capitan limestone in appearance, Dr. Girty notes that,
Htuken as a whole, the fauna of the Lamar member is
a typical Capitan fauna."

Collections obtained from the member hy Darton and
Reeside" had been identified by Girty prior to the
present investigation. These collections came from the
mouth of Big Canyon, in New Mexico. Darton and
Reeside erroneously suggested a correlation of the mem
ber with the "upper dark limestone" (Pinery). Dur
ing the present investigation a large collection was made
at the mouth of McKittrick Canyon (No. 7401), not
far southwest of Big Canyon, and others were obtained
in the downfaulted area west of the Delaware Moun
tains (Xos. 7630,7647, and 7663, pI. 2).

X0 fusulinids have been collectec) from the member
on the outcrop, but some have been obtained from the
uppermost limestones of the Bell Canyon formation
(probably Lamar) in wells drilled east and southeast
of the outcrops. In the Ohio Oil Company, Popham"'0. 1 well, in southern Reeves County, 90 miles south
east of the Guadalupe Mountains, Skinner" has iden
tified Ozawainella, Leella, and Codonofusiella from
this horizon.

The member contains a few nautiloids, one of which
was identified by A. K. Miller as Jietacocera8 sp. Am
111onoids occur at fl single locality west of the Dehnvare

:lIountains (No. 7663), which has yielded three speci
mens. According to ~Iillcr und Furnish,ss

.All these represent only one species, Strigo[Jonlatites foun
taint :Miller and Furnish. The genns Strigogoniatites has not
been found elsewhere in Texas, but in Coahuila [Las Delicias
area, :Mexico] a rather pl'imiti"i"e representative of it occurs in
the Capitan horizon. An ach'ullced representative of the genus
is known from Timor [Netherlands East Inllies], probably from
the .Amarassi horizon. S. foutltaini is tbe youngest Permian
ammonoid known from the United States. but it may be older
than Ci1JolUcsf sp. of the Las Delicias beds of Coahuila.

ReaardinO" the remainder of the fauna, Dr. Girty
~ '"

writes:
Of the simpler clnsses of im-ertebrnte- life, this fnuna con

tains an unidentified sponge, the corals LophophyHum? sp" and
Gladopora spinulata Girty, crinoid plate-so and the spines, jaws,
and interambulucral plates of several species of echinoids.

S<l D:trton, N. H., and Reeside, J. n., Guadalupe group: Geol. Soc,
America null. 't'"ol. 37. p. 424, 1926.

Sl Skinner, J. W., personal eommunlcation. ,January 1939.
IlS l\Iiller, A. K., and Furnish, W_ M., Permian ammonoids of the

Guadalupe l\!ountains region and adjacent areas: GeoI. Soc. America
Special Paper 26, p, 12, 1040.
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89 Girty. G. H., The Guadalupian fauDa: U. S. Geol. Survey Prof.
Paper 58, pp. 15-18. 1908.

90 Ruedemann, Rudo~.f, cited in King, P. B.. and King. R. E ...
penlls~'h'anian and Permian stratigra1)hy of the Glass Mountllllls : Texas
Unlv. Bull. 2801, p. 139, 1928; I-tuedemann, Rudolf. Coralline ali;ue,
Guadalupe Mountains: Am. Assoc. Petroleum Geo\o~l.st\> ThIlL ...oL 13,
{lp. 1079-1080, 1929.

CAPITA'N LI]iiES'}:OlfE

The :launa 0:1 the Capitan limestone Was described in
considerable detail in Gilty's original publication,'" for
the material at his disposal was extensive. Most 0:1 it
was obtained at various points on the east slope of
Guadalupe Peak (as at localities 2926 and 2966, pI. 2).
The collections made during the present investigation
have added somewhat to the details of the fauna as
originally described but have not materially changed its
broader features. Some 0:1 the colleetions (such as
7405) were made in the vieinity of the older localities,
but one of the largest (No. 7417) came from a new area,
along the channel of South McKittrick Canyon near the
Grisham-Hunter Camp. This collection is probably
from an older part of the Capitan than the previous
ones, being perhaps of Hegler age, whereas the others
are perhaps of Ra del' Or younger age.

The manner of occurrence of fossils in the Capitan
limestone, and the faunal facies represented, have been
discussed on page 62.

The Capitan limestone apparently contains consider
able numbers of lime-secreting algae, but few. observa
tions 'were Inude on them during the present inyestiga
tion. Algae were reported from the Capitan by Ruede
mann.OO The specimen figured, h01\-e1'e1', consists of
l'isolites of the sort common in the Carlsbad limestone.
Subsequent observations have failed to confirm the pres
ence in the Capitan of concentric structures of the size

These collections furnish only three specimens of Paralleloaon
two indeterminable and one identified as P. rnulUstriatus Girty.
Sclii:-odu8 is represented by a single poor specimen, of which
more can hardl J' be soid than that it does not belong to S.
seCUr/iS (Shumard) 7, the only one that was recognized in
Professional Paper [is.

The pectenoids include Ariculopect<:l1- VeUatulU8 Kewen, Avi
(~ulovccte'J'l. sp., Gil'tl!11ccf.en 8ubla.quCa.t118 (Oirty), and Strcb
lochondria f sp.

Ptcria, is represented by a single indeterminable specimen.
Of Myoconcha, I lUlYe three forms which are gcneri<:ally doubt
ful and specifically nndeterminable. Finally, we bave a doubt.
iul and indetel'lllinable specimen of MyaUna and a small form
identified as Clcid.oplwnl8 paHasi ddawarensis Girts.

A large, stmigbt .'3cnphopod, provisionally referred to Pla.gio
glypta canna ·White, is rather abundant.

The gastropods are few and poorl:,>" prcser.ed. The bellero·
phontilis are repl'esented by two indeterminable species. The
pleuroton1al'iills haYe as Yet not been studied critically. Proba·
bly three species can be distinguished, but their preservation is
such that tlley may not be identifiable. There are also a large
Eot,·och'll·sf (possibly Bu('ollospiJ"a) , a dOUbtfully identifiable
species of Actaeonina!, BUlimorplw sp. Olllpllalot1'ochus n. sp.,
and an indeterminable species of 1\·Qficopsis.

The characteristic Guadalupian trilobite AnisoPV(J6 1)c,'an
nulata (Shumard) persists in moderate abundallCf'!.~Girtynlan·
uscript.

The bryozoans ha,e been less lntensi,ely studied than most
otlIer groups. I recognize FistulilJOra sp., Domopora tcrmi
naris Girt)'. D. acel/ata Girty, Batistomella? sp_, FCllcstel1a sp.,
aDd Aca,nihocladia guadalupensis Girty.

Among the brachiopods, tlle Orthotetillae are varied, com
prising Orthotetcs gua,dalllpcnsis Girty (abundant), Strcpto
rJlnc7bu-s grcgol'iulIl. GirtS', Geycrellai' sp.t and DeraZla sp.
C1londcs is abundant and all but one small sDedm€u lmve been
referred to C. hiUallll8 Girts; it is possible, howe.er, that C,
slfblirotus Giriy nwy also be present.

The proc1nctills are rather restricted in numbers ill1d Yal'iety.
I l'ecoguize onl~, the following: PmduetU8 capifallcnsis Gir(y,
p, (PustilIa n [al id01'satus Girty, P. popci opim118 Girt~-, anu
p. (Ma-rginifua.") sp. Besides these there are seyeral species
belonging to a small, attached genus that would commonly be
cs.lled Stropllalosia. The persistent Prorichthofenia pcrmiana
(Shumard) is also present.

Comffophon'a is fairly abundant, and for the present an
specimens are referred to C. -vcnusta Girty, although they show
SO much di,ersity that further distinctions mar be practicable
au closer study.

RhJ'Dchonellids are fairly abundant, but muny of the sped·
wens are crushed or otherwise in poor cODdition. All seem to
be of the general type of Wellerena osa,gensis (swallO\v) and
Way proYisionally be referred to that genus, They contain no
striking t~'pes and arc only suffidently di.ersified to be dif
ficult to classify. For p.resent Imrposes they ha,e been identi4

fied as TVellel'cllaf 8ftumardiana (Girty), W.f shuma1'diana, Yar.,
Tr." sHiallowialla (Shumnrd), and one or two indeterminate
forms.

Terebratuloids are only fairly abundant, but ther show con
siderable di,ersity. I identify Dielasma sulcatum Girty, to
gether with two undetermined species of the same genus,
IIeterela8rlw s/Ilwwrdianum Girt~·, Heterelasmaf sp., 'Notothyris
schtlchcrtensis Girty, and N. schllchertensis vaT.

The spiriferoids are represented by the genera Spirifer,
Spiri!et'i-l1a" 3fartinia, and AmbocoeIia. Spiriter itself sbows
little di,ersity, I recogniz-<'! only S. mexicanus Shumard, and
the ,ariety compacta Girty. S]Jiriferina is much more diversi
tied, being represented by S. billings! Shumard, S, sulcata Girty,
S. HicUcri Girrr, and SpiTitel'ina aff. S. hilli polypleura GLrty.
SquamlllaJ"ia. is abundant, but cononed to a single species, S.
guadalupcnsis (Shumard), Martinfa is less abundant than
Squamularia, but is not rare. Like Squu,mul.at'ia, it is repre
SE'nted by a single species, Y_ rhomboidalis Girty, Am,bocoelia
is fairly abur.dant in one locality, but here again only one
species is present, A. plallOCOIlVexa lTUa,dalupensis Girt~'.

Composita, as usual, is fairly abundant but the species are
poorly cbaracrerized. They ma:y be identified as a. cmargfnata
Girty'? and C. cma,·gillaf.a a,tfini.s Girtj'. Some of the latter
might pass as C. S1lbtiIita. (Hall).

One of the collections contains sen~ral species of CleiotllY'rida,
a small form resembling the common PennsylTania species C.
orbiCUlaris C\lcChesney), with which it is provisionally identi
fied. The occurrenCe is interesting, not only on tbis account,
but also because the genus has not heretoIQre been rec<h,,"Uized
in'the GuadaluPian faunas. It v;;as not kno-wn .'Then Profes4
sional Paper 58 was published (1908), and it has not been
found in any of the faunas so far discussed.

Another genus that is not rare, but affords only a single
species is lIustcdia, represented by H. meekana (Shumard).
Leptodus americanus Girtj' is fairly abundant, and affords rna·
terial for further study.

The pelecypods are rare compared \yith the brachiopods, and
they are distributed among the genera Parallelodon, 8chizOdus,
A'Viculopecten, Girtypecten, StreblolJteria-, Pteria, Myoconcha,
Myalina, and CleidolJhorus.
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and abundance reported by Ruedemann. Some of the
algae described by Pia and Johnson from the Guadalupe
Mountains may have come from the Capitan limestone.
The following species described by Johnson appear,
from the localities cited by him, to occur in the Capitan:

Solenopora centurionis Pia
Solenopora sp.
Mizzia 1.'ele'bitana Schubert
M'izzia yabei (Karpinsky)
.Diplopora! sp_

Pia suggests that some of the forms described from
the Capitan by Girty as the sponge Guadalupia are ac
tually the alga Mizzia.

According to Johnson" that part of the Capitan in
terprcted by him as the reef face (p. 63) contains
"filamentous green and possibly blue-green algae with'
red algae becoming abundant near the crest." The reef
crest of his interpretation "is composed almost entirely
of encrusting algal material (green and red) with
colonies of Solenopora locally abundant on the inner
slope. Fragments of Dasycladacae occur." The reef
flat of his interpretation contains "encrusting and fila
mentous algae [and] colonies of Solenopora. * • •
Algal pisolites occur."

Fusulinids are fairly common in the Capitan lime
stone, although not as abundant as ill tbe adjacent parts
of the Bell Canyon amI Carlsbad formations. From
the Capitan, Dunbar and Skinner have identified Poly
diewodina capitanensis Dunbar and Skinner and P.
8humardi Dnnbar and Skinner.

Cephalopods occur at a number of places. Of them,
the nautiloids are most abundant. According to obser
vations of Girty and Miller, they generally belong to
MetacoceJ'as shumardiamun (Girt}'), but Miller has
identified a Titanoceras and Girty an "Ol'thoceras".
According to Girty, the collections also contain frag
ments that probably represent three or fOllr othcr
species. In addition, it few ammonoids have been col
lected, especially at locality 7417. According to Miller
and Furnish, they all belong to the single species
TVaagenoceJ'a8 guadalupense Girty.

Regarding the remainder of the fauna, Dr. Girty
makes the following comparisons bet,Yeen the original
and the later collections:

The Capitan fauna is note,vorthy for the nll'iety of its sponges.
In Professional Paper 58, tl~e.r were classified as ~lntlt,.aco8ycon

ficus capitanens8 Girty, "Virgu/(J, ncptllnia Girty, V. ri(Jida Girty,
V. rigida constricta Girt,r, P8('udot~irg'll!a tClluis Girt,}", Guada
ll/pia zittd-ilana Girty, G. zUteliana var., G. cylindrica Girty, G.
cylindrica concreta Girty, G_ digitata, Girty, G. f(lJ;osa Girty,
Cystothalm'ia noduUfeTu Girts, Cystothalami(ll sp., Steinmann'ia
Q·mcricana Girty, Sollasiaf sp., and.tlmbly,·ripllOl1clla guadalupen
sis Girty. I now feel that some of the forms listed were too
impet'fectly known to huye deserved naming. Sponges are also
abundant in the new collections, which contain Guadalupia zit-

II .Johnson. J. H., Permian lime-secreting algae from the Guadalupe
Moulltains. New .Mexico: GeoI. Soc. America BUll., vol. 53, pp. 216-217,
194:?

teUana Girty, G. cylindrica Girty, Anthraco8ycon ficuS guadalup
ensis Girty, Amblysipkonella guadaluP6nsis Girty, Amblysi-
phonella Sp., .Amblysiphonellaf n. sp., besides the usual indeter
minata. These determinations are provisional and the original
material, which was relatiyely scanty, is in need of revlsion.

In the two original collections I recognized but two species of
corals, Llndstroemifll permiana Girty and Campophyllum teiC·
anum Shumard 1. In the new collections, corals are also poorly
represented. I find Campophyllllm texanum and probably the
form that was described as Lindstroemia cylindriCa Girty.
These new specimens, however, show a structure suggesting
Chonophyllum, but with a much simpler central zone, in the
midst of which is a st:rliform columella; only the columella and
the septa showed in the silicified holotype. Definite relation
sbips cannot be established until these two forms have been
closely studied by means of thin sections.

Among the br;,rozoans, the original collections contained
Pit;tulipora gmndis uuadalupensis Girty, F. guadaZ.upae Girty,
Domopora ocellata Girty?, D. term·inalis Girty, Tabulipora poly
spinosa richa'rdsoni (Girty), Leioclema shuma-rdi Girty?, Fene
stella spinulosa Condra 1, F. capitaneH8i8 Girt;).-, Acanthooladia
guadalupensis GirO', Acanthocladia. sp., and Gonioclad-ia ameri-
oana Girts. The bryozoan fauna of the new collections is much
smaller. I find only Fistulipora grand is guadalupensis Girty, F.
guadalupae Girty, TabuUpora sp., Leioclema shumardt Girty?,
and a few poorly preserv~ specimens of Fenestella. I will re
peat that identifications of bryozoans made without the study at
thin sections are extremely provisional,

Turning to the brachiopods, a species of Ol'a,!ia found in the
original collections hns no representatiye in rhe ones recently
lUade.
. Of theOrthotetiuae. Strepfol'1l1J1Ic!lIt8 gregarillm Gil':Y, Derbya

sp. n, Derbya sp. b, Orthotetes guadalupensls Girtr, O. declivis
Girty, O. distortus Girty, O. distortu8 campaul/latus Girty,
Geyerella americana Girt~·, and Orthotetina sp. were originally
distinguished. The new collections contain only Ortlrotetcs sp.,
0, di8tOriU8 Girty?, Derbya sp. ft, Plicatoderbya r n. sp., and
J1ce'kella n. sp. The differences in this group betwe.:m the old
and new are truly noteworthy. Orthotctes, which there was
abundant is here scarce, but on the other hand we ba \-e here
Plicatoderbya! and Meek'ella, two gener::t. that diu not appear in
the original collections at all. Meekella is particularl~' interest
ing, because it is nbuml<mt in the older faunas of the section,
but is missing from the Bell Canyon formation.

Only one species of Chonetc8 was recognized in the original
collections and tIle same species, C. hillall!/S Girtr. is found in
those recently made.

'The productic1s, as originally listed, consistl~d of Product/ttl
(Jlarginifera?) waagenianus Girty, P. capitanensis Gil'ty, P.
occidental/s Newberry, P. (PUSt1tlUt) latidonHL1-1l8 Girty, P.
(Striatifera) p-innaformis Girty, P. (Pustllla!) pileolll8
Shumard, Aulo..~teges medlicottianU8 ameriCQ11li8 Girty, and
Pl'orichtTwfenia permial/(l. (Shumard). Only a few of these
species ha,e bf>en recognized in the new collections which, on
the other hanll, contain a !lumber of f(Jrms that are at least
allied to some that occur in the Pinery limesrone. rnfler tllis
head I would include ProduclllS popei Shumard?, P. pop"e;

opimu8 Girty?, Prodl/ctus aft'. P. limbutlM Girtr, allll .llill)ste.qcs

guadalup(?rlSiS ShUUlUl'd. Of the species listed from the orig
inal collections, the new collections contain Producfus capi
ta1tCn.~·i8 Girty (abunuant), P. (Plu;tlfla?) latidorsatus Girty,
and Proriehthofenia penn-lana (Shutul1l"d). Besides the species
mentioned, there are a few not found in either the Capitan or
Pinel'Y faunas us previously described: prodltctlls (."Ixonia!) n.
sp., P. (Pu8t-ula) n. sp., and Tcgullferitlaf sp.

Products (Aroniaf) n. sp.t ""hich is abundant at one local~

ity, may be tIle form that King identified as Avoll i(l 8ignata
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(GirtY). P. (Pus/ula) n. sp. may be the form that he ~denti

lied as A.1'otlia meek-ana (Gil't~-). The autbentic meckana be
longs to tbe subgenus Canc1'inel-la-. The form cited as Pro
ductus aff. P, limlwtus Girty 1.'3 not as well prescned as could
be wished, and I am unable to state its relations. This inter
estiDg form bas features which suggest A ul,OStCU68 ma,gnicostat1l8

Girt~'. but it is certainl.\' not the same species, and lll'obably does
oot belong to the same genus. TCJrlllitcrinaY sp. is problemat~

icnI; it is npparently related to, 01' deriyed fri)ffi Product1l8 or
Tegulifcrina. but is apparent]~' constructed somewhnt after the
fashion of PraDo"seidel/a. It can hardly belong to the latter
genUS, llOwe,ert and is apparently nc~. As already intimllted,
tM llroductid fauna of the new collections ig perhaps more
closely related to the fauna of the Pinery limestone member
tluW to that of the Capitan limestone as orij:!;innlly uescribed.
}..t all eyents, it is in pal't a combination of sllC'cies from each
fauna.

TIle onl~' pentameroic1 from tbe fauna of tbe Gundalupe
Mountains, CalJlCrOpllOria, i.~ re\lre8ented by the common C.
1'C1I1/sta Girty in both the old and the new collections.

The rhynchonellids in the original ('ollectiow;. included Leio
rklll/dIIlS! bi~1I1catun/' seminuloide8 (Girty), WcUcrel1a.? 8u."I{ll
lowial1(1 (Shumard), W.t clegans (Girty), W.? s11umardin-na
(Girty). IT.? il/del/tata (Shumard), and Camurotocclda? lon
gacva (Girt;,--). This group has lUuch the same representation
in the new collections, exceDt that the first·named species is
absent. 1T"el1cTc17a? indc11tata and IV.? su.:allowiol1a are re
versed in point of abundance, the former being re.latiyely
abund3nt in the new collections and the latter reulti,cly ran,'_
and represented by poor, doUbtful specimens. In the Dew col
lections there are also se,eral douhtful forms, possibly belong
ing to new species.

Among the terebratuloids, the old collections contil.ined Die
lasma spatll/alum- Girt:r, D, cord,atum.- Girty, D. sulcutlHn Girty,
D.? scutulatlUll- Girty, Dicla·smi110 guada11lpcnsis Girt:,-', Noto
thuriS scl1tlcl1ertcl1sis Girty, N. sc1wchertensi8 ovata Girty, He·
tCf'elasma slw1llordiQII1/m Girty, and II. l.'enllstll1-l.Im Girty. The
new collections are lesiS di,ersified. and contnin only Dielasma
COl"datum. D. spatulatwn, D. pl'olol/gntum Girt~', Diela.smi1w·
glla.dalllpensis, and Hete?'clMma 'l.:enustu-Ium.

The S{Jiriff'roids were represented in the old collections by
numerous species of SpiriteJ", Sllirifetina" Squnt1ltdaria, Mar
tinia. and A.. lllboeoe1ia. The same genera occur in the new
collections, hut the s~cific representation is smaller. Under
8-pirifer itself. I originally recognized S. mcxicanlls Shumard
and rbe ,artety compachls Girt;.'. In the new collections, I
find S. mexicaJlus, the yarietles c01l1jJa('11J8 and 1a11/s King,
and also S. 8ulc-ifer Shumard'? Under Sph·fferina, I originally
recognized S. 1ce/.1cri Girty, S. pyramidalis G1rty, S. billi11.1lsi
Shumard, S. billingSi ,·('t1IS0 Girty, S. evax Girt~·, and S. su1·

cata Girty. The new collections contain the first three species
llnmed. Jlnd also S. laxa, Girty (descrihed fl'om the Pinery),
and SlJlrifcrilla n. sp.

'("nder Squamlllarl0, I originally recogniz2d S. glwd-a-11lpcll8is
(Shumard), with the yarieties S. g. sUbqlladrata Girty and
S. g. ot'alis Girtr, but I now think the last two hl1l'dly deserYed
,arietal names. OolS one of the new collections contains shens
of this genus, ano I aDl referring aU of them to S. guado,l.lIiwn
sis. Under the genus MaJ·Unia. I originallY described two
species, ]1[. rhom"boida1is Girty and lIf. slwmul'dir!Ha Girt:;.. In
the new collections. the genus occurs at only one locality.
Pending more careful studJ" 1 am referring all the sI)ecimens
to Jr. :I"1loJJlDoida1i.s. A.muococ1ia IJloniconvcxa· glwdal!l1pensis
Girty occurs in both the old and new eollections. and is the
only representatiYe of this genus.

Composita, in the old collections, was represented only
by C, emar(linata Girty and the variety affinis Girty. In the
new collections, tlle genus is abundant and decidedly more di-

Yersified. Most striking is a very large species which is pro
visionally compared with C. gigantea Branson. There is also
present a species which Ulay be chell as Comp<Mi[.a, uf(. C.
8ubti7ita (HaU). O. cmarginMa is doubtfully identified, save
in one {.'{)llection. Specimens haye also been referred to its
Yariet~,. O. e. a.ffi,nis, and to C. mira (Girty) '1

Htlstcd'ia, in tIte old collections, ">vas represented by H. meek·
ana (Shumard) and the yariet:.' H. 111. trigon(/·Iis Girt.'". The
new collections contain only a few spccimens of this genus, all
of which are DroYlsionaUy refen-ed to Il. rnccka,na.

Lcptod'1ls is present in the llew coUections, as in the old. It
is rather alJundllnt, and some of the specimens are of large
size. AU, howcYer, ore for the present refert'cd to L. omcri
conus Girt~'.

The Dclecypod fauna, as. orig,tnally described, 't\'as di\'crsificd,
althougb but few of the species were represented by more than
a specimen or two. They were classified under Edrnondia, Par
aHelodon, Pterfa, Myalina, Scllizodtu, CfJrnpto11cctcs, ApfeuIi·
pcctell, Eud/ondria, PenJOl'ect('11. ]llagiustulna. Limahll-i-lIa, J[yo
('mlella, n11<1 C1/pf'icwl'dinia·. 1I1ost of the same ;!."enern are rep
resented in the Dew collections, but some of the species are not
the sarne. This suggests that the pelec;vpod fauna is highly di·
,-ersified, but poor in indh·iduals. I might add that more than
half the pelecYl)Qds c01l8idered in the following paragraphs occur
in a single collectiun (No. 7417, frorn older part of formation
neal' GrislHlm~HunterCamp),

Allori8fna, a genus not found in the old ('ollect\ons, is. r~pre·

sented by fi single doubtful specimen. It is u frugulOnt of a
large shell marked by concentric lirae and fairly strong con~

centric corrugations. The Urne are coyered with small, rounded
tubercules set close together.

The old collections contained a small form described as Ed
mondi{l? bcHula- Girty. The new collections contain a speeies
equally donhtful as to generic position, but of large size. It does
not belong to the strongly corrugll. ted section of the genus. but
is apI)arently almost smooth and is rNated to a number of slllootb.
trll.nSyerse shells referred to Edmondi,a, es-pf'ciall~" to tlle Missis
sippian species E. tountaincnsi8 WeHer. :My specimens are few
and in poor condition.

ParaUeJ,odott- bad h\'o species in the old coUections, P. politu-8
Girty and P. 11w.ltfstria·llls Girty, neither of which is notable
for its size. This is not true of the specimens recently coUected.
P. POlitu8 has Dot been definitely identified among them, but
there is a finely striated species which may belong to P. rlwlti
striafus, although some of tbe :::pecimeus are very much larger
than the type. There is another large species (n. sp. b), marked
by coarse, strong costae which wel'e apparently crossed by strong
concentric lamellae. A third ~Decies ~n. sp. a) is represented by
a single specimen of enormons size, showing at the anterior end
(wbere atone the shell is lll't'sent) only strong, flaring lamellae
which interrupt a few subdued, lllo(lel'lltely coarse costae. A
fourth specimen of doubtful relations represents the median part
of a stilllurger specimen. The r:-:urface is ltUll'ked by fine, radial
striae and mther fine, c011centTIe lirae, together with Yarices of
growth of different size and illt(>n",it~·. In pla<:es, espeCially to
ward the Yelltral bonler, the striae nppear to be interrupted and
to haye the for111 of p\.lstule~, but by their Huear arrft11gement
to mnintain the appeamnce of radial costae. To S0111e extent.
then, this fragment re<:alls the one dted as Al1cn'smar sp., and
it is not impossible (ulthol.1gh at present it seems improbable),
that both may belong to the saine species but represent different
parts of the shelL One Tery conspicuous difference is that in this
form the omamentation (including the pustules) is conspicu
ously radial, and in the other it is COnSI)icuously concentric.

Ptcria, represented in the old collections by P. !71La(lalu})€fnsi,8
Girty, lms not been recognized in the new ones. AIyaUna
squamosa Sowerby,? was included in the original fauna, but the
genus is rel1l'eSented in the new collections b;!' onl~' two doubt-
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tu! specimens, neither of which is the same as the species cited.
8chiZoduI! was represented in the original collections by a rather
small form identified as S. S8CUrua Shumard? In the new
collections, the congeneric species is large, and more comparable
to S. symmetrica Calvin than to any other of our later Paleozoic
species. Three species Were described under CamptOtZectes r
in the original collections, C. f usperatu8 Girt.'?, O. , papillatus
Girty. and C. 1 8culptilis Girty. The specimens in the new
collections seem to belong to the first two of the species named,

Under the genus Aviculipecten. the old collections had three
species, described under the names A. infelia: Girty.· A. laqueatus
Gim. and A. stuolaQUeatu8 Girty. A recent revision of our
upper Paleozoic pcctenoids redistributes these specimens ge
nerically. They thus become St-reblochondria' infeli;]: (Girt)'),
Acanthopecten laqueatU8 (Girty), and Girtypecten 8ublaqueatu8
(Girty). The new collections contain Girtypeclp-n 8ublaqueatug
and ilcanthopeeten! D. sp. besides two indeterminable species
of At.·iculopecten. Still among the pectenoids, the old collec
tions contain Euchondria? sp. and Pernopecten obliquu8 Girty.
The new collections contain the latter species, and also a re
markable specimen that suggests the genus ObUquipecten, and
may belong to that genus so far as the facts are known. It is
somewhat imperfect and the greater part of th(~ shell is missing.
At first glance the specimen looks like a left valve of a fair
sized Myalina, of the type in which the anterior outline is
strongly concave. On closer examination, llO\yever, one sees
an incomplete anterior- auricle and also a few fine radial costae
on the anterior side of the umbo, which is the only part where
the shell is preserved. Some irregularities on the internal mold
by which the greater part of the specimen is represented sug.
gests the presence of a fe,y coarse. weak costae. I would be
disinclined to place this form under Pseudomonotis, which is
suggested by the surface characters, because of the configuration,
especially because it Is so strongly prosogyrate. The shape,
on the other hand, corresponds remarkably to that of the ventral
valve of Obliquipecten.

To Pseudomonotis, a genus not represented in the early collec·
tions, I am referring three species from the new collections,
All are decorticated and probably not of use in describing the
new species which they apparently represent. One Is a large
form which is nearly fiat. and Is smooth except for a few large,
loose. marginal pUcations. It has the general appearance of
P. 8pinOJJa Sayre, but of course little or n<lthing is kno,yn about
the surface characters. The second form is much smaller, ''lith
large, strong, irregUlar pllcations. A much smaller portion of
the umbonal region is relatively smooth. Here again, finer de·
tails of the surface are unknown. A third species, represented
bYa single specimen, is small, narrow, and highly convex. Part
{)t t11e shell is preserved. showing very strong, rather flne, radial
enstae, alternating in size and closely arranged. No large il'.
regularities of surface are developed.

The Limidae were represented by two species in the old col
lections, PI.ag'iostoma aeltoidcum Girty and LimatuUna striati.
cogtata Girty. Only the latter is present in the new collections.

The genus Pitwa, not represented in the old material from the
GuadalUpe Mountains, Is represented in the new collections by
n sin~le specimen. It is smooth·surfaced, and if the sculpture
possessed by most species of Aviculopinna is characteristic of that
genus. the specimen in qnestion does not belong to it. On the
other hand, it certainly does not belong to Pinna peraeuta
Shumard. for it is mucll smaller, and has mud} more rapidly
diverging outlines.

The old collections contain a species described as Myoconcha
cOgt'ulata Glrty. The new ones contain a simIlar, but apparently
distinct species. They also contain two other specIes that are
perhapS congeneric. One is small, but considerably larger than
M. costulata, and is disinguished from it by beIng entirely smooth.

The third form is larg,e, and represented by a considerable num
ber of specimens. Nevertheless, all of them are more or less
Imperfect and more stUdy is required before one can recon
struct the original characters. This form may noc be congeneric
with Y. cogtulata, but wherever it belongs, it is a species new to
the fauna. •

The old collections contain a species of Oypricardinia (01
cO"ntracta Girty), but nothing of the sOrt has been found in the
new ones, On the other hand, Pleurophoru8 was not repre·
sented in the old collections, whereas one, and possibly two
species are found in the new ones. One species is a small and
elegant form related to P. occidentalis Meek and Hayden, as
llSually interpreted. The other is an uncommonly large shell of
doubtful affinities. It may prove not to belong to the gBnus at
all,

Before leaving the pelecypods, mention should be made of a
remarkable genus which, so far as I know, is new to our Arner!·
cun later Paleozoic faunas, if not to science. The shell is
fairly large, the valves elongated, oblique, and extremely con
'Vex, leading back to an umbo which is compressed and strongly
prosogyrate. In fact, the valves, taken separately, resemble
ODe of those platyceroid shells that make only part of a turn
and are narrowly rounded across the anterior surface. The
only specimen in my collection, howe.er, retains the T"alves in
articulation and half open. Furthermore, the surface is marked
by fine, faint, regular radial lirae.

The scaphopods, which are not found in the old collections,
occur in one of the new ones in moderate abundance. Only
one specIes is recognized, which attains a rather large size. It
is elongated, straight, and gently tapering. The surface seems
to be smooth, or at most marked only by incremental1ines. So
far as the characters are shown, this might be the species that
I customarily identify as Plagwglypta canna White. Mention
should be made of one remarkable slab in which three of these
specimens occur almost in contact, and directed to a common
center. Whether they lived in that relation, or were so arranged
by current action, is uncertain.

The fauna as originally described contains the folIo~l"ing gas
tropods: Patella capitanensis Girty, Pleltro.tomaria mica Girty,
P. digcoidea Girty, P. neglecta Girty, Euconospira obsoleta
Girty, Trochug? 5p., and Zygopleura gu:aUou.;iana (Shumard).
The absence from this list of any of th.e bellerophontids is note
worthy. A few bellerophontids occur in the collections recently
made, but their preservation is such that definite generic
aSSignments are impracticable.

The pleurotomal'oids are mostly small shells, and their clas
sification requires more careful study find deliberate considera
tion than it has been possible to devote to them. Without
going into details, I may predict that some of the species cited
in Professional Paper 58 do not occur in the DeW collections,
but that the new collections contain a number of species not
there cited. One species Of this family, however, Euconospira
obsoleta Girty, is fairly common, and mny prove to be the type
of a new genus. Some of the specimens of it in the. ne...... col·
lections are remarkable for the fact that color markings are
still presened on the surface.

'l'he only otller gastropods cited from the Capitan in Pro·
feS'3ional Paper 5S at'e a sUlall, ind'-2terruinable shell. and
ZYf/ojJleura 81cltllo/Ciana (Shumard), a specief) which was de.
scribel1 by Slllllllnrd, but Which I did not recognize in my col
lections. 1'0 species of ZllyOp7eura has been recognized in the
new collections. but they contain a 11umber of genera not here
tofore knowll in this fauna. At one locality, fragments that
belong to Xaticopsis, or some closely related genus, belong to
one or more species of relath'ely huge proportions. Another
collection has furnlsJled one, and possibly two species of
1VaticoW~i8 of more moderate size, provided tllP-y are not young
specimens of tIle larger species. A fragmental'y specimen from
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CARLSBAD LIMESTONE

I"tl Darton, K E., and Reeside, J. B" Jr., Guadalupe group: Geol. Soc.
Amerlca Bull., vol. 37, pp. 427--428, 1926,
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93 Johnson, J, H., Permian lime-secreting algae from the Guaaalupe'
Mountains. !'lew Mexico: Geol. Soc. America Bull., ,,"01. 53, p. 213, 1942.

9,\ Johnson, J. B., op. cit., p. 213.
t~ Pia, J. V., Vorlliufige fibersicht der kalkalgen des Perms von

NordaIDerikn: Akad, Wiss. Wien, Math.·Natuurwiss. ID., Anz., 9 ....
r>reprint, June 13, 1940. Translation by John Rodgers.

Johnson (1£138) states that he has obselTed the genus Girva
nella in the Carlsbad limestone. I haye not seen an~·thingof the
sort in m~' material. It see-IDS probable that Johnson has con·.
sidered certain pisolites to b~ Girvanella, perhaps the same ones.
that Ruedernann called "coralline algae." The commonest of

The pisolites which occur abundantly in the Carlsbad
limestone have been mentioned on page 65, and are con~

sidered by some paleontologists to be of algal oTigin.
They are described as follows by Johnson:"

As typically developed the "pisolites" nre sDherknl or suh
spherical 'Yith flattened base anti top. The average size is
from 0,6 to 1.1 centimeter, and in man:y deposits they are sur
prisingly uniform, In very rare cases thej' grow much larger.
and smaller ones also occur. Tiley are formed of thin layers
of material morc or less concentricall:y nrrangetl around a
nucleus. In small "pisolites" and in the centrnl portions of
larger ones the layers are concentric, complHel;r en-reloping
those beneath. As the objeet becomes larger, howe-rer, the
la,rers tend to em"elop the mass only partially, and the "piso
lites" become flattened and rudely elliptical in cross section.
The individual la;rers are seldom of uniform thickness. rl'be
itregularity becomes lllore pronounceel in the outer layers where
thej' thin out toward the margins. The nucleu~ may be a small
gastropod, foralllinifer, a 8egment of a Dll.syelaelacae, or a frng
ment of Some other fossil; onl~' rnrelr is tIle nucleus of inor
ganic material.

Microscopic eXflmina tion s11o,ys the layers to be composed of
Yerj" fine particles of calcium carbonate in most caSes. Some
SllOW a de!i.nitel~T crystalline structure. This is c~nsielered as
probably seeondary sinc:e it is best de'leloped in the outer Inyers.
Even under bigh magnification no cellular Stmcture could be
definitely obs-en-eel altbough Yague scggestiolls of a feltlike
mat of filaments wcre occasionalls found. A few GirvaneUa.
tubes were observed in some of the "piSolites." However.
these ,,,ere also observed in about the same abundance in most
of the other objects stUdied, so their presence is considered
more or less accidf'lltal.

In some localities small "pisolites" occur whiCh show a
structure of tine radiating needle-like crrstals with concentric
layers absent or poorly developed_ Except for size these are
Ilke the small oolites present in many of the specimens. Tllese
are interpreted as of inorganic "Origin.

The pisolites have been variously interpreted. John
son considers them of organic origin, whereas Pia be
lieves they are inorganic. Johnson 9,1 states:

The writer believes that tbe majority of the "pisolites" are
of algal Ol'igin, representing calcareous material deposited around
the outer (growing) layers of colonies of low t~-pes of blue~green

algae and fine silt and organic debris caugllt in the outer growing
layers of such colonies. The structure suggests growth layers
which start as a coating about a small object and grow can·
centrically until the coloD)' becomes large enough to cut off the·
light from the basal portion, which, as the mass becomes larger~

is more and more likely to be partly buried in the fine debris.
of the lagoon bottom. It maj-" be that from time to time they
were rolled oYer b~' tides or storm v.-aves or other causes, and.
growth continued on the upper surfaces.

Pia 95 states:

Attthracoporella sp.?
Diplopora sp.?
Girvanella sp.
Oolenella guadalup-

ensis Johnson

Solenopom centudonis Pia
SOlenopora sp.
Gymnocodi-um n. sp.

Mi::zia 'l:elebitana Schubert
Macroporell.a verticillata Pia
M. calcipora Pia

Solenopora centuriollis Fia
Solenopol-a sp.
Mi::'zia minuta Johnson and Dorr
Mf.:zia yabei (Karpin:::ky)
Macroporella sp.?

nllother loca:iry represent::: nil elongnte, deeply <::mbl'ucillg' shell,
probablr bdtlllging to Hle genus Mcckospira, and the same lo
cality has fnrnished two imperfect specimens uf a form that at
first sugges-rs a yer~" large. spreading species of ZYfT01J!cw·a,
~dlose flat, sloping sides bear coarse, transverse plications. The
basal surface, however, is filit or eyen concave, :llld the columella
appears to be llerfol'3 teo The generic position of this curious
species is uDcertain for the shell is in lUl't;e lUea~ure destro)·ed.

The trilobites continue to be represented by the character
istic sllecie~ Anisopygc pcrannulata. (Shumard), Which ranges
prncticallY throughout the Guadalupe Mountains section.
Gil'ty l1lanu.script.

From collections between Carlsbad Cavern and Carls
bad, Johnson lists:

The fa una of the Carlsbad limestone ,ms largely nn
known before the present investigation. One of Girty's
original collections (No. 2905) may belong to the forma
tion, but is hardly typical of its fauna as now known.
Another collection, made later by Darton and Reeside"
from near Carlsbad Caye and reported on by Girty, is
more nearly like the assemblages observed during the
present "ork. The report that follows is based primar
ily on three rather large collections made by H. C. Foun
tain (Nos. 7415,7416, anc17427, 1'1. 2), all of which came
from the summits of the Guadalupe Mountains north
east of Guadalupe Pcak. The manner of preservation
of the fauna has already been noted (p. (5).

The Carlsbad fauna has some resemblances to the
Capitan fauna, but the collections renal marked cliffer
ences bet"een them. These differences are more start
ling becau.se collections from the two formations are
from rocks of approximately the same age, that lie only
a fe" miles from each other. In particular, as indicated
by Dr. Girty's report, a number of characteristic later
Paleozoic brachiopod groups and genera are not present,
although they occur in all the other rocks of the Guada
lupe Mountains section.

Near the Capitan reef, the Carlsbad limestone con
tains numerous lime-secreting algae, some of which ha.ve
been identified by Pia and Johnson. Some of the spe
cies cited below may have come from the Capitan rather
than the Carlsbad limestone, and Johnson cites a num
ber that occur in both formations. From collections
near Carlsbad Cavern by G. A. Kroenlein and J. E.
Adams, and from my collections in the southern Guada
lupe Mountains, Pia lists:
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tlll""<I\ HllJll"lI' I I ". n h~ :lllprOXlInntely spherical forms with fine con-
l'I'1I11'h· hmh\'II\ 'I'}
\ " nn, le s:ulJples of rOck at my disposal contain
1~111:-1 (1'\\111 I , 11\"

II I tlh~lt~l" to 7 centimeters in diameter. * • *
HI,... Il!t·... 111":0-;' '. II. \ 111:-;0 l\'~, thl'l"l~ are also irregularly sinuous lami~
lUll h'IlI<l ill 1hi'" '1-' 1"" "III (II ~:-;. r:u l:ltlllg sinter, and finely tufted growths.
, Ihl'sl' Sll'll 't,

\
"I lI'l'S allll(~ar in places in the lagoon facies behind

I h' 1'1'1'1':-1 ... ... ... "
11 " lhe l'hief interest of the structures men-

,111t'11 lh'N \11 '1, I' " .. I' l ~H1'Pl'LslUg sllllilarity to the well-known con·
\'\1'11\\111'\ In I II' "I . .
\ ' I • :l,t;"He,slun LImestone of Durham In England

\\\hllhh W.' -,,", I "I- . . .', . .
, • I \ i'.1 Ill).;" 1H hoth areas wIth SImIlar chemlcal

Pl'll\'I':-lS\'~ It I'
. N llull'WI)rthy that such processes took place in two

;sUi'll whl,'I," SI'lllll':l!l,tl rt'gi\)IlS at apPl'oximfltel~T the same time,
lllllt lhal III '\' j I' I" "
, I, ",I, II ;\('t~ III a {lUtllltlt~· that has not been recorded
ll'\llll Hln' ,JIll "" I'" I' . 'I " " ", . . \ ,\ r oJ. t h~ sectlOn, with pnhaps the exceptlOn
'I llh' .\lto:;\'llkian.

\
11\ 111\\ ~:lHH\ a I'l':t that. has yielded the alo'ae associated

\1' I . I' ~ e ,
\ :, ,'lill :\111 llllmcl'OUS fusulinids. AccordinO" to Dun-

hu' a1\ i ~l" , . ~" ~'''''''l'r, thl'y mclude the large specIes Poly-
~IJ, ,l\ldnlcl. ('ctpita-lwnsi-8 Dunbar and Skinner and P.
x \11"/,,,"1," [) [ ! Sk' d ":, " 1111 HU' :lnt ·lnner, an the small specIes
1","' i,~' 1><"1111;<, nunuar and Skinner, Oodonof1t8lella par
,',1,'"'/,"" nu"har and Skinner, and Staflella fo1tntaini
\ 'U1\h,ll' :lnd ,s,kitltWl'.

1\1'~:ll'dil\~ Ihl' I'l'maillder of the fauna, Dr. Girt}' re
1'1 '1'1:-; :

rh,' ~1'11Il'~" ," '1 f " "...... \:.;" h' llnU:l[Wn belong to onl~' one specIes, pro-
\ j:.;\,\n:I\I~· 1d.I'llfllh'd:lt'! Glladllllll)[a cyUndrica Girty. The corals
:\ I't' sf tlt pl',''';' 'til 1 (' .,.
\ ,,, _ ' , , H1, nrc l'I'presented by a slllgle speCImen WhIch

• , \,~ Ih'l ~lh'w ",r nl\'(l1re snffieiently for even a tentative identifi.
"~lj hIli. I;Q·".~\'atl~ nre without a single representative.

.\\1\\,\\", 11", 1", I" 1 1 1" d,., ," :h'll\'p()(~. tie ortlolds are unl'epl'esente , as
"h'S ha',' !It'''ll in ~\'\'l'ral of the preceding units.

I'h,' \\\"1", 'I"
, I lH:lI' an' rt'lH'esellted by two rather remarkable

..... \ ..."'l.',.;. !';I''oJt''./cT11!la, n. ~p. :lIld Derbyan. sp. besides which one
•t,i:''':ll \:lh l , i::; 1'1','\'i$;ioll:lllr referred to Streptorhynchus PYO
'''.:,';, "J \~ \ \'1S. .\:'li,h' from these, none of the other Guadalupian
~\'\h'I'~\ ~\ :',' 1'l"'::::"'I\[. 'l'he Pfica-toder'bva is of uncommon size,
\, ;111;1 1':\I\lt'I' hi~hl.,· I.'01\\'C':( dorsal valve and a rather hig]l -ven
t ,-,\ \ \:1\" t'. Ttl" :,I11'(:\('1' b;, mad~ed by very flne and very irregu
,It: \':hL:l!il~~ lir:It', In :ldditiOll, the surface in varying degree

,,.;. \ \'Q' \~'h'\"n. :1 fll'r :\ ::;:()Jllewhat definite pattern, Wbere most
,.....'n:-l",'·n,'a~, Ihi$ 1"':Il1\1'(' CIHlsists of innumerable small pits wbich
:'1..... '\''''''\ ,.. ' ,- "I }
"'\ ' . ", ;,: VI' $ \()1"[ l'lrlgl'S between them, Tbe pits may be
\.:;" ,'l.' '''':Ir:'l\ f t '\\' ,11' Yl'r~' numerous, and in some specimens the
;',1>;" :n "(];.'\- 1111' ri,t~"$, :H'e the most obvious features. The
\':,,---,,,\\,..; :-." )\'" }"
" , , .. t til' Ilh';\l' :lrrangement, but where an arrangement
.:-;, "',\~~Hl-y ~ll'P~\n'm. it b rather decl1ssating than radial. The
':\;.~~\ ::' ''''(''1'1't'l\ tt' Plicatodo'bJju, in spite of the lack of: definite
\ ~~,ha\ \'I.l.k:lth'n~. (1'1' it ':::('('1118 less out of place in thnt relation·
.....~\.\' nun h1 1l.'J)Jyll. 'I'ht~ internal structure appears to be that
,\( i)l"-:""'_;}, :h" ~1'P(Ull.l l't'al..'hing to and coalescing with the del~
- ·,t:"-,, '\" II "" ·'1 ,} } t.." , ""'. - ... ( '''-' I,' }1 :\ ..'8 :lre considerably thickened and can-
"~"'''\ \\ ~rh ,'~\1111:':, Till' Dt'rbya n, sp. is small and in shape
~:~;!w" t'l,'r;~nl\ than trang'·erse. The ventral valve is very
:.\\:_~ :l~~~~ nlt' ~l',)wth "err irregular. It is possible that this
~, ,).,) ,,~;IS 1'1' :11\ l'xtrellle variety of the other species in spite
,,,t (~h' :,\Hlh'I'\'H~ rlltl.'L'l't:'llCL'S shown. This form is re;resented
-:-,:. "l~lS ::\ 1.\'\\' $\'It.....'imC'ns, whereas the other is abundant.

('\.,.... 'f" "
" • ~ :,~ l~ UH1'\'prt'seutC'd, and what is remarkable for a
'~'\'t' \"\\h-,~\'h- fmm:l, Sl) are all the tribes of productids, Pro-
t ...."\-;\,,,'., _

, .. Ill, l'n the otl\E'r hand, occurs in great abundance.
: :\::\ :~\" ::-Ut"'t', hl'\'\"'(',er, that all the specimens belong to the
~~\\~, ';;'l~'-';'~ f

' .~ ~ ('1' $,)111e are uncommonly large, others UDcom-
\),"~\\.)' h\1\.:.t ~\nd t:\~ring. Provisionally, all of them may be
~'\''t'~-....t h\ 1". ,1~''''lIIilUra (Shumard).

Camerophoria, which has ranged thrQughout the many units
of the section, is unrepresen ted.

Rhynchonellids still persist, but are rednced in numbers and
variety, I recognize two species, lVellereUa! swallofciana
(Shumard.) var. and Gamarotoechiar longaeva (Girty). The
first type is distinguished from typical lVeHereUaf' swallo!oiana
by having two instead of three plications on the fold, and all
the specimens in the new collections are of this character,
Similar forms have also been observed in the Capitan limestone,
The second type is identified on the basis of a single, immature
specimen,

Terebratuloids are uncommonly abundant and di-.ersified.
The follOWing species are tentatively distinguished: Dielasma'
SGutulatum Girty'l, Dielasma sp., Dielasmina guadalupensis
Glrty, Dielas1nina n, sp. '1, Cryp-tocanthia n. sp., Notothyr-is1' s~.

The entire family of the spiriferoids is unrepresented,
Compo~ita is represented by two species, or by what one might

regard us a small-sized anel large-sized -variety of the same
species, The large form resembles O. ovata Mather, as figured
by Dunbar and Condra,oe and may be so identified. The small
form has the characters of C. me.-cicana (Hall), where the fold
and sinus are strong, and of O. argentea (Shepard) (as iden
tified by Dunbar and Condra), ' .....here the fold and sinus are
relatively '\·eak. These shells were found at two localities
and all of those from one locality are of the small species,
and all of those from the other locality of the huge species.

Hustedia and Leptodus, both of which have ranged through~

out the section, and occur in the Capitan limestone, hase not
been recognized in the collections from the Carlsbad.

Among the pelecypods, the genus Para·Uelodon is represented
by at least two very distinct species, One is large and marked
by very coarse radial costae, cancellated by strong concentric
lamellae, This species is clearly allied to the one designated
as ParaUelodon gp. b of the Capitan fauna, if not identical with
it. The other is smaller and much more finely marked. It
nUl~' be identified as P. multistriutus Girty, which was also
found in the Capitan limestone.

The pectenoids, insofar as hinge structure is concerned, are
not determinable generically, and as none is complete as to
outline and few retain mare than patches of the shell, they
cannot in some instances be distinguished specifically. For this
reason, there is some doubt \vhether any of the species in this
fauna are present in the Capitan limestone. On the other hand,
it is cel'win that some of the Capitan species are not found
here. Again, although none of the species is sufficiently well
preserved for description, several show enough characteristics
to indicate that they have not yet been described,

In this gtOUp, I recognize the following: Acanthopecten n. sp.
(this is not the same as Acanthopecten1' .'ip. of the Capitan fauna,
but is more nearly related to A. carbonlferus Stevens; Fa8Cfc1t~

locon~ch(t n, sp. (a large forill with large costa~~, whicb occur in
groups of three sUbcostae, a large one in the middle and a small
one on each side, \vith a :still smaller one in th~ groo.es between
the costae) ; iL-dculopecte-n sp. a (-a large form with moderately
coarse costae, rising abruptly from somewhat narrow striae.
The costae are flat on top, with.a somewhat faint median groove,
and all are crossed by fine, strong, rE;g"ular, closelr spaced
crenulations). Besides these three sharply defined species,
there are a number of specimens that suggest still other species,
but are too poorly preserved for their relations to be de
termined,

Other pelecypods have been classed as Oamptonectes sculp
tHis Girty, Streblochondria? sp., Pernopecten obUqutls Girty,
Mvalina .afr. M, perattenuafa Meek and Huyden, COJlocardium

VII Dunbar, C, 0., and Condra, G. E .. Brachiopoda of the Pennsylvanian
system in Nebraska: Nebraska Geal, Survey Bull. 5, 2d ser., pl. 43,
fig. 14, 1932.
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sp., pseudomonotisf sP·'. .JfyocoJlcha sp_ a, .Jfyocondla sp. b,
~'leuroPhonIS aff. ]', tropidophorus 1i~eek, CYP"iGardinia .aff.
caruonaria .:\leek, Some of these specles haye been recoglllzed
in the Capitan fauna (Pcrnopectcn obliqtllUf, JlyacOlH:Jw "1l!I.
n and b). Others belong to the snIDe genera but are different
specifically (Camptonectes and Pleuroph.orus). Comments
upon two of these species may not be out of place. The
C01locardium is a rather small form with a l'ery high, stout
carina on the umbonal swelling. Pseudomonotisf sp. is used for
a single rather small specimen wbieh is nearly flat alld marked
onl)' by concentlic lines and varices of growth. Similar sbells
bn,-e sometimes been referred to Placunops[s.

Scaphopods seem to be rather abundant. but of course are
frngmentary, and most of the specimens are internal molds.
They are long, straight, gently tapering: shells and where any
surface characters are sho,,-n at all they consist only of ob
scure, tranSl'erse striae. So far as can be determined this is
the same species that occurs in the Capitan fauna, and that one
I lw:,e identified as Plagiogll1pta canna 'Vhite.

The gastropods show a wide differentiation, and are uncom
WOnly numerous.

Bellerollhontid shells are num~rous, in fact mucll more so
than in the Capitan limestone, but most of them ore so exfoliated
tbat their generic relations can only be p;uesseo. Many of them
are of large size, and one may be cited as Bcllerophon aft B.
giganteus Worlhen, although neither \Yortbell's t;\"pe nor the
Guadalupian shell can be definitely referred to Bclle,-op]lon s s.
BncaJlopsis and Euphem ites can be recognized generically, bnt
the specific relations of the specimens so refert'~d are uncertain.
sa\"e that they probably belong to species as ret undescribecl.

As already mentioned, most of the Guadalupian pleu:·(1tf1·
maroids are small shells "ith fiue SCUlpture. For the de',niletl
study required to classif;y them intelligently, I have not ;I-et had
time. For the most part, therefore, only general remnrl~s ('an
safely be made. Shells of this family are extremely abundant
and, as already noted, mostt' small, Many specimen:-; <Ire tela
poor for classification. Pleurotomarfa ric1wrrlsoni Girt~" and
forms related to it, far outnumber all the other t~-p('s put to
getber. Besides P. ridwrrlsoni there are two or three clo~~lr

related forms "bich can be recognized as distinct '-arietipi'.
Aside from tbis group there are a considerable HUmber of dis
tinguishable species, all probably new, but mallr of thf'm rcpre
sented by material too poor for descriptiYe purposes. The olll~

large species, tbe one that was described in Professional Paper
58 as EUC0l1osp1',-a ob801eta Girty, is fair1:," abundant. It~ (IC

currence in the Capitan fauna has already been noted.
One of the outstanding features of th,\ present fauna is the

development of naticoid shells. One forlli which llIay be desig
nated as Naticopsis n. sp. a, is notable foJ' it:,; size. E'"en Nati
cops-is aJtonensis gigan-tea 'Aleck and 'Yortlwn looks small beside
it. Kor, indeed, does it belong to the alioJlcJ!sis group at all,
as it bas regularly rounued whorls and is lllful;::ed only by fine
incremental lines. The spire is moJerat('lr high ll:lll the suture
recessed. It resembles somewhat Y. 1/Iodi.,':Jlellsjs ,Yorthen. l.mt
is more spherical in shape. Another ;,:pecies may be cit<~u as
Naticops{.s aff. N. tayloriana Girty. This f'11ecies is very abund
ant at one locality and a f{'w unu~ufll1y l::::.rge specimens lwye
been referred to it from another. It has the general coufigura
tion of "},~. tayIO?'iana but is three or four times as large, for the
species named is a rather <lilninutiye shell. T]le speCies, how
ever, is very much smaller than :Naticopsis n_ sp. fl_ The follm'i'
ing also belong in this group: Naticoprds aff. N, gmciHis Branson
(a shell of moderate size with a very low 5pire), lI~aticopsis tift
N. hartti Bell (a rather small, elongated shell, consisting of a fe,,,"
volutions, of which the last one comprises most of the height),
Naticopsis aff. N. pcnniana, Beede (a ~;pecies with rather numer~

ous, rounded volntions and a moderately high spire. It is of
the sa.me genera] configuration as Beede's species but differs in
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its surface characters. All the GU:ldaltlp;:ln :-;llcl::s are wHllllnl
surface markings, except fOl' ilJl'rPlH('ntalliu~s), 1\1ost, if 110t all,
of these species are probaol,\' BC'\\' awl several Ht least are suf
ficiently well known for description.

Trachydomia is represente~l by fh-e sppci(~s, all llr(lbabl~T ne..".
One is related to T. 1rhcelcri (Swallow), ']'. owenH Knight. ant1
similar forms l but is smull, sll~llder, and hi,:::-h·sIlired, For au
other, I know of no closelr comparaole r,:pecies. Tbe third may
possibly belong to the genus l'urbonitei,la. Two may 11rOye to
represent an undescrihell gP.IHl.':1_ The..<;e shelll:; ,ue Inrge and
extremely ornate, with n(lt1e~ of different sizes, aull in ntldition
the surface is c:rolo;sell b;\' fillE', sharp, tr:lllsn~n;e linle, which
have a very irregular course that follows the nodes decorating
the surface. I h'l'rc never seen allr species ~.illlilar to these
in our Carboniferous faunas. This t.ype is fairls abunuant, bllt
because of its exce('dingl~' rl)ugh surface the siH'll tends to peel
off and lem·e only intermll llLolds_ ""hen the specimens llU"e
been sufliciently deaned from tlle matrix. for close stud;\T, it is
not unli:~el'y tlwt they will be classified into more than the two
specks h('1"e r'·corded.

In IHldition to the forms nIn.'ndy discussed. there are ","mious
other gnstwpod tnws in the C:ll"lslJad. E;ollle of the:;:.e huye not
yH heen <[<-cUl'atel...· lllace<l as to g;ellel'a :\lIcl m:Hl;r of the ~p()cie8

:llll"lellf to bE' new; some are l'E"[lresented by specimens too poor
for <l tlesuiplioll. At present. they llHly be ]i.~teu nS follows:
7.1!!lfJp!(,ul'a of twO or three spedes. Helicost1l1118 sp .. Bulimorpha
d/l.JlMrlis ddat!.·(II"C/lsit; Girty, another long and slender ~ped('s

of the ~allle gf'nus. Strobcltsf sp., Trochus? sp., Eotrocllusf fp .•
Acli8illCl f sp.. OrOI01lClJW? sp., and Btrcptacis? of three ~pecies.

This la~t lli\l11E" is elliplo...·hl for ~lellller, high-spired shens with
rounded. SlllOCith. and slightl,\· elllbl'acillg Yoluttons. In no in
stance hns tbe peculiar character distinctiYe of tbe genus been
obserYed; in flret, most of the specimens are in a poor state
of Ill"\'Seryation_

The Cf'p~lalOI10ds are rel1resented onl...· bS fl. fmgl1lentnry
"Orthoccras," possibl~'" "0." ynadaltlpcllse Girt~·, and a yer:\'
nuall nnd doubtful ammonoid. The tril{lbite, .t!nlsopuue
V(}}"(1I11wlafa (Shumard), continues to be present, and in one
t'ol:f>ction is abundant.-Girty manuscript.

In considering the Carlsbad fauna as a -..,hole~ and
in compa,ring it "'ith other faunas of the Guadalupe
)Iollutains, Dr. Girty lllakes the follo-..villg SUllUUal'y:

The Ialwa of the Carlsbad limestone df;:>rs many contmsts
to that of the Capitan limestone, but none ;.\re more notnble
than in the bl'at:hi()pod~. As ngain....t IH'Hi-ly :jO spede.s ill the
C'apitnn. the Carlf;;bnd contains but 14. 'What is more rewltl'l;:
able. the two gn·at groups of later Paleozoie hl'<1l"hiopods, the
llI'O(111cti(ls and spil'iferoids, arc ulll·cpl'csented. MoreoYer, tbe
.~enel'Jl J/(':ckella. ('llQ1JC.fes, AuloMcgcs, CU1Jleroplwria. Hustedia,
alld 1,('[)tol11(8 are no longer 11rest-'llt, :mu the rllsnchonellius
are ree\uc:ed in Inwlbel'. The forms chiet:l~- present belong to
the Ol'thOtC'tiuae nIHl the Ter~brntu1idae, but Pro1"!'cldllOfculu

cOlltilll~es to be fair1y abUlHlnnt, as it was in the ottlel' faunas.
Pelecypous arc well represented ill both faunas as regards ,a

rielS, but tbe;\- are mUch more numerous in tIle Capitan which
has afforded almo."t twice :IS lllauy species as the Carlsbad.
Some of the species al'e held in common by the two faunas, but
a number of genera m'e different, and where the genera are the
same the species nre sometilllE's different_ For instance, under
Ca,'Y/l'j)tonc.ctcs the Capitan fauna bas C. usperafu8 Girtr and
O. palJHlatus Girty, whereas the Carlsbad fauna has O. sculptiUs
Girty. Again, in P;Ct/1'OllhOrus, tbe Capitan faulla bas a species
related to P. occidcntaUs Meek and Barden, whereas the Carls
bad fauna has a species related to P. tropidoph01'US Meek, As
our knowledge of the two faunas, which at present is but scat-
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terIng, becomes more complete, it Is not unlikely that some of
these differences will disappear.

If the Capitan fauna has the most pelecypods, the Carlsbad
fauna has the most gastropods, the ratio probably being nearly
t\VO to one. It would not be safe to go into details in this mat
ter, for the recognItion of genera and species among Paleozoic
gastropods requires such close study that any details given now
would probably require numerous corrections after the descrip
tive work was done. It is safe to say that the gastropod fauna
of the Carlsbad is much richer in individuals than the Capitan,
and also is more varied, and that a marl;:ed difference in the
pleurotomaroids will be found, and also in the naticoid shellS,
especially in the large and beautiful shells at present included
under Trachydomiw.

Neither fauna has any cephalopods to boast of, and the trilo
bite representation is the same in both.

One more difference between the Carlsbad and Capitan faunas
should not be passed o....er. The calcisponges, which were diverse
and abundant in the Capitan, are reduced to a Single species in
the Carlsbad_~Girty manuscript.

Considerably to the north of the area treated in this
report, in the Seven Rivers Hills (fig. 2), the Azotea
tongue of the Carlsbad limestone contains a few fos
sils at localities first discovered by Beede." This area
lay much farther nOlthwest of the Delaware Basin and
Capitan reef zone than any part of the area of this
report, and most of the rocks of the vicinity, belonging
to the Carlsbad and Chalk Bluff formations, are un
fossiliferous. The fossils that occur are impoverished
in number and variety, and so Jar as known are not
like those in the Carlsbad limestone farther south.

From a locality on the north side of the Seven Rivers
Hills, 6 miles southwest of Lakewood, N. Mex., which
was originally discovered by Beede, Newell" has col
lected and identified the pelecypods Dozierella gouldii
(Beede) and Ple"rophor1ts albe,!""" Beede. Accord
ing to Beede, minute gastropods and casts of ostracods
occur at the same place. Beede mentions another lo
cality 13 miles west of Carlsbad and 5 miles west of
McKittrick Spring, where similar fossils were col
lected.

This northern fauna of the Carlsbad is of interest
because it closely resembles that of the fossiliferous
beds in the lower part of the Whitehorse group in cen
tral Texas and southwestern Oklahoma. This relation
ship was first noted by Beede, and is confirmed by the
two species identified by Newell, which also occur in
the Whitehors'e. The correlation suggested by the fos
sils has been verified by physical methods, on the basis
of subsurface information.

C01'l;DITIONS OF DEPOSITION

REGIONAL RELATIONS

During upper Guadalupe time strata of three con
trasting facies were deposited in different parts of the

\I"l Beede, J. W., The correlation of the Guadalupian tlod Kansas
sections: Am, Jour. SeL, 4th ser., vol. 30, pp. 135-136, 1010.

Dl!Ilt.~ewell, N. D" Invertlbrate fauna of the late Permian Whitehorse
sandstone: CeDI. Soc. America Bull., vol. 51, locality 11, pp. 279-280,
1939.

southern Guadalupe Mountains area. To the southeast,
in what is now the Delaware Mountains, the Delaware
Basin received deposits of sandstone with a few thin
limestone beds; farther northwest, on the southeast edge
of what is now the Guadalupe Mountains, massive lime
stone deposits of the Capitan accumulated along the
margin of the basin; a few miles farther northwest,
these gave place to thin-bedded limestones and associ
ated sandstones of the Carlsbad which were spread ex
tensively over the shelf area (pI. 7, A).

The boundaries of the three facies, marked by the
placcs at which the Capitan limestone changes on the
one hand into the Bell Canyon deposits and on the other
hand into the Carlsbad deposits, extend in a north
northeast direction across the area (lines Band E, fig.
10). Minor, and seemingly unrelated changes have the
same trend so far as they have been traced. Thus, the
change fl'Om the fusulinid and pisolite-bearing Carlsbad
limestone into the unfossiliferous, varicolored north
western facies (line A), and also the changes in the tex
ture and color of the lImestone members of the Bell
Can)'Oll formation (lines F and G), all take place along
north-nol'theust-trending lines.

The rocks of the three itteies, each representing ap
proximately the same inten-al of time, hare very dif
ferent thicknesses. The Bell Canyon formation is 600
or 700 feet thick, the Capitan limestone and associated
deposits are 1,500 to 2,000 feet thick, and the Carlsbad
limestone and associated deposits are 800 to 1,000 feet
thick. The deposits along the margin of the Dela"are
Basin were thus much thicker than those on either side,
and the deposits outside the basin were somewhat
thicker than those within it.

In reconstructing the form of these deposits of vari
0us thicknesses, the same methods have been used as for
the similar deposits of the middle part of the Guadalupe
series. Observations have been made on the structure
of the deposits exposed along escarpments and canyon
"aIls where the effects of later deformation can be ac
counted for, and deductions have been made, from the
nature of the deposits themselves, as to the environ
ments in which they were laid down.

The present structure of the deposits of the upper
part of the Guadalupe series is shown by the sections on
plate 17, of which E-E' and K-K' are particularly in
structive, because they provide long, continuous vie"s of
the rocks of the unit, the first covering its upper half,
and the second its lo"er half. Less continuous, but
similar views are shown on the other sections, whiC;h
suggest that the relations are the same in the interven
ing areas. The observations thus obtained are sum
marized on plate 7, A, which shows the probable ar
rangement of the rocks as they existed at the close of
Permian time. The probable form of the deposits at
the close of Guadalupe time are shown in section d, plate
7,B.

The surface of the deposits at the time of deposition
probably consisted of: a broad, shallow sea bottom in
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the shelf area, where the Carlsbad deposits were laid
down; a steep, southeastward slope across the mar

. al area, where the Capitan reef was laid down; and
~eep-Iying,more or less level floor in the basin itself,
~here the Bell Canyon formation was deposited.

The form assumed by the deposits was probably con
. trolled by the differential subsidence of the area, which
; thereby brought about a set of contrasting environments
, of sedimentation. As during the preceding stages, the

Dela"are Basln continued to subside to a grea.ter extent
8Jld more rapidly than the surrounding areas. Sedi·
nlentation outside the basin and along its margin kept
pace "i.th the subsid:nce, so that its uppr~ximatemeas
ure is glven by the tluckness of the beds Iald down there.
Within the basin, where the deposits are thinner, the
influx of sediments ,,'as probably slow and the sea floor
",as not built up to the 'same height as in the surround~

ing areas. At the margin of the Dela",ure Basin, be
t~een the al'ens of greater anclless subsidence, the beds
were prohably flexed down to the southeast in a similar
manner, but to a le:3s degree, than the beds 'were during
an earlier period along the B~ne Spring flexure.

SANDS OF THE DELAWARE BASIN

The sands in the Bell Canyon formation, '"hich were
laid d01yn in the Deb."'are Basin, are yer:y fine grninecl,
with abundant accessory minerals deriyed from igneous
and metamorphic rocks. The material must have en
tered the basin ,ery slowly, as only a small thickness of
deposit was laid down there, in comparison with the
greater thickness of contemporaneous deposits outside
the hasin. The basin was at this time nearly encircled
by higher-stllnding, more continuous, purer limestone
deposits than before (fig. 14, B), which probably acted
as a barrier and hindered material from being washed
in from the sides. Shorewards from the barrier, how
ever, some sands were being deposited in the Carlsbad
limestone which are coarser than those in the basin. At
the end of Guadalupe time, deposition of sandstone
ended abruptly: the great thicknesses of the succeeding
Ochoa series contain no embedded clastie material.

The occurrence of coarse sandstones interbedded with
the Carlsbad limestone indicates that c1astie material
was being washed into the region from the north, and
it may be that some of this sand was able to reaeh the
basin through small openings in the surrounding lime
stone barriers. Where eould such openings exist!
The Capitan reef is best known along the outerops in
the Guadalupe, Apache, and Glass Mountains, and in
the subsurface on the east side of the Delaware Basin
(fig. 3). Here the reef is thick and contains no inter
bedded sandstone. In these areas, it trends in nearly
straight lines in several directions (fig. 14, B). These
directions may have been controlled by Jines of weak
ness in the underlying rocks that served to ontline the
edges of the basin. Between these straight stretches,

the reef apparently curved from one trend to the other,
with little or no structural control. Such places prob
ably exist beneath the Salt Basin southwest of the
Guadalupe Mountains, at the entrance to the Sheffield
Channel northeast of the Glass Mountains, and in sonth
eastern New Mexico, but their existenee cannot be
proved because the reef is comparatively little .:'!lown in
these areas. In the areas between the straight strctches,
the Capitan deposit may have been less pure, less con
tinuous, or dispersed over a wider area. If so, it is at
snch places that small openings in the reef existed,
through which sands coming frOln the north were able
to reach the ba'sin. It has been suggested by Adams"
that the sand in the basin is of such fine texture that
it could have been carried there by the wind.

Other possibilities are suggested by the absence of
clastic material in the overlying Ochoa series. Accord
ing to the interpretation here adopted, limestone bar
riers were no longer growing around the edge of the
basin during early Ochoa (Castile) time (fig. 14, 0).,
and any clastic material being '''fished toYlUl'cl the basin
hom the north was free to euter it. As very little
clastic material did enter the basin in Ochoa time, the
lands to the north from which it was derived in Guada
lupe time had probably been peneplaned or buried.

The Ochoa series, beginning with the Castile forma
tion at the base, is dominantly of evaporit£ facies, and
was probably deposited in water that was partly shut
off from free access to the sea. This closing off prob
ably resulted f·rom the growth of a barrier acroSS the
southwestern entrance of the Delaware Basin at the
begilming of Ochoa time (fig. 14, 0). If any consid
erable part of the sands laid down in the basin in
Guadalupe time had come from this directiou rather
than from the north, the barrier would have preycnted
them from entering during Ochoa time. The same bar
rier that brought about the deposition of evaporites in
the Delaware Basin may, therefore, have CaUSB9, the end
ing of sandstone deposition in the SUlne area.

The two discontinuous voleanic ash layers in the
Hegler and Rader members of the Bell Canyon fOl~na

tion probably had the same source as the more extensive
ash beds in the preceding Manzanita member. This
source was probably in the volcanic area to the south,
in Mexico. The two ash beds in the Bell Canyon indi
cate less violent eruptions in that area tban those of
Manzanita time.

Most of the sandstones of the Bell Canyon formation
were deposited in quiet water. They are thinly
laminated, and their bedding surfaces are flat and
smooth. No channeling is fonnd as in the Cherry
Canyon formation. Shallow ripple marks are seen

lIII Adams, J. E., Oil pool of open reservoir type: Am. Assoc. Petroleum
Geolo;ists Bull" TOl. 20, p. 78B, 1936.
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occasionally in the lower part of the formation, and
indicate a slight movement of the water, but they are
missing higher up. Somewhat more disturbed concE
tions existed at the margins of the basin, along the edge
of the Capitan reef mass. Here, the sandstones be
tween the Rader and Lamar members are somewhat
channeled, and ripple marks are fairly abundant. Pos
sibly these markings were caused by waves breaking
against the face of the higher-standing Capitan reef,
and by undertow moving down the surface. There was,
therefore, some movement of water at the bottom near

55

LIMESTONES OF DELAWARE BASIN

The limestone members of the Bell Canyon forma
tion record times when calcareous material spread
southeastward from the eclge of the Capitan mass over
the floor of the Delaware Basin. The members are
tongue-like projections from the Capitan limestone
(pI. 7, A), but their lithologic character is not like that
of the Capitan. They were probably hid down in a
very different environment.

Near the southeast margin of the Capitan area, the
limestones a~e better bedded than the Capitan. They

I,'IGUTlE lO.-~1aP of area stUdied, showing distribution of f..-Leks and other strati~rapbic f.'!atLll'eS in beds of upper GU,ld;lluPe age (Bell
Canyon, Capitan, and Carlsbad forlllations).

the margin of the Delaware Basin, even though the
water was fairly deep. The ripple mark; have a north
eastward trend (fig. 10), indicating that the water
movements that causell them were probably alined at
right angles to the race of the northeast-trending Capi
tan mass. The sands ncar the edge of the Capitan ure
distinctly coarser than those farther southeast, and the
finer material was probably picked up near the edge
and carried farther out into the basin by the
undertow.

are of grayer color because they contain small amounts.
of bituminous material. Small, lenticnlar bodies of
massive limestone found in them (fig. 9) indicate the
occasional existence of Capitan-like conditions. Thick
layers of grannlar limestone that are interbedded seem
to have had a clastic origin~ and originally may have
been calcareous sands spread along the lower edge of the
Capitan reef. Some of the clastic, calcareous material
may have been derived by wave erosion from the face
of the reef itself. The angular pebbles which are com-
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FORM OF CAPITAN REEF

at angles of 10 to 30 degrees. This slope must have
been largely original in the deposit, because the Capi
tan is undcrlilin and overlain by well-bedded lime
stones 'which either dip at a luuch lower angle or lie
horizontally, The upper sudace of the sloping Capi
tan beds probably rose neady to sea level, so that, aside
from the effects of later tilting, the height of their
upper ends aboyc their lower ends, where they rncrge
with the deposits of the Delaware Basin, would be the
approximate measure of the depth of water in the
basin at the time of deposition (as suggested on sec
tion d of pI. 7, B),

111e upper surface of the Cnpitan deposits thus rose
aboye the deposits of the Delaware Basin much as the
Reef Escarpment rises above the plains of the Delaware
l\Iountain area at the present time. Conditions were
not exactly comparable, howe\"er, for although the pres
ent scarp is the exhnmed face· of the Capitan deposits,
it has been CDnsiderably modified by erosion (fig. 20, B),
_'\s sllOwn by the elip of the overlying Carlsbad beds (sec
tions E-E' and I-I', pl. 17), there has been some south
east\Vard tilting toward the basin after Capitan time.
The erosion and tilting make the present scarp higher
than the ancient Capitan depositional surface.

Estimates of the original difference in altitndc be
t\Voen the upper surface of the Capitan reef and the
sea bottom in the Dela\Vare Basin can be made by trac
ing some single bedding plane through the Capitan lime
stone and into the Bell Canyon deposits on such profiles
as sections E-E' anel K-K' of plate 17. Correction for
later tilting can be made approximately by assuming
that the overlying, southeast-dipping Carlsbad beds
were horizontal at the time of deposition. Such esti
mates indicate that the Capitan reef stooel 1,000 feet
abo\Te the basin floor in Lamar time (as shown on sec. d,
pl. 7, B). Less conclusive estimates suggest a slightly
smaller figure for early Capit.an 6me. Adams 1 states
his belief that "in the center of the basin, the bottom
was between 1,800 aud 2,400 feet below the level of the
Permian sea" at the end of Guadalupe time. This be
lief may be correct, although Hidence is not stated.
Under this condition the sea floor in the center of the
basin would have been much deeper than along the
margin: near the base of the. Capitan reef.

GUADALUPE SERIES, UPPER PART

, n in the Rader memher seem to haye had such an
Pl?gin, The fossil shells found in the granular lime
Of

1
1e8 are abraded, indicating they had been transported

10101 ,
- fore they were depos1ted, and some of them may have

< ::en carried in ~rom the Ca~itan area. This wa~ esp?·
'.lly likely dunng Lamar hme, for shells found III tIns

Clember are nearly all of Capitan species, The Rader
p1 d Pinery members, however, contuin a fauna similar
:n bnt distirl.ct from the Capitan, including numerous·
b~~'ozonns, which are uncommon in the Capitan itself.
,~indigeJlous fauna thus clearly existed at the foot of
the reef and along the edge of the hasin, at least in the
earlier part of Bell Canyon time, The fauna waS
adapted to an environment of fairly cleep but perhaps
clear and agitated water along the outer edge of the
hi rrher-standing reef mass.

Several miles southeast of the edge of the Capitan
reef, the light-gray, thick-bedded, granular, abun
dantly fossiliferous beds disappear from the limestone
members; their place is entirely taken by thin-bedded,
fine-textured~ bitnminous limestones, of dark gray or
black color. The boundary bet\yeen the two facies in
pinery and Lamar time is indicated by lines F and G
in figure 10. The environment in which these lime
stones were deposited was not as favorable to life as
that to the north\Vest, and most of the fossil groups
'cxcept rhynchonellid brachiopods, fusulinids, and
ammonoids are missing. The ammonoids were i)rob
ably free-s\Villlming, rather than bottom-d\Ve11ing
forms. Probably the limestones of this area were laid
down in quiet water, a condition \yhich would have
allo\Ved their thin layers to be spread widely and
eyenJy and would have allowed organic matter to ac
cumulate faSler than it could decay or be destroyed by
baeleria. They record brief repetitions of the condi
tions that preYailed during the deposition of the black
limestone of the Bone Spring.

In the nell Canyon fornmtion the sandstones and
limestones tend to be repeated in cyclical order. The
cycles resemble those in the upper part of the Cherry
Canyon formation (p. 52). Limestone members are
generally underlain by luassive sandstones and oyerlain
by thin-beddec] sandstones (sec. 34, fig. 5). In the sec
tion near United States High\Vay Ko. 62 (sec. 34, pI. 6),
there are 5 such cycles in the 670-foot thickness of the
formation.

.,'-

;-'

,

I
!
I

DEPTH OF WATER IN DELAWARE BASIN

During upper Guadalupe time, the sediments of the
Delaware Basin \Vere, on the whole, laid down in quiet
water. This fact suggests that the \Vater mill' have
been deep, and this inference is confirmed by the rela
tions of the sediments in the basin to those of the Capi
tan reef along its margu1.

Bedding planes in the Capitan limestone slope south
eastward to\Vard the deposits of the Delaware Basin

As shown by its outcrops (1'1. 3), the Capitan lime
stone mass is only a few miles wide, :yet it extends north
east-southwest in a beit for many miles following the
margin of the Delaware Basin. Southeast\Vard the
mass sloped down steeply toward the equivalent deposits
of the Bell Canyon formation. There was, however, no
corresponding slope toward the northwest. In this
direction, where the Capitan grades into the Carlsbad

1 Adams, J. E., Oil pool of open reservoir type: Am. Assoc. Petroleum
Geologists Bull., vol. 20, p. 789, 193ft
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deposits, bedding planes extend almost horizontally
from one to the other. The Capitan deposits thus
formed a high-standing, shelf-like limestone reef along
the edge of the Delaware Rasin.'

The southeastward skping Capitan beds rest on a
foundation of older rocks that dip at angles of a few
degrees in the same directions. A part of this dip is
of post-Capitan age, because it is shared by the Carlsbad
limestone which overlies the Capitan. A part of it,
however, such as the surface of the Goat Seep limestone,
probably existed at the beginning of Capitan time. It
was on this southeastward slope of the Goat Seep lime
stone that the first Capitan deposits were laid down,
evidently because this was a favorable place for the
building up of limestone deP9sits.

At any particular time, the surface that received Cap:'
itan deposits was narrower than the final width of the
whole mass, as younger parts of both the Capitan and
Carlsbad were deposited farther southeast than the
older parts (pI. 7, A). The width of the mass in Hegler
time is the distance between the northwest edge of the
well-bedded Hegler limestone, and the southeast edge of
the oldest Carlsbad limestone (lines Band C, figure 10).
This width mnges from 1 to 2 miles. The deposits dur
ing Lamar time, as seen in McKittrick Canyon, seem to
have had a similar width, but the width cannot be deter
mined as easily for the intervening stages between Heg
ler and Lamar time.

The forward growth of the reef is illustrated by the
lines C, D, and E on figure 10, which represent its south
eastern edge during successive stages. Because of its
forward growth, the edge by Lamar time had advanced
3 miles southeastward from the edge at the beginning
of Capitan deposition, in Hegler time. During the ear
lier stages (from Hegler to Rader time) the ad,-ance
was rapid, but during the later stages (from Rader
to Lamar time), the edge of the mass remained in about
the same position~ and growth was more in an upward
than a fon\'ard direction. These two directions of
growth, forward and upward, appear to be related to the
rate of subsidence of the area. In order to maintain it
self, the growing part of the reef had to remain at a
relatively constant depth. IVithout subsidence, such
depths could be maintained only by forward growth.
'With subsidence, upward growth would be necessary.
The observed relations suggest that the rate of subsi
dence was less in early Capitan time than in later Capi
tan time.

In the McKittrick Canyon region, the Capitan con
tains a ~1Umber of very massive limestone bodies several
hundred feet thick. Toward the northwest each one
grades into thin·bedded Carlsbad limestone, and to the
southeast each splits into a number of rudely bedded
layers that slope down to the deposits of the Delaware

2 Lloyd, E. R., Capitan limestone and associated formations: Am.
Assoc. Petroleum Geologists BUll., vol. 13, pp. 646, 648. 1929.

Basin. Each massive body lies farther EOutheast t1'an
. the one that preceded it, as a result of the forward
growth of the deposit as a whole. The massive bodies
seem to have been accumulations of rapidly growing
calcareous material. They protected the area to tl1e
northwest of them so well from wave attack that thin
bedded deposits could be laid down, as in the lagoon of
a modern reef. The sloping beds to the southeast prob
ably were sheets of detrital Ii"mestone spread out in
front of the growing material.

The breccia found at several places in the Capitan
was probably derived from the breaking up of the slop
ing face of the deposit. The angular form of the
fragments, their lack of sorting, and the lock of bedding
in the matrix suggest that the deposit was a submarine
landsiip. The irregular surfaces of the bedded lime
stones on which they rest may have resulted from the
ploughing up of the still unconsolidated sea-bottom
deposits at the foot of the slope by the moving material.
Such Iandslips probably resulted from the deposition of
limestone on the slope until it reached the angle of rest
of the material, and a loosening of the material either
by its own weight, or by the force of a great storm or an
earthquake. Because all the occurrences of the breccia
are in beds of about the same age, storms or earthquakes
are the most probable agents because they would affect
the whole region at about the same time.

NATURE AND ORIGIN OF CAPITAN DEl'OSITS

"Vhy and how was the Capitan limestone depositecl!
....-\. precise answer cannot be given, because there are a
number of possible causes, one or several of which may
have dominated. Field evidence so far obtained is not
conclusive, and the original structure of the rock in a
large part of the formation has been destroyed by sub
sequent dolomitization. I assume, however, that the
dolomitized parts of the formation were originally about
the same as the parts that still remllin as calcitic lime
stone.

From a study of the calcitic limestone, it is clear that
lime-secreting organisms contributed to the formation
of the rock. Brachiopods, various mollusks, and some
other groups are very abundant in certain beds. These
organisms, however, do not show any speciaJ adaptation
to a reef environment. There is not, for example, a
noteworthy abundance of thick-shelled forms that
would thrive in strong currents and pounding waves of
the exposed parts of a reef and would, therefore, con
tribute a considerable amount of limestone to the de
posit; instead, the assemblage seems to be a normal
neritic fauna, such as would grow in any region of clear,
shallow water.

I have already noted the observation by H. C. Foun
tain and me that these fossils occnr only in occasional
lenses and are not uniformly distributed throughout the
formation. The greater part of the mass of rock con-
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. s little else than the remains of calcareous sponges,
~;;ch constitute a group that is likely to build up

lonics in agItated water and make nnportaut contnbu
~ liS of limestone to the deposit. It may be that the
P~re varilJd assemblages of fossils grew in sheltered
~epressionsbet~ee~ the mflss.es of growing sponges.

Other reef-bullchng organIsms may have grown with
(lIe sponges, but their nature is not as well known. Ap
parently algae were common, for their remains have
been described by seyeral observers. Moreover, a con
siderable omount of the fine-textured, featureless mat
ris of the sponge rock was probably a calcareous mud,
derived from precipitated algal remains that were later
broken up by the Waves. Crinoids also may have been
abundant, for !heir stem segments are scattered through
parts of the sponge rock. Neither corals nor bryozoans,
ho~ever, seem to have been very common.

All these different organisms thrive in shallow, agi
tated water, and therefore, would be likely to find foot
hold in the shoals on the margins of the Delaware Basin,
such as those formed by the older Goat Seep reef mass.
In the basin to the southeast, the sea bottom was too deep
for their growth. In the area to the northwest, the sea
bottom was shallow, but the water was also less dis
tm'bed, and probably contained too great a concentra
tion of dissoiYed salts, as is suggested by the change
northwestward of the Carlsbad limestone into the e"ap
.orites of the Chalk Bluff formation.

The shoals along the margin of the Delaware Basin
were probably also favorable places for the growth of
lime-secreting organisms beeause the waters here were
more nearly saturated with calcium carbonate than
those to the southeast. The waters to the southeast
were deeper, quieter, and perhaps cooler. Those on the
shoals were warl11 and agitated, and therefore would
cause the amount of dissoh~ed carbon dioxide to be re
duced, thereby diminishing the solubility of calcium
carbonate.' ,Varm water may actually contain less cal
cium carbonate than cold water. One should not, how
ever, confuse concentration of a solution with its degree
of saturation. With increased warmth of the water,
the degree of saturation of calcium carbonate increases,
without any increase in concentration. This is largely
determined by the fact that the amount of dissolved
carbon dioxide tends to decrease in "an1l water. The
concentration of calciUll1 carbonate was probaLly being
i.ncreased by the evaporation of sen water in the area to
the northwest. Under such conditions, the organisms
,,"ould find an abundant supply of lime ayailable for
building their skeletons, and the saturation of the water
would preyent the skeletons from bein~ leachecl after

~ .
death: thus there would be an abundance of calcareous
remains incorporated in the deposit.

3T"'enhofel, W. H., Treatise on sedimentation, p. 321, 2d ed" Baltl-
more, 1832. -

Such conditions would fayor the direct precipitation
of calcium carbonate Yi"ithout the aid of organisms. To
what extent this took place is difficult to determine, but
probably part of the mass of the Capitan reef was
built up by inorganic processes.

The dolomitization of large parts of the Capitan
limestone probably took place shortly after the sedi
l11ents were depositcd, in the same manner as it has
taken place in modern reef deposits. That it did not
take place in later times is suggested by the lack of
relation between dolomitic limestones and faults, igne
ons intrusions, and the present land surface. Chemical
analyses indicate that the amount of magnesium car
bonate does not exceed 28 percent-far less than that
contained in the mineral dolomite. The process of
dolomitization thus appears ne"er to have been carried
to completion.

Dolomitization of the limestones of the Capitan
shol'tly aftel' deposition implies that the chemistry of

-the sea water at the time was such that calcium car~

bonate ,,~ItS a less stable precipitate than calcium-mag
nesium carbonate. This may have resulted £1'0111 a
saturation of magnesium carbonate in the sea water by
pl'opcr conditiolls of atmospheric temperature and
pressure, or by a concentration of magnesium carbonate
in the "ater as a result of excessive evaporation.

Johnson' notes that:

Algae were probably l'cslJonsillle for lUuch if not all the mag~

nesium carbonl1te !Wesellt in the dolomite as magnesium is an
essential constituent in chloroph;yll, tbat green pigment charac-
teristic of plants. * OJ< 01: The ~Titer beUeyes that the im-
portance of these plants in relation to the origin of dolomite
has not been appteciated by geologists.

Dolomitization of the limestones shortly after depo
sition implies that they remained unbuTied, or within
reach of the sea water a sufficiently long time for the
calcium carbonate to be conYerted into the more stable
calcium-magnesium carbonate. According to TWCll

hofel, '
it is possible that enrichment ill magnesium Cf~rbonate may be
connected with the relation -that deposited seuiments had to
the base-leycl of deposition. Calciulll tarbonate deposits built
up to this leYel ,,"oulU be 8ub,iected to leaching :md replacement
for II long time, proYided the waters were not already high in
calcium carbonate. This might lead to the formation of a mag
nesiulll-i'ock layer at. the top of each layer of sediment.

This relation may explain the irregular interbedding
of dolomitic limestone and calcitic limestone in the Cap
itan. The dolomitic beds probably represent deposits
that stood for long periods near the base-level of depo
sition, at times ,,,hen subsidence was slow or absent.
The calcitic limestones are probably deposits laid down
during times of more rapid subsidence, when sediments
were more quickly buried.

.j, Johnson, J. H., Permian lime-secreting algae from the Gua.dalupe
Hountains, New Mexico: Geol. Soc, America Bull., vol. 53, p. 215, 1942.

5 Twenllofel, Vi'. E., op. cit., p. 348,
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DEPOSITS OF THE SHELF AREA

The shelf area, outside the Delaware Basin and north
west of the Capitan reef, was apparently a shallow sea,
because layers of the Carlsbad limestone seem to have
been deposited in a lagoonal area at about the same al
titude as the top of the Capitan reef.· The waters were
apparently quiet because the limestones formed thin

• widely spread layers; perhaps the area was protectecl
from the force of the waves and currents by the reef
barrier to the southeast. Some movement of the water,
however, is indicated by the parallel orientation of the
fusulinids that occur in many beds. Their dominant
trend is northwestward (fig. 10). 1£ they acquired
this position by waye motion, the waves must have
trended northeastward, parallel to the edge of the
reef.

The limestone deposits of the shelf area are generally
dolomitic and apparently of two sorts. Toward the
southeast, near the Capitan reef: they have a granular
texture and contain fossils in moderate abundance;
farther northwest they are dense, lithographic liIl1e~

stones, with no traces of life. Those of the first sort
were probably deposited originally as limestones and
were afterwards diagenetically altered. Those of the
second sort were probably direct chemical precipitates
of dolomite, formed as a result of extreme evnporation
of the sea water, a condition that is proved by the pass
ing of the deposits into evaporites a short distance
farther northwest. Chemical analvses indicate that
the magnesium content is higher in tl;is second type than
in the merely diagenetically altered limestones of either
the Carlsbad or the Capitan. The chemical composi
tion of the second type approaches that of the mineral
dolomite.

The area extending some miles behind the Capitan
reef was apparently favorable to the existence of some
forms of life. Fusulinids and algae were abullcli:tnt,
gastropods were common~ and some families of pelecy
pods and brachiopods were present. 'There is, hO\yever,
a notable absence of Some groups and families of in
vertebrates that are common elsewhere in the rocks of
the mountains, suggesting that they could not exist in
the Carlsbad environment. Farther northwest. the
concentration of dissolved salts in the sea water r~snlt
ing from evaporation was probably "0 great that little
or no life could exist.

COMPARISON WITH MODERN LIMESTONE REEFS

The Capitan limestone reef. :.tnd other reefs in the
west Texas Penniun have l11;l1~V resemblances to those
that were built. IIp in tropical s~as during the Cenczoic
time, and in part are still gl'O\ving in modern tropical
seas." In these seas, as in those of ,";est Texas durinO'

"Capitan time: there are thick accumulations of lime-

8 '1'ne~e han~ !Jel'a fleseribed ln numerous pul)1ications. See, for ex
!l.mple, Davis, \\-. ~I., The coral ff'ef prohlem: Am. Geo;:c. Sue. Special
Pub_ n, l\1:!S.

stone, parts of which are elongate reef masses, con
structed by colonies of corals, calcareous algae, and nu
merous other lime-secreting organisms. The reefs gen
erally slope abruptly seaward into deep water and
merge landward into flat-lying lagoonal deposits.

The differences between the modern featnres and their
ancient Permian counterparts seem to result chiefly
from their respective geographic settings. The modern
features lie mainly along continental margins or on the
slopes of oceanic islands. In nearly all of them the
sea bottom descends to oceanic depths in front, and the
ground surface rises to hilly or ffiGuntainous heights
behind. In contrast, the Permian features were formed
in a nearly land-locked embayment of the sea, bordered
in part by a low-lying continental surface. One result
is that in the modern examples the lagoonal areas are
relatively narrow, whereas in the Permian examples the.
areas corresponding to the lagoons were very broad~

:Modern lagoonal deposits are thus d"minantly marine,
whereas the Permian deposits include broad sheets of
evaporites and terrigenous clastic sediments.

Possibly the closest modern analog to the Permian
deposits exists in the Bahama Islands, southeast of the
United States. 7 In this region are numerous broad,.
flat-topped banks, covered by shallow water and rising
here and there in low islands. These banks slope
abruptly into tongues, sounds, and channels of water
many thousands of feet deep and are separated by them.
The known surfaces of the banks consist of calcareous
deposits, including limestone reefs, and similar rock
may extend to great depths. A particularly suggestive
comparison can be made between the cuI-de-sac of the
Tongue of the Ocean, between Andros and New Provi
dence Islands, and the Delaware Basin in west Texas.
Unlike west Texas, however, the Bahamas lie a consid
erabledistance from any marginal lands, and their
deposits probably include little or no clastic terrigenous
sediments.

OCHOA SERIES

Overlying the Guadalupe series is a thick mass of
strata, consisting largely of evaporites, which forms the
Ochoa series.' This series is exposed in the Gypsum
Plain and Rustler Hills east of the Delaware and G'll>
dalu]>e :\lountains (fig. 2), und only a small thickness of
its basal beds is present in the area of this report.
(pI. 3).

Outcrops of the series were first described by Richard
son/I who di\-idecl the l'ocks of the series as now known

i Hess, H. II., Interprl'tation of geolo;;ieal !lnu geopll~'sica( observu
tions. 'I'he X'lv;r-I'rincetoll Gravity Expeuition to the 'Vest IndiNl In
W3~: U. S. Hydrogrnphic Office, 11p. 38-54, 1933. Selwchcrt, Charles,
Hlst()rtcal geolog~- of the Antillean-Carihbean region, I~P. 528-540,
Kcw YOl.'k, 1'<135.

8 Adams, .J. E., and others. St;ulllllrd Permian section of Xorth
America: Am. Assoc. Petroleum Gcologb;ts Bull., vol. 23, pp_ 1676-1677,
In!).

9 RiellllTu!o;On, G. n., Report of a -reconnuissunee in trans·Pecos Texas
nortll of the Texas [lnd Pacific Rl1ilw:1)': Texas Univ. BulL 23; pp.
43-45, 1004.
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CASTILE FORMATION

DEFINITION

89

CHARACTER

The CiLstile formation consists largely of anhydrite,
which :is marked throughout by thin~ bght and dark
laminae that may be yaryes.16 These laminae are best
seen in well cores, but appear also in all reasonably
fresh exposures of the formation~ ('Yen where the rock
has altered to gY1JSum. The light-colored laminae are
relatively pure anhydrite; the darker are strongly bi..
tuminous and ill many places calcareous. The cal·
careous eontent increases down"ard~ so that the basal
few reet, while still characteristically laminated, con
sist more of calcitic limestone than of anhydrite.
Limestone bee!s a few inches thick are interbedded at
wide internls higher up. Drill records indicate that
near the center of the- Delaware Basin the formation
has a maximum thickness of between 1,500 and 2,000
reet..

fot'mation was proposed for them by Lang.H As now
defined, the Castile includes those beds in the lower part
of the Ochoa series that are confined in their extent to
the Delaware Basin and O\'crlap the sloping surface of
the Capitan limestone along its margins. The Salado
includes higher beds, which occur both in the basin and
beyond its margins (compare fig. H, a and D). As
thus defined. the Castile is dominantly anhydrite-bear
ing and the Salado is dominantl:.y salt-bearing, but these
distinctions fire not nbsolute. In places, the Castile
contains beds of salt, and toward the south the salt of
the Salado tends to gh-e place to anhsdrite.15

,Yithin the area studiee!, the Castile formation crops
out in small patches, ane! only the basal beds are pres
ent (pl. 3). Some small outcrops are found in the
northeast part of the area, down the dip from the Bell
Canyon formation, and the formation probably under
lies ,,-ide areas elsC'y!>ere that are mantled by Quater
nary gravels. One exposure appears a short distance
southeast of United States Highway So. 62, on the
north bank of a creek half a mile northeast of bench
mark 4729; two others occur neal' Big Canyon Draw,
south and northwest of the Gray Ranch. The last
named locality is less than a mile from the base or the
Reef Escarpment.

The formation is exposed also in several patches west
of the Delaware t.Iountains, near the south edge of the
area studied, where it has been downe!ropped by fault
ing (sec. D-D', pl. 3). It is absent in the Guadalupe
ThIountains.

At an these localities, 25 to 50 feet of the basal beds
of the formation lie on the uppermost beds of the Ben

CASTILE OF AREA OF THIS REFORT

14 Lang, "'. B., OIl. cit., pp. 265-267 ; Salado formatiOn of the Permian
basin: .A.m. Assoc. Petroleum Geologists Bull., vol. 23, pp. 1569-1572,
1989.

1" Kroenlein, G. A .. oP. cit., fig. 3, p. 1687.
1~ Ud(}en, J. A., Larninated anhydrite in Texas: Geol. Soc. America

Bun.. "01. 35! pp. 347-354, 1924.

The Castile formation was named by Richardson" for
Castile Spring~ which issues from the Gypsum Plain
east of the area studied (fig. 2). On the outcrop, the
forma tiOll consists laTge1)' 01 gypsum, an. alteration
product of an original deposit of anhydrite. ....\.s origi
llUlly defined it ,yas bounded aboye by limestones of the
Rustler formation, but subsequent drilling has indicated
that a great thickness of beds wedge in east of the out
crop, between the Rustler and the highest exposed
underlying beds of the Castile. These upper beds, few
or none of which crop out, are of evaporite facies like
those beneath, but unlike them, consist dominantly of
salt mther than of anhydrite.

For a time the upper beds were classed as a member
of the Castile formation," ·but later the name Salado

. to the C,\~tile gypsllm~ the Rustler limestone, and a
~lther indefinite unit that he termed "the red beds of the
iecos Valley'" The rocks of most of the sOl'ies tend
to brenk down reaclIly OIl weathenng. Because of tlus

ndency and other circum.stances, the exposnres are less
!tstI'Uetive than the records of wells that hfl'-e been
triJ.led through it. Since 1\125 many wells lULye been
ll'illed down the dip and east of the outcrops. Study
l f tIle records has given fl much more complete id.ea of
~he series und. its relations than was hitherto ftyailable.10

On the ba5is of this later work~ the Ochoa series is now
di,·ided, in ascending order, into the Castile, Salado,
Rustler, and Dewey Lake formations. The first unit
is composed mainly of anhydrite, the second contains
large amounts of snlt, the third has many limestone beds,
and the fourth consists of red beds. In the Pinal Dome
Oil Co., Means No.1 well, Loving County, 160 miles east
of the Guadalupe Mountains, the series is 4,200 feet
thick. Oyer considerable areas, the Rustler forma
tion is unconformable on the Salado. Adams II inter
prets the relations of the Castile and Salado as uncon
formable. The series thus comprises two or more sub
cvcles of sedimentation. Because of the unconformity
b~tween the Salado and Rustler, most of the Salado is
missing hom the outcrop in the Gypsum Plain and
Rustler Hilh.

]0 Lang, "-. B., UpIH':r Permian formations of We Delnware Basin of
Te;(us3nd ~ew 1Iexico: Am. Assoc_ Petroleum Geologists Bul1., 'Vol. 'l'J,
PP. 262-270. 1935. Ad'LRls, J. E., Oil pool of ope:n rcservoir type:' Am.
Assoc. Petroleum Geologists Bull., vol. 20, pp. 780-'i96, 1930. Kroenlein,
G. E., Salt. potash, and anhrdrite in Castile formotion of southeast
Kf'w Ue)\ico: .A.m. Assoc. Petroleum Geologists Bull., vol. 23, pp.
1682-1693. 1939. Adams. J. E., Upper Permian Ochoa series of Dela
"'tire Basin. west Texns and southeastern !'iew Mexico: Am. Assoc.
Petroleum Geolo:;ists Bull., Y01. 28, PP. 1596-1625, 1944.

11 .\tlams. J. E., "Cpper Permian Ochoa series of Delawure Basin, west
Texas anrl southeastern !\e,V' :llexico: Am. Assoc. Petroleum Geologists
Bull., yoJ. 28. p. 1612,1944.

]2 Richardson, G. B., op. cit., p. 43.
i3 Cartwright, L. D., 'frans"erSe section of Permian basin in west

Texas and southeast !'iew J,Ie;(IH1: Am. Assoc. I'etroleum Geologists
Bull., '1"01. 14, p. 979, 1930.
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Callyo" formation. At the base are a few feet of dark
l("".v, bitllminous, very thinly laminated, calcitic lime
.'jJ 11111'1 which emits a strong petrolifer~us odor when
~41 rod:, H(~vel'al more beds of limestonB occur higher
"I'. wl",,·o they are interbedded with laminated gypsum,
I'"obably altered from an original anhydrite. Some
I'l'd,~ 11.1'0 contorted into parallel, ripplelike corrugations
nil ludl across from crest to crest.

1.11 II/aces, the laminated rock gives place to cavernous,
I 'ollloln,'y l11asses several feet thick of rotten gypsifer-

1- "
nliH IIlH~RtoIle, containing angular fragments of lami-
HId i'd gypsum, This rock is probably a weathering
11I'Hdlld. '

'I'll ..... r..... worc made on a specimen of laminated, gypsif
""0''', Cillcitic limestone from the basal beds of the Cas
I if" 1-"I'IIIation at the locality northeast of B. M. 4729.
'1'1", "IIn111 ical analysis follows:

.lllrr-f!l.... is o/limestone from the b(1·~al "beds of the Castile
formation

I \ 11nl.l'"IH h~' K. J. Murata; note on insoluble residue by Charles Milton]

. Percent
Illl '1';'::111 I" in:."oluble___________________________________ 1.25

~\;;'::!:"::'~:~~~-~-~~~=~~=~-'!~
'·H:-:()I _

('t1J {", ll)~ ~~~~~~~~~~~~~~~~~~~~~=======~~:~

99.84

lnsl\[llhl\, rt'sidue: Dark IH'own, with cherty particles, and
""llll' '(llarlz, [wrhnps of detrital ot'igin.

CASTILE OF GYPSUM PLAIN

( l" I "'-01'" of the Castile formation are much more ex
li',n:-ii\',' I':l::-;t of the area mapped. They constitute most
,'i (II., <:Yl'sllm Plain, a broad belt that lies between the
1\,,1:111:11',' ~[ountains on the west and the Rustler Hills
l)ll rIll' I';l~t (fig. 2). According to Adams,l1 some out
\'I'I.II's' or tlll' overlying Salado formation are present at
j hl\ t'HKII'I'n edge of the plain. "The only Salado out~
"I';IPS a l't' * * * discontinuous, poorly exposed
\l:\h'III'K of unbanded gypsum along the main drainage
lu\\\s' WI'S!: of the Rustler JIills. :~ * * Along
n1:1ny "I' the divides, tongues of the Rustler still lap
.'o\,l'1' illlln the beveled edges of the Castile." Northwest
,q till' 0YPSUll1 Plain, in the drainage of Black River,
nl\~ll' t lw Beef Escarpment that forms the southeast side
"t' I1h' <.tlladalupe JHountains, the Castile formation is
\\h:~( Iy l'on'l'('.d with Quaternary gravels.
, 'Itt' Oypsum Plain consists of wide, grassy plains
11-"111 wh i"h l'ise broad, domelike hills and rid"es coated

- b

\\ '~h .Tlllllbly, white, impure gypsum or gypsite
\ h",'r." "halk of soil reports), which support a scanty._-----

.. ,\,bll\~. ,1. E., Upper Permian Ochoa series of Delaware Basin,
'~"~~l"'\a~ :lnd southenstern New :Mexico; Am. Assoc, Petroleum
""""'~hIN nllll., '·01. 28, p. 1608, 1044.

growth of grass.18 On aerial photographs, these areas
appear lighter colored than the adjacent outcrops of the
Delaware Mountain group and Rustler formation, and
show no bedrock structure.

Drainage in the gypsite hills is generally along shal
low swales, thinly floored by alluvium. Some of the
larger streams in the plain are entrenched as narrow,
shallow canyons. For some miles on either side of these
canyons, the tributaries are likewise entrenched as steep
sided arroyos. In parts of the plain, but not every
where, the surface is dotted with sink heles, the smallest
covering only a few acres, the largest it square mile or
more. Some of the larger sinks contain intermittent
lakes and receive the drainage of many square miles of
surrounding area.

Rising above the plain are steep-sided gypsum buttes.
Here and there are the features termed "castiles" by
Adams." They are low mounds, haystack buttes, and
cHstellate peaks which have a core, a few square feet
to many acres in extent, of limestone and banded cal
cite. Adams interprets the core as resulting from local
ized secondary replacement of the original anhydrite
and gypsum. The castiles are prominent features
on the aerial photographs and are widely distributed
over 0"' Gypsum Plain, either singly or in clusters.

One of the most remarkable peculiarities of the Gyp
sum Plain, as seen in aerial photographs, is it series of
linear features, or long white streaks, extending across
the plain in a nearly east-west direction. They are
known only from the photographs, and have not been
examined by me on the ground. Many of the linear
features seem to be merely lines of coloration, without
much surface relief, but many others form low, straight,
distinct scarps, which offset the drainage, and across
which roads are detoured. In places, pairs of scarps
a quarter or half a mile apart face each other, the lower
ground between being floored with allu,-ium. 'Vhere
the linear features are most numerous and closely
spaced, they impart a trellis pattern to the drainage.

The linear features begin on the west at the base of the
formation or top of the Bell Canyon formation, but do
not extend into the Bell Canyon formation (pl. 21).
They extend eastward about halfway across the Gypsum
Plain and fade out in the outcrops Of the upper part of
the Castile formation before the outcrops of the Rustler
formation are reached. l\Iost single features are two or
three miles long, but some are 10 miles or ,more long.

These superficial linear features probably resulted
from differential erosion of cemented east-west frac
tures that have developed in the anhydrites of the Cas
tile fonnation. The origin of the fractures is unknown,

1.'1 Porch, E. L., The Rustler Springs sulphur deposits: Texas Univ.
Bull. 1722, pp, 24-25, 1918. Carter, W, T., and others, Soil survey
(reconnaissance) of the trans·Pecos area, Texas: U, S. Dept. Agr" ser,
1928, No. 35, p. 30, 1028.

'" .-\d:Llns, J. E., op. cit., PP. 1606, 1622,

.1
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but they seem to be confined to the lower part of the
costile formatIon. ,

During the present investigation, outcrops in the
Gypsum Plain were Bhidied in two places outside of the
area mapped, one along the county road to the Nine Ie
llanch, about 4 miles southeast of United States High
",ay Ko. 02, and the other along the highway not far
northeast of the Texas-Xew l\lexico line, on the south
,,-est side of the Yeso Hills (fig. 2). The beds in this
region are higher in the section than those within the
area studied, and probably lie several hundl'ed feet
abo,e the base of the formation.

A specimen typical of these higher beds was collected
at the first locality, from the banks of an arroyo just
",est of the connty road (pI. 10, B). According to R. C.
'Wells, of the Geological Survey, it consists e)1tirely of
gypsum~not anhydrite; nevertheless, its original styati
fication is still well preserved. It consists of alternat
ing light-gray gypsum bands and dark-gray, bitumi
nous, slightly calcareolls bands, each a ~ew Inillimeters
thick. The dark, calcareous bands stand out in low re
lief on ,,-eathered surfaces. Most of the laminations are
straight and parallel, but in S0111e there is a minute
crenulation not shared by beds above find below. Scat
tered through the rock are occasional '''ihite gypsmll
knots 3S much as a quarter of an inch across, around
which the laminae are bent. In describing a well core
Lang 00 points out similar knots, which he interprets as
"initial points of alteration of anhydrite into gypsum."
Because of the complete alteration of anhydrite into
gypsum in the outcrop speciInens, this suggestion cannot
be 'erified.

At the second locality, the highway, in descending
southwe~n,ard from the Yeso Hills, has been cut deeply
into the original surface, so there are rou<;l cuts as much
as 40 feet high. In these road cuts the Castile forma
tion is "onderfully exposed. Most of the rock consists
of thinly laminated gypsum, similar to that just de
scribed, but at one place there is an interbedded, dense,
gray limestone 6 inches thick. An interesting feature
of this locality is the contortion of the beds, which is on
a much larger scale than the crenulations noted at pre
vlous localities, and involves masses 10 to 50 feet. across.
Most of the beds lie horizontally or dip gently, but in
places they are sharply folded, and here and there they
are vertical. This contortion may be related to the
linear features described aboye, as aerial photographs
indicate that some of the linear features extend through
the locality.

HIGHER FORMATIONS OF OCHOA. SERIES

The formations o,erlying the Castile formation are
not exposed in the area studied, but their character is

~G Lang', W. B., Upper Permian formations of tbe Delaware Ba5in of
Texas and New Mexico: Am. Assoc. Petroleum Geologists Bull., ~oL 19,
fig. 5, p. 267, 1935.
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summarized here, on the basis of published descriptions
of outcrops and of drill records fartber east.

SALADO FORMATION

The Salado may be exposed here and there in the
Gypsum Plain, near the west base of the Rustler Hills,
but most of it is cut out in this region by the uncon·
formity at the base of the Rustler formation. The
Salado exbibits its full thickness east of the outcrops.

The formation contains the thickest beds of salt in the
west Texas Permian section. They have been referred
to as the "upper" or "main" salt i;1 many of the older
reports on the region. It contains llmnerous potash
beds, some of which are being mined east of Carlsbad,
X. ~Ie". (fig. 1)." There are some interbedded layers
of anhydrite, and thin ones of dolomitic limestone and
red beds. Scme Lunination is present, which is perw

haps comparable to that in the underlying anhydrite of
the Castile, but there are no bituminous layers. As in
dicated by the records of wells drilled east of the out
crops, the maxinllun thickness of the formation in the
Delaware Basin is somewhat more than 2,000 feet. In
the shelf areas, north and east of the basin, it is 1,000
feet or less.

:RUSTI..ER FORMATION

OYCrlying the Salado formation, in places uncon
formably, is the Rustler formation, which crops out
in the low Rustler Hills (fig. 2). On the outcrop, it
consists of dolOlnitic lUl1estones, containing a few poorly
preserved fossils, underlain by sandstone and chert peb.
ble conglomerate. Eastward beneath the surface, the
dolomitic limestone is overlain by anhydrite, red beds,
and salt, "hich constitute an upper member of the for
mation. Here, its maximum thickness is nearly 400
feet. The Rustler formation contains the uppermost
evaporites in the Permian section. Like the Salado,
it was deposited in both the Delaware Basin and the
shelf areas beyond.

DEWEy LAKE RED BEDS

Overlying the Rustler formation east of its outcrop
are a few hundred feet of red beds, part of which are
classed as of Permian and part of Triassic age. Accord
ing to Adams 22 "most of the red beds of the Delaware
Basin preyiously classed as Permian belong in the
Triassic Pierce Canyon formation. Uppermost Per·
mian l'ed beds, present in a few localities, are assigned
to the Dewey Lake formation."

The Dewey Lake l'ed beds were named by Page and
Adams'" and ha'-e their type section in the Midland

:1 ~lansfield, G. R., and Lang, W. B., The Texas-New Mexico potasb
depol;its; Texas Uni~. Bull. 3401, pp. 641-832, 1935.

:: Adams, J. E., op. cit., p_ 1601.
23 Page, L. R., lind Adams. J. E., StratigraphY, eastern Midland Basin,

Te:'<tl.!.<; Am. Assoc. PetroleUm Geologists Bull., vol. 24, pp. 62-63, 194.0.
Adams, J. E., Upper Permian Ochon series of Delaware Basin. west
Texas: Am. Assoc. PetroleUm Geologists Bull., '"Cd, 24, pp. 62-63, 1940.
Bull., vol, 28, pp. 1601, 1615-1616, 1944.



 

 Information Only 

92 GEOLOGY OF THE SOcTHERN GUADALUPE MOUNTAINS, TEXAS

Basin (fig. 3). The Dewey Lake consists of unfossilif
erous fine-grained, orange-red sandstoJles aud silts,
many of which are cemented by anhydrite. They have
a thickness of 250 to 350 feet and "are separated by an
unconformity that is commonly marked by a zone of
bleaching." In the Delaware Basin, according to
Adams," "the formation is limited to the structurally
low areas along the east and south edges * * *,
and no outcrops are known. Apparently pre-Triassic
erosion stripped the unconsolidated red beds from the
surface of all the higher exposed areas, leaving a Rustler
pavement."

In southeastern New Mexico, east of the Pecos River,
are many outcrops of red beds that overlie the Rustler
formation. They have been penetrated in nearby wells.
The beds are termed the Pierce Canyon formation by
Lang." They occupy the same stratigraphic position
as the Dewey Lake red beds and have heen correlated
with it by some geologists. La.ng, however, considel's
the Pierce Canyon to be unconformable on the under
lying Rustler and conformable \vith the main mass of
the Dockuln group above, and hence of Tria.ssic age, an
interpretation with· which Adams 2'J agrees.

STRATIGRAPHIC RELATIONS

\Vitl,in the area of this report, and in the Guacblupe
Mountains in general, Permian rocks belonging to the
Guadalupe and Ochoa series are overlain by Qtltlternary
gravel deposits, and no intervening formations are
known. On pages 104-105 and 140 it is deduced that
the Permian rocks of the region were at one time
peneplaned, and then covereclunconformably by Creta
ceous rocks. All trace of these Cretaceous rocks has
since been removed by erosion in the Guadalupe Moun
tains, but remnants of the Cretaceous still lie on the
Pelmian farther south in the RustJer Hills and the

"Apache Mountains (for location, sec fig. 1).
East of the Pecos Ri vel', older Mesozoic deposits in

tervene between the Permian and the Cretaceous. They
form the Dockum group, of which the Pierce Canyon
red beds are classed as the basal unit. The group con
tains terrestrial fossils in places" and is classed as of
Upper (1) Triassic age by the Geological Survey. As
indicated by the work of Page and Adams," the Dockum
apparently lies uuconformably on the Dewey Lake red
beds.

FOSSILS AND AGE

The Ochoa series is ncarly unfossiliferous, probably
because the waters in which it ",vas deposited were so
saturated with dissolyed salts that little or no life could
exist in them.

:u Adams, J. E., op. cit., p. 1615.
~s Lang, W. B., The Permian formations of the Pecos valley of :-;'ew

Mexico and Texas: Am. Assoc. Petroleum Geologi~ts Bull., yol. 21, to·
878, 1937.

,., Adams, J. E., op. cit., p. 1601.
%'I Adkins, W. S., Mesozoic systems, in The geology of Texas, "01. 1 =

Texas UniV'. Bull. 3232, pp. 246---247. 1933.
2lI Page, L. R., and Adams, J. E" op. cit., Pl'. 62-63.

The Castile formation contains no fossils, but there
is evidence that life existed somewhere in the vicinity
during its deposition. The calcareous laminae, inter
calated with its anhydrite laminae, are bituminous and
this material was doubtless derived from marine plants
or animals. They were perhaps forms that swam or
floated near the surface of the body of water in which
the Castile was deposited, where the concentratiou of
dissolved salts was less than at the bottom; or, the
bituminous Inaterial may have been swept in from areas
of marine water farther south which were poorly con
nected with the area of Castile deposition.

In the Rustler fOl'll1atioll, higher in the section, a few
pelecypods and plants were collected by Richardson."
They are too poorly preserved to affonl much evidence
as to their age, and paleontologists ,,""ho have studied
them express indecision as to whether they are Paleozoic
or l\lesozoic forms.

Bec"use of the lack of fossils, there is 110 paleontologi
cal evidence "8 to the age of the Ochoa series. It is of
post-Guadalupe (later Permian) and pre-Dockum (Up
per (1) Triassic) age, and may therefore be either late
Permian or Lower to Middle Triassic. A Lower Trias
sic age has been suggested for it by Roth," hut most
O'eolomsts consider it to be of late Permian age, and it
b b

is so classed by the Geological Survey.
This conclusion is based mainly on physical relations,

which suO'O'est that the series is more closelv bound toee ,

the underlying than to the overlying beds. In places,
but not eYerywhere, it is separated from the underlying
Guadalupe series by an unconformity, but the greatest
unconformity appears to be at its top, beneath the
Dockum group. lHoreover, the evaporites~ c1olonlites,
and red beds of the series are very similar to the sedi
ments of the Guaclalupe and older Permian series in the
shelf areas. The deposits in both the Ochoa and older
series were apparently laid down under water, in a'reas
that were intermittently connected with the sea. The
Dockum "TOUp above is likewise of red-bed facies, but

e .
it seems to be entirely a terrestrial deposit, laId down
on river flood plains and in lakes. No evaporites like
those in the underlying rocks are known in it.

CONDITIONS OF DEPOSITIO~

During the Ochoa epoch, the west Texas region was
dominantly an area of evaporite deposition, although
marine couditions probably persisted farther south.
The thickest and most extensive evaporite deposits of
the west Texas Permian were laid dowll at this time.
Conditions of deposition cluring the epoch, especially
those concerned with the origin of the evaporites, have

29 Richardson, G. E., Report of a reconnaissllnee in truns-pecos Texas,
north of the TexftS and Pacific Railway: Texa:':l Univ. Bull. 23, pp. 44-4~,
1904.

~o Roth, Robert, Evidence Indicating the limits of Triassic in Kanaas,
Oklahoma, and '!'exas: Jour. Geology, vol. 40, p, 709, 1943.
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been discussed in a number of previous publications.31

petails of the discussions in these papers need not be
repeatecl here, but a description of 80me of the broader
paleogeographic features of the epoch, which were not
adequately tretlted in so111e of the papers cited is worth
,vhile. Especial attention is given to features of the
ellyirOlunent under "hich the first fOrlnation, the Cas
tile, was deposited.

BEGINNING OF OCHOA TIME

In the Delawtlre Basin, the sf1ndstones of the Bell
Canyon formation, of Guadalupe age, arc succeeded
by the anhydrites of the Castile for111ation, of Ochoa
age. The change in sedimentatioll from the one to the
othel' is OIle of the 1110St abrupt and striki.:!.lg in the west
Texas region, and takes l)}ace in an apparently con
formable sequence, within a, few inches of beds. Marine
conditions in the basin then came to an end, and with
them, the abundant illYertebrate life of the adjacent
Capitan reef.

This change has been discussed by K.roenlein,32 who
states that "continued excess of eyuporution Imyered the
sUl'fnce ",ater level and associated reef environment to
a point where the accumulated brine killed life on the
I'eef. This caused the detlth of the reef alld closed Cap
itan time. Further excess of evaporation over marine
inflow resulted in concentration sufficient to deposit
anhydrite and 111arks the beginning of Castile depo·
sitioll.:'

It seems unlikely, ho\,cYer: that conditions described
by I{roenlein could have brought flbout the change in
sedimentation without the aid of other factol's. The
effects of Kroenlein's <;onditions wouJd have been grad
ual, whereas the chtlnge is actually abl'U]>t. :'loreowr,
these conditions would not haYe ended the deposition
of sandstone in the basin, whereas deposition of sand
stone did end with the beginning of eyaporite
deposition.

It is therefore probable that the change in sedimenta
tion resulted not only from an excess of evaporation over

al Udden, J. A., Laminated anhydrite in Texas: Geol. Soc. America
Bull.. vol. 35, PP. 347-354, 1924.

Hoots. W. n., Geology of a l)a.rt of western Texas and southeastern
New Me:tico, with special reference to salt and potash: U. S. Geol. SUI"
vey Bull. 780 B, pp. 122-126, 1925.

Bakel', C, L., Depositional history of the red beds and saline res!dllCS
of the Texas Permian: Texas Unt\'. Bull. 2901, pp. 9-72, 1929.

Cunningham, W. A., The potassium sUlphate mineral polyhalite in
Texas: Texas Univ. Bull. 3401, pp. 860-867, 1935.

Ailams, J. E., Oil pool of open rcservoir type; Am. Assoc. Petroleum
Geologists Bull, vol. 20, p. 789,_ 1936.

Lang, "'~. B., Tbe Penrdan formations of tbe Pecos Valley of New
Mexico and Texas: Am, Assoc. Petroleum Geologists Bull.• vol. 21, pp.
884-888,1937.

:Mansfield, G. R., Role of physical chemistry in stratigraphic pl'ob·
lems: Econ. Geol., vol. 32, pp. 541-549, 1937.

Kroenlpin. G. A., Salt, potaSh, and nn1J;'o'drite in Cnstne formation of
southeast New Mexico ~ Am. Assoc. Petroleum Geologists Bull., vol. 23,
pp, 1682-1693, 1939.

Adams, J. E., Upper Perminn Ochoa series of Delaware Basin, west
Texas and southeastern New Mexico: Am. Assoc. Petroleum GeOlogists
BuU.. '\"01, 28, pp. 1616-1622, 1944.

1I2 Kroenleln, G•.L ap. ('it.• p. 1684.
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inflow, but also from a shutting off of the sea from free
access to the water of the area, presumably by the
growth of a barrier across the southwestern entrance to
the Delaware Basin (fig. 14, C and D). South of this
barrier, rnarine conditions probably continued, and over
it ,,,"tel' still flowed gradually or periodic"lly into the
basin, where it eYaportlted and supplied the great qu"n
tity of anhydrite anel other cyaporites hid do\Yn during
Castile time.

The nature and location of this bnl'rier is nnc·ertain.
According to Adams 33 "a sand dune ridge, perhaps
made up of calcareous sands and protpcted by organic
reete, would be " logical type of barrier to shnt off
migration [of sea water] through such channels.
Breaches could be produced by storm Wf1ves "nd sealed
off by normal wh1Cl action." The ''''Titer 34 has suggested
that the barrier lay near the south end of the basin, in
the yicinity of Hovey, not far northwest of the present
Glass )Iollntains. A.dams 35 notes that the Castile in
the Sewn Hcart Gnp tlretl of the southern Deltlware
~rountainscontains a ~rI:enter quantity of limestone than
elsewhere: and snggests thfl. t an entrance to the basin
may have existed in thatvicillity.

GEI(ERAL ENVIRONMENT OF CASTILE TIME

The primary relief on the sea floor during Castile
time ,yas inherited from Guadalupe tilTle, when the Cn-p
itan reef was built high aboye the bottom of the nearby
DelliW;l.re Basin. This relief lllay hm-e been accentu
ated by sti]] further subsidence in the basin tlr"" during
Castile time. The Carlsbad limestone in the southern
Guadalupe :Mountains dips southeast, probably tiS a
result of tilting toward the basin in hte Permian time
(pp. 85-86) ; similar tilting is reportednef1" Ctlrlsbad
CaYern." PnbJished cross sections of the Ochoa series
in the Dplaware Ba.sin si indicate that the Castile and
Salado formations as a whole, and eneh of their in(li
yidual mel11bers~ increase in thickness towlu·d the center
of the basin. This increase may in part have been
Lrought about by continued subsidel)c~of the basin area.

The Castile deposits are chemical precipitates, which
could be derived only from water whose concentration
of dissolved salts was greater than that in the open sea.
The concentration was probably caused by eyaporation
of water which was prevented from free c0111mnnication
with the sea by a barrier. Adams" outlined the con
ditions of deposition of the Castile as follows;

E,·aporation of sea water in a restricted container, such a~ a
beaker, Dl'o(lnces a reg\llar sequence of (ll'ecipitat(·s mix.ed with

aa Adams, J. Eo, Upper Permian Ochoa series of Delaware Basin, west
Texas and southeastel'n New Mexico: Am. Assoc. Petroleum Geologists
Bull .• 'Vol. 28, p. 1617,1944.

&l King, P. B., Permian of west Texas and southNl,stern New Mexico:
Am. Assoc. Petroleum Geolog!Rts Bull., vol. 26, pp. 758-760, 1942.

35 ~""dams, J. E., op. cit., p. 1621.
311 Lang, W. B., op. cit., pp. 892-895.
a~ KrO{'nlein, G. A., OIJ. cit., fig. 2, p. 1685. Al1Hlll:" . .T. E., op. cit.. fig~.

~-4, PP. 1600-1603.
3~ Adams, J. E., op. cit., pp. 1616-1617.
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or superposed one upOn- the other. In larger, natural, barred
basins, tens or hundreds of miles across, with a single con
tinuous marine connection, equal evaporation per unit of area
would cause an inward slope across the evaporating pan and
a consequent continuous migration. of the brine from the entrance
to the innermost end of the basin. Increasing concentration
during this journey WOuld cause successive precipitation of the
least soluble constituents in a lateral rather than a verticill
sequence. The normal order of the geologically important evap
orite sediments is limestone, dolomite, anhydrite, salt, and rare
bitterns. Intermittent marine connections in a sizable basin
should produce deposits similar in distribution to those of the
laboratory experiments. During closed periods evaporation
would lower the surface of the water in the barred basin below
that of the adjacent sea. Upon the breaking down of the bar·
riel' great quantities of sea water would rush in to fill the
basin up to sea level. The water would spread over the whole
area and only after it became practically stationary would
evaporation produce any appreciable decrease in volume or
increase in concentration.

The Castile formation seems to fulfill the requirements for
intermittent marine connections while almost all the other
Permian evaporites appear to have been deposited in barred
basins with nearly continuous marine connections. The Castile
is fairly consistent lithologically from bottom to top and from
one end of the basin to the other. It seeIDS that the minor
differences can be most readily explained if we assume, in addi
tion to the intermittent marine connections, that the beds were
deposited in waters of greater than normal depth and in a
relatively restricted basin. * • •

Recurrent closing and opening of the barrier would allow
the waters in tbe basin to be lowered by evaporation or to be
raised by freshening floods. Initially the waters of the Castile
sea were fairly uniform in co-mposition, and because they were
derived from the open sea, salt concentrations would be those
normal to the waters of the Permian oceans, wbich probably
closely approached those of the present sea. 'Vaters drawn
across the bar would be of the same character and would carry
a normal planktonic fauna. As soon as a solid barrier shut
off the marine inflow, evaporation would start decreasing the
volume of the relict waters and this would cause precipitation
of the salts in the reverse order of their solubilities. Increased
concentration would eventually cause the death of most of the
organisms in the barred basin waters.

ORIGIN OF LAMINATIONS

The laminated structure of the Castile formation is
of much interest, and has been discussed by U dden " and
various subsequent authors. The laminae are struc
tures original in the deposit. In the succeeding Salado
formation there is evide.nce of extensive replacement
and reconstitution of the originally deposited minerals,
so that much of the original structure of the beds has
been destroyed."' If such processes acted on the Castile
deposits, they were not extensive enough to destroy the
lamination.

Adams 41 suggests the following process for the for
mation of the laminations:

The calcium carbonate precipitated from the surface waters
would be mixed with considerable organic materia1. On con
solidation this would produce the brown calcite laminae so

3D Gdden, J. A" op. cit., PP. 347-354,
(0 i\Iansfield, G, R., Role of physical chemistry tn stratIgraphic prab·

lems: ECOD. Geology, vol. 32, pp. 541-549,1939.
(1 Adams, J. E., ap. cit., p, 1619.

typical of the Castile. During the colder season of the year
evaporation would be very slow compared with summer losses,
and the coolness of the atmosphere would tend to cool the water
and increase its power to hold CO~ in solution. It is, therefore.
probable that the calcite laminae each represent the deposits of
a Summer or a portion thereof.

Further evaporation and concentration would cause the pre
cipitation of gypsum. Upon consolidation under pressure the
g;rpsum would be deh~'drated to anhYdrite. Ordinarily by the
time a fraction of an inch of gypsum had been precipitated. there
would be a new incursion of the sea and the process would be
repeated. This would explain the regular alternation of calcite
and anhydrite laminae. An extensive, uninterrupted period of
evaporation would result in the formation of a thick anbydrite.
The next incursion of the sea would find the surface of the brine
a greater distance than normal below sea level, and the filling
of the basin would result in' a much thicker la;\.'er of new water,
most of which must be evaporated before R renewal of gypsum
precipitation could take place.

Studies made by Udden and his associates suggest
that the laminations may be grouped into several still
greater cycles, possibly related to sunspot cycles, but
the grouping is not perfect, and no very definite results
have been obtained."-

LATER PARTS OF OCHOA TIME

By the end of Castile time, the deep depression of the
Delaware Basin had been largely filled by deposits, and
the succeeding Salado formation was probably de
posited in shallower water." With the filling of the
basin, the area of deposition began to spread beyond
the basin into the surrounding areas (fig. 14, D) . This
general spread was partly because of the general sub
mergence of the region. However, Kroenlein H states
that the Salado deposits pass into a near-shore facies
near the Pecos River, considerably east of the west edge
of the Delaware Basin. He concludes that the area of
deposition was tilted eastward near the beginning of
Salado time, causing the eastern edge of the area to
spread farther east beyond the margin of the Delaware
Basin.

Salado time closed with a period of movement, by
which the formation was tilted, uplifted, and eroded.
In places along the thinned edge of the deposit, erosion
cut deeply enough to remove the whole formation and
lay bare the Castile or other pre-Salado beds. After
this the Rustler and Dewey Lake formations were laid
down. Rustler and Dewey Lake time ,,"as probably
shorter than preceding Castile and Salado time, for it
is not represented by as great a thickness of deposits.

The Rustler formation, which overlappecl the eroded
surface of the older beds, is also dominantly of evaporite
facies, and its deposits were laid down over mnch the

U Udden, J. A., Study of tile lnminated structure of certain drill cores
obtained from the Permian rocks of Texas: Carnegie Inst. Washington
Year Book, vol. 27, p. 363, 1928.

43 .Adams, J. E., Oil pool of open reservoir type: Am. Assoc, Petroleum
Geologists Bull., vol. 20. p. 789. 1936.

t.I Kroelliein. G. A., Salt, potash, and anhydrite in Castile formation
of southeast New Mexico: Am. Assoc. Petroleum Geologists Bull., vol.
23,pp.1686-1688,1939.
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;~e area as those of the Salado. During Rustler time
", arts of the area were covered by dolomitic limestones.
~eY formed under conditions thllt permitted the ex
·stence of an impoverished pelecypod fauna. The
~aters in which they were laid down were probably of
lIlore normal salinity than elsewhere. Conditions were
not fayorable enough for a rich invertebrate life, like
that of Guadalupe time, to return to the region.

At the end of Rustler time, the supersaline waters in
which the formation was deposited disappeared from
the west Texas region, and whatever access there had
been to the basin from the open sea Cam~ to an end.
The fine-grained red clastics of the Dewey Lake red
beds were then spread over the preceding evaporite de
posits. They were probably washed in from the sur
rounding marginal lands, most of which by this time
had been worn down to low relief. Dewey Lake time
waS relatively brief, and when deposition ceased, the
Ochoa epoch came to an end, and 'Yith ,t th~, Pemlian
period.

BROADER FEATURES OF PERMIAN STRATIGRAPHY

SUM~lARY OF THE SECTION

TRIO.KNESS

The rocks exposed in and near the southern Guada
lupe Mountains constitute a great sequence of Permian
strata, thicker by far than most other Permian sections
in North America. No single set of outcrops, and no
single well, extends through the whole system, but its
approximate measure is indicated by combining incom
plete sections. Thus, the Wolfcamp (Carboniferous or
Permian) and Leonard series in the Anderson and
Prichard, Borders No.1 well in the Delaware Mountains
are about 4,500 feet thick (pI. 8). The Guadalupe series
in the Niehaus et a1., Caldwell No.1 well, do",n dip to
the east of the Delaware Mountains, is about 3,500 feet
thick (p1. 6). The Ochoa series in the Pinal Dome Oil
Co., ~Ieans No.1 well in LoYing County east of the
Pecos River, is about 4,200 feet thick." Taken to
gether, these figures indicate a thickness for the Per
mian system (if the Wolfcamp is included) of more than
12,000 feet. The three wells were drilled in the Dela
ware Basin area, in which maximum thich."1lesses are ex
pected. In the shelf area to the northwest, outcrop and
well sections" suggest a thickness of 7,000 feet or less.

CHARACTER

The rocks comprising this thickness of 7,000 to 12,000
feet include a great number of facies, deposited in va
ried environments, with the different facies giving place
to one another both vertically and horizontally. Most

~5 Lang, W. B., Upper Permian formations of the Delaware Basin of
Texas and New Mexico: Am, Assoc. Petroleum Geologists Bull.,' vol.
19, pp. 264-269, 1935.

'lI Bybee, H. P., and others, Detailed cross section from Yates area.
Pecos County, Texas, into southeastern l"ew Mexico: Am. Assoc. Petro
leum Geologists Bull., vol. 15, pl. 2, p. 1088, 1931.
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of the section consists of sedimentary rocks of Inarine
origin. These rocks are mainly limestones and sand
stones, but include minor amounts of shale, conglomer
ate, and chert. Many of them contain abundant inver
tebrate fossils. In the upper part of the section evap
orite beds make their appearance, indicating that the
area at that time began to be shut off from free access
to the sea, perhaps because of the general retreat of
the seas from the continent that characterized Permian
time. The first evaporites in the Guadalupe Mountains
region are found in the Guadalupe series, where they
occur only in the shelf areas. In the succeeding Ochoa
series they spread over the entire region.

SUBDIVISIONS

Despite the complexity of the local details of the
stratigraphy, and the interfingering of nunlerous facies,
certain broad groupings of the Peflllian rocks arc evi
dent. They are expressed by the subdivision of the se
quence into the Wo!fcamp, Leonard, Guadalupe, and
Ochoa series. These groupings are of both lithologic
and faunal significance, and represent distinct cycles
of sedimentation.

In the vicinity of the Guadalupe Mountains the four
series just named are separated from one another by
well-marked changes in sedimentation, and in places
by unconformities. A major structural unconformity
separates the '" olfcamp series from the beds below, and
a minor 'one, perhaps involving some deformation, lies
bet",een the ,Volfcamp and Leonard series. Other un
conformities are present between the Leonard and
Guadalupe series, and between the Guadalupe and
Ochoa series. The last two unconformities seem to have
been caused not so much by deformation as by wide
spread withdrawals and readvances of the sea. The
unconformities that separate the series are usually
poorly marked or absent in the Delaware Basin area,
but increase in distinctness in the shelf areas, where the
beds above and below are separated by considerable
time gaps. Both the structural unconformities and the
unconformities caused by withdrawals and readvances
of the sea are of more than local significance and are,
therefore,· of aid in correlating the Guadalupe Moun
tains section with sections in adjacent parts of the Mid
continent and Cordilleran provinces.

Between some of the series, and at the same levels as
the unconformities, there are rather striking changes
in sedimentation. They are usually most pronounced
in the Delaware Basin area, and less so in the shelf
areas where rocks of similar facies were deposited
through most of the period. One change in sedimenta
tion took place at the beginning of Guadalupe time,
",hen the basal sands of the Delaware Mountain group
spread over the black limestones of the Bone Spring.
Another took place at the top of the same series, when
deposition of sandstones of the Delaware Mountain
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group was followed abruptly by deposition of evapo
rites of the Ochoa series.

TIME SPAN OF GUADALUPE MOUNTAINS SECTION

The thickness of the Permian rocks in the vicinity of
the Guadalupe 1\Iollntains is impressive, ilnd suggests
the possibility that Permian time is more or less COlll

pletely represented by deposits. Proof of this sugges
tion, howevel', must be obtained not from the physical
relations, but from the fossils, ancl especially from those
fossil groups ,,~hose genera have I'E."latiyely narrow strat
igraphic ranges nnd are widely distributed throughout
the "yorId. In this connection, recent studies of ammo
noids and fusulinids are of interest, for· they permit
cOlnparison of the Gundalnpe :Mountains sectioll: not
only with other parts of North America, but also with
the ,vell-known Permian marine sections of Europe and
Asia. Such comparisons have. recently been made by
j\liller,H Dllnbar,4S and l\tliller and Fnrllish.4\l

These comparisons suggest that the Guadalupe I\lonn
taills section contains a more or less uninterrupted se
quence upward fro111 the Pennsylvanian, comparable to
that in Russia anel other old-world sections. The age
of the highest beds is SOIne\vhat uncertain, however,
because of the general absence of fossils in the Ochoa
series. The beels next beneath, in the upper part of
the Guadalupe series, contain the zones of Polydiexo
dina anel l'irnor#es, which are eviclently of upper Per
111ian age. No fusulinid zones younger than that of
Polydiexodina arc known elsewhere, but an ammonoid
zone, that of Cyelolobus, is considered to be younger
than the zone of Timontes. This genus occurs in the
highest Permian beels of the Salt Range of India, anel
also in the Himalayas and Madagascar. Miller and
Furnish Sllgg~St that the Ochoa series may be equiva
lent to the beels containing Cyelolob1l8. If so, the top
of the Ochoa series reaches nearly, if not quite, to the
top of the Permian as defined.

FA t;NAL SUMl\I.A.RY

GENERAL CHARACTER OF FAUNAS

The Leonard and Guadalupe series of the Guaelalupe
~loulltaillS contain numerollS invertebrate fossils.
These fossils have considerable elivcr"ity from zone to
zone and facies to facies, but enough genera and species
extend through the whole to give the f"unas of the two
series a similar aspect.

The f.iunas of the two series were collectively referred
to as the "Guadalupian fauntt" by Gj rty 50 in his mono-

H Miller, A. K., Comparison of Permian ammonoid zones of Soviet
Russia with thos€' of North .-\meriea: Am. Assoc. Petroleum Geologists
Bull., ·voL 22, pp. 1014-1010. 1038.

t8 Dunbar, C. 0., The type Permian; tts classification and correlation:
Am. Assoc. Petroleum Geologists BlIIL, voL 24, pp. 265-273, 1040,

(D :MilIer, A. K., and Furnish, \V. :M., Permian ammonoids of the
Guadalupe Mountain region und adjacent areas; GeoL Soc. c\mcrica
Special Paper 20, pp. 24-30, 10·10.

60 Girty. G. fl., The Guadaluplan fauna: U. S. Geol. SUl'ny Prof.
Paper 58, 1908.

graphic report and various shorter papers. This term
is not used here because of differences between faunas
of the various zones and because of possible confusion
between the term and the name Guadalupe series, which
is no\~ restricted to a part of the section in the Guada
lupe :Mountains.

The faunas of the Leonard and Guadalupe series are
definitely of later P"leozoic type, and are not like any
known Triassic fn.una. Here, as in the l\Iississippiall
and Pennsyhranian, one finds brachiopods, mollusks,
bryozoans, crinoids: and corals belonging to well-known
later Paleozoic groups. .Among the bl:achiopods, pro
duet ids and spiriferoids abound, and the cephalopods
belong to the same families as those found in the beds
below. As in the PennsylYanian the most abundant
Foraminifera are the fusulinids. The faunas compare
favorably with those of the Mississippian and Pennsyl
vanian rocks in numerical abundance, in the number of
im,-ertebrate gronps represented, and in the number of
genera and species. In these respects they form a no
table exception to the general rule that Permian faunas
are impo~..el'ished and marked by the absence of numer
ous later Paleozoic familie3 and genera.

Despite the broader resemblances of the Leonard and
Guadalupe faunas to other Paleozoic faunas, in detail
they differ notably from those elsewhere in North
America, either older or contemporaneous. ~fan:y

genera extend up from the underlying Pennsylvanian,
and other genera seem to have developed from Pennsyl
vanian types, but there are few or no species in common.
Some fossils, not clearly related to thos~ below, are prob.
ably migrants from other regions. Among the dis
tinctive features of the fauna are fusulinids and am
monoids of larger size and more complex internal struc
ture than those of the Pennsylyanian (such as Paratusu
lina, Polydiexodina, Perrinites, and Medlicottia). The
brachiopods il~clude specialized genera with high cm·di
nal areas (sucll as Geyerella, Scacchinella, and Pro'Nch
tno/enia), or with other unusual modifications (such as
Leptodus) .

RELATION TO OLDER FAUNAS

The change from the Pennsylvanian fauna to the
Leonard fauna begins to be evident in the intervening
Wolfcamp series, or below the level of the rocks ex
posed in thc Guadalupe Mountains. In the -Wolfcamp
series, as exposed in trans-Pecos Texas, some of the
Leonard and Guadalupe genera and species (such as
S'luamll1aria guadalupen8is and Camerophoria ven
usta) make their first appearance in faunas that are
dominantly of Pennsylvanian aspect. The 'Wolfcamp
series contains also a distinctive assemblage of fusu
linids, including the genus Pseudo8ch.uoagerina. 1Iany
of the Pennsylvaninn genera and most of the species
conle to an end at the top of the vVolfcamp series, and
only a few generalized types (such as various species of
Crnnpo8ita) persist. In the succeeding Leonard and
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Guadalupe beds, many of the gpnern and most of the
species arc ne',".

JtELA'IION TO OTHER :PERMIAN FAUNAS OF NORTH AMERICA

Compared with other P"rmian faunas of the conti
nent, those of the Leonard and Guadalupe series are
distingnislwd by their diversity amI novelty. Many
of the falluas in other areas contain more species allied
to those in the beds below, and some of them differ from
those below by the clisappeamnce of certain fossil
groUpS, and the greater abundance of other groups,
probably as a result of environmental changes. 3lIost
of the faunas in the other areas contain fewer groups
than arc fuund in the Leonard and Guadalupe faunas,
probably because they were laid down in environments
that were less favorable to the majority of invcrtebrate
groUps. Thus~ faunas in the Cordilleran region (such
;s the Kaibab and Phosphoria) contain species of bra
chiopods that are similar to or identical with those in
the Leonarel aud Guadalupe series, aud the faunas of
the :Mic1·col1tinent area include ammonoids like those
in the Leonard series. Yet many other fossil groups
associated "·ith these forms iu the Guadalnpe Monn
tains fail to extend into the other two provinces.

EYidently a Inarine environment persisted in the
Guadalupe :Mountains region that was as congenial to
life as were the seas in other parts of the continent dur
ing preceding periods. Life continued here as before,
developing into new forms that impart a distinctive
aspect to the faUl)a. Elsewhere in the continent more
rigorous conditions set in and species, genera, and even
whole groups disappeared, leaying behind only those
f01111S that were able to withstand the new environment.

DISTRIBUTION OF THE FAUNAS OUTSIDE THE GUADALUFE
MOUNTAINS

The faunas of the Leonard and Gnadalupe series have
been recognized ill several mountain areas of the trans
Pecos region south of the Guadalnpe Monntains. They
can be traced southwarcl throngh the Delaware and
Apache Mountains, which form the topographic con- .
tinuat;ou of the Guadalupe !\Iouutains on the sonth
(fig. 1) ~ and are found again in the Sierra Diablo across
the Salt Basin to the west. ,Farther southeast t in the
Glass 1\Iollntains, where the Pennian rocks rise again
from beneath the Mesozoic and Cenozoic rocks, fossils of
the Leonard and Guadalupe faunas occur abundantly.
Occasional fossils of the same type have been recovered
from well cores farther east. All these occurrences are
in or closely adjacent to the Dela,,-are Basin (fig. 3),
which Was a structnral and depositional featnre extend
ing across part of the west Texas region during Permian
time. The basin appears to have constitnted the head
of an elllbayment extending northward into the conti
nent from the open sea.
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ZONE FOSSILS

The fannas of the Leonard and Guadalupe series
shoW" both vertical and lateral changes in character)
which haTe been pointed out in the discussion of the
individual fannas. Many of these changes are caused
by differences in facies from place to place and time
to time. Some of the yertieal differences, however, ap
pear to result from gradual evolutionary changes in. the
character of the organisms with the passage of tlnle.
In all the fossil groups, one finds a record of the appear
ance~ development, and disappearance of genera and
species in Sll(~cessiYe beds. Further, such groups us
the ammonoids and fusulinids seem to huye more com
plex shells in the higher beds than the lower ones.

Some of these features are illnstrated by figure 11, in
which the known occurrences of some fusulinid and
ammonoid acnera are plotted on stratigraphic dia-e
grams. Equally interesting diagrams no doubt could
be prepared for other ilwertebrate groups were suffi
cient data ayailable.

Ammonoids appear to be strongly influenced by the
facies and, except for a few occurrences in the Capitan
limestone, are confined to the Delaware Basin area
(right half of fig. 11, B). By contrast, the fusnlinids
seem to be fairly common in all types of "ock (fig. 11,
A).
~Iany of the genera selected have been interpreted as

closely related to one another, anel some of the younger
ones are thonght to have developed from the older ones.
Thus. Dunbar and Skinner" suggest that Parafusulina
deYel~ped from Schwagerina and gaye lise in turn to
Polydiewodina. Also, Miller and Fnrnish" suggest
that Tim¥Jrites developed from IVtugenoceras. The
ranges of S0111e of these genera. overlap. Thus,
Schwagerina and Parafu,ulina both occnr in the upper
part of the Bone Spring limestone (fig. 11, A), and
1Vaagenocera8 and Th,writes both oCCUr in the Bell
Canyon fonnation (fig. 11, B). By contrast, so far as
known, Parafwsulina and Polydiewodina nowhere occur
together; one is common in the Cherry Canyon forma
tion, the other in the overlying Bell Canyon
formation.

The lowest fossil zone of the Guadalupe Mountains
section is in the upper part of the Bone Spring lime
stone of the Leonard series. Its characteristic fossils
include the fusulinid genus Schwagerina, which first
appears in the nnderlying "lVolfcamp series, and does
not extend into the overlying Guadalupe series. "lVith
it are older species of Parafusulina, which are smaller
and less highly developed than species of the same
{Tenus in the Guadalupe series aboye. Anunonoids aree
represented by a characteristic gronp of epecies of the

U Dunbar, C. 0., and Skinner, J. W., Permian I1'usulinidae ()f Texas'
Texas Volv. Bull. 3701, p. 581, 1937.

c;; :Miller, A. h., and Furnisb, W. l\L, Permian ammonoids of the Gua4

dalllpe Uonntain regiOIl and adjacent urens: Geol, Soc. Americn Special
Paper 26, pp. 29, 174-175, 1940.
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FICT:RE It.-Stratigraphic diagrams of exposed Permian rocks of southern Guadalupe )Iountains, showing known distribution of two fossil
groups. .d., Fusulinids (note their occurrence in all types of rocks) ; B, Ammonoids (note their relation to rock facies).

genera Peritrochia, Texoceras, and Paraceltites; and by
the genus Pe,..,';nites. The latter is rare in the Guada
lnpe Mountains, but very common in other west Texas
sections; neither here nor elsewhere does it OCcur in
beds younger than the Leonard. The brachiopods in·
clude a number of species not found in lower or higher
beds, such as Prod,wtlls -ioesi Newberry, P. leonaTdensis
King, and Enteletes /ittmbon1l8 King. The collections
suggest that many of the characteristic. brachiopods
disappear in the highest part of the zcne, or Cutoff
shaly member.

The second fossil zone lies in the lower part of the
Guadalupe series, or Brushy Canyon formation. The
information yielded by this unit is disappointing be
cause many invertebrate groups are poorly represented
or absent. Little is therefore known of the nature of
the transition from the Leonard fauna to the Guadalupe
fauna. So far as is known, however, the fauna of this
zone more closely resembles those of higher rather than
of lower zones. Thus, the fusulinids are all large,
highly developed species of the genus Paraf"U8tt/ina,
quite distinct from those in the Leonard series but iden
tical with those in the lower part of the midclle of the

Guadalupe series. Also, the small brachiopod fauna
contains none of the characteristic Leonard forms but
contains instead such species as Chonetes s1tbli,'at'fl-8
Girty~ Prodactus capitanem5is Girty, P. wordensis King,
P. indentat1ls Girty, and P. popei opimtts Girty, that
characterize the higher parts of the Guadalupe series.

The third fossil zone occupics the middle part of the
Guadalupe series, or the Cherry Canyon .and Goat Seep
formations and associated beds. Here facies are so well
differentiated that faunas in the different members of
the Cherry Canyon formation differ notably from one
another and also from the fauna of the Goat Seep lime
stone. However, all the faunas taken together consti
tute a relatively well characterized assemblage that dif
fers notably from that of the Leonard series. and has
many differences from that of the upper part of the
Guadalupe series.

Thc Cherry Canyon formation contains the youngest
representatives of the fusulinid Paraf1lsu/ina, the
species in the lower part being the same as those in the
underlying Brushy Canyon formation. It contains
ammonoids at several horizons, but only the South
Wells limestone member in the upper part contains



 

 Information Only 

BROADER FEATURES OF PERMIAN STRATIGBAPHY 99

faunas. Thc uppcr Guadalupe faunas way be younger
than the Permian faunas of other regions, or there may
have been no longer any marine connection between
them.

,Vith the upper Guadalupe faunas, the definite fossil
record of the Permian of the area comes to an end. The
few fossils and evidences of life in the overlying Ochoa
series arc too meager to permit one to trace the develop
ment of invertebrate life through them.

FACIES FOSSILS

Faunal facies are a marked feature of the Permian
faunas of the Guadalupe Mountains. The most im
portant differentiations in facies depend on the posi
tion of the faunas in relation to lhe Delaware Basin.
Faunas in the basin differ from those in the reef deposits
on the margin. In upper Guadalupe time, a third
facies may be recognized in the back-reef Carlsbad beds
deposited in the shelf are". Another type of facies
differentiation is found in successive beds in the Dela
ware Basin sequence and probably depends on changes
in the depth of water that took place there from time to
time.

Differences in facies are expressed mainly by varia
tions in the abundance of certain groups, genera, and
species. Some groups are exceedingly abundant in one
facies, and entirely absent in others. By contrast, a
few groups, such as the fusulinids, appear to continue
unchanged in number through nearly all types of de
posits in the area.

The facies that developlld in the Delaware Basin, in
its extreme form, is characterized by an abundance of
ammonoids and rhynchonellid brachiopods, and by the
absence of most other groups. Some of the fonns were
bottom-dwellers that were able to persist in an environ
ment ot deep: stagnant water; others were swinmlers or
fioaters whose shells sank to the bottom after death.
Faunas of this type characterize the Delaware Basin
area during Leonard time, during part of middle Guad
alupe time (Sonth ,Yells member), and during upper
Guadalupe time. During lower Guadalupe time, and
part of middle Guanalupe time, however, the facies are
somewhat different, owing perhaps to decrease in depth
and increase in agitation of the water in the basin area.
During this interval, tIle faunas are much more dive.rsi
fied in the basin; there is a great increase in the numbers
of pelecypods and gastropods, and many more groups
of brachiopods are represented.

The reef or marginal facies is characterized by a gen
eral abundance of brachiopods, pelecypods, and gash-o
pods, of a sort that thrive in clear, shallow waters. In
this respect it resembles the normal neritic facies of
other later Paleozoic systems. This condition appears
to be the cause of the occurrence of Entelete8 in the Goat
Seep limestone, but not in the contemporaneous Cherry

diagnostic genera, such as liTaagenoceras. The Get
~way limestone member and Goat Seep limestone con
t"in considerable numbers of sponges,' which fore
shadow their still greater development in the overl)ing
Capitan limestone.

'The brachiopods, although similar to the few that are
known in the underlying Brushy Canyon formation, are
notably different from those in the Leonard series be
neath but have many resemblances to those in the upper
part of the Guadalupe series. There are, for example,
species of ProductU8, A ulostegcs, and Spiri!er that are
absent from lower horizons (ProductuB pileolus Shum
ard, P. popei Shumard, _4ulosteges guadalupe1U!is
Shnmard, Spiri!er sulci!er Shnmard, S. IJ&eudocam
eratus Girty and Spiri!erina billingsi Shumard). Simi
lar n~latiQl1s are found in the rhynchonellid group.
'The greater abundance and diversity of the tercbratu
loids foreshadows the conditions of later Guadalupe
time. An exception to the general rule is the genus
Hnteletcs, which is an abundant and characteristic genus
in the underlying Leonard, ,Yo!fcamp, and older
fannas. It occurs in the Goat Seep limestone but is
apparently near the upper limit of its range, for it is
absent from the higher beds. In his report on the faunas
of the middle part of the Guadalupe series, Dr. Girty
compares many of the brachiopod and mollusk species
with species in Permian formations of the Cordilleran
region.

The fourth fossil zone in the Guadalupe Mountains
section occupies the upper part of the Guadalupe series,
or Bell Canyon, Capitan, and Carlsbad formations.
Here, as in the third fossil zone, faunal facies are
marked, but here again, the sum of the faunas is a dis
tinctive and characteristic assembInge.

The faunas of the zone all contain thc complex, highly
developed fusulinid genus P olydiexodi1w, and are thus
readily distinguishable from those of the middle part of
the Guadalupe series, which contain Parafu8uliuna.
The ammonoids are less distinctiye. The most abund·
ant genus is W(W.genoceras~ which is also characteristic
of the underlying South Wells fauna. With it, how·
eyer, at one locality, is Thnorites, a genus that is belieyed
to haye developed out of 11'aagenoeeras. Xenaspis is
encountered for the first time, and is of interest because
it also occurs high in the Perliliall section.s in Asia.

The brachiopods include many species in common
with those in the middle part of the Guadalupe series,
but some are more abundant here than below. There
arc, however, some new species, such as Ohonetes per
mianus Shumard, Productus latidorsatu., Girt0', P.
pileolus Shumard, and P. limbatus Girty. Terebratu
loids are yery common, especially in the Capitan and
Carlsbad formations, but Entcletes is no longer present.
It may be significant that in his reports on the faunas
of the zone Dr. Girty makes no comparisons with species
01 other regions, as he did for the mid'!!e Guadalupe
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Canyon formation;" and of Meekella in the Capitan
limestone but not in the contemporaneous Bell Canyon
fOl'mation. The same condition applies to the produc
tids and spirifers that are numerically so much more
abundant in the Victorio Peak gray member of the Bone
Spring limestone than in the equivalent black limestone,
and to the spiriferoids M artinia and Sq"am"Zaria that
are common in the Capitan. In addition to these fea
tures, some of the deposits (especially the Capitan)
contain true reef-building forms~ such as sponges and
algae. In the field, their numerical abundance is far
more impl'essiye than is the diversity of genera and
species.

In the npper part of the Guadalupe series, a more or
less distinct subfacies may be recognized in the lime~

stone members of the Bell Canyon formation along the
base of the Capitan reef. This subfacies differs
markedly from the facies in the Delaware Basin that
characterizes the same limestone ll1embers farther
southeast and is much more like the Capitan reef facies.
It differs from the Capitan reef facies, however, in the
greater abundance of bryozoans, in the presence of
brachiopod and mollusk species not found in the Capi
tan, in its lack of sponges, and in the absence of some
Capitan species belonging to other groups.

One of the most striking changes in faunal facies in
the area takes place between the Capitan reef and the
back-reef or Carlsbad deposits. In the back-reef facies
gastropods greatly increase in llumbers, but sponges
nearly disappear and brachiopods are greatly reduced
in numbers. l\foreover, numerous important brachio
pod families and genera (such as the productids and
spiriferoids) that characterize most other later Paleo
zoic faunas are absent from the Carlsbad, although they
occur in the Capitan deposits only a few miles away.

CORRELATION OF GUADALUPE MOUNTAINS SECTION
WITH PERMIAN ROCKS- OF OTHER REGIONS

Correlation of the Permian rocks of the Guadalupe
Mountains section with the Permian rocks of other re
gions involves many difficulties because of the extreme
varia.tions in lithologic features and faunas in the Per
mian rocks. Correlation of the Guadalupe Mountains
section with other sections in the Delaware and Marfa
Basins is more successful than with sections in other
regions because fossils of the same general fucies are

abundant throughout the two basins, and because the
physical histories of the different parts were similar.

Correlation of the Guadalupe Mountains section, and
others in the Delawal'e and Marflt Basins, with sections
to the northwest and northeast is more difficult, because
many fossil groups drop out, and many changes in lith
ologic character take place in these directions. For
such purposes, however, the Guadalupe :Mountains sec
tion is strategically located. Toward the northeast
the formations of the Guadalupe Mountains pass be
neath the surface but can be recognized in many wells.
From sneh weIls~ their correlati\-es can be traced north
eastward bv subsurface methods into the outcrops of
the Mid-co;ltinent area. Toward the northwest, beds
can be traced on the surface into the central Kew ~Iexico

sequence.
Questions of correlation hfl.YC been discussed in some

detail in another paper" and need not be repeated here.
The conclusions given in that paper are summarized on
the correlation chart, figure 12. It should be recognized
that any correlation chart of the Permian prepared at
this stage call be only tentative, and can represent only
one of a number of possible interpretations. This
chart is no exception. Various other correlations have
been proposed, both recently and in the past." To the
writer, the correlations given on the chart appear to be
the most satisfactory, bnt they are subject to modifica
tion as new evidence is obtained.

P ALEOGEOGRA.PHY

The geologic history of Permian time in the southern
Guadalupe Mountains has been described and inter
preted in earlier parts of the text (pp. 24--95). The
geologic recorel ill this area is probably of more than
local significance, and may resemble that of consideraole
areas in the Delaware Basin and its margins. How
ever, in other parts of the region of Permian deposition
in the southwestern United States different conditions
prevailed. The general paleogeography of this large
region of Permian deposition has been discussed in
other papers," and is not repeated here. It is sum
marized in the paleogeographic maps on figures 13 and
14, which illustrate the relations during Permian time
of the southern Guadalupe Mountains al'ea to the
larger region of which it formed a part.

i.lIESOZOIC ERA

No record of l\IIesozoic time now remains in the rocks
of the southern Guadalupe Mounhlins. aHhoudl at one. ~

time the arel1 was probably covered at least by Cre
taceous sediments. Some deductions regarding :\Ieso
zoic time, however, can be made from tectonic features
and land forms in the southern Guadalupe Mountains

~ Compfire King, P. B., Limestone' reds in the Leonard nllLl Hess
formations of trans-Pecos Texas: Am. Jour_ ScL, 5th ser., vol. 24, pp.
850-351, 1932.

and from the Mesozoic rocks in nearby areas. They
are mentioned in other places in this paper, and illus
trated by some of the figures.

&-l King, P. B., Permian of west Texas and southeastern New Mexico:
Am. Assoc. Petroleum Geologists Bull., '"01. 26, pp. 664-711, pI. 2, 1942.

:;c; For a notably (]liferent re:cent interpretation. see Skinner, J. W.,
Correlation of Permian of west Texas and southeast Sew Mexico: Am.
Assoc. Petroleum Geologists Bllll., vol. 30, pp. 1857-1874, 1946.

M King, P. B., op. cit., pp. 711-703. Hills, J. 1\'1., Rhythm of Permian
seas, a paleogeographie study: Am. AssoC. Petroleum Geologists Hull.,
vol. 26, pp. 217-25;:;, 1942.
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The relations of the Mesozoic rocks of the Guadalupe
Mountains region to the Permian rocks are discussed
on pages 105-108 and are illustrated in figure 15, B.
An ancient peneplain on the summits of the Guadalupe

Mountains, which may be the now exhumed surface on
which the Cretaceous sediments were once deposited,
is described and interpreted on pp. 139-140, and is illus.
trated on plates 18 and 22.
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';<,'::<'
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5.~.O~~-"O__~_~__~_~290 Miles

EXPLANATION

Limestone" thick· to thin-bedded, Sandstone, fine- to coarse.grained.
ealcltic or dolomitiC including some conglomerate

Shale, dark gray to black, and
thin-bedded black limestone

Red beds, in part shaly,
in part sandy

Anhydrite interbedded With
dominant facies

D .;;-

Low lands, or areas of
unkhown character

"HiSh lands, that shed clasti.' sediments Boundaries between facies: dashed
into areas of depO$ltron where definite orwell determined;

dotted where indefinite or poorly
determined

Limestone reefs: triangle
on fore·reef side

flexures In rocks dealt with:
in part related to depoSition:
triangles 011 down-dIp side

FroV.EUJ I3.-paleogeographic maps of western Texas during Permian time. A, WoItcnmp time; B, lower Leonard time; 0, upper Leonard
time; D, lower Guadalupe time.

TERTIARY IGNEOUS ROCKS

The trans-Pecos mountain area was the scene of much
igneous activity during early Tertiary time. Great
sheets of lava were spread over the Davis Monntains
and adjacent areas, across a surface of Cretaceous and
older rocks (for location of Davis Mountains, see fig.-1).

Both the lavas and sedimentary rocks are penetrated
by a host of smal! to large intrusive masses, some of
which are far removed from the Davis Mountains vol
canic field. In the Guadalupe Mountains region, how
ever, little record remains of these events, and very
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FIGURE H.-Paleogeographic maps of western Texas during Permian time. .:1, Middle Guadalupe time; B, upper Guadalupe time; 0, lower
Ocboa (Castile) time; D, middle Ochoa (Salado) time.

little igneous activity took place there. One small in
trusive plug was found within tl,e area studied, and
only a few have been found elsewhere in the mountains.

This plug, discovered by H. C. Fountain, is situated
in the Delaware Mountains, in a small ravine half a
mile north of Lamar Canyon and 1l/2 miles east of the
junction of Cherry and Lamar Canyons (pI. 3). It
forms a low ridge several hundred feet long, and cuts
sandstones not far above the level of the Rader limestone
member of the Ben Canyon formation. The sandstones
have been tilted, baked, and silicified for about 10 feet
from the edge of the plug. The rock itself is light gray
and aphanitic and is probably a trachyte.

There is possibly another, still buried intrusive in the
Guadalupe Mountains beneath the northeast slope of
Lost Peak (pI. 3), Here, at the prospect known as
the Calumet and Texas Mine, the Carlsbad limestone
has been replaced by copper, lead, zinc, and iron min
erals, which probably emanated from an igneous source
beneath.

Northeast of the area studied, in the northeast part
of T. 26 S., R. 24 E., Eddy County, New Mexico, a dike
of igneous rock cuts the anhydrites of the Castile for
mation. I have not visited this locality, and know
nothing of the character of the rock.
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TECTONICS

Guadalupe Peak, the highest summit of the Guada
lupe :\lountains, lies at the crest of their wedge-shaped
southern end (fig. 2). From its top, one may on clear
days look out over a large section of the trans-Pecos
region of Texas and New Mexico, to a horizon 100 miles
or more away. One's most lasting memory of the view
from the peak is the contrast that it reveals between the
country to the east and to the west.

Eastward the mountains descend in a long slope to
the Pecos River, 50 miles away, whose valley may be
seen as a dark band in the distance. On the skv line
beyond the river is the white rim of the Llano Esta"cado;
there are no more mountains in this direction (fig. 1).
As the eye scans the land on the nearer side of the river,
diverse elements in the sloping surface of the mountains
become evident, which may be distinguished by their
form, color, and height. To the south are the flat
topped, brown, desolate ridges of the Delaware Moun
tains, standing seve-ral thousand feet lower than the
peak. East of them, down the slope, are the gray,
rounded hills of the Gypsum Plain (fig. 2). ]l\orth
eastward ·are the much higher, sharper ridges of the
Guadalupe Mountains, with white limestone ledges here
and there, interspersed with darker patches of forest.

Erosion has left its mark over the whole sloping sur
face. The D~1aware .Mountains and Gypsum Plain
are penetrated by an intricate network of water courses,
and the Guadalupe Mountains are trenched by steep
sided canyons. The dip of the rocks on the sloping sur
face appears to be gentle and unbroken. In the Dela
ware n.Jountains, one can distinguish thin, straight,
bedding planes, inclined at a low angle to the east.

Toward the west, the observer finds a land of entirely
different aspect. He is standing on the edge of a preci
pice, of which the peak is the highest point, and looks
out, not over plains and plateaus, but" over an expanse of
varied, irregularly plaeed mountain ranges and inter
vening desert basins. The effects of erosion are not as
impressive as toward the east. The mountain sides are
gashe'l by many short, steep water courses, but the eye
fails to distinguish any canyons penetrating deeply int.o
the mountains. In the desert basins, instead of long
drainage lines and a network of trihutaries, one sees n
host of alkaline flats and ephemeral lakes, whose white
crusts gleam in the sun. One notes also the steep-sided,
rectilinear edges of the mountain rnnges, and the oc
casional outcrops of tilted strata. One infers that the
land to the west may derive its form more from the
raising and lowering of tlocks of the earth's crust than
from the wearing down of the basins between the
mountains.

Toward the west, the gently sloping 8urface of the
Guadalupe and Debwa!"e Mountains breaks off
abruptly in a west-facing escarpment. The precipice
on the west side of Guadalupe Peak forms the local

rim of the escarpment. Below it, the declivity con
tinues across steep rock slopes, and then over more
gently sloping alluvial aprons, which extend out into
the Salt Basin, the desert basin that flanks the escarp
ment on the west. The precipice ends a short distance
south of the peak in the monolithic rock of EI Capitan,
but the steep slopes below continue southward along the
same trend in a steplike escarpment that forms the
western edge of the Dela ware Mountains. The outer
ends of the rock spurs of the escarpment meet the al
luvial apron along an even base liJle, as though tlley
had been outlined by faults.

Projecting from the alluvial apron, between the base
of the escarpment and the floor of the Salt Basin, are
occasional low ridges, whose conspicuous ledges indi~

cate that they are islands of bedrock, not quite engul£ed
by alluYium. The color and texture of the outcrops
leads one to suspect that the ridges are composed of
essentially the same rocks as those in the Guadalupe
and Delaware )10untains. Many of the ridges are
cuestns whose steep faces are toward the east, indicat
ing that the strata dip more steeply here than in the
mountains, and that the clip is in a reverse direction,
or westward toward the basin.

Viewed from the peak, the Guadalupe and Delaware
Mountains are thus seen to be a great asymmetrical
block of the earth's crust, elongated north and south,
with a gentle slope on the east anel a steep escarpment
on the west. Apparently the block has been uplifted,
the uplift having been sufficiently recent for the sur
face form to reflect rather well the underlying struc
ture. It is therefore probably of Cenozoic age. The
uplift appears to have tilted the east side of the block
but to haye faulted off its westem side, leaving a nar
row, downthrown flank, remnants of which project here
and there from the alluvial apron to the west. East of
the Guadalupe and Delaware Mountains, the rocks flat
ten out beneath the Llano Estacado, but to the west,
to judge from the ranges in view from the peak, are
other, similar, faulted uplifts.

TECTONIC FE'.A:TURES OLDER THAN THE UPLIFT OF
THE MOUNTAINS

The strata of the Guadalupe and Delaware Moun
tains are tilted eastward, away from the crest of the
mountain uplift with a dip sufficiently low to produce
plateaulike and cuestalike land forms. The faults that
fringe the base of the west-facing escarpment of the
mountains lie parallel to the north-south elongation of
the uplift. These relations suggest that the tilting and
faulting of the rocks are features related to the uplift
of the mountain area and that the uplifted rocks had
hitherto been little disturbed.

Detailed study of the Guadalupe Mountains and ad
jacent ranges, however, indicates that the region was
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disturbed scycral times, in yurious degrees of intensity,
before the mountains were uplifted in their present
form. The effects of three of these earlier disturbances
(during the late Carboniferous, during the Permian,
and during the early l\lesozolc) arc suggested by figures
15 and 16.

FEATURES OF PRE-I~ERMIA:X AGE

The oldest known tectonic features near the Guada
lupe Mountains are displayed in the pre-Cambrian
rocks exposed in the south part of the Sierra Diablo
(shown by special patterns on figure 15, A., and plate

.21) . These features 1",ve been summarized in another
paper j 5i their strikes are suggested on plate 21. The
pre-Cambrian rocks are exposed over too small an area
for much to be learned about their regional pattcrn
or their relation to later tectonic features.

The next important tectonic features are of late Penn
sylvanian, pre-'Volfcamp age. They are ,,'idely ex
posed in the Sierra Diablo, and some evidence regard
ing them can be obtained from wells drilled neal' the
Gnadalupe Mountains. The naturc of the features is
suggested by figure 16, B, which.is a paleogeologic map
of the surface on which the 'Volfcamp series was depos
ited. As indicated by this map, the Sierra Diablo area
was uplifted, faulted, and deeply eroded before Wolf
camp time, but the Guadalupe Mountains area was lit
tle disturbed. Of special interest are the west-north
westward tI'ending faults and, belts of outcrop in the
Sierra Diablo, which lie parallel to younger tectonic
features described below.

FEATURES OF PERMIAX AGE

The Permian rocks of the Guadalupe -,10untains, the
Sierra Diablo, and nearby ranges contain a number of
features, partly of depositional and partly of tectonic
origin, that are apparently of Permian age. The fea M

tures in the southern Guadalupe ~rountains hayc been
described in the chapter on Permian stratigraphy (Pl'.
18-86) and are illustrated in the sections on plate 17.
Their regional relations are summarized in figure 16,
...4., which is a map showing tlle positions of monoclinal
flexures and reef zones in the Pernlian rocks and their
relation to the northwest part of the Delaware Basin.

One of the features, the Bone Spring flexure, is ex
posed in the southern Guadalupe Mountains, and is
overlain by the Goat Seep and Capitan reefs, of Guada
lupe age, which form zones with the same northeast
ward trend. Two other features, the Babb and Victoria
flexures, are exposed in the Sierra Diablo and trend
west-northwest. Through parts of their courses, these
fle,:ures are followed by reefs of Leonard age. To the
east, in the Apache Mountains, a reef zone is formed by
the Capitan limestone which likewise trends west-

Go King, P. n., Older rocks of tbe 'Ian Horn region, Texas: Am. Assoc.
Petroleum Geologists Bull., vol. 24, pp, 145-151, 1940.
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northwest. On the Victoria flexure exposures extend,
into the basement rocks, and these basement beds are
flexed downward in the SaIne manner as the younger
beds. ,

All three flexmes appear to have been in existence
durino- the deposition of the Permian rocks that now

e .
COYcr them. Not only are they followed by PermIan
reef zones of the same trend, but the deposits on the
lower sides, seem to have been laid down in deeper ·water
than those on the upper sides. Moreover, on the Bone
Spl'ing flexure, the Delaware }fountain group overlaps
the Bone Spring limestone; ncar the Bahb fle.xure the
Bone Spring overlaps the Hueco lilnestone; and on the
Victoria flexure the Bone Spring contains conglom
erates apparently derived from the Hueco. The flex
ure> apparently outlined the margins of the northwest
pal"! of the Delaware Basin, which was an area of sub.
sidence in Permian time. Perhaps they were caused by
deformation along local lines of weakness during tIle
sinking of the crust in the basin area.

The flexures and reef zones of Permian age are
crossed by the dominant later tectonic trends; those in
the Guadalupe Mountains are cut cleanly hy the youngei'
north-northwestward trending faults ane! are unrelated
to them or other tectonic features. ThOSe in the Sierra
Diablo, howewr, are parallel to prominent sets of west
northwestvi'ard trending fuults and joint.s, as shown on
plate 21. As indicated by figure 16, B, this trend was
already in existence during the late. Pennsylvanian, pre
Wolframp disturbance.

FEATURES OF EARLY MESOZOIC AGE

Further disturbances probably took place in post
Permian and pre~Cretaceous time. .-:-\.t [luy rate, the
Cretaceous rocks that are extensively exposed south of
the Guadalupe Mountains lie on " variety of Permian
formations. and in the southern Sierra Diahlo they over
lap onto th~ pre-Cambrian formations. These relations
are shown on figure 15, B, which is:l paleogeologic map
of the surface au which thc Cretaceous rocks were de
posited. The map is partly hypothetical, in that the
Cretaceous is now missing entirely in some areas, such
as the Guadalupe Mountains. It was assumed that the
summit peneplain that bevels the rocks of the Guadalupe
Mountains was approximately the surface on which the
Cretaceous sediments were once deposited.

The features Sh01....11 on figure 15, B, are largely a re
flection of those of Permian time, as may be seen by
comparison with figure 16, A. The semicircular outline
of the Delaware Basin is still evident, and also the posi
tive area of the southern Sierra Diablo. This persist
ence raises a question as to what extent the features
shown on figure 15, B, were merely formed by pene
planation of Permian and older Paleozoic features.
Positive areas of Paleozoic time were covered hy
thinner sequences of deposits than the negative areas,



 

 Information Only 

s

66: '--------'---'-'

105"00'

n·
00'

Ochoa $eries
(Rustler, Salado, and
Casble 1Cfmat\onsj

. Upper part of Guadalupe series
(Carlsbad, Capitan, and

:~ Bell can~mationS)

~~ Lower and middle parts%. 'l./ of Guadalupe series
:/// (Goat Seep, Cherry Canyon,

_.,.~ ,,' B",h,~f"m.",",)

.,'-a=-~ Wolf"mp",,~
lHueco limestonel..
Pre·Cambrian rocks

~~~ld';rc~ua1:~~~I~~::~

".-'-<:

EAGLE FLAT

'4clc:-'~~-L:.L_----'~~: L-------~,~"!,.~ooO,--------~B~--"--"'-':..."':L","'"~.,,,"o"'""-'''"'''-'"'''-''''''.:w~~:
n 5 15 25 Milesi........-,-"-,<'-_'-' ",-,__------C,

.....
o
0>

}t'JOvn~ 15.-MuIlS allOwing tectonic features of Guudalu[}C Mountains und vlclllity during dlfTel"lmt Ilcdodl:J. A, l'cctonie features of Cenozoic time; lJ, 'l'ectontc features or eurly
llIesozoic time, us suggested by paleogeologic map of surface on which Cretaceous was deposited.



 

 Information Only 

104·30'

8

'"('l·8
C
Z
H
('l
W

104'30'

P L A T F

105'00'

DIABLO

DIABLO

EAGLE FLAT

gL-----"',,,!..,.oo;;c.-----A-;-----"",d,,,·"',"c-------' u: 105'00'
~ 9 ~ 1~ 21Miles

FIGURE l6.-Maps showing tectonic features of Guadalupe Mountains and vicinity dudnK different periods, A, Tectonic features of Permian time; B, Tectonic features of late
Carboniferous time, as suggested by paleogeolOgic map of surface on which Woltcamp series was deposited.

n'

'"



 

 Information Only 

108 GEOLOGY OF THE SOUTHERN GUADALUPE MOUNTAINS, TEXAS

hence early Mesozoic erosion penetrated the older rocks
more readily in those places than in others. Most of
the features shown on figure 16, E, could therefore have
been formed by erosion of Paleozoic structural features
during the early Mesozoic, without the aid of any early
Mesozoic movement. Some movement during early
Mesozoic time, however, is suggested by the fault indi
cated on the north side of the pre-Cambrian inlier in
the southern Sierra Diablo.

'Whatever their cause, the early Mesozoic features
hONe had an important influence on the aspect of the
modern mountain ranges. As indicated by the west
ward overlap of the Cretaceous, which lies on the Ochoa
series to the east and in places on the pre-Cambrian to
the west, the dip away from the east flank of the Guada
lupe and Delaware Mountains uplift is in part of pre
Cretaceous age. Further, the Guadalupe Mountains
now stand several thousand feet higher than the Sierra
Diablo, yet they expose only later Permian rocks, where
as the latter exposes older Permian, older Paleozoic,
and pre-Cambrian rocks. Structure contours drawn on
the top of the pre-Cambrian indicate that the pre-Cam
brian" in the south part of the Sierra Diablo stands
higher than in any other area in trans-Pecos Texas.
Most of this uplift resulted from the greater structural
height of the Sierra Diablo in early Mesozoic time, for
the range was not uplifted as much as the Guadalupe
Mountains in Cenozoic time. Similar conclusions were
reached by Adams."

FEATURES OF EARLY CENOZOIC AGE

The Permian rocks now exposed in the Guadalupe
Mountains had a broadly warped structure by Creta
ceous time. Afterwards, as shown on flgure 15, A, and
plate 21, they were broken into tilted fault blocks. The
close relation of the fault blocks to the present topogra
phy suggests that most of the post-Cretaceous disturb
ance took place in later Cenozoic time, which implies
that the region was little deformed during early Ceno
zoic time.

Some movements probably took place iu early Ceno
zoic time, however, for elsewhere in the Cordilleran
province: even nearby in trans-Pecos Texas, there were
important disturbances during this period. Cretaceous
rocks that were closely folded and overthrust during
the early Cenozoic crop out, for example, in Devil Ridge,
about 70 miles southwest of the Guadalupe Mountains,
(shown in the southwest corner of pI. 21)." These
rocks are a part of a larger area of deformed rocks

68 Moss, R. G., Buried pre-Cambrian surface in the United States;
Geol. Soc. America Bull., 'Vol. 47, pl. 4, p. 948, and p, 959. 1936.

D Adams, J. E., Highest structural point in Texas: Am. Asso. Petro.
leum Geologists Bun., vol. 28, pp. 562-564, 1944.

4IlI Smith, J~ F" Stratigraphy and structure of the Devil Ridge area,
Texas: Geol. So~. America Bull., vol. ~1, pp. 629-636, 1940.

that includes the Malone, Quitman, and Eagle Moun
tains (fig. 1)."

In southern trans-Pecos Texas, there appear to have
been at least two early Cenozoic movements, one older
and the other younger than such volcanic rocks as are
found in the Davis Mountains area. The volcanics
have been shown by plant and vertebrate fossils to be
of Eocene and Oligocene age." The older movement
therefore took place in late Cretaceous or early Tertiary
time, and corresponds to the Laramide movements of
other parts of the Cordilleran province. The younger
movement took place in post-Oligocene time, and per
haps in the mid-Tertiary, because the folded rocks are
cut by normal faults that are presumably of late Ter
tiary age."

If disturbances took place in the Guadalupe Moun
tains during these epochs, they were of small magnitude.
Broadly considered, the total result of all the Cenozoic
movements in the area studied is not great. If most of
the movements are of later Cenozoic age, those of early
Cenozoic age were only a small fraction of the whole.

TECTONIC FEATURES RELATED TO THE UPLIFT OF
THE MOUNTAINS

FORM OF THE UPLIFT

GENERAL RELATIONS

The area studied is a typical part of the uplifted block
of the Guadalupe and Delaware Mountains, whose
broader features have alreadv been noted in the view
from Guadalupe Peak. It i;'cludes a segment of the
crest of the uplift about 18 miles long, and extends 12
miles east and 7 miles west from the crest.

The broader tectonic features of the area are sug
gested by the topography, for the higher parts of the
area are those which have been uplifted, and the lower
parts are those which have been depressed. The origi
nal form of the uplift, however, has been considerably
modified by surface agencies. The higher parts have
been worn away by erosion, and the lower parts have
been more or less filled by alluvial deposits.

The tectonic features are shown by the four sections
on plate 3, and by the contour lines on the tectonic map
(pI. 20). The contours have been drawn on the base of

Gl Baker, C. L., E:s:p]ordory geology of a part of southwestern trans
Pecos Texas: Texll$ liniv. Bull. 274i}, pp. 44-47, 1927; Baker, C. L"
Structura.l geology of trans-Pecos Texas, in the geology of Texas, vol. 2:
Texas Dnlv. Bull. 3401, pp. 201-203, 1935. Albritton, C. C., Strati·
graphy and structure of the Malone Mountains, Texas: Geot. Soc. .!.mer·
lea Bun., vol. 49, Pp. 18()!-1804, 1938. Huffing-ton, R. ~I" Geolugy of'
the northern Quitman Mountains, trans-Pecos Texas: Geol. Soc. Amer·
ictl Bull., vol 54, pp', 987-1048, 1943.

C Berry, E. W., An Eocene' flora from trans·PecoS Texas: 0. S. Geol.
Survey Prot. Paper 125, pp. 1-9, 1921. Sellards, E. H., Adkins, W. S.,
and Plummer, F. B., The geology of Texas, vol. 1, stratigraphy: Texl\s
Dnlv. Bull. 3232, p. 805, 1933.

<5:'1 King, P. B., Outline of structural development of trans·Pecos
Texas: Am. Assoc. Petroleum Geologists Bull., vol. 19. pp. 25!-~52. 193~.
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the middle part of the Guadalupe series-that is, on the
contact between the Cherry Canyon and Brush) Canyon
formations of the Delaware Mountain group to the
southeast and on the contact between the sandstone
tongue of the Cherry Canyon forma lion and the Bone
Spring limestone to the northwest. This key horizon
lies near the middle of the exposed section, or above the
prominently flexed lower beds and below the irregular
reef deposits of the younger beds. Contours drawn on
it thus show mainly the warping and faulting associ
ated with the uplift of the mountains. Most of the
features of Permian age are eliminated, except possibly
the mild flexing of the latter part of the period.

As shown by the contours, the strata rise from a low
position at the east and west edges of the area studied
to a high position near the center. The altitude of the
base of the middle part of the Guadalupe series at the
east edge of the area is 3,000 feet above sea level, and
near the west edge is 2,000 feet. Near the center of the
area, not far north of Guadalupe Peak, it rises to more
than 6,750 feet above sea level. The crest of the uplift
extends north and south from this place along the es
carpment at the west edge of the Guadalupe and Deltt
ware Mountains.

The simple, archlike form suggested by these figures
is greatly complicated by faulting. The rocks along
the crest and western flank of the uplift in a belt about
10 miles wide, are broken by numerous faults whose
general trend is paranel to that of the crest. East of
the belt, as shown by wide exposures, the rocks are not
faulted. The west edge of the fault belt is not known,
as the bedrock on this side is overlapped by the alluvial
deposits of the Salt Basin. From the latitude of
Guadalupe Peak southward, the crest of the uplift is
flanked by one of several faults, here called the Border
fault zone because the faults serve to outline the western
border of the mountains. In a narrow belt on the west,
or downthrown side of the zone, the key horizon sinks
to 2,500 feet above sea level, or to about its liltitude at
the east lind west edges of the area mapped.

CREST AND EASTERN FLANK

"'ithin the area studied, the crest of the Guadalupe
and Delaware Mountain uplift lies at the western edge
of the moun tains, and along the east side of the Border
fault zone. Its highest point is a short distance north
of Guadalupe Peak, where the altitude of the key hori
zon is more than 6,750 feet above sea level (1'1. 20).
Here the rocks are hent into a half dome, convex to the
east. Northward and southward along the crest the
altitude of the key horizon sinks to a little more than
5,000 feet.

The half dome may have its origin in movements
older than the fanlting, for its crest lies near the upper
end of the Bone Spring flexure, of Permian age.
Other, less-definite, much-faulted, high-standing areas
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to the northeast and southwest may lie on the extension
of the same older tectonic trend. There is also a vague
suggestion of northeast-trending cross-folds to the
south. Thus, the low point On one fault block is likely
U> he adjacent to the low point on the next block, al
though it has a different structural height. Further,
on the unfaulted eastern flank of the uplift, local varia
tions may be observed in the angle of dip and direction
of strike. Most of them are too small to influence the
trend and spacing of the contour lines, but in the vi
cinity of Frijole Post Office there is more pronounced
warping, which apparently has a northeast trend.

East of the crest of the uplift the strata dip at an
angle of 2° or 3° east-northeast, or at the rate of llbout
250 feet per mile. (Some of these tilted strata appear
in the foreground of plate 4, A.) The continuity of the
slope is much disturbed by fllults for about 4 miles east
of the Border fault zone, but farther east it extends un
broken past the edge of the area studied, and far beyond
to the eastern base of the uplift along the Pecos Riyer
(pl. 21).

The faults that disturb the strata in the 4-mile belt
east of the Border fault zone have straight or gently
curved traces which trend generally north-northwest,
parallel to the crest of the uplift (pi. 20). Most of
them are of small displacement, and many are down
thrown westward. Through most of the arell studied,
the easternmost faults of the group are a part of the
feature here called the Lost Peak fault zone, which pur
sues a remarkably straight, north-northwestward course
across the area, and makes a sharp separation between
the faulted tract to the west and the undisturbed tract to
the east (as shown in section D-D, pI. 3) .

Within the faulted belt one large tract in which tl,ere
are no faults stauds out prominently. It is here named
the Guadalupe Peak horst, from the peak thllt lies near
its center. The horst is about 9 miles long and 2 to :>
miles wide, and is elongate north-northwestward~

Within it is the half dome that is the highest part of
the uplift.' It includes the highest mountains of the
area, carved from the Capitan limestone and associated
formations. The horst is bounded on the west by the
Border fault zone and on the north and east by smaller
faults, all of which are downthrown away from it. To
the southeast, it is not bounded by a single fault, but
is penetrated by numerous, small, north-northwestward
trending minor faults that die out northwards in the
horst.

The areal relations of the Guadelupe Peak horst may
be seen on the two geologic maps, plates 3 and 20. On
the latter, note the ~rellterstructural height of the horst
than its surronndmgs, as indicated by the contours
An idea of the structure of the horst may be gained
from section B-B', plate 3, although this section crosses
its southern end where the continuity of the strata is
interrupted in the middle by a pllir of minor hults.
The topographic features of the horst, including the
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lofty cliffs and peaks of limestone, can be seen on plates
1 and 5, A (as viewed from the south) and plate 5. B
(as viewed from the west) .

Between the Guadalupe Peak horst and the Lost Peak
fault zone at the eastern edge of the faulted belt is a
graben, or strip of dowufaulted rocks, as much as 1%
miles wide and cut by several minor faults. North of
the horst the graben is followed by the north-draining
depression of ,Vest Dog Canyon. South of the horst
it forms the Getaway graben. Near Getaway Gap,
from which the graben is named, the downfau1ted rocks
have been carved into a prominent, longitudinal topo
graphic depression.

The areal re1atious of the graben are shown on plates
3 and 20. On the former, note the outliers of the Bell
Canyon formation along it in the south part of the area,
far to the west of their normal position on the east
flank of the mountains. On the latter, note how' its
structurally low position in relation to its surroundings
is indicated by the contours. For the structure of the
graben, see sections A-A' and D-D', plate 3, in each of
which it appears to the left of the Lost Peak fault zone.

Near the north edge of the area studied, a large fault
appears east of the Lost Peak fault zone, and continues
northward into New Mexico along the east side of Dog
Canyon. The fault trends north-northeast in this area,
but to the north, in New Mexico, it curves to a northerly,
or even a north-northwesterly course (pI. 21). In New
Mexico it and the associated faults, here called the Dog
Canyon fault zone, form the eastern boundary of the
faulted belt; the crest of the uplift lies along their
eastern side. To the west, in the depression drained
by Dog Canyon and in the somewhat higher Brokeoff
Mountains beyond, the rocks are structurally lower, and
are faulted into many narrow slices. Some of the fault
slices of the Brokeoff Mountains extend s0uthward, west
of the Lost Peak fault zone, into the area studied. In
this direction, the strata rise toward lhe Guadalupe
Peak horst, which bounds the fault slices on the south.

The Dog Canyon fault zone extends Jor only a few
miles into the area covered by the two geologic maps,
plates 3 and 20. Its structure in this segment is shown
on seclion A-A', plate 3. For its extension northward
into New Mexico, see the regional tectonic map, plate
21. Compare this with the topographic relations
shown on figure 2, where the position of the zone is sUCT

gested by a west-facing escarpment that extends north.
ward from El Paso Gap. For a view of the region
crossed by the Dog Canyon fault zone\ see the panorama,
plate 14, A, where the escarpment abov~ noted stands
out prominently in the middle distance. On figure 2,
note also the topography of the Brokeoff Mountains,
which reflects the structure to a large degree.

BORDER FAULT ZONE

Begihhing somewhat north of the latitude of Guada
lupe Peak, and extending southward, the crest of the
Guadalupe and Delaware Mountains uplift is broken
off on the west by the Border fault zone. The faults

of the zone drop the strata westward from 2,000 to
4,000 feet. In places, as west of Guadalupe Peak, the
fault separates the uplifted bedrock on the east from
alluvial deposits that cover the depressed rocks on the
west; in places the alluvium covers the trace of the fault
itself; elsewhere, as in the Delaware Mountains, the
fault separates uplifted rocks from downfaulted, much
disturbed rocks, which crop out in low hills to the west.

The displacement on tlle zone is especially well re
vealed for several miles northwest of the point where
it is crossed by United States Highway No. 62. Here,
one may stand on ledges of downfaulted rocks near the
fault aneI. 100kiJ1O" nortlnmrd, see the same beds project-. "
ing from the slopes of Guadalupe Peak and El Capitan,
2,000 feet higher.

The areal relations of the Border fault zone are shown
on the two geologic maps, plates 3 a!'d 20. On the for
mer, the displacement on the zone IS suggested by the
relatively young Permian roc)rs which project through
the alluvium to the west of It, as compared WIth the
relatively old rocks on its east side. The displacement
is more strikingly shown on the accompanymg struc
ture sections B-B', 0-0', and D-D', and by means of
structure contours on plate 20. For a view of an ex
posure of one of the faults in the zone, see plate 14, B,
where the Bone Spring limestone is upfaulted against
older Quaternary gravel deposits. The displacement
of the "ravel in this vicinity is relatively slight, as com
pared ~ith that in the underlying bedrock, as is shown
on figure 17, B.

The exposures north of United States Highway No.
62 may be seen on plate 5, A. Those of the downfault~d

rocks, including formations of the Delaware Mountam
group, fringe the outer bench of the escarpment below
Pine Top :\10untain, and the same heds in the upfaulted
block form the slopes below EI Cnpitnn, a little to the
left.

At most places the large displacement of the rocks
along the zone takes place along a single fault. None
of these single faults is continuous along the entire
course of the zone, and the greatest break lies now to the
east and now to the west of its general north-northwest
ward course. Unlike the smaller faults to the east, the
faults of the Border zone trend in highly varying direc
tions. Some are straight, others curved, some trend
north-northwest, and others east of north. Some of the
offset parts of the zone are connected by west-northwest
trending faults. The zone bends to the west around the
Guadalupe Peak horst, whose western side projects as
a blunt salient into the downfaulted area beyond.

CUTOFF MOUNTAIN AREA

A mile or so north of the latitude of Guadalupe Peak,
the Border fault zone passes into the interior of the
mountains, and near the north end of the Guadalupe
Peak horst splits into several branches, no one of which
has a large displacement. The high escarpment that
rises east of the Border fault persists northward to the
northwest corner of the horst, but fades out beyond.

t,
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The bedrock west of the zone in the latitude of Guada
lupe Peak is mostly covered by alluvium, but it rises
northward into low mountains that fringe the western
base of the high escarpment. Where the high escarp'
ment fades out, the low mountains themselves forln the
edge of the Guadalupe range. They are a part of the
Brokeoff Mountains, which are better developed to the
north, in New Mexico. Their highest summit within
the area studied is Cutoff Mountain.

These relations can be seen on the panorama, plate 5,
B, a view of the Guadalupe Mountains from the west,
but the features shown on it should be compared with
their appearance on the two maps, plates 3 and 20. On
plate 5, B, note the high escarpment that rises east of the
Border fault, which extends north from El Capitan to
the Blue Ridge, beyond which it disappears. Below
and in front of it, note the foothills of downfaulted
rock, which to the south (as near point 4909) are low
and discontinuous, but to the north (as near points 5284
and 6305) stand in high riclges. The Cutoff Mountain
section is to the north (left) of the Blue Ridge. To see
the difference in structure between this segment of the
escarpment and that farther south, compare sections
A-A' and B-B', plate 3.

Near Cutoff Mountain, and elsewhere in this area, the
rocks bend over from a nearly horizontal position on
the rim of the mountains to an inclined position on the
face of the escarpment, and at the base dip beneath the
alluvial deposits of the Salt Basin. The beds on the
face of the escarpment dip as steeply as 45°, and many
of the resistant layers are carved into dip slopes (such
as those below point 5443, 1'1. 5, B). The inclined beds
are crossed diagonally by interlacing, northwest-trend
ing faults of small displacement, many of which are
downthrown to the northeast in the opposite direction
to the dip of the beds. Each fault originates to the
southeast as a branch of the Border zone and disappears
to the northwest by passing under the alluvial deposits
beyond the escarpment. The escarpment in this area
is thus bordered by no single fault, and has been out·
lined more by flexing than by faulting.

WESTERN FOOTHILL AREA

South of the latitude of Guadalupe Peak and west of
the Border fault zone the bed rock projects in many low
foothill ridges. The ridges are surrour,ded and sep
arated by alluvial deposits, and the structure is less
easy to decipher tlmn in the mountains to the east where
the exposures are continuous. Some of the alluvial
cover is thin, but in places it has apparently been de
posited to a considerable thickness in deeply depressed
fault blocks. The highest foothills are southwest of
Guadalupe Peak, where the Capitan and associated
limestones form the steep-sided ridges of the Patterson
Hills. Southeast of the Patterson Hills the foothills are
lower, but more because they are composed of poorly
resistant sandstones (Delaware Mountain group) than
because of any diminution in their structural height.
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The rocks of the foothill area are the same as those
that form the mountains to the east, but they have been
depressed to a much lower position. They dip gen
er'ally west-southwest at an angle of about 15', but in
some places they dip at angles as low as 5' or as high as
45'. In general, the older rocks of the succession lie
to the east and the younger rocks to the west, in harmony
\vith the prevailing dip. Along United States High
way No. 62 the first rocks seen west of the Border fault
zone are thus the prominently exposed, massive sand
stones of the Brushy Canyon formation, tilted west
ward, away from the mountains. Farther west the
higher rocks of the succession are encountered, such as
the Capitan limestone, and are seen to dip in the same
direction until they pass beneath the alluvial deposits of
the Salt Basin beyond. One thus receives the impres
sion at first that the rocks of the Delaware and Guada
lupe Mountains bend over to the west as a great fold,
with little or no faulting," but this impression is modi
fied by further study. Older rock; are found in the
foothills considerably west of their anticipated posi
tions, and younger rocks are found close to the Border
fault zone. Closely adjacent exposures are discovered
that consist of rocks many hundreds of feet apart
stratigraphically. It is thus clear that the structure
of the foothill area is greatly complicated by faulting.

For the areal relations of the foothill zone, see the
tYl"O geologic maps, plates 3 and 20. Note on the former
the disconnected nature of the exposures of Permian
rocks, and the extensive areas of alluvium. Note also
that the same beds are exposed in the area as in the
mountains to the east, but in more confused, less regular
order. On plate 20, the structure contours show that
the beds stand at a much lower height than in the moun
tains.

The panorama, plate 5, A, shows the rocks of the foot
hill area that are exposed near United States Highway
No. 62. The Border fault zone follows the bench at
the foot of the mountains in the middle distance, in the
center and right-hand parts of the view. Note that the
rocks beyond it are either horizontal or dip gently to
the east (right), whereas those on the nearer side, pro
jecting in occasional hills, dip more steeply to the west
(left). The apparent anticlinal structure is sug
gested by the outcrops designated by letter symbols on
the view, such as those of the Brushy Canyon formation
near the Border fault and of the Capitan limestone far
ther west, in the Patterson Hills. Note, however, that
one outcrop of Bell Canyon formation is indicated close
to the Border fault, which suggests that the relations are
more complicated. The true structure of the nearby
hills is shown in section 0-0', plate 3, and of the more
distant liills in section B-B'.

The faults of the foothiU area are not easy to map,
as their traces are widely covered by alluvium. So far
as they have been worked out, their general trend is

6i As represented, for example, in Richardson, G. B., Report of a
reconnaissanCe in trans-Pecos Texas north of the Texas and Pacific
Railway: Texas Vnlv. Bull. 23, pp, 53-55, 1904; Darton. N. H" :and
Reeside, J. B., Jr., Guadalupe group: Geol, Soc. Amer. Bull., vol. 87,.

.section 5, fig. 2, p. 411, 1926.
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north-northwest, but there are some of west-northwest
and some of north-northeast trend. Most of them are
downthrown to the east, opposite to the direction of dip
and in the opposite direction from the faults of the
Borde,' zone. The fault blocks immediately west of the
Border zone thus stand much lower than those on either
'Side of them, somewhat after the fashion ofa sunken
-keystone (as in section D-D', pI. 3).

The sunken tract west of the Border zone is expressed
·prominently in the topography west and southwest of
'Guadalupe Peak. Here, a straight-sided trench 4 miles
long and 1 mile wide lies between the even base of the
Guadalupe Mountain escarpment on the east and the
straight front of the eastern ridge of the Patterson Hills
on the west. It is shown just west of Shumard Peak
'On plate 5, A. The trench is floored by coarse fanglom
"rate washed down from the Guadalupe Mountains,
which probably fills it to a great thickness, and the bed
rock beneath may be deeply depressed (as suggested in
sec. B-B', pI. 3). At the south end of the trench, bed
rock crops out in patches in the space between the
Guadalupe Mountains and the Patterson Hills, and the
graben beneath the trench apparently ends against
higher-standing fault blocks.

On One of the higher-standing blocks south of the end
of the trench and close to the Border zone, the N. B.
Updike, Williams No. 1 well reached the Bone Spring
limestone within less than 100 feet of the surface (sec.
47, pI. 8), or less than 500 feet below its position on the
Guadalupe Peak horst to the east (sec. 0-0', pI. 3).
Between this block and the horst, however, are a num
·ber of dceply depressed, narrow wedges, which lie in
the angle formed by the Border zone where it turns
westward around the blunt salient of the Guadalupe
Peak horst. The wedges stand at unlike structural
heights, some nearly level with the rocks to the east and
west, and others as much as 2,000 feet lower (as indi
cated by the structure contours on the structnre map,
pI. 20).

West of the DeIaware Mountains, the sunken tract on
the west side of the Border fault zone is again well de
fined. Between the Border fault and another a mile
.and a half to the west, the surface rocks are much
younger than those on either side and include the Cas
tile formation, or highest member of the bedrock suc
cession preserved in the area (sec. V-D', pI. 3). The
rocks of the tract are broken by numemus branching
and intersecting faults of various trends. Its east side,
next to the Border fault zone, is more deeply depressed
than the rest, amI forms a graben less than hall a mile
wide.

FAULTS

FAULT PATTERN

As already suggested, and as indicated on the tectonic
map, plate 20, the faults of the area lie in a belt about
10 miles wide which follows the. crest and west flank of

the Guadalupe and Delaware Mountains uplift. To the
east, the rocks are not faulted, and to the west the struc
ture of the bedrock is concealed by the alluvial deposits
of the Salt Basin.

Most of the faults trend north-northwest, parallel to
the axis of uplift of the mountains and to the trend of
the fault belt as a whole. Faults of this trend east of
the Border zone are remarkably straight and parallel
for long distances, and depart from the general course
only in gentle curves. Those of the Border zone and
the foothill area west of it are somewhat less regular,
with many curves and saine sharply bent offsets. Parts
of the more stmngly curved faults trend north or east
of north. The larger curved faults, such as those in the
Dog Canyon and Border zones, are c~veW",ard. the
downthrow. Some short faults in ti,e Border zone and
foothill area trend west-northwest, north-northeast,
and east-northeast. In the Cutoff Mountain section the
faults that extend diagonally across the escarpment
have more of a northwestward than a north·northwest.
ward course.

The faults of the belt are spaced, on the average,
about three-quarters of a mile apart, but the belt ex
tends around the large, unfault.d tract of the Guada
lupe Peak horst, and includes some intensely shattered
tracts where there are 6 or more faults to the mile (pI.
20). None of the faults continues across the whole
length of the area. Some are only a few miles long,
others extend 10 miles or more without a break. The
discontinuity of the faults is caused partly by a dying
out of the displacement at their ends, and partly by
branching. Branching faults are more common in and
west of the Border zone than east of it. In places, as in
the Cutoff Mouutain section, the branching and rejoin
ing of the faults gives them an interlacing pattern.
The zones of displacement that form the Dog Canyon,
Lost Peak, aud Border fault zones are longer than the
faults that constitute them. When one fault dies out,
another with similar displacement makes its appearance,
lying en echelou with it. There are, however, no sys
tematically arranged belts of echelon faults in the area.

DIS:PLACEMENT ALONG FAULTS

A large number of the faults in the area are down
lhrown in a direction opposite to the dip of the strata,
and toward the axis of the uplift.. They have moved,
therefore, in opposition to the general uplift of the
mountain area." :Most of the faults west of the Border
zone are thus downthro"n to the east, and many of those
east of it are downthrown to the west. The faults of
the Border zone itself, by contrast, have moved in har

.mony with the general uplift. East of the Border zone

IllS Balk, Robert, Strudl1re elements of domes: Am. Assoc. Petroleum
Geologists Bull., TOI. 20, pp, 58-61, ]936; Stl"Uctural behavior at igne
ous rocks: Gen!. Soc. America Memoir 5, p. 29. 1937. Such faults have
been termed antithetic by geologists of the ClODS sehoal. For the oppo
site kind, the faults that have moved in barrnony with the general uplift,
tile term .s_~n~thetic has been u_se_~.
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the faults downthrown to the west alternate with those
downt~r~ to~tcI:!Hllst,JAereby producing a horst and
gralJen structure (as shown in sec. D-D', pI. 3). The
displacements along the faults range from a few hun
dred to several thousand feet. The largest displace
ments are along faults of the Border zone, which are
downthrown to the west as much as 4,000 fe.et.

Movements on the faults appear to have been largely
down the dip as suggested by nearly vertical slicken
sides observed on the occasional exposures of the fault
surfaces. Baker" reports that an cxposure of the sur
face of the Border fault not far soutl,west of EI Capitan
displays well-developed slickensides inclined slightly to
the vertical. Any large amount of horizontal move
ment on the Border faults or others in the area is un
likely. Kot only are there no consistent, well-developed
belts of echelon faults, but the angular offsets in the
trace of the Border zone would prevent the blocks on
either side from moving past one another horizontally
for any appreciable distance. Moreover, the facies
boundaries in the Permian rocks, and especially the
southeast edge of the Capitan limestone (lines 0, D, [md
E, fignre 10), are not offset by the fanlt helt, but extend
in straight lines across the area.

Dll"S OF FAULTS

The planes of most of the faults in the area either dip
steeply in the direction of downthrow or stand vertical.
This attitude is indicated both by occasional outcrops
of the fault surfaces and by the straightness of the fault
traces, even where the faults extend through moun
tainous country. The observations that have been made
suggest that the fault planes tend to lie nearly perpen
dicular to the bedding planes, and that where the beds
are Illost steeply tilted, the faults dip at the lowest
angles.

Steep dips Illay be inferred if not proved for most of
the faults east of the Border zone; in fact, the plane of
the fault on the east side of the Getaway graben wmch
has been obser,ed at many places near Getaway Gap and
to the north, stands vertical in each exposure. Also, the
two faults that bound a narrow graben near the head
of Guadalupe Canyon (shown just east of Guadalupe
Yeak in sec. B-B', pI. 3), extend through country with
~,ooo feet of relief, and yet their traces are no closer in
me lower places than in the higher suggesting nearly
vertical dips of the fault planes. An exception to the
generalization of steep dips is the Dog Canyon fault,
tile trace of whose outcrop indicates that it dips 60°
toward the downthrown side.

The planes of the faults of the Border zone are ex
posed in many of the canyons and ravines that cross it,
as shown in plate 14, B, and dip at angles of 70° or more
toward the downthrown side.

ell Ba'ker, C, L., Structural geology of trans-Pecos Texas; Texas Unh""
Bun. 3401, p. 159, 1935.
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In tl,e area west of the Border fault zone, the dips of
the fault planes may be less tIlan farther east. IIere,
the beds are more steeply tilted than east of the zone,
and the joints of the region are Illostly perpendicular to
the bedding. Possibly the fault planes are parallel to
the joint planes. In the Cutoff Mountain section, where
the fault traces are well exposed on the mountain sides,
many of the faults appear to dip at angles of 60° or less
toward the downthrown side. In the foothill area
farther south, the fault planes are mostly co,ered by
alIuvial deposits and no observations have been made
regarding their dips.

:MINOR DEFORMATIONAL FEATURES

No crumpling has been observed near the faults of the
area and very little dragging of the beds. On the down
thrmm sides of some of the faults, tile beds dip out
ward at a low angle, and in some narrow fault blocks
the beds are much more steeply tilted. On the up
thrown sides, the beds generally extend horizontally
even to the fa ult lines; for example, the black limestones
of the Bone Spring, which form ti,e upthrown sides of
the faults of the Border zone, are undisturbed even at
the planes of the faults themselves. Near most of the
faults the joints parallel to them are very abundant and
closely spa,ced.

Vein deposits and breccias are COllllllon along the
faults. At many exposures of the faults of the Border
zone the fault surface of the upthrown block, cut on
black limestones of the Bone Spring, is covered by a
straight-sided Illass of calcite 5 or 10 feet thick, in which
angular fragments of black limestone are embedded.
Similar calcite yeins and masses have been seen on other
faults in the area, especially on the one that bounds the
east side of the Getaway graben. It is not known
whether the veins are lenticular or continuous bodies.

RELATION TO QUATERNARY DEPOSITS AND TOPOGRAPHIC
FEATURES

Some faults within a few miles west of the Border
fault zone have displaced Quaternary gravels and fan
glomerates. For instance, 2 miles southwest of El
Capitan, older fanglomerate deposits project in low
hills whose eastern edges are straight, north-northwest
ward trending scarps 25 to 50 feet high which stand out
prominently on aerial photographs. These scarps are
probably fault scarps. Farther south, west of the Dela
ware Mountains, Quaternary gravels laid down on an
old pediment surface stand at different heights in
adjacent fault blocks. These differences are results of
faulting, and the actual planes along which the gravels
have moved are exposed in places (fig. 17, il). The dis
placement of the graYels, howeyer, is only about a tenth
as great as tile displacement of the bedrock beneath (as
shown on figure 17,B). These faults, therefore, under
went at least two movements, the first of which was the
larger. Faults that appear to have offset the Quater-
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nary deposits are shown by a different color than the
rest on the map of Cenozoic deposits and land forms
(pI. 22).

There may have been movements at the same time
along the faults of the Border zone. The older fan
glomerates and gravel deposits west of it, whose dis
placement along faults has been described above, con
sist of fragments of rocks derived only from the upper
part of the escarpment to the east, and contain none
from its lower, outer bench. Later fanglomerates of
the same type contain rocks from the lower bench
abundantly. In places the older deposits lie in fault
contact with the rocks of the outer bench alonD' the

~

Border zone (as shown in plate 14, B). The outer bench
ends along an even, little-dented base line, which fol
lows the trace of the Border zone. It seems to be less
eroded than the upper part of the scarp, as though it had
been only recently raised. On the upper part of the
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FIGURE 17.-Sectlons shOWing faUlting of gravel deposits west of Dela
ware Mountain escarpment. ..:I., Exposure on creek bank 1~4. miles
west of Chinaman's Hat; B, Section near south edge of area stUdied,
showing rela.tive displacement ot gravel and bedrOCk.

scarp near Guadalupe Peak are remnants of an old, well
rounded topography, now deeply dissected, which prob
ably was carved at the time when the older fanD'lomer-

~

ates to the west were being laid down and before the
last faulting. The possible history of the Border zone
and the faults to the west of it is shown diaD'rammati-
cally on figure 22, B. 0

The faults farther east and west of the Border zone
are generally followed on their upthrown sides by es
carpments. Some of these escarpments, such as those
along the Getaway graben, are resequent fault-line
scarps; that is, they were formed by the more rapid ero
sion of the rocks on the downthrown side than those on
the upthrown (pI. 22). The scarps are younger than any
movements along the faults because the Quaternary
gravel deposits in places cross the traces of the faults
without displacement. Other scarps along faults east
and west of the Border zone are of less certain ori(Tin

~ .

The scarps in the Guadalupe Mountains are approxi
mately of the same height as the tllTOW of the faults
along which they lie. They may be old, greatly eroded
fault scarps, or they may be resequent fault-line scarps
from whose faces weak beds have been carried away by
erosion. lVbatever their origin, their character sug
gests that no recent displacements have taken place
along the faults that fringe their bases.

JOINTS

At nearly every exposure in the area, the rocks are
cut by joints, which are in part closely and in part widely
spaced, and which generally trend in two or more direc
tions. Observations were made on them during the
field work because of the possible information they
might furnish as to the origin of the larger tectonic
features.

FIELD OBSERVATIOHS

Observations made on the joints were incidental to
other field work and are therefore incomplete. In some
areas many observations were made, in other areas none
were made, although joints were present in the rocks.
Stations at which observations were made are shown
by black circles on plate 20. At these stations, only
qualitative information was obtained On the relative
abundance and perfection of the different sets of joints,
and on their clip. It Was assumed that their most im·
portant feature was their trend, and measurements of
the trends of the different sets therefore constitute the
bulk of the information obtained on them. The notes
on the joints contain 1,141 such measurements: made at
40'7 station~.

CliARACTER

Most of the joints are straight and smooth in all sorts
of rock, though some in the sandstones of the Delaware
Mountain group are curved and some poorly developed
joints are jagged and irregular. The surfaces of the
straight joints are smooth, even where they cut through
irregularly bedded rocks, or alternations of hard and
soft ,layers. No slickensides have been observed on
them. At the surface, many of the joints are open
fissures, some are narrmv cracks, and a few are filled
by vein calcite. The open fissures were probably
formed by weathering, and give little indication of the
nature of the joints at depth.

Single joints commonly extend across the entire
length of·any exposure, although some c10se and Come
to an end. The joints have a great vertical as well as
a great lateral extent. Individual joints can be traced
from the tops to the bases of the limestone cliffs near
Guadalupe Peak and El Capitan, or through a distance
of 1,000 feet or more.

Where several sets of joints are present, they com
monly cross one another without deflection, although
in places subordinate sets may either end against or
branch from the dominant sets. The observations made

,,
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on the intersections of the joint sets arc not sufficient
to show .,,-hether some are of different ages than others.
Such differences might be revealed by closer scrutiny.

SPACING

The spacing of the joints (which is only imperfectly
suggested by those plotted on the tectonic map, 1'1. 20)
is quite ;-ariable. It depends to a certain extent on the
nature of the rocks, for thin-bedded, brittle rocks are
likely to be more jointed than massive rocks. To a
larger extent it depends on the tectonic relations, for
the joints of one area tend to be more abundant in all
types of rock than those of another area.

In the eastern part of the area, where the rocks are
not fanlted, the joints are for the most part widely
spaced. In many exposnres in this area, only two sets
of joints are present, in some only one, and in a few'
broad exposures there are none.

In the faulted area to the .,,-est, between the Lost Peak
and Border fault zones, joints are much more numerous
than else.,,-here. In nearly every exposure t.,,-o or more
sets are present, and they are generally spaced only a
few feet apart. At most places one set is more closely
spaced than the others, and this is likely tD be one that
is .,,-idely distributed through the region. Near faults
the joints parallel to them are more closely spaced than
else.,,-here, and the other sets of joints are poorly deyel
oped. In the Guadalupe Peak horst, the unfaulted
tract that lies in the middle of the faulted belt, both
field observations and air photographs indicate that
joints are as numerous as in the faulted areas nearby.

Joints are numerous also in the area west of the
Border fault zone, and tend to be closely spaced. The
number of sets present is greater than to the ~ast~ and
3 or more are likely to be found at most exposures.

DIPS OF ,JOINTS

East of the Border fault zone, the joints commonly
stand nearly vertically. This relation is best shown
near Guadalupe Peak and El Capitan, .,,-here the joints
can be traced dmYll through the lilnestone cliffs for long
distances. The rocks east of the Border fault zone are
horizontal or gently tilted, so that these ,ertical joints
stand nearly normal to most of the bedding phnes. In
some of the formations, however, the bedding planes
have an original depositional slope, as in the Capitan
limestone, or are tilted and contorted as a result of
Permian moYements, as in the Bone Spring limestone.
The joints cut through these rocks .,,-ithout deflection
from their vertical position, as sho.,,-n on plate 11, B. A
fe.,,- joints dipping at angles of 60° or less .,,-ere noted
in the Capitan limestone, but they are minor features.
No horizontal or gently dipping joints .,,-ere observed,
either in .,,-ell-bedded strata or in the massive Capitan
limestone.

West of the Border fault zone, both in the Cutoff
Mountain section and in the foothill area to the south,

the dips of the joints are less than to the east. The
rocks of this region dip at angles up to 45°, and so far
as observations have been made the sloping joints stand
approximately normal to the bedding. Joints trending
in the direction of dip are thus vertical, but those par
allel to the strike depart from the vertical by the amount
of dip of the strata. This relation is barely percoptible
in rocks tilted at angles of 10° or less, but is a striking
feature in rocks tilted at angles approaching 45 0.

.TOlNX TRElJDS

On the accompanying maps, plates 20 and 21, observa
tions of the trends of the joints have been summarized
by several methods of plotting. On plate 20, the ob
served joint tl'ends at each station are indicated by radi
ating lines of equal length. As the joints are shown
only where observed, such plotting does not show the
actual abundance of the joints of different trends on the
ground.

The observations made, however, are sufficiently rep
resentative to give a fair sample of the number of joints
of each set actnally present. The observations can thus
be summarized statistically. The area shown on plate
20 is therefore divided into 10 unit areas, and the rela
tive abundance of different joint sets in each unit is
plotted as "roses." (Note that the north-south bound
aries of the unit areas follow structure lines, and that
the east-west boundaries are chosen arbitrarily.) On
the regional tectonic map, plate 21, the area of plate 20
has been divided into two large unit areas, one east of
the Border fa nIt zone (constituting areas 2, 3, 4, 6, and
10 of 1'1. 20) and the other west of it (constituting areas
5,8, and 9). For each of these areas, a lllare generalized
rose has been prepared.

Each rose shows the relative abundance of joints
in every 50 of arc, expressed in percentage of the
total number observed. Five-degree units were chosen
because 5° is the approximate limit of error in the
observations, and is the amount of variation which
joint sets, or even individual joints show in single expo
sures. As originally wOl'ked out, wide variations were
found between percentages at some of the adjacent
points on the arcs, which apparently resulted from a
personal equation in making the observations. The
percentages were therefore evened by means of slidiug
averages. Each figure used in plotting the roses is
thus the average of the original percentage for the point
shown and the percentage of the two points lying 5° on
each side of it.

Some of the roses, such as those for areas 1, 5, 8, and
9 of plate 20, contain a possible error in that observa
tions were made in part on inclined joints, which are
normal to the planes of tilted beds. If such joints were
rotated to vertical positions, those in the directions of
the dip and strike of the beds would have tl,e same trend
as before, but those at intermediate positions would be
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-deflected, and would thus have a new relation to the
strike and dip joints. In beds dipping 45° (the maxi
mum observed in the area) joints diverging at an angle
of 45' from the strike would, when rotated to vertical,
diverge about 55' from the strike-a deflection of about
100

• Few observations were made, however, on beds so
steeply tilted. More than 90 percent in each unit area
were made where the beds dip 100 or less, for which the
deflection would be about 10

• This is well within the
limits of error for the observations.

The type of rose selected for plotting has the advan
tage of showing clearly the dominant joint sets for the
al'eas. As the trends plotted extend radially from the
center of the rose, the minor joint sets tend to be crowded
more closely than the dominant ones. The latter are
thereby exaggerated. Some of the minor trends are
actually more important than their insignificant appear
ance on the roses suggests.

As shown by this statistical method, by far the most
abunclant joints in the area studied trend north-north
west. This set is especially abundant in the region east
of the Border fault zone (roses 2, 3, 4, 6,7, and 10, pl.
20). Air photographs of the region northeast of Guada
lupe Peak show innumerable north-northwesterly joints
traversing the Capitan limestone on the mountain sides.
On the ground, the joints of this set commonly appear
as long, pamllel, open fractures, and are more prom
inent than any of the other joints. The set trends in
about the same direction nearly everywhere, although
near McKittrick Canyon in the northeast part of the
area (area 4), joints that may belong to the same system
have a northwestward course. The north-northwesterly
set is present also, though less abundantly, in the foot
hill area west of the Border fault zone (roses 5, 8, and
9) , and less conspicuously in the Cutoff Mountain sec
tion farther north (rose 1) .

Associated with the north-northwesterly joint set at
most exposures, and particularly east of the Border
fault zone, is another at nearly right angles, or with
east-northeasterly trend (roses 2, 3, 4, 6, 7, 9, and 10).
In places in the eastern part of the area the north
northwesterly and east-northeasterly sets are the only
two present. There is a tendency for the second set to
trend more nearly eastward in the southeast part of the
area than in the northeast part, as may be seen by com
paring roses 4 and 10. The set is generally represented
by fewer and less-open fractures than the north
northwesterly set. In the extreme northeast part of the
area (rose 4), however, its numbers equal or exceed
those of the north-northwesterly set. In the field, the
east-northeasterly set appears to trend parallel to the
face of the Reef Escarpment, but plotting of numerouS
observations suggests that its members actually diverge
from the trend of the escarpment at an acute angle.

The third abundant joint set in the area trends north
northeast, forming an angle of about 50' with the dom-

inant north-northwesterly set. It is most abundant
in the foothill area west of the Border fault zone (roses
5 and 8). In the northwestern Patterson Hills it is the
dominant fracture, in many of the exposures. Traces of
it are detected in parts of the area east of the Border
zone (roses 6, 7, and especially 10). At many places it
is associated' with another fairly abundant set, lying
nearly at right angles, Or trending west·northwest.

In the Cutoff Mountain area observations, which are
unfortunately inadequate, suggest that the dominant
joints trend northwest, parallel to lhe faults of the dis
trict (rose 1). In addition to the sets described, there
are some joints of other trends unrelated to the four
dominant ones. These joints occur in various parts of
the area, and particularly west of the Border fault zone.
In some places there are well-marked north-south and
east-west joints. None of these other sets is very
common.

There is thus a distinct difference between the joint
sets in the east and west parts of the area, the line of
demarcation being approximately along tbe Border
fault zone (pI. 20). To the east, the north-northwest
erly and east-northeasterly sets are dominant, almost to
the exclusion of the others. To the west, the north·
northeasterly and west-northwesterly sets are promi
nent, although the two other sets are present, but less
abundantly developed.

RELATION OF JOINTS TO OTHER TECTONIO FEA'rtrRES

As shown by the preceding descriptions, the joints
seem to be younger than the tectonic features of
Permian age, in the mountains. They are much more
closely related to the younger tectonic features, formed
during the uplift of the Guadalupe and Delaware
Mountains. Thi.,s, the dominant north-northwesterly
joint set is parallel to the dominant north-northwest
erly fault system, and its members are much more
closely spaced near the faults. The west-northwesterly
and north-northeasterly joint sets are likewise followed
by some faults, especially west of the Border fault zone,
where such joints are abundant. There al'e, however, nO
faults parallel to the east-northeasterly set. The three
joint sets first named therefore may be of the same age
as the faults; or they may be somewhat older and have
prepared the way for the later faulting. The absence
of faults of east-northeasterly trend may indicate that
the joints of this set are of a different age, or that they
were tighter than the other sets and hence gave less en
couragement to movement along them.

The joints are related also to the form of the Gua
dalupe and Delaware Mountains as a whole. The domi
nant, north-northwesterly set trends parallel to the
longer axis of the mountains and the east-northeasterly
set trends at right angles to it. The other two are dia
gonal to the axis but are more abundant west of the axis
than to the east of it, indicating that they are somehow
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related to the uplift. The fact that the joint sets
estend without deflection across local changes in the dip
and strike of the beds indicates that they have origi
nated from regional, rather than from local forces.

The dips of the joints are related in some manner to
the tilting of the strata. Where the strata are hori
zontal the joints are nearly vertical, but where the
strata are tilted the joints remain normal to the bed
ding planes. This condition is most evident west of
the Border fault zone, where the tilting has resulted
from rotation of the beds during block faulting. The
joints may ha,e formed during or after the tilting of
ti,e strata, in wllich case stresses were transmitted along
the beds in the same manner as if they had \leen hori
zontal. The joints, however, may have heen formed
before the tilting; if so, they were subsequently rotated
to their present positions. The latter interpretation
has been adopted by Melton for similar joints normal
to tilted beds in Oklahoma."

The age relations of the different joint sets to one
.notller ha,e not been determined, although evidence
on the question might be obtainable by detailed study
of their intersections. The close relation of the four
dominant joint sets to the Guadalupe and Delaware
Mountains uplift and associated features suggests that
they were all formed at about the same time. Some of
tho' minor sets that ha,e no clear relation to the uplift
were possibly formed at another time, perhaps during
the period after the deposition of the Permian and be
fore the mountains were uplifted. It is difficult to be
lieve that jointing of some sort did not take place in
the region during this long and probably eventful time
interval.

REGIONAL RELATIONS OF THE YOUNGER TECTONIC
FEATURES

GUADALUPZ AND DELAWARE MOUNTAINS

The Guadalupe and Delaware Mountains, of which
the area studied is a part, constitute an uplifted block
of the earth's crust more than 100 miles long in a north
northwesterly direction and about 50 miles wide (fig.
1). Both in the area studied and elsewhere the uplifted
block is asymmetricaL The broad eastern flank dips
gently, without folding or faulting, toward the Pecos
Valley and the Llano Estacada; the narrow western
flank dips steeply toward the S~lt Basin: At its south
end, in the Apache Mountains, the uplift flattens out
and pitches southward toward the lava plateaus of the
Davis Mountains; at its north end it fades out on the
east slope of the Sacramento Mountains. The Sacra
mento Mountains form a similar broad uplifted block,
but their crest lies west of the crest of the Guadalupe
Mountains and en echelon with it.

61 Melton, F . ..:\.., A. reconnaissance of the joint systems in the Ouachita
Mountains and central plaitlS of OklahoIDU: Jour. Geology, vol. 37, pp.
784-735, 738-741, 1929.
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Both in ti,e area studied and ouLGide the crest and
west flank of tile uplifted block are much broken by
faults, most of which have a north-northwest trend
parallel to the axis (fig. 15, A, and pI. 21). 'Extending
irregulnrly through the faulted belt, but generally
flanking the mountain crest on the west, are several
major faults, on which the strata are do\Ynthrown west
ward. Within the area studied and southward in the
Delaware Mountains they form the Border fault zone.
Farther north, in the Guadalupe Mountains of New
Mexico, they form the Dog Cp"nyon fault zone, which
lies en echelon to the Border zone and about 5 miles

. east of it. In New Mexico the space between the
Border and Dog Cl1llyon fault zones is occupied by the
Brokeoff Mountains, which are lower than the crest of
the mountains east of Dog Canyon (fig. 2). The minor
faults east and 'Test of the major faults are downthrown
in such a manner as to some'whllt counteract the effects
of uplift caused by the major faulting and tilting of the
strata.

In parts of the Guadalupe and Delaware Mountains
uplift are faults trending in other directions than north
northwest. About 10 miles south of the area studied is
a prominent system that trends northeast (pI. 21). In
dividualmembers are discontinuous, but the system as
a whole extends from the Border fault zone on the west
to the outcrops of the Castile formation on the east.
These northeasterly faults are prominent features on
aerial photographs, and are indicated not only by off
sets of the beds, but by numerous straight valleys. Ap
parently the northeasterly fault system is accompanied
by strong jointing, likewise indicated by drainage,
They may be related to the east-northeasterly joints
witmn the area stndied.

Farther south, in the south part of the Guadalupe
and Delaware Mountains uplift, is another system of
faults that trends west-northwest. The most promi
nent members of the system bound the north side of the
Apache Mountains, but others are found to the nortil
and sonth.

The faults on the north side of the Apache Moun
tains extend diagonally across the south end of the
Guadalupe and Delaware Mountains uplift, and raise
the strata to the south, conb'ary to its southward pitch.
They cross the belt of north-nortllwesterly faults near
Seven Heart Gap," Botll systems of faults are appar
ently of later Cenozoic age, but the west-northwesterly
system has the same trend as tile reef zone in the Per
mian rocks of the Apache Mountains. This relation
suggests that it was formed by renewed movement on an
older tectonic trend (figs. 15, A, and 16, A).

a<lRichardsOD, G. R. U. S. Geol. Survey Geol. Atlas, Van Hom lolio
(No. :1-94), p. 7 and areal geology sheet" 1914,
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SIERRA DIABLO CI

""Vest of the Apache Mountains across the Salt Basin
is the Sierra Diablo (fig. 1). Like the Guadalupe and
Delaware Mountains, it is a broad, asymmetrical up
lift, but its faulted flank is on the east and its tilted
flank on the west. Toward the south, its east flank con
sists of several blocks of gently dipping strata, such as
the Baylor Mountains. The blocks stand lower than the
main uplift and descend in steps toward the basin.
Towar~ the north, thick alluvial deposits extend up to
the mam fault at the edge of the uplift, and few rem
nants of the depressed eastern flank are exposed.
. The main faults of the Sierra Diablo have an average

northerly trend, but the ~rend of individual faults is
more variable than in the Guadalupe and Delaware
Mountains (pI. 21). The group that outlines the east
side of the uplift includes a north-northeasterly fault,
and a fault made up of several curves, whose average
trend is northward. These faults have had much the
same history as those of the Border zone in the Guada
lupe Mountains. The rims of their escarpments have
receded some distance from the fault traces and are
indented by several large canyons, as thougl; the first
hulting took place some time ago. Later movements
are suggested by the manner in which tl,e bases of the
escarpments follow t~e fault lines, by the well-developed

. alluvml fans on theIr downthrown sides, by scarps in
the alluvial deposits, and by uplifted terraces in the
mountains.

Extending diagonally across the Sierra Diablo in the
same manner as in the Apache IHountains is a set of
west-northwesterly faults. Most of them are of smaller
displacement tl,an the northward trending faults along
the eastern border. Larger faults of west-northwesterly
trend bound the north and south sides of the uplift..
Se'-eral of the west-northwesterly faults stand nearly in
~ine with faults of the Same trendne,u Seven Heart Gap
III the Apache Mountains and may be continuous be-
neath the alluvial dcposits of the Salt Basin_ .

The age relations between the northerly and the west
northwesterly fault systems are complex. The last
movements on the west-northwesterly faults are older
than the last on the northerly fanlts, for their scarps
have been much eroded and show none of the evidences
of recent movement seen on the others. They may have
formed at about the same time as the older movements on
the other set, however, because faults of either trend are
likely to terminate against those of the other. Ancient
movements, some dating back to Paleozoic time, took
place along, or on the same trend as, the. west-north
westerly faults (figs. 15,A and 16,.'1 and B). The west
northwesterly faults therefore may have resulted from
Cenozoic movements along old trend lines at a time

lit Richardson, G. B., OP. cit., p. 7 and areal geology sheet. King, P. B.,
and Knigbt, :J. n, Sierra Diahlo region, Culberson and Hudspeth Coun·
ties, Texas: U. S. GeoI. Survey Oil and Gas Investigations, Preliminary
map 2,1044.

when the forces were such' as to produce dominant,
northward trending tectonic features.

SALT :BASIN

The Salt Basin, which lies between the Sierra Diablo
on the west and the Guadalupe and Dolaware Moun
tains on the east, is a great depression 5 to 15 miles wide
and of about the same length as the mountain ranges
themselves (fig. 1). Except for outcrops of bech'ock
along its margins, it is floored entirely by unconsoli
dated Cenozoic deposits. ""Vellrecords show that these
deposits are hundreds or even thousands of feet thick."

The basin is a sunken block of the earth's crust. Out·
crops along its borders consist of rocks that lie high on
the mountains to the east and west, and have been
warped down or faulted down to their present positions.
At the north and south ends, known as Crow Flat and
Ryan Flat, respectively, the basin appears to be a down
warp, but in the longer central section, faulting domi·
nated. The structure of the bedrock beneath the uncon
solidated deposits of the basin is unknown but is
assumed to be complex.

The high points on the opposite sides of the basin do
not correspond in height, The high point on the east
side, near Guadalupe Peak, lies opposite a low-lying
section of the Diablo Plateau to the west. The hiah
point on the west side, in the Sierra Diablo. lies 30 miks
or more to the south, opposite the lower Apache and
southern Delaware Mountains.

BASIN AND :RANGE PROVINCE IN TEXAS AND NEW MEXICO

The Guadalupe, Delaware, and Apache Mountains,
and the Sierra Diablo constitute a small part of the
Basin and Range province, which extends far to the
west and northwest.n Nearby parts of the province re
semble the area studied in tectonic and geomorphic fen·
tures.The"e parts, which include northern trans-Pecos
Texas, and that part of New Mexico between the Pecos
River and the Rio Grande, are known as the Sacra
mento section." Tectonically, this section could be
classed as a fracture belt of low mobility." It resembles
many other block-faulted regions of the earth, includ
ing the rift-valley area of East Africa." It differs from
the latter mainly in the smaller seale of its features.

The Sacramento section consists of alternating block
mountains and desert basins with a general northward
alinement (fig. 1). Most of the mountains have a steep
escarpment on one side, outlined by faults, and a gentle
slope on the other which follows the dip of the beds.
The mountains are made up of a plate of Paleozoic and

7'Q Richardson, G, B" op. cit., p_ 8. Baker, C, L" Structural geology ot
trans-Pecos Texus: Texas Univ. Bull. 3401, p. 171, 1935.

71 Fenneman, N. M., Pllysiographic divisions ot the United States:
Assoc. Am. Geographers AnnUls, vol. 6, pp. 88--93, 1917.

1~ Fenneman, N. M., idem.,· p. 93. Physiography ()f the western
united States. pp. 393--395, New York, HlS1.

va Bucher, W. H., The deformation of the earth's crust, P. 325, PrInce
ton, 1933.

H Baker, C. L., op. cit., p. 169, 1935.
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Mesozoic sedimentary rocks several thousand feet thick,
and of an underlying basement of pre-Cambrian crys
talline rocks. The sedimentary rocks are little dis
turbed except by the uplift of the ranges themselves,
which "ere raised in Cenozoic time. They appear to
have been only lightly affected by earlier movements,
such as those of older Cenozoic time. There are, how
eyer, some large masses of intrusive igneous rock in the
western part of the Sacramento section that are of post
Cretaceous age though probably older than the faulting.
In some of the desert basins, thin sheets of basaltic lava
are interbedded "ith or are spread over the surface of
the basin deposits. These sheets of lava are mostly
younger than the faulting but may be related to it.

Superficially there is an apparent gradation in the
Sacramento section from block mountains into fold
mountains. Tbe Sierra Diablo, for example, is de
cfdedly blocklike, and any tilting of the strata is the
direct result of faulting. The Guadalupe and Dela
ware ~Iountflins, however, are more archlike, but with
the arch greatly modified by faults. The Sacramento
and Sandia ~lountains farther north have the form of
broad domes or arches, faulted on one side and pitch
ing dm\'ll at their north and south ends." The Sangre
de Cristo Mountains, which lie next north of the Sandia
Mountains, are true folded ranges, and are the south
ernmost prongs of the Rocky Mountains. Along their
axes, a core of pre-Cambrian rocks is exposed, and their
sides are broken in places by thrust faults."

This northward gradation from one sort of tectonic
feature into another is more apparent than real, as the
folding and block faulting took place at different times.
The folding of the southern Rocky Mountains is mainly
of late Cretaceous and early Tertiary (Laramide) age,
and the block faulting farther south is mainly of later
Cenozoic age. 'Vhatever folding there is in the moun
tains to the south may have been inherited from a de
formation that ,.as contemporaneous with the folding
of the mountains to the north. At the time of the block
faulting of the mountains to the south, the mountains
to the north "ere not only broadly uplifted but locally
broken by normal faults such as those that lie between
the "est side of the Sangre de Cristo Mountains and the
Rio Grande depression." A similar interpretation for
the Sacramento section has been made by Bryan 78 and

7& Darton, N. H., Tectonics of Arizona a.nd New Mexico [abstract]:
Geot Soc. America Bull., vol. 39, p. 182, 1928. "Red beds" a.nd asso
ciated formations of Kew Mexico: U. S. Geot Survey Bull, 794, p. 99,
1928.

re Burbank, 'Y, S., and Goddard, E. N" Thrusting in Huerfano Park
and related problems of orogeny in the Sangre ae Cristo Mountains:
Geol. Soc. America Bull., vol. 48, pp. 931-976, 1937.

7t Cabot, E. C., Fault border of the Sangre de Cristo Mountains north
of Santa Fe, Kew Uex:leo: Jour. Geo!., "1"01. 46, pp. 97-104, 1938. Bur
bank, W. S., and Goddard, E, No, OP. cit., pp. 965-966.

'Iti B~·an,'Kirk, Geology and ground-water conditions of the Rio Grande
depression in Colorado and New Mexico, In Rio Grande Joint In",csti·
gatlon ; Nat. Resources Comm., Regional Planning, part 6, pp. 204-215,
1938.
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for the Great Basin of Utah, Nevada, and California
by Nolan."

REGIONAL RELATIONS OF JOINTS

Some observations have been made on the regional
arrangement and distribution of joints in the area sur
rounding the southern Guadalupe Mountains. In
addition to the field observations in the (trea studied,
extensive field observations have been made by me in
the Sierra Diablo." Recently I have also studied aerial
photographs of the region embracing the Guadalupe
and Dela"are Mountains and the Sierra Diablo, and
from them have obtained information on the regional
relations of the joints. The regional relations as now
known are summarized on plate 21; on this plate,
field observations on joints in the southern Guadalupe
Mountains and the Sierra Diablo are summarized on
roses.

North-northwesterly joints are probably dominant
the entire length of the crest of the Guadalupe and
Delaware Mountains nplift, as are the faults of the
same trend. They are dominant near the crest in the
area studied, and aerial photographs indicate that they
are also dominant farther south. East-northeasterly
(or northeasterly) joints are not prominently expressed
in the aerial photographs except in the region imme
diately south of the area studied, or about midway
along the length of the Guadalupe and Delaware
Mountains uplift. They may be present elsewhere, but
have little topographic expression. As indicated be
low (1'. 124), these two joint sets are probably closely
related to the Cenozoic uplift of the mountains.

Farther east and northeast, on the long, gently tilted
east slope of the uplift, other fractmes seem to domi
nate. The east-"est linear features (probably fracture
zones) in the Castile formation of the Gypsum Plain
have already been noted (1'1'.90--91). They seem to have
formed by readjustments within the Castile "hich do
not influence the overlying and underlying formations.
North of the Gypsum Plain, at Carlsbad Cavern (in the
Capitan and Carlsbad limestones of the Reef Escarp
ment), cave openings have been carved along two major
joint sets, the dominant one trending east-northeast to
east, "ith the other nearly at right angles." Near the
Reef Escarpment in this vicinity, as sbown on aerial
mosaics and the ne" topographic map of the Carlsbad
Cavern quadrangle, ridges and valleys in the limestone
have the Same east-northeast to east trend, but they
pursue a sinuous course, parallel to the curves in the
Reef Escarpment and the Capitan reef. This indicates
that the joints in this vicinity are more closely related
to Permian structural features than to Cenozoic struc-

111 Nolan, T, B" Basin and Range province in Utab, Nevada, and Cali
fornia: U. S, Geol. Survey Prof, Paper 197-D, pp, 183-186, 1943.

IiO King, P. B" and Knight, J. B., op. cit., Inset structure map, 194.4.
III For map of the cavern, see Lee, W. T., New disco"l"eries in Carlsbad

Cavern: Nat. Geog. Mag., TOl. 48, p. 302, 1925. Unfortunately, the map
is incorrectly oriented, for its edges trend N, 15'" W.
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tural features formed during the uplift of the moun
tains.

Near the south end of the Guadalupe and Delaware
Mountains uplift, the north-northwesterly joints are
crossed by another set of west-northwest trend, parallel
to the faults along the north side of the Apache Moun
tains. In aerial photographs they are prominently dis
played in Permian limestones along the crest of the
Apache Mountains, and also in the Cretaceous rocks
along the same trend to the southeast. In the Sierra
Diablo, across the Salt Basin to the west, similar joints
prevail. They are indicated by field observations sum
marized by the roses on plate 21, and are also promi
nently displayed on aerial photographs. They are
parallel to one of the prominent systems of faults in
the Sierra Diablo. Few joints in the Sierra Diablo are
parallel to the northerly faults th",t bound its eastern
side.

The west-northwesterly set of joints in the Apache
Motmt",ins and the Sierra Diablo is probably related
to structural features older than the uplift of the
Guadalupe and Delaware Mounbins, in part perh",ps
of Paleozoic age.

Only fragmentary information on the trends of joints
is available away from the immediate vicinity of the
Guadalupe and Delaware Mountains. To the east,
Melton 52 has noted joints in the cap rock of the Llano
Estacado that trend mainly west-northwest. They are
probably unrelated to any of the systems just described
in the Guadalupe and Delaware Mountains. To the
west, joints have been noted by Richardson 83 and Dun
ham" in the Frankli.n and Organ Mountains. The
structure here is more complicated than farther east,
and there are extensive igneous intrusions. The joints
of these mountains therefore may be more of local than
regional significance.

HISTORY OF GUADALUPE AXD DELA1.YARE MOUNTAINS
UPLIFT

In order to understand the Guadalupe and Delaware
Mountains uplift, the time relations as well as the physi
cal features and space rehtions must be known. Some
thing of its history can be deduced from the features
already described, and more can be obtained from the
Cenozoic deposits "'nd bnd forms that ",re described
l",ter. In addition, parts of the history of which there
is little record in the mount",ins themselves can be in
ferred by comp"'rison with adjacent, similar regions
where the record is better known. These lines of evi
dence and the inferences to be drawn from them are
summarized here.

s:: l\.Ielton, F. A" Ft'acture systems in central Texas: Texas Vnlv. Bull.
3401, p. 122, 1935.

83 Richardson, G. B., V. S. GeoI. Survey GeoI. Atlas, El Paso folio
(No. 166), p. 8, 1909.
~ Dunham, E. C., The geology of the Organ Mountains: New Mexico

School of Mines Bull. 11, p. 144, 1935.

FEATURES OLDER THAN THE UPLIFT

The Guadalupe and Delaware :YIountains uplift is
of post-Cretaceous age. Evidence from adjacent parts
of trans-Pecos Texas and New Mexico indicates that
Cretaceous seas covered the entire region. They spread
~ver a nearly level surface, or peneplain, that was
formed in older Mesozoic time. The peneplain is now
exposed at many places in the region, and the summit
peneplain of the Guadalupe Mountains is probably a
part of it, although now stripped of its postulated
Cretaceous cover. The peneplain bevels Paleozoic fea
tures, such as those shown on figure 15, B, and is tilted
and faulted by the movements that produced the present
ranges. It is, therefore, a convenient datum plane for
separating older and younger tectonic features.

Farther south in trans-Pecos Texas there are exten
sive masses of volcanic rocks of early Cenozoic age.
They lie unconformably on deformed Cretaceous rocks,
and are themselves folded and faulted. In this area,
therefore, movements took place in late Cretaceous or
early Tertiary (Laramide) time and after the volcanic
epoch, perhaps in Oligocene or }Iiocene time (p. 108).
These movements probably also affected the Guadalupe
Mountains area.

EARLY FHASES

The early phases of the uplift of the Guadalupe and
Delaware Mount",ins ",re imperfectly recorded in the
region. The initial uplift, however, may have taken
place at the same time as that further northwest in the
Sacramento section, where deposits, l"'nd forms, and
tectonic features related to it are well exposed and have
been studied by Kirk Bry",n and his students." Accord
ing to Bryan, the initi",l uplifts here took pbce before
the deposition of the Santa Fe formation, and hence
were probably of :Mioeene or early Pliocene age. They
thus correspond approximately to the post-vo!c.nic de
formation in trans-Pecos Texas.

East and west of the Guadalupe Mount",ins, deposits
of about the same age as the S",nt", Fe formation were
formed as '" result of erosion tlmt followed the initial
uplifts. To the east they form the cap of the Llano
Est"'cado and are", part of the Og",llala form",tion. To
tbe west, they probably form the main mass of the thick,
unconsolid",ted deposits of the Salt B"'sin. The l,",ture
of the latter deposits is little known, however, because
they are everywhere covered by Quaternary deposits.

In the mountains themselves, some mdication of the
nature of the initi",l uplift is given by the present
stream patterns in the limestone uplands (fig. 19).
Some of the stre",ms seem to be unrelated, and hence
antecedent, to the fault blocks that they cross; thus, the
stream in South McKittrick C",nyon crosses from the
downthrown to the upthrown side of the Lost Peak fault
zone with little or no deflection (pI. 22). Other streams,

<lI5 Their results have appeared in numerous papers. For a summary,
see Bryan. Kirk, op. cit., pp. 191-225.
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such as those in the upper courses of Dog and West Dog
Canyons, follow depressed fault blocks, and appear to
belong to a later generation. In the parts of the moun
tains where no faulting has taken place, the two genera
tions of streams cannot be differentiated. It seems
plausible, however, that most of them were consequent
on the surface of the original uplift, and that in the
limestone areas their courses became relatively fixed by
incision into the resistant rock.

As indicated by the stream pattern, the initial uplift
was a broad arch, not hroken by as many faults as at
present. The crest of the arch was probably near the
present summits of the southern Guadalupe :l\Iountains,
for the supposedly consequent streams radiate north
eastward, northward, and northwestward from it (fig.
19). The slopes of the arch seem to have been more
gentle than the present slopes of the mountains, and its
crest may not have stood as high. The incised streams
of the limestone areas have distinctive, meandering
courses, and join one another at wide angles, forming an
open, dendritic pattern, as though they originally flowed
down a gentle slope. This pattern, shown in the stippled
areas of figure 19, is unlike that shown in the southeast
part of figure 19, where the rocks :lre less resistant, and
where the streams could adjust their courses to the
steeper gradients of later periods.

Part of the jointing of the rocks of the Guadalupe
and Delaware Mountains probably took place during
the initial uplift. Fracturing of the rocks near the sur
face is likely to take place, even under the application
of stresses too gentle to produce faults. If the rocks
were jointed during the early phases of the uplift, the
faults that came into existence later followed the pre
existing fractures.

If it could be proved that the joints normal to tilted
beds in the western part of the area Were originally
formed in a vertical position, and had been rotated along
with the beds at the time of block faulting, the suggested
conclusion that the joints were older than the faults
would be confirmed. It is equally possible, however,
that the joints originated in their present attitudes,
after the beds had been tilted.

MAl' PHASE

In the northwest part of the Sacramento section, ac
cording to Bryan," the main block faulting, by which
the present basins and mountain ranges were outlined,
took place after Santa Fe deposition, and hence in late
Pliocene or early Pleistocene time. According to
Bryan:

Most of the existing mountains and highland areas were also
mountains in Santa Fe time. They were reduced in Pliocene
time and were rejuvenated to form the present ranges. Other
mountains appear to have been new-born * '" •. So far as
present information goes, aU the ranges, With [a few exceptions]

B6 Bryan, Kirk, np. cit.. pp. 209-215.
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.. * oil, owe their present positions to the post-Santa Fe-.
uplift.

These post-Santa Fe movements appear to be of the,
same age as the main phase of the uplift of the Guada
lupe and Delaware Mountains.

During this phase the mountains were raised nearly
to their present height and were given nearly their
present form arid outlines. The probable archlike form
of the initial uplift was at this time broken into many
fault blocks, especially near its crest. These blocks
gave rise to the second generation of conseque~ltstreams~
such as those in Dog and ,Vest Dog Canyons. The
faulting did not result from the collapse of the initial
arch, for it is deduced that the arch was not raised as
high during the initial phase as it was afterwards, dur
ing the main phase. The main phase of the uplift
probably resulted from continued application of
stresses like those which caused the initial uplift, but
of sufficient intensity to cause the mountain area to
be further uplifted and to be broken into fault blocks.

Most of the faults in the area probably date from the
main phase of the uplift. The scarps that follow faults
east and west of the Border zone are eroded to the
same degree where they are cut on the same sort of
rocks, such as the Capitan limestone. Moreover, the
scarp along the Border zone exhibits remnants of a
topography equally mature, although most of the pres
ent features of the scarp indicate modification by re
newed erosion resulting from subsequen.t movements.

LATER FRASE

Younger movements in the Guadalupe and Delaware
Mountains are indicated by the faulting of deposits of
probable older Pleistocene age. The movements took
place after an extended period of quiescence, for some
of the deposits that are now faulted Were laid down on
a pediment carved from the disturbed Permian rocks.

Movements appear to have taken place only along
faults that were already in existence, and to have re
snlted in displacements in the same direction as during
the main phase. The displacements, however, were
only about a tenth as great as the older ones, amounting
at most to several hundred feet (p. 113). Movement
took place along the faults of the Border zone and
those immediately west of it, orin a much narrower belt
than during the main phase. Faults to the east and
west "el'e undisturbed.

No definite evidence is available as to whether ot' not
the faulting of the later phase was accompanied by
further uplift of the mountain area. An increase in
the relief of the mountains with respect to the floor of
the Salt Basin is indicated not oniy by the displacements
on the faults themselves but also by the dissection of
the older, probably early Pleistocene deposits, which
was caused by the accelerated activity of streams re
sulting from a change in base level. This dissection,
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however, may have been caused by a subsidence of the
basin, rather than by an uplift of the mountains. The
dissection of similar older deposits on the east flank of
the mountains by streams draining into the Pecos River
may have resulted in part from actual uplift of the
mountains, although it was undoubtedly influenced by
other factors.

The later phase of the uplift is younger than the
deposits of probable early Pleistocene age and older
than deposits of Recent and perhaps later Pleistocene
age, which are undisturbed by it. It is, therefore, per
haps of later F1eistocene age. No evidence for any still
younger movemeuts has been found in the Guadalupe
and Delaware Mountains.

THEORETICAL PROBLEJIIIS

NATURE OF STRUCTURE BENEATH THE SURFACE

Most of the available information on the tectonics
of the Guadalupe Mountains and their surroundingS
relates to features at or near the surface, and very little
is known of the structure of the deeper-lying rocks. A
little information on the subsurface structure is afforded
by wells. Some in the Salt Basin have been drilled in
the unconsolidated Cenozoic deposits, and two in the
Guadalupe ancl Delaware Mountains ha"e been drilled
through the Permian into the underlying rocks. No
geophysical studies have been made in the region.

Some idea of the nature of the structure at depth
can be obtained by projecting downward the features

seen at the surface. On figure 18 the four structure
sections of plate 3 have been redrawn and expanded
downward to the top of the basement rocks. The top
of the basement is assumed to lie 8,000 feet below the
top of the Bone Spring limestone, and faults are as
sumed to have plane surfaces, dipping at the Same angle
underground as on the outcrop.

The actual details of the features shown on the ex
panded sections may be modified by changes in the
structure with depth. The conditions assumed in draw
ing them are obviously too idealized, and may be e"en
unnatural. Thus, the depths to the basement rocks,
although based on thicknesses at the nearest outcrops,
may not be the true figures for the area, and the depth
may change from place to place across the area. Also,
the faults may die out with depth or change their dip.

Dying out of the major faults with depth seems un
likely, however, because it would imply a mass of in
competent rocks below the surface, whereas, so far as
known from nearby outcrops, the beds between the
Bone Spring and the basement rocks are competent
limestones and sandstones. Moreover, in nearby moun
tain ranges, such as the Sierra Diablo and the Sacra
mento and San Andres Mountains (fig. 1), the base
ment rocks are broken by faults of the same sort as
those in the overlying rocks and as those in the
Guadalupe Mountains.

Little can be said as to possible changes in dip of
the faults at depth. Within the limits of observation,

Border 1foullzone
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FIGURE tS.-Cross sections, the same as those on plate 3, but expanded downward to the top of the baSement rocks.
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even where the faults cross areas of high relief, they
seem to have plane surfaces. However, some of the
major faults haye curved traces, concave toward the
downthrow, and this may indicate a similar curvature
in yertical section. Further, some of the fault blocks
west of the Border zone have been rotated, and it has
been suggested that "a tilted block can only rotate
against a curved surface." 87

.As sllown on tlle sections of figure 18, the amount
of vertical displacement by faulting and tilting is
small when compared with the width of the belt of
uplifted rocks or the thickness of the sedimentary shell.
There appears to be a tendency toward simplification
of the structure downward by the joining of closely
spaced faults. so that, at the top of the basement rocks,
the faulting is concentrated along several large breaks,
rather than dispersed along smaller breaks. Details
of these conclusions may be modified by the factors
just discussed. Thus, if the faults are concave on their
downthrown sides, they must intersect at shallower
depths than sho"l'n on figure 18.

RELATIVE VERSUS ACTUAL MOVEME:r:-..'TS

In describing the structure of the region, the Guada
lupe and Delaware Mountains were said to have been
uplifted. and the Salt Basin to have been depressed.
These are relative terms. So far as one can tell from
the present relations between the fault blocks, their
situations might have resulted from differential uplift
of the entire area, from differential subsidence, or from
a combination of the two.

EVIDi:NCE FOR ACTUAL Ul"LIF'1'

Evidence as to the actual nature of the movements
in the Guadalupe and Delaware Mountains is clearer
than in the ranges farther west which are surrounded
by complex tectonic features. The east flank of the
Guadalupe and Delaware Mountains is hinged on the
gently dipping rocks of the Pecos Valley and Llano
Estacado, which stand at a much lower altitude and
remained relatiyely stable during the late Cenozoic
movements. The difference in altitude between the
mountains and the Llano Estacado thus furnishes some
measure of the actual uplift which has taken place in
the mountains.

Before the uplift, which took place after Creta
ceous time, the region probably lay near sea level.
The present height of the mountains has resulted from
uplift above this position, partly by epeirogenic move
ments which also raised the plains to the east, and partly
by more localized disturbances which occurred in sev
eral stages. During the first stage, as suggested by the
stream patterns, the mountain area did not rise to its
present height. A much greater elevation evidently
took place during tlle second stage. Further uplift dur-

8'l' Washburne, C. W" Curvature of faults [abstract]: Geol. Soc,
,.\merica Bull, vol. 89, p. 176, 1928.

755282-48-9

123

ing the third stage is possible but not proved. Appar
ently the mountains never stood much higher than they
stand today.

EVIDENCE FOR ACTUAL DEl'RESSION

The actual moYements th«t h«ye taken place in the
Salt B«sin «re less cert«in than those in the mountains.
The basin has been deeply filled with unconsolidated
deposits, but this deep filling is due more to the absenee
of through-flowing drainage than to any actual eleva
tion or depression. The basin may have subsided while
the mountains were being uplifted, it may have been
raised to a slighter extent than its surroundings, or it
may have rmnained at about its original position, while
the mountains ,,"ere raised around it.

The depth of the rock floor below the surface of the
unconsolidated deposits of the Salt Basin is uncertain,
as even the deepest wells drilled in the basin have failed
to reach bedrock. One well, drilled near the southwest
corner of the area studied, was still in unconsolidated
deposits at a depth of 1,620 feet;" hence the underlying
rock floor lies 2,000 feet or less above sea level. This
level is lower than the surface of the Llano Estacado
east of the mountains, but it may still be higher than
the altitude of the region before Cenozoic disturbances.

In nearby basins, scanty well records indicate that in
places the rock floor beneath the unconsolidated deposits
lies considerably above sea level, and in other places lies
at or below sea level." These relations suggest that the
intermontane basins on the whole were raised above
their original positions, but by smaller amounts than
the wj acent mountains, and that actual subsidence took
place only in a few areas.

ORIGIN OF LATER TECTONIC FEATURES

By what means did the later tectonic features of the
Guadalupe and Dela"l'are Mountains come into exist
ence 1 The features are much simpler than those in
regions where folding and overthrusting prevail, yet
their origin is elusive because of their -very simplieity.
In folded and overthrust regions, lateral compression
of the cnlst is an obvious, dominant force. Here, the
effects of such compression are not clearly evident, yet
the crust has been raised and lowered into mountains
and basins, and has been fractured by faults and joints.
Is this another manifestation of lateral compression, or
have the tectonic features arisen from some other set
of fOTces!

ORIGIN OF J'Oll(TS

The faults and joints that have fractured the rocks
of the region are closely related to the formation of the
monntains and basins. The m«nner in which they are

8S :aaker, C. L., Structural geology of trans-Pecos Texas: Texas Doh.
Bull. $401, p. 171, 1935. Local1ty given as "10 or 12 Dliles north 01'
Figure Two Ranch."

• Sa:rre, A. N., and L1'vlngstou, Penn, Ground-water resouree& of
Ell paso area, Texas: U. S. Geol. Survey Water-supply :Paper 919, pp.
33--85, 1945.



 

 Information Only 

124 GEOLOGY OF THE SOUTHERN GUADALUPE MOUNTAINS, TEXAS

arranged may furnish tangible clues to the orientation
of the stresses that deformed the region. The joints
are more widely distributed and are possibly older
than the faults, hence their origin will be considered
first.

Final interpretation of the joints probably cannot be
made from the study of a small area alone, for there are
likely to be significant regional variations in their pat
terns that can be determined only by a study of a wider
area. Such variations are suggested, for example, by
comparing the observations in the southern Guadalupe
Mountains with those in the Sierra Diablo (pI. 21).
In view of the present lack of detailed knowledge of
these regional variations, conclusions based on joint
studies in the area of this report must be regarded as
tentative.

An explanation of the joints in the area must recog
nize the large number of joint sets present, the parallel
and transverse relations of the most abundant pair to
the axis of uplift, and the greater development of the
next most abundant pair on one side of the axis than on
the other. It must recognize also the common habit of
joint sets to lie at right angles to one another, the
absence of inclined joints except in tilted beds, and the
lack of horizontal shift of one part of the area relative
to another.

The effects of deformation have been pictured dia
grammatically by the figure known as the strain ellips
oid.90 When this figure is compressed, fracturing may
take place normal to its long axis (parallel to its short
axis) as a result of tension, or diagonally to the axes as
a result of shearing. Most joints of regional extent are
probably either tension joints or shear joints. In the
Guadalupe Mountains, where the joints are dominantly
vertical, the long and short axes of an ellipsoid would
lie horizontally, and the forces causing the jointing
would be directed in a horizontal plane.

The dominant joint set in the area, the one that trends
north-northwest parallel to the axis of uplift, is prob
ably of tensional origin, and results from a stretching
of the rocks east-northeastward and west-southwest
ward. This origin is suggested by the great number
of faults parallel to it, which implies that it was the
most open of all the sets of fracture, and therefore the
most subject to movement." The pair of joint sets
diagonal to the dominaut set, trending north-northeast
and west-northwest, may be the result of shear. They

eo Leith, C. K.• Structural geology, revisf>d ed., pp. 21-27, 1923.
llt In most textbooks of structural geology, tension joints are described

as characteristically open and gaping, with irregular, uneven courses,
and rough parting surfaces. (Leith, C. K., ap. cit., pp. 47-58: '''illis,
Bailer. and Willis, Robin, Geologie structures, 3rd ed., p. 118, 1934;
Nevin. C. M., Principles of structural geology. 2nd ed.• p. 153, 1(36),
These features do not seem to be valid criteria in nature, as shown by
the work at Cloos and his associates on plutonic igneous rocks, where the
direction of stresses can be worked out more clearly than in other
types of rock. (Balk, Robert. Structural behavior of igneous rocks:
Geo!. Soc. America Memoir 5, pp. 27-33, 1937.)

are less open than the first, and they are followed by
fewer faults.

The origin of the east-northeasterly joints at right
angles to the dominant set is less easy to explain. If
formed at the same time as the others, they should lie
normal to the direction of greatest compression, or along
planes on which fracturing is not expected to occur.
Some difference between them and the others must exist,
as they are not followed by any faults. Moreover, they
seem to be distributed differently than the dominant
set. The latter, and the faults of the some trend, are
found in greatest abundance close to the axis of uplift,
as shown on plate 21, and apparently are less prominent
eastward, away from the axis. The east-northeasterly
joints are not only common near the axis, but seem to
prevail about halfway between the north and south
ends of the uplift (not far south of the area studied, pI.
21), and to extend for some distance east of the axis.

The east-northeasterly joints may be older, more fun
damental features than the other joints, formed as a re
sult of tension like the dominant set, as a byproduct of
compression at right angles to the axis of uplift, before
it was raised to great height. Their abundance about
halfway between the north and south ends of the uplift
is in harmony with this interpretation. If the east
northeasterly joints are older, they may haw originated
during the early phase of the uplift of the mountains,
of mid-Tertiary and older age (pp. 108 and 120).

Under this explanation, the dominant, north-north
westerly younger joints resulted from a reversal of
forces. During the main phase of the uplift of tbe
mountains, compres8ion continued at right angles to the
axis of uplift but was transmitted into the superficial
rocks in the form of vertically acting movements. As
a result of these yertical movements, tension developed
in an east-northeast and west-southwest direction! caus
in~ the formation of the dominant north-northwest
~

joints along the axis of uplift. This may have taken
place at the same time as, or slightly before, the faulting.

ORIGIN OF FAULTS

The faulting of the area may have taken place after
the jointing as a result of movements along the frac
tures thus formed. If of different age, the faults arose
from a set of stresses different from that which caused
the joints, and merely followed the lines of weakness al
ready created. More probably, they resulted from sim.
ilar stresses, acting on the rocks with greater force than
before.

The faults seem to be tensional features. Wherever
observed, their planes dip toward the downthrow, in
the usual manner of normal faults in other regions.
Study of the structure sections as drawn suggests that
some extension of the crust resulted from the faulting
(fig. 18). Moreover, the narrow and in part deeply de
pressed grabens found in many places could result only
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from an extension of the outer crust. The faults of the
Border zone, following a zigzag course across the
faulted tract (pl. 21), give the impression of a major
tensional break whose trace was determined by already
existing lines of weakness. Near the faults there is no
crumpling or folding, such as one expects from compres
sion. Further, the fanlts are in many places filled by
veins, which suggests that they "ere under tension
rather than compression.

ORIGIN OF 'UPLIFT

The uplift of the monntains and the displacement of
its rocks by faults are closely related movements, yet
they result to a certain extent from opposing forces.
Tensional faulting can lo"er sections of the earth's
crust in the direction of gravity; it cannot raise them.
Nevertheless, the mountains have been progressively
raised against gravity, and from the kno"n geologic his·
tory, it "ould seem that the raising of the mountains
"ent hand in hand with the faulting. The opposition
of the t"o forces is illustrated by sections B-B' and C-U'
of figure 18. If the no" disrupted beds in these sections
were reconnected by moving each fault block back to
its original position, the uplift "ould be much higher
than it noW' is.

Apparently the uplift and the downfaulting "ere
not caused by isostatic readjustment, resulting from
loading of the depressed areas by the deposition of basin
deposits, and from unloading of the elevated areas by
erosion. This factor has been analysed by Gilluly.92
As he points out, isostasy "ould not explain the forma
tion of the initial uplifts and basins. From computa
tions based on an area similar to the Guadalupe and
Dela"are ~Iountains region, he finds that "local com
pensation could theoretically account for perhaps one
third to one-half of the observed displacement." He
concludes, however, that the factor of isostasy is sub
ordinate and "that the ultimate cause of the first fault
ing has likewise been the prime factor in continuing
the moYement."

Tectonic features, such as those in the Guadalupe and
Dela"are Mountains, which include both normal faults
and uplifted areas, have been explained by Bucher" as
resulting from alternations of rather brief, severe times
of compression, and of longer periods of relaxation and
tension, both of "hich are of wide areal ext.mt. "Re
gional tension created the basins and furrows * * *
while the epochs of compression forced up the positive
units." This implies that the faulting, which is of
tensional origin, took place during long intervals be
t"een brief times of uplift of the mountains.

This theory explains many features of the region, but
it also raises many difficulties. There is no evidence

In Gi1lul~, Jame.s, Basin range fa.ults along the OqUirrh Range, Utah:
Gef)l. Soc. America Bull, Tol. 39, pp. 1123-1130, 1928.

113 Bucher. W. H., Tbe <leformation of the earth's crust, pp. 323, 32ts,
Princeton, 1933.
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that the times of uplift were distinct from the times of
faulting; instead, the two seem to have gone hand in
hand. There is also no evidence that the times of uplift
were of shorter duration than the times of faulting.
The last period of faulting, which displaced the older
unconsolidated deposits seems, in fact, to have been rela
tively brief, and to have been preceded and followed by
times of quiescence during which pediment cutting and
other erosion processes acted for a long period without
interruption.

Moreover, considering the region in its relation to
other parts of the southwestern United States it is diffi
cult, by any means of correlation that we now possess,
to separate the times of uplift and faulting in such
ranges as the Guadalupe and Delaware Mountains from
times of compressive deformation elsewhere. Thus,
the first uplift suggested for the mountains, possibly of
pre-Pliocene age, corresponds closely in time to the
period of post-Oligocene folding that is manifested
elsewhere in trans-Pecos Texas. The second uplift and
faulting, of late Pliocene and early Pleistocene age, took
place at about the same time as the broad uplift of the
San Juan Mountains in Colorado" and the strong fold
ing of the Coast Ranges in California." This correla
tion suggests that a single epoch of deformation resulted
in one place in block faulting, in another in epirogeny,
and in a thi.rd in orogeny.

.AE suggested when interpreting the joints (1'. 124)
the Guadalupe and Delaware Mountains may have
arisen as R result or deep-seated compression, mani
fested at the surface by essentially vertical uplift, which
put the surface rocks under tension, thereby producing
along the crest of the uplifted region an extensive sys
tem of tension joints and normal faults.

This interpretation closely resembles the early sug
gestion by Gilbert ,.

that in the case of the Appalachians the primary phenomena
are superficial; and in that of the Basin Ranges they are deep
seated, the superficial being secondary; that such a force as has
crowded together the strata of the Appalachians .. * .. has
acted in the Ranges on some portion of the earth's crust below
tbe immediate surface; and tbe upper strata, by continually
adapting themselves, under gra\'it~-, to the inequalities of the
lower, ha'\e assumed the forms we see. Such a bypothesis.
[implies] * * .. tbat a ridge, created belOW, and slowly'
upheaving the superposed strata, would find them at ODe point
coherent and flexible, and there produces an anticlinal; at
another hard and rigid, and there uplifts a fractured mouoclinal;:
and at a third, seamed and incoherent, and there produces a
pseudo-anticlinal.

Iil.l Atwood, W. W., and Mather, K F., Ph~'siography and Quaternary
geology of the San Juan Mountains, Colorado: U. S. Geol. Survey Prof.
Paper 166, pp. 25-26, 1932.

W Ree<l, R, D., and HOllister, J. S., Structural evolution of southern
California: Am. Assoc. Petroleum Geologists Bull., vol. 20, p. 1595, 1936.

116 Gl.lbert. G. K., Report upon the geology of portions of Nevada, Utab,.
California, and Arizona, examined in the years 1871 and 1872: U, S.
Geog. and Geol. Surveys W. 100th Mer. (Wheeler Soney), vol. 3, p. 62,
1875.
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CENOZOIC DEPOSITS A,'lD LAND FOR)IS

THE RECORD OF CENOZOIC HISTORY

The present section of this report deals with the
Cenczoic history of the sonthern Guadalupe Mountains
and their surroundings. Here, a different method must
be adopted from that used in interpreting Permian his
"tory. For Permian time, a relatively complete record is
contained in the rocks which form the present moun
tains, and this record can be dealt with, step by step, by
following the stratigraphic sequence upward. For
Cenozoic time, the stratigraphic record is incomplete
and scattered, being represented in the southern Guada
lupe Mountains by various unconsolidated deposits.
Gaps in the record must be filled in by interpreting the
land forms, the sequence of tectonic events, and the
stratigraphic record in nearby regions.

Spreading over the consolidated rocks of the southern
Guadalupe Mountains are unconsolidated deposits of
later Cenozoic age (shown on plate 22) . They are gene
crally found in the lower places wl1Cre they form either
a thin veneer over previollsly graded rock-cut surfaces
(pediments), or a thick fill in areas of decided tectonic
relief where the bedrock lies far beneath the surface
(bajadas). The unconsolidated deposits, which have an
obvious source in the present mountains, consist of frag
ments washed in from the higher parts of the area that
were being eroded while the deposits were forming.

Although these deposits were laid down after the
mountains had attained nearly their present form, the
aspect of the mountains is still relatively youthful.
Their escarpments are high and straight and the can
yons that trench them are deep and V-shaped. The
plains that surrolmd them are genenllly bajadas, char
acteristic of the early phases of degradation of a moun
tain area. Pediments, which are characteristic of more
stable conditions, occupy only small areas. Moreover,
some of the older unconsolidated deposits are faulted
and tilted, indicating that the mountains continued to
be uplifted after the deposits began to be spread over
the region.

The unconsolidated deposits are doubtless all of later
Cenozoic age. Deposits that lie near the present streams
are obviously of Recent age; others, which are now dis
sected and disturbed, must be as old as the Pleistocene.
Still other deposits, perhaps of Pliocene age, may lie
heneath the surface of the Salt Basin west of the moun
tains, for deposits of that age are known in the more
dissected desert basins nearby. In the Salt Basin, how
ever, they are wholly concealed from view, as the
younger deposits that cover the floor of the basin have
been penetrated very little by erosion.

The higher-standing parts of the area have been
undergoing erosion ever since the mountains were up
lifted, and have not been covered by deposits. Although
their slopes are still being worn back. certain relic fea-

tures persist, inherited from earlier periods. Some of
those in the mountains are probably older than any nn
consolidated deposits now visible in the plains, and may
date from the early phases of the nplift of the area, or
even before.

RELATION BETWEEN :PRESENT AND PAST

Some of the surface features of the Guadalupe Moun
tains region are of modern origin, but most of them have
been in growth throughout a long span of Cenozoic
time. During most of this time the surface features
were shaped by processes conditioned by an arid climate.
The extensive mountain areas composed of limestone
and the widespread interior drainage system could not
have persisted as well in a humid climate, nor would the
mountain ridges have retained their present harsh out
lines or be so poorly mantled by soil. The deposits of
the old debris aprons (bajadas), like those forming to
day, consist of slightly decayed rock fragments, and the
subsoil on both yonng and old land surfaces is impreg
nated by caliche, a product of soil formation that exists
only in regions of scanty rainfall.

A few of the surface features of the region seem to
be relics of processes no longer at work. Such processes
existed in part during interludes of more humid climate
in ;Pleistocene time; in general, however, the interludes
were too brief to have left much of a mark on the land
scape.

Because of the fact that present and past conditions
are closely related, I feel it desirable, before taking up
the Cenozoic history, to consider the modern landscape
and processes at work on it. The landscape and the
processes are probably similar to those of the past and
their understanding will aid in the interpretation of
Cenozoic history.

THE MODERN LANDSCAPE AND PROCESSES AT WORK
ON IT

CONTROLLING FACTORS

CLIMATE

The southwestern arid region of the United States,
lying south of the middle of the temperate zone, has
short, mild winters, and relatively high temperatures
during most of the year." In the Guadalupe Mountains,
periods of freezing weather are of short duration, and
frost action is much less effective than at higher lati
tudes.

To judge from the record of nearby stations, the rain
fall of the Guadalupe Mountain region varies from 10
inches on the plains to nearly 14 inches on the mountain

ur Thornthwl1lte, C. W.. The Climates or North America according to a
new classification: Geog. Rev" vol. 21, pp. 633-655, pI. 3, 1931.
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summits," the increase ill rainfall with altitude being
clearly reflected by the upward increase in the density
of the vegetation. Like other high-standing desert
ranges, the mountains are a gathering ground for
clouds, and they are likely to capture much rainfall
that otherwise would never reach the ground.

More than half the normal year's rainfall comes in
July, August, and September, and is of the convectional,
thunderstorm type. "The individual afternoon thun
derstorm does not COver much territory. Clouds gather
over a mountain range, where the instability of the air
becomes particularly great; thunder begins to roll at
noon, or in early afternoon, and a short, brisk down
pour covers part of the land that has lain in the shadow
of the thunder heads." 99 These rains are not n~cessarily
torrential. Although tb, run-off that follows them is
rapid, this is less because of the volume and rapidity of
the downpour than because of the barrenness of the land
that reeeives it.1 Occasional rainstornlS during the sum
mer and other seasons are of cyclonic type. Thcy last
longer and cover a wider expanse of territory than the
thunderstorms. Evaporation is rapid, and surfaces wet
by the rains dry out rather quickly afterwards, thereby
reducing the effectiveness of the precipitation as an aid
to plant growth.

Mean annual figures express only poorly the actual
rainfall of the arid region, for actual rainfall fluctuates
frOln year to year within wide limits. During some
years the rainfall, largely by an increase in the number
of cyclonic storms, may be so excessive as to create tem
porary subhumid conditions; during others, it may be
so deficient as to create desert conditions.' Such fluctua
tions seem to take place in 5- to la-year periods, and in
dications of still longer cycles of 50 to 100 years are
suggested by tree-ring records, and by meteorological
observations which are as yet insufficient for any final
conclusion.s

Because of their height and exposed position, the
Guadalupe Mountains are swept by strong winds, which
increase in frequency and violence during the drier
years. The full force of the gales is directed against the
mountain crests, saddles, and plateau surfaces; because
of the strong relief, some points in the canyons and near
the bases of steep slopes are sheltered from winds from
eertain directions.

~ Carter, W. T., and others, Soil survey (reconnaissance) of tbe
trans-PecoS area, Texas: U. S. Dept. Agr., ser. 1928, No. 35, pp. 14-16,
fig. 4, 1928.

lKI Sauer, Carl, Basin and Range forms in the Chiricahua area: Cali
fornia oniY, Pub. in Geog., vol. 3, p. 344, 1930.

1 Russell, R. J., The desert-rainfall factor in denuaation: 16th Inter
nat. Geol. Congo Rept, vol. 2, pp. 761-762, 1936.

~ Russell, R. J., Dry climates of the United States: California Vniv.
Pubs. in Geog.••01. 5, pp. 245-274, 1932. Kendall, H. M" Notes on
climatic boundaries in eastern United States: Geog. Rev., vol. 25, fig. 1,
PP. 118-119, H135.

B Bowman, isaiah, Out expanding and contracting "deserts": Geog.
Rev., vol. 25, PP. 46-49, 1935.
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SOILS AND VEGETATION

The surface of the area is more or less mantled by
typical arid-climate soils, which are thin, poor, calcare
ous, and generally impregnated by caliche at depth.'
The soil profiles of the area, however, may not result
entirely from processes now at work, but may reflect
a climate of the near past, which differed somewhat in
the amount of rainfall, and other features.'

Within the Guadalupe Mountains and its foothills are
extensive tracts of bare rock and rough, stony land,
interspersed with patches of immature, residual soils,
generally full of rock fragments (Ector series).' De
spite the somewhat greater rainfall of the mountain
areas, soils there do not have an opportunity to reach
maturity because they are constantly being washed
away. The higher summits and sheltered slopes of the
mountains support a sparse forest growth, resulting not
so much from favorable soil conditions as from favor
able rainfall. In the lower, drier parts of the mountains,
where the soils are more extensive, the surface is thinly
carpeted with grass, interspersed with sotol, lechuguilla,
other woody shrubs, and a few trees.

On the detrital aprons that fringe the Guadalupe
~fountaills are mare extensive, transported, calcareous
soils (Reeves series).' On the higher parts of the allu
vial slopes they are grayelly loams and gravelly fine
sands. Farther out are silty clay loams, fine sandy
loams, and areas of fine sand that are blown into low
dunes by the wind. The alluvial slopes support vari
ously spaced clusters of creosote bushes and other woody
sbrubs, between which is a sparse grass cover. At the
bases of the alluvial slopes is the nearly level expanse
of the Salt Basin, which is mantled by a deep, gypsifer
ous, alkaline soil (Reeves chalk) " on which is a mode
erately thick growth of wiry yesG grass, salt grass, and
mesquite.

The inadequate soil coyer and sparse vegetation.
greatly facilitate run-off. The cover of vegetation how
ever, is somewhat more effective in resisting erosion
than might be supposed. Sauer' has pointed out that
in the similar area of southeastern Arizona "The rain
fall regime is SUcll that it favors the development of an
adequate cover of vegetation prior to the heavier rains.
The grasses are dormant until the summer rains set' in,
but then get under way with great rapidity. The
heavier summer rains are almost never at the begin
ning, but rather toward the end of the rainy season,
when the vegetation is already well established."

Climatic fluctuations have a largely unknown but
probably important influence on the vegetative cover.

~ Price, W. A., Reynosa problem of south Texas and origin of caliche:
Am. Assoc. Petroleum Geologists Bull., vol. 17, pp. 502-515, 1933.

6 Bryan, Kirk, Gully gru\'ure, a method of slope retreat: Jour. Geo-
morphology, vol. 3, pp. 101-102, 1940,

e Carter, W. T., and others, op. cit., pp. 44-46.
~ Carter, W. T., ana otherS, op. cit., PP, 26-80.
8 Ca.rter, W. T., and others, op. cit., p. 30.
9 Sauer, Carl, op. cit., PP. 342-344.
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"A sharp desert year may have more effect on crops,
tree seedlings, and soil erosion than half a dozen nor
mally moist years. Likewise, a single exceptionally wet
year may start a grass cover that will survive less fav-

o arable years."" During extended dry periods, the
cover may be so reduced as to permit extensive soil
erosion. Bryan and Albritton U report ancient, now
filled arroyos in the flood plains of some New Mexico
and Texas streams, that were cut during such dry
periods, long before the region was occupied by white
settlers.

Conditions of this sort probably have been intensi
fied by the manner in which the land has been used since
white settlement. Bv a combination of droll~ht and. '"
overgrazing, the grass and shrub COlTer in pbces has
been seriously depleted. Much soil erosion is in evi
dence, and formerly lel'el alluvial flats are now pene
trated by steep-walled arroyos.

STREAMS A~"'D THEIR WORK

RELATION TO BASE LEVEL

Streams that flow east from the crest of the Guacla
lupe and Delaware Mountains drain into the Pecos
River, a through-flowing stream at the base of the slope,
50 miles away. Because these streams are members of
a through-flowing system, they are adjusted to either a
constant or gradually lowering base level. Material
transported by them is ordinarily carried out of the
region, and no doubt eventually finds it way to the sea.

Streams on the west slope have steeper gradients and
shorter courses than those on the east slope and are re
ducing the asymmetry of the mountain block by cut
ting headward into the area drained by the east-flow
ing streams. Because they drain into the Salt Basin,
a region of interior drainage, they cannot take material
out of the region, but must deposit their loads at the
bases of the steep slopes. They are probably adjusted to
a slowly rising base level, although accretion of new ma
terial on the basin floor seems to be taking place very
slowly at the present time. It is even possible that the
floor of the .'hlt Basin is being lowered by deflation, but
to the east toward which the dominant winds must
blow, the enclosing mountains seem to rise too steeply
for much material to be blown over them, and so out of
the region.

CHARACTER

Because of the arid climate, no streams flow penna
nentIy in the area, except in sheltered canyons within
the Guadalupe Mountains. During most of the year the
stream channels of the region are dry gra.vel washes,
and what water exists percolates beneath the surface.

10 Bowman. Isaiah, op. tit., p. 50.
11 Bryan, Kirk, Recent deposits of Chaco Canyon, :-ie,\" Mllxieo, in rela.

tion to the life ()f the pre-hlstoric peoples of I'ucblQ Bonito C..1.bstrtlct]:
Washington Acad. Sci. Jour., vol. In, Pli. 75~7G, 1920. Albritton, C. C"
and Br;Pln, Kirk, Quaternary stratigraphy in the Davi,:! iUountains,
trans-Pecos 'l'cxas; Oeol. Soc, Amct'ica BulL, \'01. 50, pp. 14:)3-1454,
1939,

Only after rains do the channels spring into action,
and for a short time become filled by rushing torrents.
During their brief existence the torrents pick up the
gravel and finer detritus and shift it downstream, and
by so doing corrade the bed and banks of the channel.

The streams of the region are thus effective agents of
erosion only during parts of the year, yet they domi
nate the sculpture of the landscape. Except on the
floor of the Salt Basin, the whole surface is penetrated
by channels, each traversing a valley or detrital slope of
its own creation. Not only have the streams been aole
to cut valleys ~nd build up detrital slopes, but many of
them, particularly those draining eastward from the
crest of the mountains, have been able to cut down to
grade or have reached that condition of balance "in
which the ability of transporting forces to do work is
equal to the work they have to do.""

INTERSTREAM AREAS

Between the stream channels that penetrate the region
is a complex of sloping surfa.ces, across which storm
waters and weathered rock fragments travel and are
collected and carried away by the streams below.
Some of them are gently inclined and form plains of
various sorts, which are graded with respect to the
streams and related agencies at work on them. Other
surfaces rise steeply, forming the foothills and moun
tains, and ai-e as yet unconsumed by the attacking
streams. One might suppose, because of their steep
ness and height, that such surfaces were unstable.
Actually, except where they have recently been un
balanced by tectonic or climatic changes, they them
selves are graded for the processes at work on them,
and their inclination is just steep enough for material
to be carried across them.13

The steeper slopes, although graded, remain steep
because the processes at work on them are less effective
than on the gentler slopes. The fragments that lie on
them, being close to their sources, are little broken down,
and being of relatively large size, are not easy to trans
port. At the same time running water performs less
work, for it has not yet gathered into streams, but is
deployed in sheets, rills, and streamlets. In humid
regions, where the steep slopes are mantled by residual
soil, its downward creep is the chief transporting force.
In dry regions, such as the Guadalupe Mountains area,
where the soil cover is thin or absent, gravity is a dom
inant force, acting directly rather than as an aid to
soil or stream movement. The steep slopes thus stand
at an angle only a little less than the angle of rest of
the fragments that cover them. The fragments can
almost slide or rolI of their own weight, and need but
little water to urge them forward.

1: Davis, \V. M" The geographical cycle: GeographIcal essays, p. 261,
Boston, 1909,

1.:1 Dtwis, W. M., Buse-IeYel, grade, and peneplain: Geographical essayi,
Boston, pp. 400-403, 1909.
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In granitic mountains of arid regions, it has been
observed that the steeper graded slopes change with an
abrupt angle into the gentler graded slopes at their
bases.14 In nongranitic mountains, however, such U$

those in the area of this report, the steep slopes charac
teristically grade into the gentle ones through a concave
arc." This differcnce in profile is probably caused by
the difference in sorts of wcathered materials that lie
on the two types of surfaces. Those in nongranitic
mountains are likely to be smaller, and subjcct to more
rapid disintegration as thcy move down the slope, than
are those in granitic 111ountains. Hence, the grade
nceded to transport them lessens down the slope, I'esult
ing in a elilTed profile. In the nongranitic area of the
southem Guadalupe Mountains such features are char
acteristic, 3nd the mountain slopes change gradually
rather than abruptly into the plains at their bases.

The gentler-graded slopes have a lower angle because
of the greater effectiveness of the transporting proc
esses. Fragments that reach them haye been in process
of transport for a longer time, und hence have been
reduced in size by breakage when falling, by abrasion
when carried by water, and by weathering when at
rest. Here, running water has gathered into streams
of small to large size. The gentler slopes are, to a
large degree, graded with respect to the streams, either
by cutting down the bedrock, or by building up the
areas below grade through deposition. The worn-down
bedrock surfaces of arid regions are called pediments,"
and the built-up surfaces underlain by deposits are
called bajadas."

CONTROL OF DEGRADATION BY STRE,b.MS

Degradation of such an area as the Guadalupe Moun
tains, made up of graded surfaces of varying degrees
of steepness, takes place by the propagation of activity
backward and sideward from the streams that drain it,
thereby extending the gentler slopes, which become
adjusted to the more effective transpOl·ting agents, at
the expense of the steeper slopes, which are adjusted to
the less effective transporting agents. By cutting down
ward, the larger streams renew the activity of the
smaller ones, on the adjacent pediments and bajadas.
They are not only lowered, hut are also extended moun
tainward, thus reviving the activity of sheet wash and
'graYity on the graded mountain slopes. As a result,
the mountain slopes retrcat in their turn.

Degradation of tlle Guadalupe Mountains region has
not yet reached an advanced stage, largely because the
mountains are still geologically young. Although most
of the surfaces are graded, steep slopes still dominate,

H Br,:.·sn, Kirk, Erosion tlnd sedimentation in the Papago countrr, Ari·
'Zona; U. S. Geol. Survey, Bull. 730, p. 55. 1923,

'llI Da,is, W. M., Sheetftoods and stream:lloods: Oeol. Soc. America
Bull., Tal. 49, pp. 1374-1319, 19038,

l~ Brran, Kirk, op. cit., p. 52.
1~ Tolman. C. F .• Erosion and sedimentation in the southern Arizona

bolson region: Jour. Geology, vol. 17, pp. 141-142, 1909.

129

and pediments are narrow. The gentlcr slopes along
the western edge of the mountains are mostly bajadas
"characteristic of disturbed conditions."" They are
formed during the early stages of degradation of a
tectonically unbalanced region by the effort of streams
to attain a graded slope.

MOUNTAIN SLOPES

XlNDS OF SLOPES

In the Guadalupe Mountains region, the steep slopes
of thc mountains and foothills are carved from lime
stones, sandstones, and other stratified "sedimentary
rocks. The inclination of the slopes depends to a large
degree on the nature of the rocks from which they are
carved." Rocks that are massive and little jointed
weather out in large blocks that are difficult to trans
port, and hence form steep slopes or cliffs. The rocks
that break up intD small fragments are worn back into
surfaces with a lower inclination. Here, as in the coun
try described by Bryan," the mountain slopes can be
classified, according to steepness, into cliffy slopes,
boulder-controlled slopes, and min-washed slopes.

Because of the arid climate and consequent ineffec
tiveness of solution weathering, the limestones of the
region are resistant to erosion. Some of those in the
Guada.lupe Mountains, belonging to the Capitan and
Goat Seep formations, a.re so indistinctly bedded that
they behave as massive rocks. In most places they form
steep, graded, boulder-controlled slopes, but on the west
side of the mountains, where underlying, poorly resist
ant sandstones are laid bare to erosion, sapping at their
bases has maintained them in cliffy slopes.

In other parts of the region the limestones and sand
stones are well bedded. Some of these well-bedded rocks
give rise to weathered blocks so large that they form
boulder-controlled slopes almost as steep as those of the
massive limestenes. The sandstones of the Delaware
Mountain group form steep slopes of this sort in places,
even though they consist largely of thin-bedded mate
rial, because layers supplying large weathered blocks are
either interbedded with them or overlie them. Else
where, the thin-bedded sandstones are cut back into
gentle rain-washed slopes graded for the transportation
of their own fine-textured weathered detritus.

Because of the general absence of soil creep in the dry
region, the different classes of slopes tend to maintain
their identity, even when erosion is far advanced."
Massive rocks continue to project as cliffy slopes.
Boulder-controlled slopes and rain-washed slopes stand
at nearly the same angle during their retreat, instead
of being worn down to more subdued surfaces.

18 Blackwelder, Eliot, Desert plains: Jour. Geology, vol. 39. pp. 138
139, 1931.

19 Lawson, .A.. C.• Epi~ne profiles of the desert: California Dlliv, Dept.
Geol. Bull., vol. 9. p. 29, 1915.

2a Bryan, Kirk, op. clt., p. 42.
21 UaTis, W. M., Rock floors in arid and humid regions: Jour, Geology.

vol. 38, p. 146, 1930.
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WEATHERING PROOESSES

The rocks uncovered on the slopes already contain
planes of weakness (bedding and joints) which deter
mine to a large degree the size and shape of the frag
ments into which the rock will subsequently break.
When the rocks are exposed to the weather, the proc
'esses of disintegration and decay work inward along
these planes, loosening the intervening fl'l1gments and
modifying their surfaces. Weathering takes place
mainly by chemical, and partly by physical processes.

The calcitic and dolomitic limestones weather mainly
by chemical processes and especially by the dissolving
action of water, although its work is retarded by the
dry climate. In South McKittrick Canyon, the open
ings of numerous solution caverns can be seen on the
mountain sides, and the stream itself is so charged with
calcium carbonate dissolved from the limestones of its
drainage area that it is depositing maSses of travertine
in its channel. At one place in Pine Spring Canyon,
solution of the limestones along joints has etched these
rocks into groups of pinnacles. Elsewhere. solution
has produced less striking forms, yet it has be~n at work
on nearly every outcrop, producing jagged surfaces,
and dividing the rock into blocks along widened joints.

Physical processes of weathering have aided.in break
ing down the limestones, as many of their surfaces are
exfoliated. Ledges and residual blocks are in places
bounded by curved surfaces, and contain incipient
curved cracks within the rock. Broken spalls lie near
them on the (':round. The exfoliatino- blocks rano-e

~ b b

from a few feet to 5 or 10 feet in diameter. In the
area of Goat Seep limestone in the western foothills
of the mountains, the spalls have angular outer Sur
faces, deeply pitted by solution, but smoothly curving,
fresh, clean-cut inner surfaces, indicating that blocks
previously shaped by solution had suddenly been split.
Analyses of the spalls here and elsewhere show them
to consist of calcium or magnesium carbonate, with
few impurities.

These features are not easy to explain, for both cal
citic and dolomitic limestones have a low coefficient of
expansion, which would make their breaking by normal
temperature changes unlikely. Moreover, they do not
contain minerals that change in volume during chemi
cal decomposition, and thereby set up strains within
the rock. It is possible that some of the exfoliation was
caused by the heat of brush or forest fires." Some of
the most prominent spalling is in exposed, rocky areas,
that do not support much vegetation, where its origin
is not clear.

The thicker-bedded sandstones weather mainly by
such physical processes as exfoliation and granular de
cay. Weathering along joints and the sapping of
weaker beds beneath break them into great, rectangular

blocks. Exfoliation reduces many of these blocks to
rounded boulders or shapes them into pedestal rocks.
Exfoliation shells are constantly developing. Thus,
some Indian pictographs in a shallow recess near
Chinamans Hat are partly destroyed by the scaling off
of thin sheets of the rock on which they were painted.
Some chemical processes work hand in hand with the
physical processes. Ferruginous material tends to con
centrate as a desert varnish near the surface of the
sandstones, forming a resistant brown crust over the
softer, more friable rock. Later weathering has sought
out weak places in the coating, and has cut out pockets
that extend behind it.

The thin-bedded sandstones weather, largely by
physical processes, into fine-textured debris, such as
chips and plates broken out along closely spaced bed
ding planes and joints, and into sandy soil produced
by granular disintegration.

PROCESSES THAT LOOSEN WEATHERED BLOCKS

After being split by weathering, the rock debris is
set free in various ways from its parent ledges, and is
made aVll.ilable for transportation. Large amounts of
material are no doubt thus released by the weathering
away or washing out of the rocks that support them,
especially if the supporting rocks belong to a poorly re-

, sistant stratum. Some are loosened during the colder
months by frost. Thus, on a warm, sunny day that fol
lowed a period of freezing weather in November 1934,
H. C. Fountain and I saw and heard many rocks fall
from the cliffs near Guadalupe Peak. 'Water that had
run into crevices and frozen there had pried the rocks
apart, and the melting of the ice was no doubt letting
the newly broken rocks fall. The work of frost in this
region, however, is less effective than at higher altitudes
and latitudes.

Some fragments may be broken from their ·parent
ledges by catastrophic forces. Fresh scars that dot the
slopes of the Guadalupe Mountains, where blocks have
recently come off, have been pointed out to me by local
residents as marks left by lightning. It is true that
lightning plays about the mountain sides during every
thunder storm, and trees riven by lightning bolts can
be seen on most ridges. The suggestion that lightning
made the scars in the rocks, however, seems to be based
on inference rather than observation, and it is unlikely.
that it could break free any more than small rock masses.
Some blocks previously loosened by weathering may be
shaken free by earthquakes. Thus, W. B. Lang reports
that during the Valentine earthquake of 1931, whose in
tensity in the area was VI, there were slides of rock in
the McKittrick ancl Dog Canyon areas." Mr. A. J.
Williams, who lived near the cliffs on the west side of
the mountains, however, did not observe any rock falls
from them at this time.

D Blackwelder, Eliot, Fire as an agent in rock weathering: .Tour. 23 Sellards, E. H" The Valentine, Texas, earthqunke; Te;tus Unlv.
Geology, vol. 35, pp. 134-140, 1927. Bull. 3201. pp. 116 (map), 125, 1933.
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Some of the largest rock falls in the area have come
from a place near the top of the cliffs on the west side
of the Guadalupe Mountains a few hundred yards north
of El Capitan. According to Mr. J. T. Smith, of
Frijole, one of them took place about 1920, when so
large a mass was suddenly loosened that its impact
shook the windows of his ranch, 4 miles away. An
other mass fell from the same place in December 1934,
when H. C. Fountain and I were in the region. The
cause of these rock falls is undetermined, but they seem
to come from a place on the cliffs tk,t has been much
weakened by weathering.

TRANSI'ORTATION OF :r.£ATERIAL ON SLOI'ES

A.fter being set free, the weathered fragments are
moved down the slopes by transporting "gents. On the
cliffs, where they c"n frtll to the base with0ut hindmnce,
transportation is by gravity alone. Elsewhere, al
though fragments may be "ble to roll for short dis
tances, they must he continually urged forward by rain
wash. Most of the mountain sides are graded to a com
bination of gravity and washing. According to Bryan,"

The processes of transportation on slopes are complex and
interrelated; frost action, creep, and rain wash, as well as
chemical and biological actiYities are complex in cbaracte:r,
and each one enters into the intricate combination of processes
that are active on anyone slope. * * It For periods of
se,eral or even scores of years, tbe rate of removal of material
may be morlerate, and thus the retreat of slopes in anyone local
ity may appear relatl.ve1y slight. The secular -processes of chem
ical deca~', of creep, and of rain wash IDay appear to be dominant
but also inconsequential. Suddenly this quiet, progressive action
may be interrupted by the relativel~' violent action of great
storms. '" *' '" Tbe formation.of gullies appears to he a recurrent
phenomenon, dependent on the incidence of gr~at storms. The
periodicity of such storms is one of the most important char
acteristics of the climatic regime, and the retreat of slopes in the
desert of Arizona, and perhaps elseWhere, is a pulsatory pbenom~

enon, depending on the irregular incidence of major storIllS.

The material in transport on the boulder-controlled
slopes consists of boulders and smaller fragments, down
to pebble size, generally of angubr shape and either
scattered singly or gathered in waste streams approxi
mately one boulder deep. Soil is almost absent, and soil
creep plays little part in the movement of detritus. In
most places, the bedrock is scarcely or not at all con
cealed by the surficial material.

On boulder·controlled slopes carved from interbedded
tllin- and tllick-hedded sandstones, large blocks from
the thicker layers strew the surface in great numbers.
They seem to be so lightly placed that one expects their
movement will be rapid; in fact, Mr. Walter Glover re
ports that where United States Highway No. 62 has
been cut into one of the slopes of Guadalupe Canyon,
several sandstone blocks have fallen on the road in re
cent years. Close study of the sandstone blocks on the

24 Bryan, Kirk. Gully gravure, a method of slope retreat: Jour. Geo·
morphology, ,"01. 3, pp, 90-91; 1940.

slopes, however, ShO'''8 that in mo~t places their move
ment must be Yery slow. Most of them rest on flat faces
Or haye been rather firmly anchored by the surrounding
debris. Few of them can be pushed by hand from their
present positions, and those few are generally caught
again by other blocks after rolling a few feet down the
slope. On one of the slopes of Gualalupe Canyon not.
far from the cut of the highway a large block has an
Indian pictograph on one face. This pictograph is in
such a position that the block cannot have moved ap
preciably in the hundred years or more since it was
made.

Large blocks lie 011 the lower slopes of Pine Spring
and McKittrick Canyons. They are of massive lime
stOlle, and some are more than 30 feet across. They do
not seem to be in the process of movement at the present
time. They may have rolled to their present positions
after having been released from the steeper slopes above.
Probably they have not moved since, except during yio
lently torrential rainstorms.

On the slopes carved from the nonresistant rocks, such
as thin-bedded sandstone and anhydrite, weathering has
produced more soil than elsewhere. Movement of
material by soil creep here may be of some importance.
At any rate, the land surface, particularly in the anhy
drite area, is reduced to subdued, gently rounded forms,
which resemble the soil-cloaked slopes of humid regions
more closely than do any others in the area.

CLIFFY SLOI'ES

The most prominent cliffs in the area are those near
Guadalupe Peak and El Capitan at the south end of the
Guadalupe Mountains, which form the top of a high es
carpment, and are themselves 500 to 1,500 feet high.
They are carved from calcitic and dolomitic limestones
of the Capitan and Goat Seep formations, whose bed
ding plajles are either so indistinct, or so welded to
gether, that they haye little influence on the weathering
of the rock. The rock is tmversed hy several sets of
joints, many of which extend through the full height of
the cliff.

In horizontal plan, the cliffs consist of several seg
ments of north-northwest trend, parallel to the domi
nant joint set of the region, and of shorter offsets of
west-northwest trend. In vertical profile, they consist
of smooth, fresh, vertical parts that follow single joint
planes, separated by craggy parts carved from tlie rocks
between the joints. The craggy parts are more weath
ered than the vertical parts, and in places some vegeta
tion has obtained foothold upon them.

At their tops, the cliffs intersect gentler slopes that
dmin to the east. The angle of intersection is generally
sharp, as though the cliffs were being cut back more
rapidly than the slopes. The profile of the cliff summits
as seen from the west is undnlatory, each low place
marking the beheaded end of an east-draining valley.
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Th.e map relations of the cliffs are sho.wn on plate 3,
and III greater detaIl on plate 9. TheIr structure is
s~own on ~he sections of plate 9, and section K-K', plate
1,. For VIeWS of them, see the aerial photograph, plate
1, and the panoramas, plate 5, A (which shows their
appearance from the south), and plates 5, Band 12
(which show their appearance from the west).

The relations of the cliffs to jointing can he seen on
the strncture map, plate 20, where the pattern of the
cliffs can be compared with observed joint trends. The
joints are suggested on plate 12, A, where many of the
vertlcallines are drawn along actual joint planes. The
undulatory profile of the cliff summits is well shown in
[he "iew from the west, plate 5, B.

Through most of their length, the cliffs surmount a
slope 500 to 2,000 feet high, carved from the underlying
less resistant sandstones of the Delaware Mountain
group. The sandstone slopes are more or less mantled
by blocks of limestone that have fallen from the cliffs
above and have gathered into long ,vaste streams be
tween projecting rock spurs. The 11eads of the waste
streams conceal the top of the DOOl'ly resistant sand
stones and generally extend up ·to, b;lt not above, the
base of the oYerlying cliff-making formations. In
places, however, the waste streams extend headward
above their buse along recesses cut along cross joints.

The cliffs in this district owe their prominence to the
lofty position of the massive limestones, and to the poor
resistance to erosion of the beds which underlie them.
The cliffs' stand high above the base-Ieyel of the Salt
Basin to the west, in whose drainage system they lie, and
are separated from its flanking bajada by mountain
slopes thousands of feet high. Ordinarily the cliff
making rocks would wear back to graded, boulder-con
trolled slopes as they do in other parts of the area, but
here they are continuaUy renewed by the rapid et'osion
of the beds beneath. The beds beneath, moreover. form
steeper slopes than they would assume without the cap
ping of massive rock, because they are graded for carry
ing away not their own weathered fragments, but the
larger, more unwieldly fragments from the cliffs above.

Views of the slopes below the cliffs can be seen on
plate 12, A, the waste streams appearing most promi
nently below EI Capitan and Guadalupe Peale "Vaste
streams now in the process of formation (labeled
"younger slope deposits") are shown on plate 22. Fio-
ure 231 B, shows profiles of the slopes below the cliffs,
mcludmg both a surface beine cut in the present cycle
and one formed in a ]last cycle. The rrofiles of figur~
23, A, show hyp~thetlca]]y the SucceSSIve stages in the
erOSIOn of clIffs like those described which stand above
slopes carved from less resistant beds.

The slopes below the cliffs seem to have just attained
grade (stages 3 and 4, fig. 23: A). Before grade waS
reached, the slopes were being cut back, either from an
original steep fault smface (stage 1), or from a graded
surface of a previous cyc~e. Then (stage 2) they were
free of waste because blocks that fe]] on them from the
cliffs could roll to their hoses. Thc poorly resistant
beds next beneath the cliff-making formations 'vere thus

exposed to erosion, a]]owing the cliff bases to be sapped,
loosening slices of rocks from the cliffs. During this
period, there was little time for weathering at the tops
of the cliffs, and the cliffs cut off the graded slopes to
the east at an acute angle.

Now that the slopes below the cliffs have been graded
(stage 3), a mantle of talus and other waste has spread
over them, which is just thick enough to be kept in
motion by gravity and rain wash. This has so con
cealed the poorly resistant beds beneath the cliffs that
the cliffs are being cut back more by weathering than by
sapping. In places, the weathering of recesses in the
cliffs has permitted the waste to encroach upward onto
the cliff-making formations themselves (stage 4).
Weathering of the tops of the cliffs has become impor
tant, tending to round their angle of intersection with
the slopes behind. Material that is now falling from
the cliffs comes from their tops, rather than their bases.
To judge from the processes now at work, continued
erosion will cause the waste streams to be extended
farther up on the cliff-making formations (stage 5),
and cause the cliff tops to be lowered by weathering.

BOULDER-CONTROLLED SLOPES ON MASSIVE ROCKS

The cliffs into which the massive Capitan and Goat
Seep limestones haYe been carved are exceptional fea
hIres in the region. In most places the same rocks form
sloping mountain sides with an average inclination of
30 to 35 degrees. Such slopes are we]] developed in the
southeast part of the Guadalupe Mountains, in the area
drained by Pine Spring and McKittrick Canyons, and
form the whole surface of the Patterson Hills southwest
of the mountains. •

A general riew of the slopes of this sort can be seen
in the aerial view, plate 18. Note the similarity in an!;le
of slope on all the ridges. More detailed views of tile
bonlder-controlled slopes which form the walls of North
McKittrick Canyon can be seen in plate 16, B.

These slcpes have been carved from rocks of the Same
composition and with the same spacing of bedding
planes and joints as those which make the cliffs. Slopes
rather than cliffs have formecI because the underlying
poorly resistant sandstones are scarcely or not at all
exposed at the bases of the limestones. Instead of sur·
mounting fi. long sandstone slope, the slopes on the mas~

sive limestones rise almost directly from the stream
beds, pediments, or bajadas below, so they cannot be
steepened hy sapping at the base. They llre therefore
graded slopes, adjusted to the transportaticm acrosS
them of their own weathered rock fragments by gravity
and rain wash.

On broader view, the mountain sides cut on massive
rocks are smooth, but in detail they are a complex of
bouldery rock surfaces, discontinuous ledges, cJiiRets,
ancI patches of stony soil and slope wash. The cliiRets
form where the rocks are most massive and least jointed,
and are not especiaJIy ml1intained by nndercutting be-
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low. Ridge crests c[ll'\'ed from the massive rocks alone
"re likely to be sermte or slightly rounded, but many
·of those in the southeastern Guadalupe Mountains are
~apped by flat-topped remnants of the overlying, well
bedded Carlsbad limestone. (Summits of both kinds
appear in pI. 18.)

BOULDER-CONTROLLED SLOPES ON BEDDED ROCKS

Below the cliffs on the west side of the Gnadalupe
Mountains are slopes se'-eml thousand feet high, carved
from hedded sandstones of the Delaware Mountain
group. Similar slopes form most of the surface of the
west-facing esearpUlcnt of the Delaware :Mountains to
the south. The slopes have been carYed for the most
part from soft, friable, thin-bedded sandstones that
weather into small fragments. They would have been
cut back to a low angle were it not that they are graded
for the transportation across them of large, ulYwieldy
fragments. In the Guadalupe Mountains, these frag
ments are of massive linIestone and have fallen f1'0111 the
cliffs abm-e. Elsewhere. they are of thick-beclded sand
·stone and limestone that cOl~e from layers interbedded
in the thin· bedded sandstone. Slopes controlled by such
boulders are likely to be as steep as those carved from
the massive limestone.

Xlong tbe Dela,,-are Mountains escarpment, most of
the interbedded thick layers are of massive sandstone
in beds as much as 100 feet thick, but near the rim of
the escarpment there are several limestone beds. The
thick-bedded sandstones form benches and lines of cliff
lets on the mountain sides, and one of them projects as
a broad shelf about halfway up the slope below El
Capitan. 'There there has been considerable dissection,
the massive beds form the caps of flat-topped mesas and
castellated buttes, and where the strata are tilted, as in
the foothills west of the mountains, they l~se in hogback
ridges.

For a general view of slopes of this sort see the pana
Toma, plate 5, A, where they form most of the escarp
,,?ent of the mountains below the cliffs, in the center and
TIght-hand parts of the view. A more detailed view of
the slopes below El Capitan appears on plate 1, and of
the slopes in the Delaware Mountains farther south on
plate 14, O. The latter shows some of the character
lstic butte-and-mesa topography of the area.

Steep slopes carved from bedded rocks of another sort
form most of the surface in the northwest part of the
southern Guadalupe Mountains. These rocks are dolo
mitic limestones of the Goat Seep and Carlsbad forma
tions, which lie in thin, even beds, with occasional breaks
of softer, more marly or more sandy material. Slopes
carved from them are not as steep as those carved from
the massive limestones, and they have a very different
aspect. 'Veathering has accentuated the already well
marked bedding planes, so as to give the mountain sides
a banded appearance. Each white hand is a ledge of
limestone somewhat thicker than the rest, and each in-
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ten-ening dark band is a soil-covered slope cut on
thinner-bedded limestone, sandstone, or marl.

A typical view of slopes of this sort can be seen in the
panorama, plate 14, A. Their appearance can be com
pared with that of boulder-controlled slopes cut on mas
sive rocks on plate 16, B, where slopes of bedded rock
form most of the canyon wall to the left, and slopes of
massiYe rock most of the canyon wall to the right.

Ridge crests on the bedded dolomitic limestones are
likely to be gently rounded, spreading out into flattish
surfaces on the broader divides, and narrowing into
castellated walls between closely adjacent valleys. Few
of the ridge crests follow any single bedding plane, but
near Cl1toff Mountain where the rocks are steeply tilted,
broad dip slopes have been cut on some of the surfaces of
the limestone beds in the Goat Seep and Bone Spring
forma tions.

RAIN·WASHED SLOPES

Besides the high, steeply sloping mountain sides that
dominate the landscape in the southern Guadalupe
~Iountain region, there are other surfaces, as yet not
reduced by streams, that have angles of 20 degrees or
less. Slopes of this type form the sUIUmit and east slope
of the Delaware Mountains in the southeast part of the
area studied, and the hillsides of the Gypsum Plain to
the east. They have been cut from thin-bedded sand
stones of the Delaware Mountain group, from lime
stone layers interbedded with them, from anhydrite of
the Castile formation, and from Quaternary gravels
that in places spread over the bedrock.

A typical view of such topography can be seen in the
panorama, plate 4, A, where the sandstones form the
slopes and valley bottoms, and the limestones and
gravels the mesa tops.

The thin-bedded sandstones are similar to those from
which ti,e steeper escarpments to the west haye been
caned. Here, however, few of the harder, thicker, in
terbedded layers are exposed on any indiyidual hillside.
Few large blocks are therefore contributed to the slope
deposits, and the slopes are graded mainly for the
transportation of fine-textured debris. Where unpro
tected by harder beds, the sandstones are worn baek into
gently rounded, grass-covered hills.

'Vhere harder limestones are interbedded, the over
lying poorly resistant sandstones haye generally been
stripped from the limestone surfaces, and the limestones
form the caps of flat-topped mesas or of gently sloping
cuestas. At the edges of the mesas and cuestas the
limestones break off in low cliffs or chains of ledges,
below which are slopes formed on the underlying sand
stone, whose angles are steeper than those where no
capping is present.

The Quaternary gravels, ,,-hich spread as a sheet oYer
the rocks of the Delaware Mountain group for several
miles southeast of the edge of the Guadalupe Moun
tains (pI. 22), are almost as resistant to erosion as the
hard limestone and sandstone layers interbedded with
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the thin-bedded sandstones. The deposit consists of
closely packed cobbles and pebbles of resistant lime
stone washed out from the Guadalupe Mountains,
cemented in many places by caliche. Even where not
cemented, however, the gravels are probably so porous
that water falling on them mostly sinks in, and erosion
by rain wash and rills is therefore retarded." Because
of their resistance to erosion, the now dissected rem
nants of gravel stand as sloping plains scored by nar
row ravines or, where more greatly reduced, as flat
topped patches on the divides, not unlike the mesas
carved from the hard layers of the bedrock.

PLAINS

The Guadalupe and Delaware Mountains and neigh
boring ranges of the arid region, composed of slopes
of the sorts just described, rise abruptly from gently
inclined plains which surround them like pedestals.
To One who travels through the region, the mountains
appear to dominate the scene, and the plains seem fore
shortened to the eye. By comparison with the diverse
and rugged mountainsides, their surfaces appear fea
tureless and monotonous. Actually, the plains. of the
arid country occupy as wide an area as the mountains,
and their surfaces, although less impressive, are equally
diverse in form tlnd origin.26

Large areas of the plains, particularly near the
mountain bases, are dominated by the work of streams,
which, in an effort to accomplish a graded slope, have
shaped the plains into characteristic profiles. In part
the plains are bajadas which have been built up by the
deposition of detritus, and in part they are pediments,
which have been carved out of the bedrock. 'West of
the bajada that fringes the western base of the
Guadalupe Mountains is the broad, nearly level floor
of the Salt Basin, a typical desert bolson." Here, there
is little evidence of stream work, and many of the fea
tures found on its surface seem to have been shaped by
the wind.

ORIGIN' OF BAJADAS AND PEDIMENTS

Bajadas are graded depositional surfaces built up by
streams." Streams lay down deposits where they lose
the power to transport the loads that they were carry
ing in their npper courses, either by loss of volume or
loss of gradient. Volume is lost at the edge of the moun
tains partly because the mountains are the chief source
of rainfall, and streams are not renewed on the plain,
and partly because the streams sink into previously

25 Rich, J. L., Gravel as a resistant rock: JonI'. Geology, vol. 19, p.
4-94,1911.

:IlIBlackwelder, Eliot, Desert plains: Jour: Geology, voL 39, pp. 133
140,1931.

27 Hili, R. T.• Ph.rsical geography of the Texas region: U. S. Geol.
Survey Topographic Folio 3, p. 8,1900.

28 .rohnson, W. D., The HIgh Plains and their utiHzaUon: U. S. Geol.
Survey, 21st Ann. Rept., pt. 4, pp. 613-622, 1901. Tolman, C. F" Ero
sion and sedimentation in the southern Arizona botson country: Jour.
Geology, vol. 17, pp. 155:-158, 1909,

formed deposits, or dry up by evaporation. Gradient
is lost because the stream enters either a region whose
slopes have been changed by tectonic activity, or one in
which the slopes were planed off to a low gradient under
earlier, more favorable climatic conditions. Deposition
continues until streams reach grade, and are able to
carry their loads across the slope.

During the earlier stages of the degradation of a
region after tectonic activity has' ceased, when much
coarse detritus is available and when many surface ir
regularities must be smoothed out, streams occupy them
selves mainly with building up the depressed areas.
Most of the plains along the mountain bases at that
stage are bajadas or constructional surfaces. Later on,
as the period of crustal stability lengthens, the streams
begin to plane off the lower margins of the uplifted
blocks, and wear down their rocks into pediments or
erosional surfaces. Along the flanks of the Guadalupe
and Delaware Mountains, which are still geologically
young, most of the plains are bajadas, and pediments
are narrow or absent. Pediments, however, have de
veloped extensively during times of stillstand in the
past. They are continuing to form, and if there are no
great tectonic or climatic disturbances in the future,
their area will be further extended.

Because pediments and bajadas are graded sudaces,
they are cut down or built up until there is a balance
between the transporting forces and the load to be car
ried. The strength of the transporting forces and the
nature of the load varies, however, in response to re
newed tectonic activity, to changes in the amount of
rainfall, or to reduction of the mountain masses by deg
radation. Some of the larger tectonic or climatic fluc
tuations that occupy a long span of time so disturb the
balance between transporting forces and load that they
are reflected in the land forms. As a result, pediments
may be dissected by accelerated erosion, and bajadas
covered with sheets of material supplied by renewed
aggradation. Also, bajadas may be dissected and pedi
ments aggraded, thereby superimposing one contrast
ing type of land form upon the other. Such land forms
of mixed origin are common in the Guadalupe Moun
tains region, suggesting a varied geomorphic history in
the near past.

PEDIMENTS

The pediments of the area have been cut only on the
less resistant rocks, such as the sandstones of the Dela
ware Mountain group. They are most extensively de
veloped where that group crops out on the east slope of
the Delaware Mountains, and in the foothills to the west.
Here, broad pediments have been cut in the past, and
narrower ones are now being cut at lower levels.
The limestones of the Guadalupe Mountains have been
planed off very little, and most of the streams that drain
them still flow in V-shaped canyons. The pediments of
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the area appear to have been cut by streams rather than
sheet floods."

The areal distribution of the pediments that are form'
ing today is shown on plate 22, where the~ occupy the
areas labeled "younger pediments" and 'stream allu
vium and cover of younger pediments." A small pedi
ment area in the Delaware Mountains, thinly covered
by depositR, can be seen along the stream channels in
the foreground of plate 4, A. A more extensive pedi
ment area, west of the Delaware Mountains, extends
acrosS the foreground ofIIate 5, A. Here, most of the
lower ground is covere by deposits whose surfaces
merge northward into a baJada which may be seen in
the d'stance.

The pediments on the east slope of the Delaware
.Mountains are strips of f1attish ground spread out side
ward from the flood plains of the streams, into which
they merge at their lower edges. In places they are
mantled only by coatings of residual and transported
soil; elsewhere they are thinly covered by fine-grained
alluvium. Older pediments, later buried under a sheet
of gra vel and now dissected to depths as great as 100
feet, occur in the SRIne area and fringe the southeast
base of the Guadalupe Mountains.

The pediments west of the Delaware Mountains form
an irregular network that penetrates the foothill ridges
of harder rock and mesalike remnants of an older,
higher-standing, gravel-capped pediment. The pedi
ments have been extended sideward from streams that
flow westward across the foothills to the bajada at the
edge of the Salt Basin. Owing, perhaps, to a gradual
rising of the base level of the streams, most of the pedi
ment areas are covered by alluvial deposits, probably of
small thickness. Toward the divides, however, the rock
surface is laid bare, and rises here and there in low
protuberances, whicJ, probably mark the sites of former
buttes, whose hard cappings have now been eroded away.

BAJ'ADAS

A bajada extends as a wide belt along the west side
of the Guadalupe and Delaware Mountains, between
the base of their west-facing escarpment and the floor
of the Salt Basin. The unconsolidated deposits which
compose the bajada are spread over a bedrock surface
that probably has many irregularities of tectonic origin,
and in places the deposits may be very thick. A some
what similar area extends along the base of the Reef
Escarpment, southeast of the Guadalupe Mountains.
Here, however, the unconsolidated deposits are spread
over the surface 'of the older pediment noted above, and
are of no great thickness. They are now being dis
sected, and no further deposition is taking place on them
at the present time.

The bajada on the west side of the mountains is shown
on plate 22, where it occupies the area labeled "younger
fanglomerate." Note the pattern of the streams on its

2. Davis, W. M., SheetflGods and streamfloods: Geol. Soc. America
Bull., l'Gl. 49, pp. 1337-1416, 1938.
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surface, which are shown in a separate symbol. The
bajada forms the foreground of plate 5, B. Its rela
tions t<l the underlying rocks are shown on sections A-A'
and B-B', plate 3. A schematic section across it, based
on several actual profiles, is shown on figure 22, A.

The baiada west of the mountains is 2 to 4 miles wide
and rises 500 to 1,500 feet from the floor of the Salt
Basin to the bases of the mountains. In the northern
part of the area studied, it is a succession of coalesced
alluvial fans, interrupted only at wide intervals by rock
ridges, which project above it like islands. Each fan
slightly indents the mountain front at its apex where
a canyon leading down from the mountains drains onto
its surfaces. Each fan merges sidewise with adjacent
fans, and ends forward on the floor of the Salt Basin.
The slopes of the fans are concave upward (fig. 22, A).
Those with the flatter gradients and longer radii are fed
by canyons that drain the larger areas in the mountains.
As most of the c.myons in this district drain only a few
square miles of arca, all the fans tend to be of nearly
equal size and gradient.

Bebveen the fans in many places are strips of ground
with gentler gradient that extend toward the mountain
front (not separated from the fanglomerate areas on
pl. 22). Some of these strips have been shielded from
depositing streams so long that they nre smooth and soil
covered." Other interfan strips down which streams
have recently been deflected from the fans, are choked
by coarse detritns. All the soil-covered strips will
doubtless be COYered by such material at Some time in
the fnture. Down-slope from SOlM of the interfan
strips into which streams have been deflected are small,
secondary alluvial fans.

Farther south, where the foothill ridges are higher
and more continuous, the bajada is more irregular. Ma
terial washed ont from the Guadalupe Mountains has
accumulated behind the foothill ridges nntil drainage
can overflow the lower saddles, or be deflected around
the ends. Instead of forming a continnons slope, dif
ferent segments of the bajada are thns interrupted by
ridges. As a result of the deflection by the ridges, drain
age tends to be concentrated in places and dispersed in
others, so fans of greatly different sizes have been bnilt
west of the foothills. Two fans with large radii and
low gradients have thus formed at the north and south
ends of the Patterson Hills, where many streams coming
from the mountains appronch one another. In the
intervening area there are smaller, steeper fans, built
by streams draining from the Patterson Hills alone.

Along the south edge of the area studied, where the
high-standing rocks of the foothills are poorly resistant
to erosion and have been worn down to pediments and
low ridges, the bajada occupies a relatively narrow area
between the foothills and the floor of the Salt Basin

00 Similar features have been termed "intedan I:emnants" by R. J.
Russell (Land forms of San Gorgonio Pass, southern California: Cali
fornia Univ.l>Ub. Geog., vol. 6, pp, 74,79,1932).
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to the west. South of the area studied, the foothills
gradually disappear, and a bajada again extends up to
the base of the Delaware Mountains.

The material on the bajada is derived mainly from the
escarpment of the Guadalupe and Delaware Moun
tains to the east of it. It includes resistant fragments
of bedded or massive limestone, which predominates
toward the north, and of bedded sandstone and black
limestone, which predominate toward the south. Frag
ments of similar rocks are contributed to a smaller ex
tent by the foothill ridges. Near the head of the fans,
angular blocks 10 feet or more across are common, and
are clustered in trains that extend out from the canyon
mouths above. No doubt these blocks were washed out
by exceptionally large floods or mud flows. Between
the trains is an unstratified aggregate of finer-textured,
angular debris, probably laid down during times of more
normal stream flow. Farther out, trenches eroded in
the bajada expose finer-textured deposits, consisting of
alternating beds of cobble or pebble conglomerate, and
of loesslike, in part gypsiferous, clay. Stratification
is parallel to the bajada surface, gently inclined to the
west. The surface of the bajada, eYen to its edge, is a
gravelly soil, which supports a characteristic vegeta
tion of lechuguillas, yuccas, daggers, and creosote
bushes.

As a result of the conical shapes or the fans, due to
excess deposition opposite the canyon mouths, streams
that flow across them radiate from the apices. (These
are shown as "streams consequent on bajada. surfaces"
on pI. 22.) The placing of the main channel is fortui
tous' and depends on minor depositional irregularities.
On some fans the main channel leads directly down the
slope along the crest; on others, it is deflected sideward,
near or against the mountain front, toward the adjacent
interfan area. The channels increase in number out
ward, but this increase is less from the bifurcation of
the main channel than from the implantation of new
channels, whose heads are on the fan surfaces. Many
channels, instead of bifurcating, come together down
the slope.

Some of the channels that cross the fans are anasto
mosing, gravel-floored washes, whose surfaces are nearly
level with the interstream areas. Near them the boulder
deposits consist of fresh or slightly weathered frag
ments, suggesting that such channels are actively de
positing material today; however, by far the greater
number of the channels entrench the fan surface. Near
the apices of the fans, the trenches reach as much as 50
feet in depth, but they are shallower down the slope.
Some of the entrenched channels are possibly the nor
mal beds and banks of the larger torrents that occasion
ally follow them.'" However, boulders near the en
trenched channels are usually much weathered, soil cov
ered, and overgrown by vegetation, as though the proe-

h RW'3sell, R. I., op. cit., p. 84,

esses that placed them there had now ceased, .and as
though the entrenched streams nO longer overflowed the
sides of their channels. If so, the streams have now
been cut down to a gradient lower and flatter than that
which had controlled the building of the bajada.

Such down cutting may have been brought about dur
ing the normal progress of degradation of the mountain
area, and without an interruption by tectonic or climatic
causes." At first, when the mountains were newly up
lifted, their slopes were high and steep, and the material
delivered to the sUl'rounding bajadas was coarse tex
tured. The surfaces of the bajadas were then graded to
a relatively steep angle. Later on, after the mountain
slopes were worn back, material carried acrOSs them was
weathered to smaller fragments before reaching the ba
jadas. The streams then adjusted their grade to a lower
angle of slope. As a result, they entrenched the upper
parts of the fans, and shifted the material thus picked
up to lower places on the slope. The baiadas in the
Guadalupe Mountains region seem to have passed into
this later stage of development.

FLOOR OF SALT BASIN

West of the baiada that slopes down from the escarp
ment of the Guadalupe and Delaware Mountains is the
broad floor of the Salt Basin. The bajadas on its periph
ery do not merge with the central floor by a gradual
flattening of profile and diminution in texture of the
deposits toward the axis of the basin. Instead, the ba
jada descends 100 feet or more in the lnst mile to its
edge, and then gives place to the basin floor which is
essentially horizontal (flg. 22, .A). With this change
in gradient, there is a corresponding ~brupt change
from coarse- to fine-textured soil, although in places this
relation has been modified by drifting Qf the surface
material by the wind. Soil changes are emphasized by
the vegetation, for the creosote bush assemblage of the
baiada gives place within a few feet along the boundary
to the yeso grass assemblage of the basin floor.

Within the area studied, and over wide expanses else
where, the floor of the Salt Basin lies between 3,620 and
3,640 feet above sea level. There is not sufficient gradi
ent for water discharged on it to flow in any particular
direction, and it has no drainage channels. Ground
water stands nearly level, within a short distance of fh..
surface. At Williams Lower Ranch west of the Pat
terson Hills, it is reached by a well at a depth of 28 feet,.
and it is probably at at a little below the surface in the
alkali flats to the west, whose altitude is 22 feet lower
than that of the ranch. Richardson" reports similar
depths to ground water elsewhere in the basin.

~t Baker, C, L., Notes on the later Cenozoic .history of the Moja.ve-
desert region In southeastern California: California Univ. Dept. GeoI.
Bull., Tal. 6, pp. 374-377. 1911. Eckls, Rollin, Alluvial tans of the
Cucamonga district, southern California: Jour. Geology, vol. 36, pp.
231-238, 1928.

:L1 Richardson, G. B., Report ot a reconnaissance in trans-Pecos Texas·
north of the Texas and Pacific RaIlway: Texas Univ. Bull. 23, p. 89,.
1904_ .
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of the area studied, where some are over 5 miles long
and 2 miles wide. The alkali flats of the series have
a curious arrangement, tending to lie in chains on the
east and west edges of the basin floor, with ground as
much as 20 feet higher in the intervening central area.
This higher ground with its flanking depressions is a
relatively old feature, for aerial photographs show that
it is marked by concentric beach lines, perhaps dating
from the lacustrine period of late Pleistocene time
(pI. 23).

The surfaces of the alkali flats are level expanses of
alkaline clay, bare of any vegetation. For short periods
after rains, they are likely to be covered by thin sheets
of water, and for somewhat longer periods the clay
is damp and sticky, and dotted with saline pools. At
other times their surfaces are dry, hard, and sun
cracked, and lnirnges often give them the appearance
of containing water. All the flats are coated with a
thin efllorescence of various salts. On one of them,
which lies a short distance west of the area studied and
from wmch salt has been dug for many years, the
efIlorescence is continually forming, and is renewed
within a few weeks after it has been stripped away
{p. 161)."

The flats are bordered at the edges by low, steep banks
10 to 20 feet high, which are scored in places by small
ravines that are cutting headward into the surrounding
country. These ravines indicate that the banks are
being maintained or even cut back at the present time.
The banks pursue a h\rhly irregular course, curving
around numerous promontories and fingerlike embay
ments. In the middles of some of the flats are island
like areas of higher ground with similar steep banks
along their edges. On the large alkali flat in the south
west part of the area studied (pI. 22), the greatest
irregularity of the edges is on the west side; the eastern
edge is nearly straight.

The alkali flats probably originated as shallow or
intermittent lakes that filled slight depressions in the
basin floor. Old beach lines on -higher ground nearby
indicate that the flats lie in relatively ancient depres
sions. Lacustrine action is not effective at the present
time, as the flats are covered by water only at long in
tervals, yet the surfaces remain smooth and open, and
the steepness of the banks at the edges is being main
tained. As suggested by Meinzer," the flats are proba
blJ swept clear-and are even being extended-by wind
erosion. The surfaces of all the flats in the area, whether
connected or not, stand at an altitude a few feet above
3,620 feet, or near ground-water level. Apparently the
wind has carried away all the dry earth above ground
water level, and has found an effective downward limit
of cutting on the surface of the saturated earth below.

3(1 Richardson, G. E.. op. cit., pp. 62-64. 1904_ .
3q~feinzer, 0, E., op. cit., pp. 26-27_ Meinzer, O. E., and Hare, R. F.,

op. cit., pp. 4.4-45,

The basin floor within the area studied is but a small
-se.,ument of the whole expanse, which extends about
5 miles farther north and 35 miles farther south, and
has a maximum width of 15 miles (pI. 23). - The Salt
Basin itself continues farther north and south than the
ends of the floor, but here the outer edges of the bajadas

ii from either side meet at the center in broad axialr,,;
troughs. Aerial photographs indicate that the troughs
are followed by more or less definite stream channels
that drain toward the lower-lying floor in the central
segment of the basin.

The floor of the Salt Basin is underlain by fine
grained unconsolidated deposits which probably extend
to great depths. It does not seem to be receiving any
important amounts of new material at the present time.
Most of the detritus washed out from the mountains
and foothills is deposited on the bajada and does not
reach the floor. The lower edge of the bajada, where
it meets the basin floor, seems to be the outer limit of
effective stream action at present. The chief process
now at work on the basin floor is the wind, which is
not brin."oing in any new material, but is shifting about
what is already there. Instead of leveling the surface,
the wind is increasing the relief, scooping out hollows,
and piling up material. The processes that leveled the
floor are, therefore. no longer at work, and the floor
has been inherited from an earlier period. As indi
cated in a later section, the floor was probably the bot
tom of a Jake or succession of lakes which filled the
lowest part of the Salt Basin in Pleistocene time
(pp. 151-152, 156--157).

Brief field observations on the surface features of
the basin floor were made during the present investiga
tion; they have been subsequently studied by me in
aerial photographs. They closely resemble those in
other nearby desert basins, which have been described
and interpreted in some detail by Meinzer." The fe.a
tures comprise alkali flats, sand dunes, clay hills,
meadows, and beach ridges. They are distin."ouished by
separate patterns on the map, plate 22.

The alkali flats, locally known as salt lakes, are
among the most conspicuous features of the basin floor.
Several occur in the western part of the area studied;
one is well displayed where crossed by U. S. Highway
62. Outside the area studied, the flats are not ade
quately shown on any published map," but they are
strikingly exhibited on aerial photographs. The alkali
flats within the area studied are part of a series of flats
that extend 8 miles westward, 4 miles northward, and
15 miles southward (pI. 23). The larger flats lie west

U Meinzer, O. E., Geology and ground-water resources of Estancia
valley, l\~ew Mexico: U. S. Oeo1. Survey Water-Supply Paper 275, pp.
10-11, 16-27. 1911. Meinzer, 0_ E" and Hare, R. F., Geology and
water resources of Tularosa Basin, New Mexico: U. S. Geol. Survey
Water-Supply Paper 343, pp. 4.0-53, 1915.

U The apprOXimate limits of thOSe west of the area studied are indi*
cated on the Salt Basin topographic sheet, but they are incorrectly
marked as marrob land.
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The next most conspicuous features of the basin floor
are the sand dunes. These are well developed in the
area studied, perhaps to a greater extent than elsewhere
in the Salt Basin (pI. 23) . In places the sand is white,
and consists of grains of crystalline gypsum; elsewhere
it has a reddish hue and consists of quartz. The two
minerals are not mingled, and their dunes occupy sep
arate area.S.

The dunes of quartz sand are found in two areas, one
north and the other south of the ends of the Patterson
Hills. They spread-over the edge of the basin floor and
up the slopes of the bajadas to the east. The dunes reach
a maximum height of 30 feet in the northern area. They
are of irregular form and are separated by irregularly
placed depressions. Mesquite and yucca commonly
grow between the dunes, but many of the dune surfaces
are bare and ripple marked. The bare sand is so loosely
placed that even moderate winds can blow it about. The
dune sand on the bajada thins gradually toward the
mountains, and the easternmost dunes are separated by
depressions in which the underlying deposits of the
bajada ar~ exposed. East of the main dune area, some
sand is banked against the eastern or lee side of low
rock foothills that project from the bajada.

The sand appears to be moving eastward up the
bajada slope, urged forward by wiDds from the west.
According to local residents, the sand is encroaching
year by year on the land to the east. There is thus a
steady conflict between the eastward-blowing winds and
the westward-flowing streamsf'f the bajada. As the
wind is at work for longer perIOds than the streams, it
fills their channels with sand during the dry periods.
One channel was traced throngh the dune area. Up the
slope, east of the dunes, it is a gravel-floored arroyo with
steep banks 20 feet high. Within the dunes it narrows
and its bed contains only tiny pebbles. It lies in a shal
low swale, across which the sand has drifted in many
places. Apparently the stream that flows in it during
each freshet loses its vigor in the dune area, perhaps be
<:ause much of its water sinks in the sand and what re
mains must work to clear the channel of drifted sand.

The source of the quartz sand seems to be the un
<:onsolidated deposits along the western edge of the
bajada and the eastern edge of the basin floor. The
basin deposits are more sandy in some places than
others, the sand having been deposited by streams drain
ing areas of sandstone in the mountains to the east.
It is significant that there are no areas of quartz sand
dunes west of the Patterson Hills where the basin de
posits contain little mountain-derived detritus.

Dunes of gypsum sand are much less extensive than
dunes of quartz sand, in fact there is only one large
tract in the Salt Basin. This tract lies on the floor of
the basin within the area studied, and has an area of
about faur square miles. The northeast end of the
tract is a crescent-shaped ridge a mile across, made up

of white, shifting dunes, bare of vegetation, with an
appearance similar to the well-known ,Vhite Sands area
of the Tularosa Basin in New Mexico." The northeast
side of the ridge is steep-faced, and the white sand ends
abruptly along its base, as though the dunes were mov
ing northeast. Farther southwest, the dunes are low
and considerably masked by vegetation. Aerial photo
graphs indicate that the lower dunes extend 5 miles
southwestward, nearly to the edge of a large alkali fllit
west of the area studied. In this area they extend
across beach ridges and other older features.

The sand of the gypsmn dunes in the Salt Basin, like
that in the Tularosa Basin, is probably derived from the
gypsiferous clay blown out of the alkali flats that lie
to the west and southwest. As Talmage suggests, the
sand may have been derived from crystals that had
grown in the clay.

Elsewhere in the Salt Basin, particularly south of the
area studied, are numerous low, rolling hills of gypsif
erous clay which likewise were probably heaped up by
the wind. Here, however, the gypsum is not granular
and was probably derived from earthy rather than
crystalline material. ,Vide areas in the basin on its
west side, and smaller tracts between the dunes and clay
hills farther east, are flat meadowland underlain by
brown clay. The difference in texture between the clays
of the meadows and the earthy gypsum of the hills
becomes evident after a rain, when the clays are wet
and sticky, and the gypsmn relatively dry and hard.
The meadows are covered with a thick growth of wiry
yeso grass and salt grass, and in the moister places
there are clmnps and groves of mesquite.

Beach ridges are present in many places on the floor
of the Salt Basin, and show prominently on aerial photo
graphs (pI. 23). They are relics of Pleistocene time
when the floor was covered by standing water and are
discussed under a later heading (pp. 156--157).

PRE-PLEISTOCENE (1) TOPOGBIAPHIC FEATURES AND
DEPOSITS

Having now reviewed the modern landscape and proc
esses at work on it, attention will be directed to fea
tures formed in older Cenozoic time, proceeding from
the oldest features to the youngest.

The earliest period, probably pre-Pleistocene, is very
poorly recorded, and many gaps must be filled by in
ference and deduction. The oldest topographic fea
ture in the Guadalupe Mountains, the summit pene
plain, is probably not Cenozoic, but pre-Cretaceous.
It antedates the uplift of the mountain area and serves
as a convenient datum from which to gage the effects
of later events. The next younger features in the

MHerrick, C. L., Geology of the white sands ot New :llexico: Jour.
Geology, vol. 8, pp. 112-128, 1900. Meinzer, O. E., and HUl"e, R. F.,
op. cit., pp. 45-47. Talmage, S. B., Origin ot the gypsum sands of
Tularosa valley [abstract] : Geol. Soc. America Bull., vol. 43, pp, 185
186, IG32.

I



 

 Information Only 

PRE-PLEISTOCENE (?) TOPOGRAPHIC FEATURES AND DEPOSITS

,

I

mountains are the courses of certain streams ,yhich ap
pear to have flowed down the slopes of the initial up
lift, and to have been consequent on these slopes. These
streams were probably older than the faulting of the
area. Ai the time that these streams were taking their
courses in the mountains, deposits were probably form
ing in the lower country east and west of the mountains.
Not much is known about the deposits near the Guada
lupe and Delaware Mountains, but comparable deposits
exposed in sUl"l'ounding areas have been dated by fossils
as of Pliocene age. A period of movement later than
the initial uplift is suggested by a second generation of
consequent streams. During this later movement,
faulting dominated, for the second generation of con
sequent streams flow in fault troughs.

SUMMIT PEKEPLAIN

CHARACTER

Anyone who crosses the Guadalupe l\lountains is soon
aware that their smnmits are notably cYen-crested.
For considerable distances the trails, which afford the
only means of travel through the region, cross a suc
cession of broad swales and gently rounded hilltops,
much oyergrown by timber, with here and there a
glimpse into a steep-walled canyon incised to great
depth below. If the trail descends into such a canyon,
it is likely to rise on the other side to another patch of
relativel,- flat gronnd of about the same altitude as the
first.

The eYen crests seem readily explainable at first. The
rock of most of them ~,thewell-bedded limestone of the
Carlsbad. and for short distances the crests are cut on
single layers of the bedded rock. However, when any
ridge is viewed in panorama, the bedded rocks on its
sides are seen to dip at a low angle to the southeast and
to rise and terminate on its crest to the northwest. The
rocks at the summits are thus of differeut ages from
place to place. Toward the southeast, near the rim of
the Reef Escarpment, the rocks belong to the top of
the Guadalupe series, whereas a few miles to the north
west, they belong to the base of the upper part of that
series, nearly 1,000 feet lower (fig. 15, B).

The eYen crests of the mountains are therefore not
wholly caused by the bedding of their rocks; instead,
they seem to be remnants of a formerly mOTe continu
0us sudace that extended across the edges of the rocks.
This surface was no doubt formed by erosion when the
geography of the region was very different from that of
today; it is probably an ancient peneplain. Remnants
of this peneplain have persisted in the Guadalupe Moun
tains becanse the resistance of the limestones in the
upland has retarded the widening of the canyons that
now incise it. Boulder-controlled slopes rising from
the bottoms of two adjacent canyons thus rarely meet
at their upper ends, but are separated by fairly broad
dividing ridges. Degradation has no doubt been at
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work on the ridges, yet it has proceeded so slowly that
the divides still retain something of the form of the
original surface.

Although the remnants of the peneplain bevel the
underlying strata, the peneplain seems to have shared
the tilting and faulting of the mountains themselves.
On the northeast side of the mountains, in the vicinity
of McKittrick Canyon, the crests rise southwestward
from altitudes of 7,000 feet or less, to 8,000 feet or more,
at the rate of several hundred feet to the mile. Near
the headwaters of the canyon, where the rocks are much
faulted, the crests remain at accordant heights in single
fault blocks, but stand higher Or lower in adjacent blocks
by un llmOimt corresponding to the throw of the inter
vening fanlt. No higher ground appears to haYe pro
jected above the peneplain except what has been raised
by subsequent moYements.

Plate 18 is un aerial view across the region in which
the sumlnit peneplain is preserved. Note the oeca-sional
patches of 1e,-e1 ground on the divides, such as that in
the right foreground and that near the center in the
middle distance. The irregularity of the surface
tmml·d the background results from faulting. On sec
tions E-E', H-H', and I-I', plate 17, tracing of the
beds that form the canyon rims and ridge crests shows
that they are truncated northwestward by the summit
peneplain. Displacemeut of the peneplain by faulting
appears on plate 14, A, where it forms the sky line in
the background, aud also the sununits of the lower
ridges in the foreground. The structure in this vicin
ity is shown in the right-hand part of section A-A',
plate 3.

POSITION OF BUMMI'l FENEPLAIN IN SURROtrHDING AREAS

The crests of the southern Guadalupe Mouutains,
outlined by the summit peneplain, project far above the
surrounding areas. Southward and southeastward the
land surface descends abruptly over the Reef Escarp
ment to the Delaware Mountains and Gypsum Plain
1,000 feet or more below. Because remnants of the
peneplain extend without change iu attitude to the rim
of the escarpment, and because there is no tectonic break
along its edge, any former extension of the peueplain in
this direction must have lain high above the existent
land surface. All tmces of it have been destroyed be
cause the rocks of the region are sandstones and an
hydrites, less resistant to erosion than the limestones of
the Guadalupe Mountains, and have been degraded to
Imver levels. Between the streams, the rocks have been
worn down to gentle, rain-washed slopes rather than to
st.eep, boulder-controlled slopes. These slopes meet at
their upper ends in divides that stand far below the
original surface of the country.

The southeast,,-ard termination of the summit pene
plain along the Reef Escarpment can be seen on plate
4, A. Note the accordant summits on the skyline, at
the top of the escarpment, and the low, rolling hills and
shallow valleys along its base, which are characteristic
of t.he country to the south. The same relation is shown
diagrammatically on figure 20, A, and in profile on
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figure 21, A. On the latter, note the difference in alti
tude between the summit peneplain and the land surface
southeast of it.

The land also descends northward and northeastward
from the southern Guadalupe Mountains into the north
ern Guadalupe Mountains, but without an abrupt topo
graphic break. The same limestone plate as that which
caps the southern Guadalupe Mountains extends into
this region, and here also, remnants of the peneplain
are probably preserved on the mountain summits.
Queen Mesa, one of the summit areas northeast of the
area studied, is of considerable extent. iVest of the
southern Guadalupe Mountains, the limestone plate is
preserved in the lower ridges of the Brokeoff Moun
tains and Patterson Hills, but has been much disturbed
by faulting and tilting. Extensions of the summit
peneplain, which have no doubt been correspondingly
faulted and tilted, probably at one time outlined the
crests and slopes of these ridges, but degradation has
now almost obliterated their original form.

The northward extension of the summit peneplain
beyond the area studied can be seen on plate 14, A.
Note the even sky line in the distance, formed by the
peneplain, and the manner in which it joins Queen Mesa
to the north (left). Some idea of the wide extent of
the upland surfaces in the northern Guadalupe Moun
tains can be gained from figure 2.

AGE OF SUMMIT PENEPLAIN

The summit peneplain is the oldest land form pre
served in the area, and is probably older than the up
lift of the mountains themselves. No remnants of orig
inal higher ground project above the peneplain as one
would expect if the peneplain had been carved from a
previously existing mountain area. Further, the pene
plain is now tilted away from the axis of uplift of the
mountains, and is displaced by faults to the same extent
as the rocks that underlie it. It is true that the pene
plain bevels the underlying rocks, but it bevels them in
a northwestward direction, unrelated to the present
trend of the uplift. This beveling is related to a south
eastward tilting of the Permian rocks which took place
during the subsidence of the Delaware Basin in Permian
time.

The summit peneplain, therefore, is younger than the
Permian and is probably older than the uplift of the
mountains. It may be of Mesozoic age and may be the
exhumed surface on which Cretaceous rocks were once
depositec1. Similar surfaces, on which remnants of
Cretaceous rocks are still preserved, form the crests of
the Glass Mountains," the Sierra Diablo, and other
ranges of trans-Pecos Texas. In the Guadalupe Moun
tains, so far as known, no remnnnts of the former cover
of Cretaceous rocks remain.

The summit peneplain of the Guadalupe Mountains
is probably older than peneplains that have been de-

39 KIng, P. H" The geology of the Glass Mountains, part 1: Texas
Vniv. Bull. 3038, p. 22, 1931.

scribed in the mountains to the northwest, in New
Mexico. One of these peneplains has been observed
high up in the Sacramento Mountains (Sacramento
plain) and another in the San Andres Mountains (see
fig. 1)." Both surfaces stand lower than the highest
summits of the ranges. They were probably formed
after the first uplift of the mountains, but before the
main uplift; a Pliocene age has been suggested for them.

FORMER COVER OF S'UMMIT PENEPLAIN

If the summit peneplain is of pre-Cretaceous age, it
was probably covered at one time by Cretaceous sedi
ments, similar to those whose remnants are now found
in surrounding regions. Such sediments may have been
less resistant to erosion than the underlying limestones,
and hence easily stripped away (as suggested on secs.
1 and 2, fig. 22, B). Cretaceous rocks may have covered
the area when the mountains were first uplifted, but
proof for this suggestion is not available.

OLDER CONSEQUENT STREA~IS

Viewed broadly, the streams of the Guadalupe and
Delaware Mountains flow east and west from the tec
tonic and topographic crest of the range, and their gross
pattern is consequent to the original tectonic surface.
In detail there are many complications, resulting from
modifications since the mountains were uplifted. Some
streams have been deflected along fault troughs, others
have been cut as subsequents on weak beds, and still
others flow across alluvial slopes without regard to the
bedrock structure beneath. Under this and succeeding
headings the complex history of the streams of the area
will be analyzed.

The stream pattern of the Guadalupe Mountains as
a whole can be seen on fi"ure 2. The pattern in the im
mediate vicinity of the :rea studied is shown in nlQre
detail on figure 19. On plate 22, the streams of the area
studied are classified according to possible origin. Note
especially the "streams consequent on tilted rock sur
faces" and "streams consequent on tilted fault blocks";
these form the basis of the present discussion.

STREAMS CONSEQUENT ON TILTED ROCK SURFACES

The larger streams on the east slope of the mountains
all pursue east-northeastward courses, and are probably
consequent streams whose direction of flow was deter
mined by the slope of the mountain block. However,
only those to the north, in the limestone upland of the
Guadalupe Mountains, preserve any semblance of their
original aspect. Farther south, in the Delaware Moun
tains, erosion ·has worn down the whole area far below
the level of the summit peneplain, and the streams have
been able to modify their original courses in harmony
with later conditions.

40 FIedler, A. G., and Nye. S. S., Geology and ground-water resources
of the Roswell artesian basin, New Mexico: U. S. Geol. Survey Water
Supply Paper 639, pp. 14--115, 1933. Dunham, K. H., Geology of the
Organ MountaIns: New Mexico School of Mines Bull. 11, p. 176, 1935.
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type or the other are generally lacking. In McKittrick
Canyon some sideward cutting is going on, but it ap
pears to be relatively ineffective because of the great
height of the canyon walls; moreover, the ridges between
the meanders do not have the low-angled profile of slip
off slopes, as though there had not been much sideward
migration in the past.

The dendritic pattern of the drainage, and the pos
sibility that the inclosed meanders result at least in part
from entrenchment suggests that the surface down
which the consequent streams originally flowed prob
ably had a Im,er gradient tl,an the present one, and
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FIGlJlI.E 19.-Mai> IObowing stream pattern of southern GuadaluPe Mountains and its relation
to the limestone upland.

The stream, to the north, in the limestone upland,
flow in deep, narrow canyons, and join one another at

• nearly right angles, forming an open dendritic pattern
(fig. 19). Most of them have winding courses, consist
ing of a succession of inclosed meanders." They prob
ably have much the same pattern as they did when first
formed, and furnish information as to the probable na-
ture of the original consequent drainage. .

Typical stream valleys of the limestone upland are
shown on the aerial view, plate 18. The area drained
by them is indicated by stippling on figure 19. On this
map note the broad similarity between the direction of
flow of the streams in the upland and those to the south,

and yet the great contrast between their detailed
patterns.

The origin of the inclosed meanders of the streams in
the limestone uplands is uncertain. They may be en
trenched from previously meandering courses, formed
on an original surface of low relief; they may have be
come ingrown (incised) by sideward cutting at the same
time that the streams cut downward, or they may have
originated from a combination of these and other eon
ditions." Distinctive criteria that would suggest one

f.1 A. term suggested by R. C. Moore (Origin of the inc1oset3 meanders
on streams of the Colorado Plateau: Jour. Geology, vol. 84, p. 46, 1926)
for "any meander more or less inclosed by rock walls". regardless of
origin.

42 Davis, W. M., Incised meandering valleys: Geog. Soc. Philadelphia
Bull., vol. 4, pp. 182-192, 1906. Rich, J. L., Certain types of stream
valleys and their meaning: Jour. Geology, vol. 22, pp. 469-497, 1914.
Moore, R. C., op. cit, pp. 29-57.

that at the time they were formed the mountains did
not stand as high as they do today.

The streams of the limestone upland appear to be
superimposed on the Reef Escarpment (fig. 20). The
east-northeastward courses of the streams that cross it
intersect the northeastward course of the Reef Esearp
ment at an acute angle. Because of the aeute-angled
intersection, tl,e notches cut in the escarpment by the
streams characteristically have. narrow, serrate south
west walls and blunt-angled northeast walls. Such
features occur on South McKittrick Canyon in the area
studied, and on Big, Gunsight, and Slaughter Can
yons in the region to the northeast (fig. 2). These rela
tions suggest that the streams began their courses at a
much higher level than that at whieh they are flowing
today, above the varied bedrock that forms the present
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mountains, and perhaps near or above the surface of the
summit peneplain.

Some of the streams are probably antecedent to the
faulting within the mountains, because they CrOSs up
raised fault blocks with little deflection. Thus, within

.the area studied, South McKittrick Canyon crosses the
Lost Peak fault zone from the dmvnthrow to the up-

now do, and west of the present west-facing escarp
ment. Two of them, which drain Pine Spring and
South McKittrick Canyons, now head on the rim of the
escarpment and have lost their original sources by an
eastward recession of the rim. The original sources,
however, were not much farther west, for near the point
of beheading both streams are split into numerous

NW.
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Trend of c.onse-
quent stream!>

B
FIGUltl:l 20.-Cllllmctet'istic features of the Reef Escarpment. Pdb, Bell Canyon formation,

Pc, Capitan limestone, Pc/), CUl'hsbau limestone, Pes, Castile formation (anhydrite). A,
Bloel;: (Iiagram showing manner in which consequent streams cross the escllrpment at un
acute angle as a result of superimposition; B, Sections showing depth of erosion In dIf
ferent areas-a, northeast ot McKittrick Canyon, b, near McKittrick Canyon, 0, south
west of McKittrick Canyon near Frijole Post Office.

throw side (pI. 22), and some streams in the Brokeoff
Mountains to the northwest cross other faults in a simi
lar manner. The streams on the east slope of the moun
tains, ,,,here the rocks are not faulted, n1tty have origi
nated at the same time as those mentioned, but this cor
relation cannot be determined definitely.

Some of the east-flowing streams of the limestone
upland may once have headed farther west than they

branches (pI. 22), no one of which would have been
capable of draining a former large territory to the
west.

The evidence listed suggests that the streams of the
limestone uplands are consequents resulting from the
first uplift of the mountain area. The slope of the up
lifted surface was low enough for them to acquire an
open dendritic pattern, and the surface was probably

•
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not faulted It probably lay above the rocks that now
form the Reef Escarpment, The stream patteI'll sug
gests that the surface after the original uplift had the
form of a broad dome, whose axis lay near the present
crest of the mounta;ns. Its eastern flank is indicated
by the east-northeastward flowing streams, and the west
flank by the streams of the Brokeoff Mountains which
drain northwestward or westward to the Salt Basin
(fig. 19).

STREAMS CONSEQ.UENT ON TILTED FAULT BLOCKS

In the western part of the Guadalupe Mountains,
where the rocks are broken by faults, there is another
type of consequent stemn. Here, many streanlS follow
the downfaulted areas and are evidently consequent on
tilted fault blocks.

The age relations of the two sets of consequent streams
is suggested along South McKittrick Canyon. This
canyon crosses the Lost Peak fault zone without deftcc
tion, is probably older than the faulting, and is ante
cedent to the upraised fault block to the east. On the
downthrown side to the west, it is joined from the north
and south by two tributaries which probably originated
on the downfaulted surface, The tributaries are there
fore younger than the faulting.

Streams that belong to this post-faulting generation
arc prominently developed north of the McKittrick
Canyon area. Here, the stream in 'Vest Dog Canyon
follows the downthrown side of the Lost Peak fault zone
and the stream in Dog Canyon follows the clownthrown
side of the Dog Canyon fault zone (fig. 19). Farther
north both streams pass into the limestone upland of
the Brokeoff Mountains and appear to cut across the
fault blocks. Perhaps they were relatively short con
sequent streams at first, and acquired large headward
extensions when fault blocks sank across their upper
courses.

If the streams consequent on tilted rock surfaces can
be correlated with the initial uplift of the Guadalupe
and Delaware Mountains, it is possible that the streams
consequent on tilted fault blocks are to be correlated
with the main uplift of the mountains, in which fault
ing apparently was a dominant feature. It cannot be
determined whether the major movement on the Border
fault zone took place at this time, as distinctive geo
morphic features in that area have been obliterated. If
such major moyement took place on the Border zone,
the streams draining the west-facing escarpment of the
southern Guadalupe Mountains are of the same genera·
tion as those in Dog Canyon and 'Vest Dog Canyon.

DEPOSITS CONTEMPORAJ'Ir.'EOUS WITH PRE-PLEISTO-
CENE (1) TOPOGRAPHIC FEATURES

As indicated aboye, the initial uplift of the Guadalupe
and Delaware Mountains may have taken place im·
mediately before the deyelopment of the streams con.
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sequent on tilted rock surfaces, and long before the de
velopment of streams consequent on tilted fault blocks.

At the time of this initial uplift, many of the ranges
of the Sacramento section" were sheeted oYer by poorly
resistant Cretaceous and other Mesozoic rocks. In the
Guadalupe !f.ountains, this coYer ID,ty have overlain the
surface of the summit peneplain. The Mesozoic sedi
ments were no doubt stripped rather rapidly by the
streams uutil the hard Paleozoic limestones beneath
were exposed. Streams overloaded with such material
probably deposited great quantities of it in the struc·
turally lower areas roundabout. Some of it probably
filled the depressions between the ranges, and some was
spread as a vast detrital apron over the surface of the
Llano Estacado east of the mountains.

DEPOSITS OF THE GUADALUPE MOUNTAINS REGION

Within the Guadalupe :Mountains region, deposits
that formed in response to the first uplift of the ranges
are poorly l..'10W11.

The Salt Basin west of the Gaudalupe Mountains
probably received a large volume of the early deposits,
but its surface has been eroded so little that none is ex
posed. As indicated by wells drilled there, the uncon·
solidated deposits beneath the surface of the Salt Basin
reach a great thickness." They are probably similar to
those exposed in the Hueco Bolson, the next desert basin
to the west (fig. 1) . The deposits in the Hueco Bolson
are gray to flesh-colored silts, in part gypsiferous, with
some sandy lenses, and near the bordering lllountains
are interbedded with fanglomerates and mudflow de
posits. They probably accumulated in an enclosed de
pression, not drained as today by a through.flowing
stream. They were perhaps deposited in a shallow, in
termittent lake. The fanglomerates along the edges
were no doubt deposited on bajadas that fringed the
primitive mountain ranges.

The deposits of the Llano Estacado, now exposed east
of the Pecos River, 90 miles away, perhaps once extended
farther west, over the present river yalley, and up to
the bases of the Guadalupe and Sacramento Mountains
beyond. In the Sacramento Mountains, according to
Nye," the subsummit or Sacramento Plain can be pro
jected eastward across the present Yalley, and beneath
the deposits on the other side. It waS probably carved
by streams that were at the same time laying down de
posits farther east.

AGE OF DEl'OSITS

Older unconsolidated deposits laid down in intermon·
tane areas of the Sacramento section, and in the Llano
Estscado to the east, contain vertebrates in a few places

~ Fenneman, N. M., Physiographic divisions of the United States:
Assoc. Amer. Geographers Annals, vol. 6, p. 9~, ]917.

-u, RiChardson, G. B.• ,V. S. Geol. Survey GeoL Atlas, Van Horn folio
(No. 194), p. 6, 1914. Baker, C. L., Structural geology of trans-Pecos
Tens; Texas Vniv. Bull. 3401, p. 171, 1935.
~ Fie(l]er, A. G., and Rye, S. S., op. clt., pp. 11 (fig. 1), 14-15, 96-97.
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that are considered to be of Pliocene age." Over wide
areas the deposits resemble one another so closely in
lithologic character, conditions of deposition, and de
gree of deformation, that they are probably all of about
the same age. Near El Paso, the older unconsolidated
-deposits are overlain unconformably by gravels that
eontain vertebrates considered to be of early Pleistocene
age by Hay."

If these older deposits are Pliocene, if they formed in
response to the initial uplifts of the mountains of the
Sacramento section, and if the Guadalupe and Dela
ware Mountains had a history similar to the Sacramento
section as a whole-a rather extensive series of assump
tions--then the older deposits serve to give an approxi
mate date to the initial uplift of the region. Such a
dating serves to justify assigning the features and de~

posits so far discussed as pre-Pleistocene ( 1) .

:EARLY PLEISTOCENE (1) TOPOGRAPHIC FEATURES
AND DEPOSITS

In the Guadalupe Mountains, a period of movement
later than the initial (Pliocene 1) uplift is suggested by
the second generation of consequent streams-those con
sequent on tilted fault blocks. During this second
period of movement, faulting was apparently a domi
nant feature. The second period of movement was
probably a major uplift, comparable to major uplifts
:farther northwest in the Sacramento section, which are
assigned to a post-Santa Fe (late Pliocene or early
Pleistocene) age. According to Bryan: "

Most of the existing mountains and highland areas were also
mountains in Santa Fe time. TJ:1ey were reduced in Pliocene
time and were rejuvenated to form the present ranges. Other

'mountains appear to haye been new-born * • *. So far as
the present information goes, all the ranges [with a few ex~

ceptions] * * * owe their present positions to post-Santa
Fe uplift.

This major uplift probably gave the Guadalupe and
.Delaware Mountains their present tectonic form and
accelerated the degradation of the mountains. Proc
<lsses were initiated that carved them into the outlines we
see today.

After the uplift, degradation went on without any
recorded paus~ until the streams on the east slope of the
mountains had cut 1,000 feet or more below the summit
peneplain, and until other parts of the region had been

{ll Plummer, F. B., Cenozoic s;t'stems, in The Geology of 'l'e::ms, ...01. 1:
Texas Uni.... Bull. 3232, pp. 774-776, 1933. Bryan, Kirk, Geology and
ground-water conditions of the Rio Gru.nde depression in Colorado and
New Mexico: Nat. Resources ComPl., Regional planning, Part 6, Rio
Grande joint investigation, p, 205, 1938.

,7 Richardson, G. B., L S. Geo1. Survey .atlas, EI Paso foUo (Xo.
166). pp. 5-6, 1000. Hay, O. P., The Pleistocene of the middle region
of North America an(l1ts vertebrated anImals: Carnegie Inst. Washing
ton Pub. 322 A, p. 134, 1924. Sayre, A. N., and Lbringston. Penn,
GL'ound-water resources of the El Paso Jlrea, Texas: U. S. Geot. Survey
Water-supply Paper 919, pp. 37-39, 1945.

48 Bryan, Kirk, op. cit., p. 209.

correspondingly rednced. This degradation was fol
lowed by a major period of still stand during which
streams widened their valleys, broad pediments were
formed, and the west slope of the mountains was shaped
into a gently rounded surface. Afterwards a part of
these erosion features was covered by deposits. Some
of these deposits remain today and are the oldest Ceno
zoic deposits exposed in the region. They are probably
of early Pleistocene age.

The early Pleistocene (1) deposits are complex in that
they are scattered over the area in many diverse situa
tions. On the east slope of the mountains they form a
thin sheet of gravel, spread out on the plains southeast
of the Reef Escarpment. These deposits were laid down
on a pediment, extensions of which may be seen farther
south, and which may be related to benches or shoulders
in the canyons to the north. On the west slope of the
mountains deposits occur, not on a stream-graded sur
face, but on steep slopes. Farther west, beyond the base
of the escarpment, are fanglomerates laid down on
bajadas at the edge of the Salt Basin.

Al! these deposits are of some antiquity, as they lie
above present stream grade and have been dissected.
The fanglomerates west of the mountains also have been
disturbed and faulted, indicating that they are older
than the last tectonic movements in the mountain area.

GUADALUPE AND DELAWARE MOUNTilNS

GRAVEL DEPOSITS

Fringing the base of the Reef Escarpment, along the
southeast side of the Guadalupe Mountains, and extend
ing out for several miles into the Delaware Mountains
and Gypsum Plain to the southeast is a gravel-covered
plain, or pediment, which records an extended period
of planatioll and deposition. Throughout its extent the
plain is trenched, to depths ranging from a few to more
than 100 feet, by streams which in places expose the
underlying bedrock in their channels. The plain is
therefore a product of conditions no longer existing in
the region.

The extent.of the gravel deposits is shown on the map,
plate 22, where two subdivisions are distinguished.
"Higher gravels," apparently older than the main de
posits, occupy relatively small areas. The main bodr,
is designated as "gravels deposited on older pediments. '
Two views across the gravel plain toward the Reef
Escarpment are shown on plate 4. On plate 4, B, the
surface is little dissected and probably has much its
original form. Below Pine Top Mountain it has the
form of an alluvial fan. Plate 4, A, shows the appear
ance of the plain where dissection is more advanced.
Much of the flat-topped surface in the middle distance
is a part of it, although in places benches of bedrock rise
to about the same level. Figure 21, A, shows a profile
across the plain and includes not only the main deposits
but also some remnants of the higher #;ravels.

Rising above the main gravel plain in places are
small, flat-topped remuants of an older set of gravel

I
j
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ROCK SURFACE BELOW GRAVEL DEPOSITS
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Mollusks from gravel deposits of the Guadalupe and Delaware
Mountains
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According to Morrison, all the species listed are living
forms, and are within their present ranges. The
Guadalupe Mountains are near the northern limit of
the present range of the species of HumlJokltwna. A
slight difference in climate from that of the present is
suggested by lot 3, with its fresh-water forms, for
water is not permanent in this part of Bell Canyon
today; the difference may have resulted from only a
slight variation from the present annual rainfall. The
fossils listed do not confirm the geomorphologic evi
dence that the gravel deposits are old, but according
to Morrison they do not deny it. He believes that the
assemblage could well be of Pleistocene age.

1. Flat-lying reddish clay at base of deposit 1 mile west of
Pine Spring on north side of Pine Spring Canyon.

2. Coarse gravel on east side of Bell Canyon 1 mile northwest
of Hegler ranch house.

3. Extensive terrace along Bell Canyon near prominent bend
1 mile north of Hegler ranch house.

4. Living species from sheltered places along cliffs high up
on south \\'a11 of Pine Spring Canyon.

The surface of the bedrock below the gravel is fairly
even in most places, and was no doubt a pediment of
wide extent. At a few places, however, irregularities
are observed in it. South of Rader Ridge, over the belt
of outcrop of the South Wens limestone member of the
Cherry Canyon formation, the gravels are only a few
feet thick, but, as shown by stream cuts, they thicken to

Gastropods:
AshumuneUa kochi amblia

Pilsbry__________________ X X

Bulimulus dealbatus pecosen-
sis Pilsbr~' and Ferris8_____ X

Discus cronkhitei (Newcomb)_ X ~ ~ _
Hawa£ia minu8cula n.eomexi-

cana (Pilshry and Ferriss)__ X ~ _
Holospira n. sp~____________ X
HumboldtianaultimaPilsbry_~ X X
Oreohelix yavapai compactula

Cockrell _
Pupilla muscorum (Linnaeus) _
Retinella indentata paucilirata

(Morelet) (young)_________ X _
Thysanophora hornii (Gabb)__ X
Vallonia cyclophorella (An-

eey)_____________________ X _
Zonitoides arboreus (Say)_____ X X _
Succinea luteola Gouldt______ X X
Phy:m anatina Lea*_________ X
Fo.ssaria obrussa (Say)*_R .____ X

Pelecypods:
Pis1·dium sp*_______________ X

[All of these are land-dwelling types except those marked with a dag~er, which are
land-dweUing ty~ but are most commonly found in damp or marshy places, and
those marked WIth an asterisk, which are fresb·water types]

EARLY PLEISTOCENE (1) TOPOGRAPHIC FEATURES AND DEPOSITS

deposits (the "higher gravels" of pI. 22). They stand
50 feet or mare above the main plain, from which they
are separated by rock-cut slopes, and lie 150 feet or more
above present drainage. They are made up of frag
ments derived from the Guadalupe Mountains which
resemble those in the main or younger gravel deposits.
The patches of higher gravels are probably remnants
of deposits formed in restricted level-floored stream
valleys, rather than remnants of a nearly continuous
gravel plain like that described below.

The deposits of the main gravel plain ("gravels de
posited on older pediments" of pI. 22) consist of frag
ments washed out from the Guadalupe Mountains. The
most abundant pieces ,ne of massive (Capitan) lime
stone, but also include some bedded, light-gray (Carls
bad) limestone, and dark-gray (Pinery) limestone.
Sandstone fragments from the Delaware Mountain
group are not common.

The fragments are subangular to subrounded. Near
the mountains blocks up to 6 feet acrosS are enclosed
in the finer material, and along McKittrick Draw,
3 miles from the mouutains, blocks 31/2 feet across are
present. Some miles away from the mountains, how
ever, cobbles and pebbles a few inches across prevail.
Near the mountains the material is poorly sorted and
poorly bedded; farther out the gravels lie in regular
beds, with some intercalated layers of buff clay. At a
deep cut in Pine Spring Canyon about a mile west of
Pine Spring, there is at the base a 10-foot bed of flat
lying reddish clay, above which is 100 feet of cobbles
and boulders with inclined layers that slope down the
sides of an alluvial fan. Elsewhere, the gravels rest
directly on the rock surface below. Over wide areas
the gravels are loosely cemented by caliche.

The gravels are thickest near the Guadalupe Moun
tains, from which they were derived, and thinnest to
the southeast, where they probably come to a feather
edge. Near the Guadalupe Mountains, some stream
cuts show exposures of gravel 100 feet or more thick.
Their present upper surface appears to have been their
original depositional surface, for at the mouths of some
of the canyons leading out from the mountains they are
heaped into low alluvial fans. Besides the alluvial fan
in Pine Spring Canyon just mentioned, another, below
Pine Top Mountain, is noted on plate 4, B. They are
not rock fans, as stream cuts show that the gravel de
posits are thicker beneath the fans than elsewhere.

No vertebrate bones have beeu seen in the gravel de
posits, but here and there the deposits contain mollusks_
A small collection of the mollusks, made by H. C. Foun
tain, has been identified by J. P. E. Morrison of the
United States National Museum. The species are listed
below, along with those contained in a collection of
living shells from the same al-ea, made by Fountain for
comparative purposes.
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more than 100 feet a short distance to the west. At
this place, the South Wells limestone apparently pro
jected above the pediment as a low cuesta, which was
afterwards entirely buried under the sloping sheet of
gravel.

A significant comparison can be made between the
profile of the gravel surface, the profile of the pedi
ment on which the gravels rest, and the profile of the
present streams, which entrench them both (fig. 21, B).
The present streams have a concave upward profile,
which is steepest in the Guadalupe Mountains, and
gentlest in the plains to the southeast. The surface of
the gravels IS also concave upward, but apparently
more so than the stream profiles, as the streams en
trench it to depths of 100 feet or more southeast of
the mountains, and less than 50 feet near their base.
The surface of the pediment beneath the gravels is still
more concave. Like the gravel surface, it stands well
above the present streams southeast of the mountains.
Near the mountains, however, it lies near or below the
stream channels, many of which fail to penetrate it.
As all three profiles were probably formed by streams
flowing at or near grade, the differences in concavity
suggest changes in conditions of streanl equilibrium.

STREAMS CONSEQUENT ON GRAVEL DEPOSITS

The streams that drain the gravel plain were develop
ed on its depositional surface and are consequent to it
(shown as "streams consequent on gravel deposits" on
pI. 22). They thus beloug to a later generation than the
two sets of consequent streams previously described (pp.
140-143). When the gravel deposits were beiug laid
down, each consequent stream that flowed east-northeast
out of the Guadalupe Mountains aggraded its course and
built up a low alluvial fan at the foot of the Reef Escarp
ment. As deposition progressed, the streams were de
flected this way and that from the canyon mouths.
Later, the new courses became fixed by renewed en
trenchment. The net result has been to deflect streams
draining east-northeast from the mountains to a more
easterly or southeasterly course on the plain (fig. 19).

The streams consequent on gravel deposits follow
straight courses and are closely spaced and nearly paral
lel. As a result, the gravel deposits are scored by a se
ries of ravines which run side by side for long distances,
and join each other at acute angles. The streams tend
to radiate from each canyon mouth of the Reef Escarp
ment, in the manner of streams on a.11uvial fans. Some
streams on the gravel plain which are fed by the same
canyon of the mountains thus diverge widely from one
another away from the mountains. In this manner, a
part of the drainage from Pine Spring Canyon flows
east into Cherry Canyon, and part f1o\\"s south into.
Delaware Creek, the bifurcation taking place near the.
foot of the mountains at Pine Spring Camp.
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I

t 'Yith renewed dissection of the area. the streams con
<'sequent on the gravel deposits have b~en snperimposed

on the bedrock beneath. In places they cross the hills of
the former topographic surface, as along the outcrop
of the South 'Wells limestone member of the. Cherry
Canyon formation south of Rader Ridge (1'1'.145-146).
Southeast of the present gravel area, some streams now
flowing on bedrock were probably superimposed on it
through a former sheet of gravel, afterwards dest.royed
by erosion.

OLDER PEDIMENTS

'Yithin the area studied, t.he gn\Yel deposit.s exteud
southeastward int.o the Delaware Mountains for about
4 miles from the Reef Escarpment.. Farther southeast
ward, t.hey have been removed by Delaware Creek and
its tributaries. 'Vhere the gravels are Jacking, either
by nonde.position or erosion, 11lany of t!tt> even-crested
hilltops stand at about t.he same level, and are probably
remnant.s of the same older pediment as that on 'll"hich
the grawls rest (shown as "older pediments" on 1'1. 22).
The even crests are conspicuous on each side of t.he de
pression carved from downfaulted rocks near Getaway
Gap, and also along the rim of the Delawal'e Mountains.
The rim maintains its height even where the resistant
Getaway limestone member t.hat caps it fades out. into
poorly resistant sandy beds. The possibility that the
rim to the south is part of an older pediment is confirmed
by relations farther north, near Guadalupe Pass, 'll"here
the rim is capped by older gravel deposits.

VALLEY-SIDE SHOULDERS

Along Pine Spring, ~lclCittrick~ and other canyons
that drain the limestone upland of the Guadalupe
Mount.ains are feat.ures that. probably formed at about
the same t.ime as the gravel plain to the sout.heast.. These
canyons have been incised several t.housand feet. below
the summit peneplain t.hat forms their rims. Their
walls, which are boulder-cont.rolled slopes cut on mas
sive or rudely bedded rock, rise from the channels to t.he
rims at angles of 30° Or more. The slope, hO'll"ever, is
not continuous but in many places seems t.o have a two
storied profile, resulting in Yalley-side shoulders 100
feet or more above the present stream channels.

'Vhen viewed from about midheight. on the canyon
wall, each spur projecting into the canyon is seen to
sweep down from the rim to a rounded shoulder near it.s
lower end, and then to plunge 100 feet or more in steep
rock slopes to the channel below (shown as "valley-side
shoulders" on pI. 22). The aspect of the upper part of
the canyon is thus broad and open, whereas its lower
part is narrow, tortuous, and steep-sided. In detail,
these features are complex. All the shoulders and the
canyon walls above and below them are greatly modi
fied by weathering and erosion, and few of the shoulders
stand at exactly the same height. Some are only 100

feet abo,-e the channel, and others are as much as 300
feet above it (fig. 21, A).

The valley-side shoulders are not caused by any dif
ference in the nature of the rocks, for the rocks are all
rather uniformly massive and are of different ages from
place to place along the canyons. The shoulders ap
parently record a time in the past when the downcut
ting of the canyons ceased long enough for some widen
ing of their banks to have t.aken place.

Proof that some of the shoulders were formed during
a pause in downcutting is given by relations at Devils
Hall in Pine Spring Canyon. Here, on one side or the
other of the channel and abont 100 feet above it, are
narrow benches 'floored by stream gravel, above which
the higher slopes are in places over-steepened, as though
by side'll"ard cutting of t.he former stream. By means
of the gravel remnants, a former mermdering course can
be reconstructed. Across this course the present stream
passes through Devils Hall, in a straighter course that
follows a line of weaknesses caused by closely spaced
joints. Other less 'll"ell preserved valley-side shoulders
occur farther up the same canyon, but they lie at dif
ferent heights abo,e the stream channel. Whether
they belong to a single epoch of valley widening con
temporaneous with the gravel-capped benches at Devils
Hall, or to several epochs, camlot be determined.

WEST-F ACIKG ESCARPME~"'T

FAULT SCARP VERSUS FAULT·LINE SCARP

The steep west-facing escarpment of the Guadalnpe
and Delaware Mountains is so closely associated with
the Border fault zone that it probably is genetically re
lated to it. The escarpment originated either from an
exposed surface of tectonic origin 'll"hich has since been
modified by erosion (fault scarp), or from the erosion
of 'll"eak beds from the downthrown side, leaving the
strong beds on the upt.hro'll"n side t.o form the present
escarpment (fault-line scarp)." It probably came into
existence during the major uplift of the mountains in
late Pliocene or early Pleistocene time.

If any· weak beds ever lay on the downthrown side of
t.he fault they could not be a part. of the succession now
exposed in the region, for the strata exposed on the
downthrown side, along the base of the escarpment,
comprise the Carlsbad and Capitan limestones, the
Lamar limestone member of the Bell Canyon forma
tion and the Castile formation which lie at the top
of the known section. The beds named are the ones
that lay immediately beneath the summit peneplain.
They may have been covered by weak Cretaceous rocks
that overlay the peneplain even at the time of the fanlt
ing. If so, immediately after t.he faulting these weak
roc1.-s for a time covered a part of the fault surface (as
suggested in stage 1, fig. 22, B), but they were removed

(9 Blackwelder, Eliot. Recognition of fault scarps: Jour. Geology, vol.
36. pp. 289~294, 1928.
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rather rapidly, and were redeposited in the deeper parts
of the Salt Basin farther west (as shown in stage 2 of
fig. 22, B).

As shown earlier (p. 110), however, the displacement
along the Border faults ranges from 2,000 to 4,000 feet.
It seems very unlikely that a sequence of beds as thick
"s this covered the rocks now found in the region at
the time of the faulting, or that fault surfaces of such
height were entirely concealed by them. It is there
fore probable that the present escarpment is at least
in part a fault scarp. After the faulting its height was

tectonic surface, as indicated by the faults exposed along
its base, probably dipped at angles of 70° or more to
the downthrown side (stage 1, fig. 23, A), whereas with
the exception of the cliffs, the graded slopes formed
from it as a result of slope retreat have angles of 45°
or less (stage 3, fig. 23, A). Streams draining the es
carpment have much steeper gradients than those drain
ing the country behind it, so they are able to cut ac
tively headward. By a combination of slope retreat
and headward cutting, the rim of the escarpment has
receded a mile or more east of its original position.

E.

FIGURE 22.-Sections of westward-facing escarpment. A, Sketch section, showing' relation of fanglomerate to basin deposits, genero,llzed from
several sections northwest of Guadalupe Peak; B, Sketches showIng probable history of escarpment-stage I, potential structural sndaee
formed by main uplift, stage 2, tbe same after erosion and deposition, stage 3, the present escarpment after renewed faulting and further
erosion and deposition.

E.

B Younger fanglomerate

F"anglornerate

The escarpment has not only receded, but its top has
been lowered to a greater or less degree, as indicated
by the occurrance from place to place along the rim of
bedrock of different ages. Near Guadalupe Peak and
EI Capitan the upper part of the escarpment is formed
by the same limestones that spread as a plate over ~e
Guadalupe Mountains, on whose surface the summIt
peneplain has been cut. In this area the rim has been
lowered very little below the summit peneplain, rem-
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probably increased by the removal of weak beds from
the lower part of its surface, in which case the part
originally covered is a fault-line scarp.

After the face of the escarpment was laid bare, either
by the original faulting or by subsequent erosion, proc
esses of degradation set to work on the tectonic surface,
"nd caused its rim to be shifted toward the east. The

w.
BAJADA
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FIGURE 23.-Sections and profiles of westward-facing eSea.rplllent near Gua.dalupe Peak. Q08, Older slope de
posits; Qot. older fanglomerates; Qy8, younger slope deposits; Qyf, younger fanglomerate. A.. Sketch sec
tions shoWing probable past and future stages in erosion of esearpment, which has now reached stages 3
and 4.; B, Profiles across escarpment near Bone Canyon, showing relation of oldel- to younger deposits and
land forms.
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Mountains near Guadalupe Pass, east of Guadalupe
Canyon. This interpretation suggests that the older
slope deposits are of about the same age as the older
gravels of the Delaware :Mountains.

Older slope deposits are not present on other parts of
the west-facing escarpment, either north of Shumard
Peak in the Guadalupe Mountains or south of El Capi
tan in the Delaware Mountains.

The relation of the gravel plain of the Delaware
Mountains to the older slope deposits is suggested on
figure 24, A, where the gravels on the rim of {he Dela
ware Mountains near Guadalupe Pass are shown on the
farthest section, and the slope deposits on the tops of
ridges and mesas are shown in the nearer sections. The
amount of snbsequent erosion can be determined by their
relation to the profile of Guadalupe Canyon, also shown
on the figure. Their relations to present topography

Probable surface 01 lime :'
older slope deposits \/Iere ,:

laid down ~ .•..... /

.. '

are also suggested on plate 1, where they are designated
by the letter a.

The older slope deposits farther north, on the west
side of the mountains below Guadalupe Peak are shown
{)n plate 12, A, and on the profiles of figure 23, B.

The gravel remnants below Guadalupe Peak lie on
the smoothed faces of spurs projecting from the escarp
ment between the waste-covered embayments at the
heads of the present canyons. They stand several hun
dred feet above and forward from the embayments, but
like them have a slope of about 30° (fig. 23 B). The
upper ends of the remnants are several hundred feet
below the bases of the cliffs that surmount the escarp
ment, and stand slightly forward from them, as though
they were formed when the cliffs had not receded as
far east as now. The lower ends flatten over the top of
the black limestone bench at the edge of the escarpment,
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SLOl"E DEPOSITS

On the west side of the southern Guadalupe Moun
tains, between Shumard Peak and El Capitan, are many
steeply sloping, dissected remnants of slope deposits
(shown as "older slope deposits" on pI. 22) which indi
cate a well-marked pause in the erosion of the escarp
ment. Ori the south slope of El Capitan similar deposits
form the caps of ridges and meSas and stand high above
the channels of Guadalupe Canyon and other streams.
Apparently these deposits were formerly continuous
with remnants of gravel on the rim of the Delaware

nants of which extend to the rim, although any weak
beds that overlay the peneplain (stage 1, fig. 22, B) have
long since been removed. Farther south, however, the
rim was worn down a great distance below its original
height while the Delaware :Mountains and Gypsum
Plain to the east of it were being degraded. :Most of the
lowering of the rim in this area was accomplished be
fore the gravel plain to the east was formed, as gravel
remnants cap the rim near Guadalupe Pass (fig. 24, .A) .

The streams that drain the escarpment (indicated as
"streams of complex origin" on pI. 22) are probably
mainly consequents that took their courses down the
original tectonic surface. Their history, however, has
been complex, for there have been several periods 'of
movement, and each movement has modified the pre
existing surface and thereby influenced the streams that

drain it. Moreover, by headward cutting the streams
.have acquir~d obsequent extensions at the expense of
streams draining eastward from the rim. Other streams
may have acquired new courses on the surfaces of de
posits laid down over the bedrock on the escarpment or
west of it.
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whereas the younger waste streams extend down into
the canyons cut into the bench.

The slope deposits of the remnants consist of un
sorted angular blocks of massive (Capitan) limestone
from a few feet to more than 10 feet across, which in
many places are rather firmly cemented by caliche.
Many of the blocks are deeply pitted by weathering, as
though they had not been disturbed for a long period.
The deposits have a thickness of as much as 10 feet, or
about that of the diameter of the largest boulders em
bedded inthem. The fragments have all fallen or rolled
from the cliffs above in the same manner as those in the
younger waste·streams.

The position of the remnants of older slope deposits
suggests that they formed under conditions similar to
those under which the younger slope deposits are now
forming. Both sets of deposits are composed of the
same type of material, and have the same type of slope

NNW,

EI Capitan 8078'

The relations imply that deep erosion took place after
the slope deposits were laid down and before the fauna
accumulated in the cave, in which case the slope deposits
are probably of Pleistocene age.

FOOTHILL AREA.

OLDER FANGLOMERATE

Ever since the first uplift of the mountain area, ma
terial eroded from its west side has been washed out
and deposited in or along the edges of the tectonically
lower Salt Basin. The process was furthered by the
lack of through-flowing drainage in the basin. Coarser
textured detritus was laid down as a fanglomerate on
the bajada along the edge of the mountains, and was
built up until the streams were able to attain a graded
profile across it. These processes, however, were prob
ably interrupted several times by renewed uplift or
climatic changes.
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A
FIGURE 24.-Seetions SOuth of El Capitan. A, Projected profiles, showing relation of older slope deposits to present topog

raphy; B, Section showing relation of older slope deposits to Indian Cave, wbich contains late Pleistocene or early
Recent. fossils.

(fig. 23, B). Most of the remnants are now on the
points of spurs, between recesses covered by modern
waste-streams. At the time of their deposition, this
relation was probably reversed in places, and remnants
on the present spurs accumulated in the recesses of the
earlier time. Iu general, however, the older deposits
appear to have accumulated on a surface more subdued
than the present one, and with fewer rock spurs project
ing from it, and fewer canyons (such as Guadalupe
Canyon) cut below it.

Some indication as to the age of the deposits can be
obtained south of El Capitan. Here, on a canyon wall
150 to 250 feet below the nearest remnants of the older
slope deposits, is the Indian Cave (fig_ 24, B), which has
yielded a fauna that includes a number of extinct late
Pleistocene or early Recent vertebrates.50 The fossils
will be discussed in "- later section of the report (p. 158).

'" Ayer, M. Y., The Archeological snd faunal material fr\}m Williams
Cave, Glladalupe MOllntains, Texas: Acad. Nat. Sci. Philadelphia Proc.
voL 88, IJp. 599-618, 1936. '

The bajada on tIle west side of the mountains is
underlain by a complex of fanglomerates, laid down dur
ing successi,"" stages of the uplift and degradation of the
mountain area. Most of the fanglomerate that now lies
at the surface is probably of fairly recent origin (shown
as "younger fanglomerate" on pI. 22) , but some deposits
are exposed in places that appear to be older (shown as
"older fanglomerate" on pI. 22).

·West of the escarpment near Guadalupe Peak is a
tectonic trench a mile wide, lying between the outer
bench of the escarpment and the easternmost ridge of
the Patterson Hills (pl. 20). It is covered everywhere,
except a few rock hills that project from it, probably
to great depth, by fanglomerates composed of fragments
washed out from the escarpment to the east (pl. 22).

Several miles southwest of Guadalupe Peak some low
ridges project above their surroundings in the trench.
They are composed of fanglomerates rather firmly
cemented by caliche, which appear to be older than those
underlying the lower country around them. They con- \
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sist mostly of great blocks of massive Capitan limestone,
bnt include a few blocks of sandstone from the Delaware
Mountain group. They contain no fragments of black
limestone from the outer bench of the escarpment, which
rises several hundred feet above them a short distance
to the east, whereas the surrounding younger fanglomer
ates contain abundant black limestone fragments.
These older fanglomerates resemble the older slope de
posits on the escarpment to the east in composition and
degree of consolidation, and are probably of the Same
age.

The western slopes of the ridges of older fanglomerate
are gently rounded surfaces, but each one breaks off on
its eastern side in a straight, abrupt scarp 25 to 50 feet
high. These scarps appear to be fault scarps (as shown
in figure 23, B), and indicate that the fanglomerate was
disturbed after it was deposited.

OLDER FEDIMENT AND ITS GRAVEL COVER

South of the trench that lies west of Guadalupe Peak,
bedrock is exposed in many places, and has been worn
down to pediments and low hills. The bedrock is
covered in many places by a thin mantle of unconsoli
dated deposits (shown as "stream alluvium and cover of
younger pediments" on 1'1. 22) . Standing 50 feet Or so
aboye are terracelike relilllants of an older. o-ravel-. e
capped pediment (shown as "grayels deposited on older
pediments" on pl. 22). They are well displayed near
Gnadalupe Arroyo along United States Highway No.
62, and also occur farther east, toward the base of the
Delaware Mountains.

The grayels on the older pediment near the base of the
Delaware Mountains reach a thickness of 100 feet, but
they thin toward the west, and near Guadalupe Arroyo
are less than 20 feet thick.

Near the Delaware Mountains (as in the exposure
shown on fig. 17, A), the deposit is a rudely stratified
aggregate of limestone cobbles and broken flags, em
bedded in a buff sandy clay matrix, and interstratified
with some beds of clay as much as 5 feet thick. Most
of the fragments are dark-colored, bedded limestone de
rived mainly from the Getaway limestone member of
the Cherry Canyon formation, which now forms the rim
of the mountains to the east. However, limestone frag
ments with features characteristic of the Pinery and
Lamar limestone members of the Ben Canyon forma
tion much higher in the section can also be recognized.
These members do not crop out near the rim of the
Delaware Mountains to the east, but they are exposed
not far from the graYel areas in the foothills to the
west. One gravel remnant 2'12 miles southeast of the
forks of the Van Horn and EI Paso roads contains
rounded cobbles of light-gray, massive Capitan lime
stone. The gravels contain no fragments of the black
limestone (Bone Spring) that now crops out east of the
Border fault along the base of the Delaware Mountains

escarpment, nor of the coarse-grained sandstone
(Brushy Canyon) that immediately overlies it.
lt is difficult to tell much about the original form of

the older gravels and the pediment on which they rest,
for they now oCCur only as remnants. Moreover, some
of the remnants seem to have been displaced by faulting.
Near the base of the Delaware Mountains, closely adja
cent remnants stand as much as 100 feet higher or lower
in different fault blocks (fig. 17, B), and in the ravines
that cut them they are seen to be traversed by fault
planes or to lie in fault contact with the bedrock (fig.
17, A). At one exposure 4 miles south of EI Capitan
(shown at right-hand end of fig. 24, A), the gravels
seem to have been displaced about 60 feet by one of the
faults of the Border zone. The remnants farther west,
near Guadalnpe Arroyo, were probably disturbed in
the saIne manner; for example, one remnant on the south
side of the arroyo a mile southwest of the junction of
the Van Horn and El Paso roads ends eastward along
a straight scarp 40 feet high that is in line with an ex
posed fault in the bedrock 3 miles to the north.

FLOOR OF SALT BASIN

West of the mountains, and beyond the bajadas that
fringe their base, is the level floor of the Salt Basin
(Pl'. 13(;-138). No outcrops of early Pleistocene de
posits have been identified on the floor, and it is not
known to what extent they have been covered by later
Pleistocene and Recent deposits. The older slope and
fanglomerate deposits cannot be traced into the basin
from the mountains to the east because the intervening
area is covered by later deposits.

The basin floor was probably leveled by deposition
in lakes that occupied the central part of the basin from'
time to time during Pleistocene and perhaps earlier
periods. Surface features on the floor indicate that a
lake existed there dnring late Pleistocene time (1'1'.156
157). Whether present surface features were shaped
entirely by the .late Pleistocene lake cannot be deter
mined. As deposition on the floor has proceeded much
more slowly than on the adjacent bajadas, it is possible
that some of the surface features are inherited from
earlier Pleistocene time.

South of the area studied, the basin floor appears to
have been defol1ned. In the latitude of the northern
part of the Sierra Diablo, the cross section of the basin
is asymmetrical, with the lowest point at the western
side, at the foot of the bajada that fringes the high
Sierra Diablo scarp (pI. 23). To the east, the floor rises
gradually to the mOre distant and lower Delaware
Mountains, which is the reverse of what would be ex
pected if the surface had been shaped by depositional
processes alone. EYidently the floor has been tilted
toward the west. The tilting is older than the late
Pleistocene lake, as its beach lines extend horizontally
around the area. lt probably took place at the same
time as the later faulting along the nearby Sierra
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Diablo scarp, this faulting probably being of the same
age as that which disturbed the older gravel deposits
within the area studied.

AGE OF DEPOSITS

The older gravels, slope deposits, and fanglomerates
in the vicinity of the southern Guadalupe Mountains
contain few fossils, so their age cannot be given pre
cisely. The gravels southeast of the Guadalupe Moun
tains contain a few terrestrial mollusks which are long
ranging forms that might be either of Pleistocene or
Recent age. At Indian Cave, the relation of the older
slope deposits indicates that they are much older than
the late Pleistocene or early Recent vertebrates con
tained in the cave (fig. 24, B).

The older gravels, slope deposits, and fanglomerates
have one characteristic in cornman. They are older
perhaps much older-than the modern and relatively
recent features. All have been deeply eroded, and
many stand high above present drainage. Some have
been faulted and tilted. Although direct evidence is
lacking, these relations suggest that they are of early
Pleistocene age.

INTERPRETATION OF EARLY PLEISTOCENE('l)
FEATURES AND DEPOsITS

The early Pleistocene (1) features and deposits came
into existence toward the close of a long period of crustal
stability which succeeded the major uplift of the moun
tains in late Pliocene or early Pleistocene time. The
features and deposits seem to record a common history
first, a well-marked pause in downcutting indicated by
extensive pediments in the lower areas, and mature
slope forms on canyon walls and escarpments in the
mountains; then, a period of aggradation indicated by
deposits laid down on the pediments. This history was
controlled by a number of factors. The most impor
tant is fluctuation in climate, a characteristic feature of
Pleistocene time, which would affect all drainage basins
equally. In addition, the emplacement of the Pecos
River east of the mountains undoubtedly influenced all
streams draining in that direction from the crest.

VOLUME OF EARLY PLEISTOCENE (1) DEPOSITS

Review of the tectonic events and sequence of deposits
in the Sacramento section (including the Guadalupe
and Delaware Mountains) indicates an anomaly. The
initial uplift of the ranges was followed by deposition
of great volumes of Pliocene deposits, both in the inter
montane basins and the plains to the east. The later
and presumably main uplift of the ranges was followed
by the deposition of only thin lIJld scattered Pleistocene
deposits such as those seen in the Guadalupe and
Delaware Mountains."

81 For relations in the EI Paso aren, see Sayre. A. N., and Livingston,
Penn, Ground-water resources of the EI Paso area, Texas: U_ S, Geol.
SurveY Water-Supply Paper 919, p. 37, 194:').

The smaller volume of deposits in Pleistocene time is
attributed in part at least to the development of such
through-flowing drainage systems as the Pecos and Rio
Grande, which were able to carry material out of the
region. The total volume of deposits, however, may
have been small even in such depressions as the Salt
Basin which were not connected with through-flowing
drainage. The main reason for the smaller volume of
deposits in Pleistocene time seems to be that less mate
rial was shed from the mountains after the second up
lift than after the first because most of the poorly re
sistant rocks had already been stripped from them, leav
ing only a core of resistant Paleozoic limestones and
other rocks. This suggestion may account for the fact
that the Guadalupe Mountains and other ranges of the
Sacramento section still project high above their sur
roundings, even though the main uplift was at least as
old as the early Pleist<lcene, and though subsequent dis-
turbances have been relatively small. .

DEVELOPMENT OF PECOS RIVER

A profound change took place on the eastern slope of
the Guadalupe and Delaware Mountains during the
Pleistocene because of the development of the Pecos
River. Previously, drainage had flowed eastward to
the aggrading surface of the Llano Estacada and had
become adjusted to a relatively high-standing, rising
base-level. The Pecos River developed at nearly right
angles to the older drainage, and at a much lower level,
along the eastern base of the Guadalupe, Delaware, and
other mountains of the Sacramento section.152 Drainage
on the eastern slope of the mountains was then adjusted
to a low-lying, descending base level controlled by the
river.

The Pecos River apparently originated in the Ed
wards Plateau south of the Llano Estacada as a short
consequent tributary to the Rio Grande. The gradient
of the original stream probably was so much steeper
than those of streams flowing east to the Llano Estacada
that it was able to extend its original course headwards,
thereby capturing the headwaters of each of these east
ward-flowing streams in turn." Headward cutting to
ward the north was aided bv the fact that a belt of
poorly resistant upper Peru';ian and lower Mesozoic
rocks lies between the mountains of resistant older rock
to the west and the resistant, caliche-capped sheet of
Pliocene deposits on the Llano Estacada to the east.
At least a part of the capture of other streams by the
Pecos Was facilitated by large-scale collapse of rocks
along this belt of poorly resistant rocks as layers of

152 Fiedler, A, G., ana Nye, s. S" Geology and ground·water resources
of the Roswell artesian basIn, New Mexico: U, S. Geol. Survey Water·
Supply Paper 639, pp. 99-100, 1933.

113 The most definitely proved example of beheading --of eastward.-flow.
log streams by the Pecos is in the Portales Yalley of east-central New
}lexico. See Baker, C. L., Geology and underground waters of the
northern Llano Estacada: Texas Unlv. Bull. 57, pp. l:i2-54, 1915. Theis,
C. V., Report on the ground water In Curry and ROOsevelt Counties, New
Mexlco: New Mexico State Eng. 10th Blenn. Rept., pp. 98-146, 1932.
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RELATION OF CLIMATIC FLUCTUATIONS TO PLEISTOCENE
GLACIATION

The fluctuations in climate between humid and arid
conditions indicated by the early Pleistocene pediments
and deposits were probably related to the glacial and
interglacial stages of Pleistocene time. A period of
humid conditions probably corresponds to one of the
glacial stages, and a period of arid conditions probably
corresponds to one of the interglacial stages.

Erosion surfaces and unconsolidated deposits along
the Pecos River in the nearby Roswell area in New Mex
ico which are similar to those in the area studied, haye
been tentatiyely correlated by Nye 51 with the specific
Pleistocene glacial and interglacial stages. Such cor
relations, however, cannot rest" on a secure basis until
studies have been made of much broader areas than those
near Roswell and in ,the Guadalupe Mountains. In par
ticular it is desirable to know more about the geomorphic
history of the region which separates these two areas
from the nearest centers of Pleistocene glaciation.

Features of probable glacial origin haye been reported
from the Sangre de Cristo Mountains and the Sierra
Blanca in New Mexico," but the nearest area in which
an extensive glacial history is recorded is in the San
Juan Mountains of Colorado." Geomorphologic
studies of areas not far south of the San Juan Moun-

.. Fiedler, A. G., and Nye, S. S., Geology and ground·water -resources
of the Roswell artesian basin, lS'ew J.lexico: U. S. Geol. Surv. Water
supply Paper 639, pp. 111-113, 1933.

IS Ellis, R. \V.• The Red River lobe of the Moreno glacier: New Mexico
Luil'. Bull., Geol. Ser., voL 4, No.3, 1931. Antevs, Ernst, Tbe age of
the Clovis lake clays; Acad. Nat. Sci. Philadelphia ProC., vol. 87, p. 307,
1936.

GIl Atwood, W. W., and Mut~r. K. F., Physiography and Quaternary
geology of the San Juan Mountains, Colorado: U. S. Geol. Survey Prof.
Paper 166, pp. 27-31, 1932.

ments and the probably contemporaneous slope deposits
and fanglomerates are strongly impregnated by caliche,
a soil feature characteristic of dry climates. An ex
posure in Pine Spring Canyon one mile west of Pine
Spring (1" 145) suggests that this change may have
taken place rapidly. The layer of fine-grained sedi
ments at its base was laid down when little material
was being washed off the adjacent monntains. This
layer is succeeded by fanglomerates, laid down when
erosion of the adjacent slopes was actively renewed and
more coarse lila terial ''"as washed in than the streaU1
could carry away.

With the change toward an arid climate, both the vol
ume and the coarseness of the material eroded from the
mountain areas was increased. The cloak of vegetation
011 the mountains was reduced, the soils stripped away,
and the bedrock exposed to attack by mechanical weath
ering. A return to more humid conditions at the end
of the period of deposition is suggested by the subse
quent dissection of the gravel deposits. These subse
quent events are discussed under the heading of later
Pleistocene and Recent features.

CLIMATIC FLUCTUATIONS

at Lee, W. T., Erosion by solution and fin: U. S. Geol. SUT'\"ey Bull. 'i60,
p. 121, 1925.

~ Fiedler, A.. G.• and Nye, S. S., op. cit_. pp. 109-111.
56 Robinson, T. W., and Lang, W. B., Geology !lnd ground-water condi·

tions of the Pecos River valier in tbe viCinity of Laguna Grande de la
Sal: New Me,;ico State Eng. 12th and 13th Bienn. Rept., pp. 84-85,
1939.

The fluctuation in conditions suggested by wide-
spread cutting of pediments and other features, fol·
lowed by deposition on the pediments, was probably
caused in large part by a fluctuation in climate. It
could not ,have been due entirely to changes in regimen
of the Pecos River for the areas draining into the Salt
Basin to show a similar history. Only climatic changes
would have equal effect on all drainage basins.

As shown by the relations along Pine Spring and
Cherry Canyons (fig. 21, B), the streams that cut the
pediments had a more concave profile than the present
ones. Concavity of profile results from a downstream
increase in the effectiveness of the transporting power,
which may be brought about in increase in volume, by
decrease in the coarseness of the load, or by both. Each
of these factors would be enhanced by greater rainfall;
thus streams lose their steep headward declivity in a
shorter distance in humid than in arid climates.

The gravel deposits on the pediment apparently re
sulted from a change in climate toward aridity. The
profile of the deposits, as shown along Pine Spring and
Cherry Canyons (fig. 21, B) is less concave than the sur
face on which they rest. Both the gravels on the pedi-

'~.

iJlterbedded soluble salts were removed by ground
'Wster.54

- These events have not been definitely dated. They
,-are certainly later than deposition of the Pliocene rocks
of the Llano Estacado, and are older than deposition of
'the quartzose conglomerate 55 and Gatuna formation,'"
which are the oldest formations that fill the valley of the
pecos River. The latter deposits are overlain uncon
formably by younger Quaternary deposits and are prob
ably of older Pleistocene age. If these deposits are
older Pleistocene, the development of the riv'er probably

-took place in early Pleistocene time_
AJ< a result of the development of the Pecos River,

streams flowing east from the crest of the Guad!11upe
and Delaware Mountains became adjusted to a low

, lying, descending-base-level controlled by the river, in
¢ stead of to a high-standing, rising base-level as before.

During each successive cycle, such as the pediment cut
ting and the gravel deposition on the pediments de
scribed above, erosion and deposition therefore took
place at a lower level than during the preceding cycles_
A series of successively lower plains ann. terraces were
thus developed. Moreover, material wa,hed out from
the mountains was not deposit.ed in any large yolume
in the lower country, but much of it was carried out of
the region toward the sea.

,
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tains are now being carried on by Kirk Bryan and his
associates," and as this and other work is extended, more
conclusions can be reached as to the Pleistocene history
of the region south of the glaciated areas.

LATER PLEISTOCENE AND RECENT FEATURES AND
DEPOSITS

After the older land forms had been carved and were
mantled by deposits, degradation of the region was
renewed, and the land forms and deposits were therebv
dissected. During tJ:1is time of degradation, the rnom;
taills )Vere given the form they now possess. The
younger land forms and deposits came into existence
during the time of degradation; those now in the process
of formation have been described in an earlier section
(pp. 126-138), and need be mentioned further only to
place them in their historical perspective. In addition,
some fpA~tures will be described that are older than the
modern features and younger than the older topographic
features and deposits.

TECTONIC FEATURES

EVIDENCE FOR FAULTING

In the Guadalupe and Delaware Mountains later
Pleistocene time was one of some tectonic inst~biIitv.
Reference has already been made to the fact that in tl~e

foothill area the older fanglomerates and the gravels
deposited on older pediments have been displaced bv
faults, which are indicated in some places by low fauit
scarps and III others by fault planes traversinO" the de
posits (Pl'. 113-114). These faults are all we~t of the
Border fault zone and it is probable that this zone
moved again at about the same time. This movement
is indicated ?y relations along the black limestone bench
that flanks It on the east, described below.

BLACK LIMESTONE BENCH

Along the west base of the Guadalupe and Delaware
"'fountains from the latitude of Guadalupe Peaksouth
ward, the black limestone at the base of the Permian
succession projects as a bench that rises a few feet to
more than 300 feet above the downfaulted rocks to the
west. Above the bench are gentle slopes carved from
the overlying sandstones. A bench has formed on the
black limestone because its resistance to erosion is
greater than that of the sandstones that overlie it. The·
surfaces of the bench are boulder-controlled slopes, ad
justed to the movement of weathered black limestone
fragments across them.

The bench is prominently in view alono- the base of
the escarpment in the panorama plate l' A and the
. h h " ,rlg t- and end of the panorama, plate 5, B. On plate

14, B, a nearer VIew of the bench, its relation to the

00 Br;pln, Kirk, Geology and grQund-water resources of the Rio Grande
depression in Colorado and New Mexico: Nat. Resources Comm., Re.
gionalplanning, Part 6, Rio Grande joint investigation, pp. 197-225,
1938.

Border fanlt may be seen. A profile across the bench
is given on figure 23, B.

The bench seems to be more intimately related to the
Border fanlt zone than are the higher parts of the es
carpment. Its western edge is a nearly straight line that
follows the truces of the faults throughout its entire
distance, and it is scarcely dented by the streams that
have incised narrow gorges across it. Thus it has
receded very little from its original tectonic surface.
In places, older fanglomerates and gravel deposits lie
against the black limestones on the npthrown sides of
the Border faults (pI. 14, B) in such a manner as to sug
gest that the fanglomerates had been faulted against
the black limestones. In one place, older gravels appear
to be displaced by one of the faults of the zone' (right
hand end or fig. 24, A). Black limestone fragments are
absent from the older fanglomerates and gravels west
of the Border fault zone, which contain only rocks from
(he higher parts of the escarpment. On the other hand,
such fragments are abunda.nt in the younger rocks of
the same district.

These relations suggest that the black limestone bench
may have been partly or wholly concealed at the time
the older slope, fanglomerate, and pediment deposits
were laid down, and that it did not reach its present
height until later, when renewed movements on the
Border fault zone took place (stage 3, fig. 22). Such
movements may have amounted to several hundred feet
in places (fig. 23 B). The face of the black limestone
bench is probably a slightly eroded fault scarp, much
younger than the greatly eroded fault scarp or fault
line scarp that forms the higher part of the escarpment.

RELATION OF FAULTING TO EROSIONAL FEATURES

The faulting just described interrupted the develop
ment of the older features and deposits, which had been
forming during a long period of crustal stability. The
displacements were relatively small, amonnting to a
few hlmdred feet at most, bnt they were sufficient to
cause the dissection of the various older features on the
west-facing escarpment and the foothills to the west.
Because of the movements, the features were placed in a
new relation to the adjacent drainage, and may have
been shifted upward relative to the base-level of the
Salt Basin, either by depression of the basin or uplift of
the mountains.

EROSIONAL AND DEPOSITIONAL FEATURES

DISSECTION OF OLDER FEATURES AND DEPOSITS

The older topographic features and deposits have not
only been dissected where they are faulted, but in parts
of the area where they are not faulted. Thns, the
streams in the canyons of the Guadalupe Mountains
have cut more than 100 feet below the valley-side shoul
ders on their walls, and nOw flow in narrow, inner
gorges, with imperfectly grade~ channels. In lib
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wanner, the graYel plain to the southeast is treuched
as much as 100 feet by narrow gorges that in places
extend into the underlying bedrock. Farther south broad
plains flank the larger streams; they aI'e pediments ad
justed to the grade of these streams. The plains stand
at a lower altitude than the older gravel plains and
older pediment remnants, and represent a new cycle of
base leveling at a lower level.

The widespread dissection of the older features re
sulted from the interaction of numerous factors, whose
relative importance is difficult to evaluate. It is pos
sible that the mountains were uplifted at the time of
the later faulting along the Border zone and in the
foothills. If so, they were shifted npward relative to
the base levels of the streams that drain'ed them. Cli
matic changes also probably took place, some of which
encouraged downcutting by the streams. 1\forem'er, as
degradation of the mountains progressed, the size of
materials carried by the streams decreased, and the
streams tended to cut down to increasingly lower
gradients.

On the east slope of the mountains, in the area
drained by the Pecos River, dissection by streams also
took place as a result of lowered base levels caused by
deeper cutting of the river. Aerial photographs of the
area east of the mountains, in tli" Gypsum Plain and
Rustler Hills, indicate that at some place along each of
the major streams draining toward the Pecos there are
abrupt descents from wide alluvial Yalleys upstream to
steep-sided, headward-cutting gorges downstream.
Some of the major streams have more than one such
descent. These descents represent impulses toward re
newed downcutting that are being generated upstream
from the river along each tributary. In addition to
normal downcutting of the river, such impulses may
have been influenced in part by eustatic changes in sea
level that are known to have taken pl~ce during Pleis
tocene time.

SUBSEQUENT STREAMS

The dissection of the older topographic features and
deposits furthered the development of subse'luent
streams (shown by a separate symbol on pl. 22),
although some of these streams may have come into
existence during earlier periods.

On the east slope of the Delaware Mountains, the
structure is such that the surface is made up of many
strike belts of poorly resistant sandstone, lying between
belts of more resistant sandstone and limestone. Along
them drainage leading into the larger cons"'luent
streams has cut headward to form subs"'luent streams,
such as Bell Canyon (pI. 22). In other places in the
same area belts of poorly resistant sandstone are faulted
down to the same altitude as more resistant rocks.
Along one of these belts, the Getaway graben, a de
pression was hollowed out by two subse'luent tribu
taries of Getaway Canyon. The mol''' resistant lime-

755282-48-11
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stones to the east and west rise above it in resequent
fault-line scarps, whose tops are remnants of an older
pediment, probably of the same age a~ the gnLYel plain
further north. (pI. 22).

Orr the ,,-est slope of the Delaware Mountains a num
ber of belts of weak rock extend along fault lines, per
haps because of the close spacing of joints. In this
area, during dissection of the oleler features, subse'luent
streams were cut in the wenk belts j the largest of them
is the stream of Guadalnpe Canyon (pI. 22).

TERRACES

Along the sides of some yalleys that trench the gravel
plain southeast of the Guadalupe -'fountains are terraces
that lie between the plain and the present channels.
They record pauses in the tlissection of the plain.

Along Lamar and Cherry Canyons east of the
D Ranch Headquarters are remnants of a gravel
capped, rock-cut' terraee 50 feet above the present
stream and 50 feet or more below the snrface of the
gravel plain (pI. 22). The deposits on the remnants
consist of lilnestone fragments, derived frOlTI the
Guadalupe Mountains, that were either washed out
from the mountains at the time the terraees were formed
or were reworked from the older deposits of identical
composition on the gravel plain.

In Glover and Getaway Canyons, two headwater
tributaries of Delaware Creek, are terraces of different
eharaeter. Here, remnants of alluvium lie on the sides
of the present valleys, as much as 50 feet above the pres
ent channels or within 100 feet of the hilltops whose
surface is equivalent to the gravel plain. The alluvium
consists of fine-grained limestone gravel and buff silt_
In this region, after the valleys were first cut, they were
filled to a considerable depth and then reexcavated.
Terraces probably of similar structure but consisting
wholly of coarse gravel lie along Pine Spring Canyon
for about a mile west of Pine Spring (pI. 22).

The terraces in Glover, Getaway, and Pine Spring
Canyons are the only examples that have been observed
in the region of the sort of alluvial terraces that have
been described in other parts of the southwest." Such
terraces are especially prominent along the Pecos River
near Roswell, N. Mex. They are supposed to have been
formed by successive stream-cutting and stream-filling
as a result of changes from wet to dry climate. The de
velopment of alluvial terraces in the area studied is
poor, probably because the area lies near the sources of
the streams that drain it and too far from the Pecos
River to haye been much affected by temporary changes
in its regiU1elL

61 Huntington, Ellsworth, The climatic factor as illustrated in arid
America: Carnegie lnst, 'Vashington Pub. 192, pp. 24-26. 1914. Fied·
ler, A. G., atld :s'ye. S. S., op. cit., pp. 10-12, 30-35, 106-109. Bryan,
Kirk, Pre-Columbian agriculture in the southwest, as conditioned by
periods of alluviation: Assoc. ~1D. Geog. Annals, v~l. 31, pp. 226-237.
1941.



 

 Information Only 

156 GEOLOGY OF THE SOUTHERN GUADALUPE MOUNTAINS, TEXAS

ALLUVIUM

Alluvial deposits on the flood plaius of the modern
streams occupy relatively small tracts in the area of this
report, and only the larger of them have been mapped
(shown as "stream alluvium and cover of younger pedi
ments" on pI. 22). The largest areas are along Dela
ware Creek on the east slope of the Delaware Mountains,
and near Guadalupe Arroyo in the foothills west of the
Delaware Mountains. The alluvium consists mostly of
buff or brown clay, somewhat impregnated by caliche,
with lenses of fine gravel. Along Delaware Creek it
is about 25 feet thick, but on the west side of the moun
tains it may be somewhat thicker. Away from the
flood plains, the alluvial deposits grade into a relatively
thin sheet that forms the cover of younger pediments.

YOUNGER SLOPE DEPOSITS AND FANGLOMERATES

The character and origin of the younger slope de
posits and· fanglomerates have already been discussed
(pp. 133, 135-136), and need not be repeated here.
These deposits seem to have formed in much the same
manner as the older slope deposits but later than the
period of renewed faulting and uplift in which the
older ones were dissected. The younger fanglomerates,
which form the bajada west of the mountains, were
probably built up at the same time, as a result of the
renewed faulting.

Deposition of the younger fanglomerates gave rise to
a new generation of consequent streams (shown as
"streams consequent on bajada surface" on pI. 22).
Streams like them no doubt existed on the bajada ever
since the first uplift of the mountain area, but because
they are constantly shifting, the streams now seen there
have occupied their present positions for only a rela
tively short time.

In some places material washed out from the moun
tains has filled the dep.ressions between the mOlmtains
and the foothill ridges to such an extent that streams
consequent on the bajada have been able to flow over
these ridges at their lowest places. In this way they
have acquired new COurses across barriers in the original
tectonic surface.

RECENT DISSECTION

In some places younger deposits are still gathering
on slopes, pediments, and bajadas, but in others they
are now being dissected. Dissection of the younger
fanglomerates on the bajadas has already been discussed
(p. 136).

Dissection of younger slope deposits is taking place
south of El Capitan, as shown on plate 1. Here, two
waste streams (indicated by the letter b) are trenched
by ravines to deptl1s as great as 50 feet, and in places
cut into bedrock. Some of the steeper slopes between
the waste streams, only lightly covered by deposits, are
scored by gullies, and between them the surfaces are
broadly rounded. Similar features were observed on

the east slope of the Delaware Mountains, notably on
the cuesta formed by the Lamar limestone member of
the Bell Canyon formation northeast of the junction of
Bell and Lamar Canyons. The sandstones forming
the slope of the cuesta are generally stripped of all
soil and deposits, but here and there are remnant patches
of an older, rounded, soil-covered surface.

These features may be relics of climatic changes in the
geologically recent past. The rounded, soil-covered
slopes were formed during a time of relatively hmnid
climate, and the dissection that followed probably took
place during a time of relatively dry climate. The dis
section seems to be considerably older than the arroyo
cntting described below.

The alluvium in many of the flood plains of the area
has been trenched to depths as great as 20 feet by steep
walled arroyos.· According to Mr. ,Yalter Glover, a
local resident, the arroyos near Getaway Gap have been
cut since about 1905. Before that time, the valley bot
tom at tl,e upper end of the gap was a smooth flat, easily
crossed in all directions by a wagon, whereas since then
the arroyos have widened so much that a wagon can now
be driven along their channels.

The arroyo cutting resembles that which has recently
taken place in many other parts of the arid southwestern
United States.'" It seems to have resulted from modern
depletion of the vegetation cover, thereby quickening
run-off and soil erosion. This depletion probably hap
pened because of overgrazing of the country by stock,
for in the regions where I have observed it, arroyo cut
ting has taken place within a few score years after the
country was settled. Periods of drought in recent years
have greatly increased the overgrazing, for the cattle
that remained on the land during the dry periods were
forced to crop the grass down to its roots, and to eat
plants such as the prickly pear and sotol that they usu
ally avoid. It is entirely possible, however, that the
artificial depletion of the vegetation merely accelerated
a natural depletion resulting from an increasingly dry
climate, and that conditions favorable to soil erosion
existed at the time of the arrival of the first settlers.

LAKE FEATURES

As already indicated, the center of the Salt Basin, be
yond the edges of the bajadas on either side forms a re
markably even floor, which stands at an altitude a little
above 3,620 feet (pp. 136-138). It marks the extent of
the gypsiferous clay hills and intervening meadows
mapped as Reeves chalk in the soil report." This floor
is a former lake bed, which from time to time in the past
was covered by standing water. On it are many fea-

C Bryan, KIrk. Date of channel trencbing (arroyo cutting) in the arid
southwest: Science, new ser., vol. 52, pp. 338-344, 192~. Balley. R. W.,
Epicycles of erosion in the valleys of' the Colorado Plateau provInce:
Jour. Geology. vol. 43, pp. 331-3:15, 1935.

03 Carter, W. T., and otbers. Soil sl.ln-ey (reconnaissance) of the
trang-Pecos area, Texas: U. S. Bur. Chemistry and Soils, Soll Survey
Rept., 1928, No. 35, p. 30, 1928.
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LATER PLEISTOCENE AKD RECENT FEATURES AND DEPOSITS

tures formed by a lake that is probably of late Pleisto
cene or early Recent age.

BEACH RIDGES

The lacustrine features are most clearly indicated on
aerial photographs. Old beaches stand ·out clearly as
curving~ concentric bands, encircling the margins of the
floor and the sides of low protuberances on the floor it
self (1'1. 23). The beaches can be seen also when the
floor is yiewed from the mountain tops to the east, but
their pattern and character is less evident. Such fea
tures are difficult to recognize on the ground, but they
have been studied in the field a mile southwest of the old
P X Ranch within the area of this report, and near the
mouth of Victoria Canyon east of the Sierra Diablo
south of the area of this report.

On aerial photographs the beaches appear as low,
light-colored ridges, a few hundred feet to nearly a
quarter of a mile across, that extend as bands along the
contours, bending outward around the outer ends of al
luvial fans, and recessed between them. The highest
beaches lie about 40 feet aboye the lowest points on the
floor, or at an altitude of about 3,660 feet. They are
indefinite and discontinuous, and hence probably older
than the lower beaches. The most definite beaches lie at
a lower altitude and about 20 feet above the lowest
points on the floor; others lie both above and below. Al
though the beaches are not far apart in altitude, the
very gentle slopes on the floor cause them to be in places
as much as a mile apart laterally.

The two beaches studied in the field are both parts of
the 20-foot beach. At the locality soutltwest of the P X
Ranch the beach is a narrow embankment of gypsiferous
clay which rises about 10 feet aboye its surroundings and
is about 20 feet higher than the nearby alkali flats on
the lowest part of the floor. At the loca!it} east of the
mouth of Victorio Can}on, the outer edge of the bajada
is cut off in a scarp 10 to 20 feet high, which descends
steeply from the bajada to a flat meadow containing
alkali flats. The scarp is composed of buff loam, with a
capping of gypsiferous clay. In places, the top of the
scarp is a few feet higher than the surface of the bajada
behind it.

HISTORY OF LAKE

The beaches indicate the one-time existence of a lake
which was at first about 40 feet deep, and covered the
whole expanse of the basin floor. Later, the lake re
ceded but maintained a depth of about 20 feet for a con
siderable period, when well-marked shore features were
formed. During the 20-foot period, slightly higher
areas within the floor of the basin rose about lake level,
such as the higher ground west of the area studied, be
tween the chains of alkali flats on the east and west sides
of the basin. The gypsiferous clay of the elay hills and
the brown clay of the meadows, which are the charac
teristic surface material of the basin floor, are probably
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lacustrine deposits, later shifted somewhat by the wind.
These lacustrine deposits were built up in standing
water to form the nearly leyel surface of the basin floor,
and may have been laid down over the outer edges of the
bajadas, thus causing the sharp boundary between the
topography and soils of the two features.

After most of the waters of the lake had disappeared
and most of the floor of the basin was uncovered, a few
remnants in the form of intermittent water bodies re
mained at the lowest places on the floor. These low
places were somewhat enlarged by subsequent wind ac
tion and form the alkali flats that are a characteristic
feature of the modern basin floor.

AGE

The lake in the Salt Basin is probably of the same age
as that which once filled the Estancia Basin of central
New :l\Iexico 64 where there are many well-preserved
shore features. Anteys" suggests that the lake in the
Estancia Basin existed during the "pluvial period"
which came at the end of the Pleistocene.

CAYES

The linlestones of the area studied contain nmnerouS
caves, but there are no large ones comparable to Carls.
bad Cavern and others in the Carlsbad and Capitan
limestones not far to the northeast. Most of the caves
observed in the area studied are shallow openings, re
cesses, and shelters.

AGE

Most of the eaves here and elsewhere in the Guadalupe
Mountains were probably formed when the topography
was approaching its present form. The smaller ones
occur in the present canyon walls and escarpments. The
larger ones could have been cut to their present size and
depth only by underground drainage whose outlets were
near the levels of the modern streams. The time of cave
formation was probably related to times of still stand
expressed elsewhere by gravel plains, terraces, and other
surface features.

According t.o interpretations made in this report, the
Guadalupe Mountains did not begin to aSSUllle their
present form until the beginning of Pleistocene time,
and the developmealt of the present surface features
took place during the Pleistocene and Recent. Because
of t.heir close relation to surface features, the caves of
the region also probably formed during these epochs.
This conclusion has been previously suggested by
Gardner."

0<1 Meinzel", O. E., Geology and ground-water resources of Estancia
Valley, New Mexico: U. S. Geo1. Survey Water-Supply PapE.<r 275, pp.
1&-25, 1911.

1m Ante,s, Ernst, Age of the Clovis lake clays: Acad. Nat. Sci. Phila
delphia Proc., vol. 87, pp. 304-$12, 193ft

00 Gardner, J. H., Origin and development of limestone caverns: GeoL
Soc. America Bull., vol. 46, pp. 1270--.1272, 193~.
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CAVE FAUNAS

Some caves in the Guadalupe Mountains contain
vertebrate bones and archeological material. One of
them, the Indian Cave on the 'Williams Ranch, south of
El Capitan, lies within the area studied. Its contents
have been described by Ayer 67 as including not only
various living species, but also the extinct horse, dire
wolf, and ground sloth (dung only). She states:

Twenty-two forms of mammals are here" reported from WIl
liams Ca,-e, of these 22.7 percent are extinct, 31.8 percent are
living but not found in the Guadalupe }lountain region of Texas,
and 45.5 percent are now found in western Texas and are re
ported from the Guadalupe Mountains. It is of importance to
note that some of the caYe forms DOW living in sections other
than western Texas are found to the north and in many cases
in the higher mountains where vegetation is quite distinct from
the desert tlora now found about the eave. This would seem
to indicate that in this region, at one time, the climate was quite
different. On the other hand, these animals may have strayed
down from the top of the Guadalupe Mountains in search of
food, thereby accounting for their presence in the cave material.

The Burnet Cave, in the Guadalupe Mountains near
Three Forks, north of the area studied (fig. 2), has
yielded still larger collections. The faunal and arche
ological material from it has been described by Howard
and Schultz." The vertebrates include extinct species
of bear, horse, camel, musk-ox-like bovid, and bison.
According to these authors:

Forty·three forms of mammals were found in Burnet Cave.
Of these, 23 percent fire extinct, 12 percent are living but are not
found in New Mexico, 30 percent are now living in the GuadalUpe
Mountain region, and 35 percent are living in New Mexico but
are not reported from the Guadalupe Mountains. * * ... It
is interesting to note that many of the cave forms, now living
in regions other than the Guadalupe Mountains, are found to the
north and in many cases in the higher mountains. Several of
these species and varieties no\v live in life zones as high as the
Arctic-Alpine zone. There is a strong indication that the
climate of the region of the cave, during the time of the pre
Basket Maker occupation, was much different than It is today.

EVIDENCE FOR RECENT CLIMATIC CHANGES

In various places in the preceding descriptions, refer
ence has been made to features that probably formed as
a result of certain climatic conditions, or of changes in
climate. Some of them are relatively ancient, and per
haps of Pleistocene age; others are of relatively recent
age. Such interpretations of climatic conditions are not
absolute, because of possible complications resulting
from other factors, but evidence regarding the climatic
conditions affecting younger features appears to be more
obvious than fo'r the older. The various features in
dicate various things and not all of them are in harmony,

IJ/ Ayer, M. Y., The archeological and faunal material from Williams
Cave. Guadalupe Mountains, Texus: Acad, Nat. Sci. Philadelphia Proc.,
vol. 88, pp. 599-618, 1936.

8!3 Howard, E, B" Evidence of early man in North America-: Museum
Jour. (Univ. PennsylVanial. voI. 24, pp.. 62-79, 19315. Schultz, C. B.,
und Howard, E. B., The fauna of Burnet Cave, Guadalupe Mountains,
New Mexico: Acad. Nat. ScL Philadelphla Proe., vol. 87, pp. 273-296,
1935. .,.."'.

and not all of them took place at the same time. Evi.
dence is still too scattered and indefinite to fit the ob
served features into any comprehensive climatic history.

EVIDENCE FOR CLIMATIC CHANGES IN AREA STUDIED

A formerly more humid climate is suggested by the
evidence of lacustrine conditions on the floor of the Salt
Basin in late Pleistocene time. Humid climate is sug
gested also by rounded, soil-covered slopes on some of
the mountain sides and cuesta faces. A change to a
drier climate is suggested by dissection and partial strip
ping away of this cover. Arroyo cutting in the alluvial
deposits, though perhaps mostly the result of overgraz
ing, may have been influenced by increased dryness
within modern times.

A formerly colder climate is suggested by the nature
of the vertebrate faunas mentioned above, which came
from two caves in the Guadalupe Mountains. Their
nature may be explained partly by other factors, but
these other factors probably do not account for all the
features observed in the faunas.

EVIDENCE FOR CLIMATIC CHANGES IN NEARBY A:REAS

Possible recent climatic changes in the southwestern
United States have been discussed at some length by
Huntington," who concluded that within the last few
thousaud years the climate has become distinctly more
arid than before. Geomorphological, botanical, and
archeological evidence is cited, not all of which is en
tirely convincing. Much more evidence has been ac
cumulated since Huntington's publication appeared, but
not all of it agrees with his conclusion. He has pointed
out, however, that large climatic changes are the net
effect of much more complex minor fluctuations, and
some of these minor fluctuations may have been strong
enough to have left, some record of their passing.

Huntington" discusses the results of the work of
E. E. Free on the alkali flats and sand dunes of the
Tularosa Basin west of the Sacramento Mountains
(fig. 1). Free recognizes three or more sets of gypsum
deposits of different ages in the basin, all presumably of
'aeolian origin, and all perhaps indicating periods of dry
climate, similar to that under which the White Sands
of the area are now forming. n

The conclusions of Antevs" regarding the pluvial
period at the end of the Pleistocene have already been
mentioned (p. 157). He suggests that the extinct lake
in the Estancia Basin and others near Clovis, N. }Iex.,
were formed during tilis period. There is supposed
to have been a moister climate than at present. Aeolian
sand that covers the lake deposits is cited as evidence

.. Huntington, Ellsworth, The cllmatic factor as illustrated In arid
America: Carnegie Inst. Washington Pllb. 192, pp. 9-93, 1914.

TO Huntin~ton, Ellsworth, iuem, pp. 37-42.
71 Compare Huffington, R. M., and Albritton, C. C., Quaternary sands

on the southern High Plains of western Texas: Am. Jour. SeL, vol. 239,
pp..325-388, 1941.

n Antevs, Ernst, Age of the Clovis lake clays: Acad. Nat. ScL Phlla
delphia Proe., \"01. 87, pp. 304-311, 1935.
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that there was a later change toward more arid
conditions.

Bryan and Albritton" have discussed features in the
alluvial deposits of New Mexico and Texas that sug
gest climatic fluctuations, some of which probably took
place within the last few thousand years. In the Davis
Mountains area three alluvial formations supposedly
laid down during humid periods are recognized; they
are separated by unconformities due to erosion, which
supposedly cccurred during drier periods. During
scme of the erosion periods, channel trenching took place
which resembles that going on today.

Evidence for climatic fluctuations based on other fea
tures has been suggested. Cave silts, wind-polished
rocks, and sand dunes of various ages ilre cited as evi~

denee for dry periods, which may correspond to un
oonformities in the alluvial sequence above noted."
Bryan" has attempted a tentative interpretation of
soil profiles and weathered slopes near Alpine, Tex., in
terms of climatic changes. A succession of an early,
long period of aridity followed by moister conditions
and finally by modern, drier conditions, is snggested.

BROADER RELATIONS OF CENOZOIC HISTORY

EYOLUTION OF THE MOUNTAIN AREA

The evolution of the surface features of the Guada
lupe and Delaware Monntains can be considered under
the headings of structure, process, and stage." The
mountains have the structure of an uplift, much broken
by faults. The structural surface has been acted on
by subaerial processes of degradation, under the in
fluence of an arid climate, and dominated by the work
of streams. Degradation has reached a stage wherein
considerable modifications may now be seen in detail,
although the original structure is still reflected in the
broader configuration.

Changes in the aspect of the mountains following
their original uplift have been brought about partly
by rene,ved uplift and faulting during several succeed
ing periods, and partly by the erosion of a large amount
of material from the upraised areas, some of it being
deposited in the adjacent depressed areas. Poorly re
sistant rocks, of which no trace now remains, may at
the time of the uplift have covered the summit pene
plain-the oldest land form in the area; moreover,

73 Bryan, Kirk, Recent deposits of Chaco CanJon, 1\ew Mexico, in rela
tion to the Ufe of the pre-historic peoples of Pueblo Bonito [abstract] :
Washington Acad. Sci. Jour., vol. 16, pp. 75-76, 1926. Albritton, C. C.,
and Bryan, Kirk, Quaternary stratigraphy in the Davis Mountains,
trans-Pecos Texas: Geol. Soc. Ame:rica Bull., vol 50, PP. 1423--1474,
1939. Bryan, Kirk, Pre·Columbian agriculture in the southwest, as
conditioned by periods of alluviation : Assoc. Am. Geographers Annals,
vol. 31, pp. 219-242, 1941.

16 Bryan, Kirk, and Albritton, C. C., Wind polished rOCks in trans
Pecos Texas [abstract] : Geol. Soc. America Bull., vol. 50, p. 1902, 1939.
Buffington, R. M" and Albritton, C. C., op. cit., 325-388.

'~Bryan, Kirk, Gully gra'\'ure. a method of slope retreat: Jout'. Geo
morphology, "01. 3, pp. 101-105, 1940.
~ Davis, "-. M., The g£'ographical cycle: Geographical essays, p. 249,

1902.
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toward the south, a great thickness of sandstone and
anhydrite below the level of the peneplain has been
stripped off the mountain summits.

The cscarpment that forms the western side of tbe
Illountains, although outlined by the faults along its
base, is not as high as the tectonic relief of the rocks
that compose it (fig. 22, B). Its crest has been lowered
by erosion, and its base raised by the deposition of un
consolidated Illaterial on the bajada to the west. It is
also not as steep as the original tectonic surface, as it
has been cut back into graded slopes.

BASIN·ltANGE PROBLEM

The Guadalupe Mountains lie in the Basin and Range
province, "characterized by isolated, subparallel moun
tain ranges rising abruptly above. desert plains." 77

The origin of the surface features in the province has
long been debated."

As worked out by Gilbert, Davis, and others, the
rauges are composed of rocks that had previously been
Illore or less deformed and degraded, and originated as
uplifted blocks, outlined on one or more sides by faults
that cut across the older tectonic features. The adja
cent plains are believed to be underlain by rocks that
were depressed so far at the time of the uplift of the
ranges that they have been entirely buried by detritus
washed out from the uplifted areas. The faults along
the edges of the ranges are therefore seldom exposed
to view, but must be deduced from evidence afforded
by the land fOrlllS. This interpretation has been chal
lenged by Spurr, Keyes, and others, who consider that
the ranges have resulted from the differential erosion
of a previously deformed terrain.

As Illay be seen from the interpretations of the
Guadalupe and Delaware Mountains that are made in
this report, these mountains correspond, at least gen
erically, to the type of Basin-Range origin advocated by
Gilbert and Davis, although possessing many specific
features of their own. They depart from the ideal in
that their rocks are only mildly deformed, in the prob
able absence of remnants of the prefaulting topography
(assllllling that the summit peneplain is pre-Cretace
ous), and in the complications resulting from several
periods of upheaval and faulting. The Guadalupe
Mountains are, therefore, one of the "Basin-Range
types" in the sense used by Davis."

The conclusions reached for the Guadalupe and Dela
ware Mountains should not, however, be considered as

'" Fenneman, N. M., Phniographic divisions of the United States:
Assoc. Am. Geog. Annal$, vol. 6, p. 42, 1917.

Ttl Davis, W. M., The Basin Rnnge problem: Nat. Acad. Sei. Proc., vol.
6, pp. 387-392, 19215. Gilbert, G. K" Studies of Basin-Range structure:
U. S. Geol. Survey Prot. Paper 153, pp. 1-9, 1928. Sauer, carl, Basln
and range forms in the Chtricahua area: California Dniv., Pub. Georg.,
vol. 3, pp. 346-349, 1930. Fenneman. N. M., Physiography of western
United States, pp. 3M-340, New York, McGraw-Hili BOok Co., Ine,
1931. These contain many references to other pubJicationB.

'u Davis, \V. M.,Basin Range types: Science, new ser., vol. 76, pp. 242
245.1932.
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favoring the general application of the interpretations
of Gilbert and Davis to all the mountains of the Basin
and Range province. Each range in the area has tec
tonic peculiarities of its own. Study of the ranges in
recent years demonstrates that some, such as the Guad
alupe Mountains, have indeed been raised by block fault
ing, but that others have been raised by arching and
warping, and that some have been shaped largely by
erosion.

In a region as vast as the Basin and Range province,
the tectonic features and geologic history of whose parts
is so varied, one is led to suspect that the characteristic
surface features have not been caused by anyone tec
tonic process, so much as by the all-pervading dry cli
mate, which has allowed the drainage to remain poorly
integrated, and has prevented the surface from being
worn down to the subdued forms of humid regions.

ECONOMIC GEOLOGY

The southern Guadalupe Mountains are not rich in
natural resources. It seems unlikely that their rocks
will ever be productive of oil or metals, however mueh
scientific treasure they may yield to the geologist and
paleontologist. The resource most worthy of investi
gation and conservation is ground water, as it makes
life possible in a land that is otherwise barren.

ORE DEPOSITS

The almost complete absence of igneous rocks in the
area has already been noted (1'1'.102-103). There is a
corresponding lack of mineralization, except at a few
localities. One of these localities is at the prospect
known as the Calumet and Texas mine, in the head
waters of Dog Canyon about a mile northeast of Lost
Peak (pI. 3), where veins in the Carlsbad limestone
contain copper minerals. The minerals have been pros
pected from time to time since about 1900, but the work
ings are small and had been abandoned before our visit
in 1934. A brief examinatiou of the locality was made,
and a small collectiou of specimens was taken from
material on the dumps. These specimens were sub
mitted to Mr. Charles Milton, of the Geological Survey,
who reports as follows:

There are three varieties of material:
1. Fine-grained, chocolate-brown, siliceous rock, impregnated

with iron and copper oxides, the former more or less hydrous.
2. Buff to bl'o,vn, clnyey, bedded rock, with coatings of gl"een

and blue copper minerals. The- blue mineml is azurite. The
green mineral, \vhich has a spherulitic stl'Ucture, is either uuri
chalcite,2 (Zn, Cu) eOa 3 (Zn, Cn) (OH)~ or zinc-bearing mala
chite (Cu,Zn)COJ_ (Cn,Zn) (OHh The clayey rock itself has
an appreciable content of zinc and may be a zinciferous clay.
such as has been described from other western localities.

3. Siliceous rock, carrying a heavy coating of yellow, pOWdery
substance. This mineral is beave-rite, CuO.PbO_FeJOa.2S0a.4H20.
As viewed undN' the microscope, it consists of minnte grains, of
high [refrn.ctiveJ index (greater than 1.78), with zero bire
fringence, in part with hexagonal, in purt with cuboid shapes.
An anal.rsis of the grains showed the following composition:

Percent PeTCel~t

Insoluble ~ 20. ~ CaO___________________ .86
PbO 23.56 l\IgO__________________ .15
CuO ~___________ 8.85 AI.O

J
and P

2
05_________ .30

Fe.03 19.45
S~ 18.32 99.40
H,O___________________ 7.09

Field examination indicates that the deposit is not
extensive, and the valuable minerals seem too diffusely
spread through the rock to give economic value to the

deposit. Moreover, the prospect is so far from any road
that development would be expensive and difficult.

Two other smaller mineralized areas have been re
ported in the southern Gimdalupe Mountains, but were
not visited during the present investigation. Accord
ing to 'Wallace Pratt,"

There are two other openings (shallow shafts) on mineralized
limestone in the area; one is about a mile west of Bell Spring
on the mountain flank, the prospector having camped at Bell
Spring; the other opening is on the edge of the high plateau, a
coupie of hundl-ed yards northeast of the trail from the Grisham
Hunter Lodge on South :llcKittrick Canyon to Grisham-Hunter
Camp, at a point about a 'mile as the crow flies west of Grisham
Hunter Lodge. Both these openings ,unCoyer Concentrated black
iron oxides. with a trace of copper. Local tradition claims that
silver also is present. The first described opening is in the
upper part of the Bell Can;ron formation and the second 1s in the
Carlsbad limestone, at the base of a sandstone phase.

FLUORSPAR

In the vicinity of the Pratt Lodge, and forming ledges
at the bottom of McKittrick Canyon, are beds of dark
limestone that probably belong to the Hegler limestone
member of the Bell Canyon formation (section E-E',
pL 17). Here and there these beds contain vugs filled
with a blue, crystalline substance, which, according to
Chal'les lIIilton of the Geological Snrvey, is fiuorite. He
states that "in ol'der to distinguish this positively from
the similar-appearing aud optically similar yttrocerite
and yttrofluorite, tests were made for rare earths, but
with negative results." The fluorite is too dispersed in
the rock to be of any value. Its origin is unknown.

SALT

A few miles southwest of the southwest corner of the
area. of this report are some salt workings which repre
sent the first mineral deposit opened near the southern
Guadalupe Mountains, and the only one producing to
elay. The workings were described by Richardson 81 in
1904, and were visited by John C. Dunlap of the Geolog
ical Survey in May 1946. Most of the data given below
are taken from an unpublished report by Dunlap..

The salt deposits are in small alkali flat.s or salt lakes
lying a little west of the main alkali flats on the floor of
the Salt Basin. The present workings are in the Zimple
man Salt Lake, which lies about a mile southwest of the

80 Walluce Pratt, letter of January 1945.
51 Richardson, G. B., Report of a rel:onnalSs11nce in trans-Pecos Texas

north of the Texas and Padtl.c Railway: Texas Gnlv. Bull. 23, pp. 61-64,
1004.
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M Richardson, G. B., op. clt., pp. 62-64.

l'erceltt
Potash None
Sodium sulfate_______ 1.4
Sodium chloride 97.3

Percellt
Silica_________________ 0.6
Alumina ._____ O. G
Iroll Trace
Magnesia- .__ ~__ Trace
Lirne . Trace 99.9

He also describes a test hole a few feet deep that was
dug in the surface of the salt lake and states that
analysis of the material pene.trated "shows the pres
ence of silica, liIne, Inagnesia, soda, sulfur trioxide,
carbon dioxide, and traces of potash and lithiUll1, but
no borax. Borax, however, occurs in at least one
locality nearby."
- During the period between 1929 and 1932, a shallow

sump was put in and a centrifugal pump was installed
with a capacity of at least 1,000 gallons per minute. The
dikes now present in the lake were built at this time to
confine the brine that was pumped to the surface.
Greater production of salt was obtained by pumping
brine, but resulted in a lower-grade product that con
sumers claimed contained "alkali." With the above ex
ception, all salt harvested from the lake has formed as
a result of natural evaporation of surface and subsurface
waters that left their contained salts as a surface crust.
During the period that brine was being pumped, a
crust was allowed to form on the brine ponds about once
each month and was harvested by means of forks"Jhe
tines of which are closely enough spaced to support the
salt crust. The salt crust produced by natural rise and
evaporation of brine is harvested in the same manner.
After being stripped from the lake surface, the salt is
either hauled directly to the consumer or is hauled to
stock piles near the lake. It is not refined in any way
to remove objectionable impurities.

surface lead into most of the brine vats, thus providing
access for trucks that are used to haul the salt.

On May 26, 1946, the entire surface of the lake, inside
the outer dike, was covered with a crust of salt that
averaged about half an inch thick. This crust was
nearly free of wind-blown sand and clay and so must
have fOlmed since the heaviest sand storms in March.
To judge by taste and appearance, the crust is mainly
sodium chloride, although the somewhat bitter taste of
sulfates can be detected in it. Brine is present imme
diately below the surface crust and this, in tum, is
underlain by the next solid material, which is salt mixed
with clay and fine sand. This layer of clayey salt is
about six inches thick, according to Mr. Grable, and
forms a "hardpan" that will support a loaded truck.
Beneath the "hardpan" the salt, clay, and sand is soft,
porous, and permeable.

Richardson SJ: gives various analyses of salt crusts,
salt crystals, and brines from this vicinity. He gives
the following analysis of salt from the crust on the
Zimpleman lake:

~ EI Paso troubles in Texas; 45th Congo 2d SCBS., II. Ex. Doc. 93, 1878.
Raht. C. G., The romance of Da-ds !'+Iountains and Big Bend country,
pp. 208--214, El Paso, 1919.

1:1 Richardson, G. B., op. cit., p. 64.

southwest comer of the area studied, and a mile south
of United States Highway No. 62. The lake is about
half a mile long and a quarter of a mile wide. It is
owned in part by Mrs.1V. Z. Copprell, of New York, N.
Y., and in part by the Texas and Pacific Railroad. At
present it is under lease to Arthur Grable, of Van Hom,
Tex. Older workings are in the Maverick Salt Lake,
about two miles south of the Zimpleman lake. This lake
is about a mile long and a quarter cf a lnile wide. It is
owned by the heirs of S. A. Maverick. It was ap.
parently the first deposit to be opened, but is not known
to have produced any salt since about 1900.

The salt deposits were first opened about 1863, when
Mexican residents of the El Paso area, in Texas and ad
jacent parts of Chihuahua, Mexico, opened roads to the
deposits and began extraction of salt for household and
other uses. Shortly thereafter, various attempts were
made by individuals to file claims to the land, with t1,e
intention of obtaining a monopoly of the deposits. This
resulted in bad feeling among the Mexican population,
and much local political strife, and culminated in the
so-called "Salt ,Val''' in 1877, when same claim holders
and Texas Rangers were killed by a mob at San Eli
zario.52

When the area was visited by Richardson in 1903,
the Zimpleman Salt Lake was in production, the salt
being extensively used by ranchmen, and also by the
amalgamation works at the Shafter silver mine, 150
miles to the south. "No careful records are kept of
the amount of salt hauled away, but certainly immense
quantities have been used, and apparently there is as
much in sight as there was forty years ago [1863].""

According to Dunlap, records indicate almost con
tinuous production from the Zimpleman lake by vari
ous lessees from 1911 to 1946. He states that Arthur
Grable, the present lessee, believes that more salt has
been produced since 1932 than in all the previous period.
Dunlap estimates that the total production from the
lake has been between 5,000 and 15,000 tons. The salt
is now being used by ranchmen in the surrounding area
for livestock, and is also being used in El Paso for
·various industrial purposes.

The Zimpleman Salt Lake occupies a shallow depres
sion in one of the lower parts of the Salt Basin. The
low, gently sloping banks that surround it are com
posed of sand, clay, and some gypsum. A dike one to
two feet high has been built around the entire lake about
100 feet from the shore. A dike of equal height ex
tends across the lake about 350 feet from the north end.
In addition to these long dikes, shorter ones have been
constructed at the north end and at the southwest cor
ner to form brine vats. Corduroy roads with a gravel

, -.. ~
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Demand for salt from this deposit has fallen off in
recent years because of competition from other sources,
notably the salt mines in Kansas and the potash mines
near Carlsbad, N. Mex., where salt is produced as a by
product. The reserves of salt at the deposit are ap
parently adequate for continued production at the pres
sent settle of operations, ttnd there will probably continue
to be tt small 10mI market for the product.

OIL AND GAS

The southern Guadalupe Mountains are of interest
to petroleum geologists beCllGs:: features there exposed
at the £urfnce are analogolls to fe.ltures known only
from drilling in the oil fields to the east. However,
within the area itself the chances of obtaining commer
cial quantities of oil or gas are probably small. Thcre
are no snrface indications of oil in the regioll, nor have
any noteworthy shmYings been found in the four wells
that haye been ch'illed in or near it. The positions of
these wells are indicated on figure 2, and they are listed
below.

Test wells drilled in or near the Guadalupe Mountains

]\~. .B. Vpdike, 'Villiams No. 1. Located within area of this re·
port,3 miles south of EI Capitan, section 24, block 121, Public
School Land. Total depth, 3,400 feet. Starts HeLlr top of Bone
Spring iimestone, and was probnbly drilled into Pennsylvanian
rocks (pI. S).

Anderson and Prichard, Borders Ko. 1. Located 14 miles south
of EI Capitan, section 34, block 69, Public School Land. Total
deptll, 4,728 feet. Starts 435 feet below top of Bone Spring
limestone, and was probably drilled into Pennsylvanian rocks
(pI. 8).

Pure Oil Co., Quaid No.1, Located 20 miles east of EI Capitan,
section 12, bloclr 63, township 2, Texas and Pacific Railroad
sUl',ey. Total depth, 3,419 feet. Starts a little below top of
Delaware Mountain group, and was drilled into Bone Spring
limestone.

Niehaus et aL, Caldwell Ko. I. Located 35 miles east-southeast
of El Capitan. section 15, block 100, Public School Land. Total
depth, 5,008 feet. Starts in Castile formation, and was drilled
through Delnwul'e Mountain gt·oup into Bone Spring limestone
(pl. 6).

In the region east of the Pecos Riyer, oil and gas are
produced from horizons in the Capitan and Carlsbad
limestones, which there lie buried beneath seyeral thou
sand feet of younger roeks. In the Guadalupe }lonn
tains, these formations form the lllOuntain summits. and
any oil or gas that they once mtlY have containeel has
long since escaped.

!here is a possibility that oil may occur in the deeper
formations, which lie beneath the surface of the moun
taius. As noted in the sttttigraphic descriptions, black
limestones of the Bone Spring are impregnated by bi
tuminous material, although chemical analyses show
that this bituminous material forms less than one per
cent of the rock. Occasional small pockets in the lime
stone contain some free oil. Parts of the formation
might therefore serve as source beds, and oil derived

from them may have accumulated in interbedded sand
stones in the Bone Spring, or in the overlying Dela,,-are
Mountain gronp. As the Delaware Mountain group,
however, is predominantly a sandstone, any oil escaping
into it from the Bone Spring limestone would likely be
diffused and lost, unless local variations in porosity or
structural conditions were such as to permit accmnula
tion. There is a possibility that oil may be trapped in
the northwestward tapering sMdstone wedges of the
Delaware ).Iountain group, where they are under a cover
of younger rocks.

The possibilities of oil in the underlying, pre-Permian
formations are largely unknown, as only their top has
been reached by the Updike and the Anderson and
Prichard ,yells. Beds of "fiddle Ordovician age pro
duce oil east of the Pecos River, but exposures in the
Sierra Diablo soutlmest of the Guadalupe Mountains
show the Upper Ordovician resting on the L01ycr Ordo
vician with the producing beds absent. As the two
wells in the Guadalupe Mountain region indicate that
the PennsyIYanian series underlies the Permian,. the
Guadalupe Mountain region was probably much lower
structurally in pre-Permian time than either the Sierra
Diablo or the producing areas (fig. 16, B).

Most of the present tectonic features of the region are
of Cenozoic age (pI. 21 and fig. 15, A). As a result of
the Cenozoic movements, the region is broken into tilted
fault blocks, some of which, aloug the crest of the up
lift, might enclose sands that would serve as traps for
oil and gas. j\Ioreover, the easternmost faults, which
form the terminus of a long westward rise of the strata,
might seal off porous beds on their updip sides, and
thus cause them to collect oil and gas that had been
generated oyer an extensiYe area and had migrated up
the dip. The wells listed aboye have been located on
Cenozoic tectonic features.

:UIHny petroleum geologists believe that oil and gas
are likely to be generated shortly after the source rocks
are deposited, and thus to aceumulale mainly in such
structural traps as are deYeloped in them within a short
time after deposition. If so, the tectonic features im
posed 011 the region in Cenozoic time probahly had little
or no influence on petroleum accumulation in Permian
or older source beds.

GROUND WATER

The groulld.water re50urces of the region received
little attention in this inYestigation. The best account
of the water resources of the area is that of Richardson,'"
published in 1904. These resources deserve further
study because, aside from water supplies that can be
collected in surface storage tanks, ground waters con
stitute the only source of water for the inhabitants of
the area.

SiI Richardson, G. n.. ReconnuJFlSllllCl" in tl'ans-Peco$ Texas north at the
Texas and PacIfic Railway; Texas Univ. Bull. 23, pp. 86-92, 1904.
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ECONOMIC GEOLOGY

Ground "ater is fairly abundant along the southeast
base of the Guadalupe ~fountains, and comes to the sur
face in l1UlnerOUs springs. The largest and most numer
ous lie within a mile or E'O of the sout.heastern base of the
Guadaltil'e ~Iountains and issue from sandstones of the
Dela"are ~fountain !!:roup or the ~ravels that cover

~ ~

them. They include Pine Spring, Upper Pine Spring,
l\{anzanita Spring, and many smallel' ones. Their water
is derived from the high Guadalupe Mountains to the
northwest. where the rainfall is (Treater than in sur
rounding ;reas. l\ligration of the ,~atcl' from the moun
tains to the points where the springs issue is accom
plished in several ways. Some of it probably moved
down through joints in the limestone and sandstone, for
the north-northwesterly joint set is prominently de
veloped neal' the springs and extencls toward them down
the slope of the mounwins.

Other springs some miles to the southeast of tlle
Guadalupe :Mountains issue from the base of the gravel
sheet that overlies the sandstone, ancl their water may
have travelecl through the gravel from the foot of the
Guadalupe ~Iountains. The largest of them is Inde
pendence Spring, about 5 miles east of the mountains
and near the southeast edge of the gravel sheet. Only a
few wells have been put down in this area, and it is not
known whether additional supplies can be obtained by
more wells.

Several springs issue from the west side of the Guada
lupe Mountains, whose water is derived also from the
mountains. The largest of them is Bone Spring, west of
Guadalupe Peak. It issues from sandstone a little above
the Bone Spring limestone, and its water is no doubt
brought to the surface by following the top of this im
pervious limestone bed.

Grouncl water is relatively more abundant in the Salt
Basin than in the mountains to the east but is of poor
quality, most of it being rather strongly saline and
gypseous. Over most of the basin floor it is reached at
depths of 30 feet or less, and is being taken out in num
erous wells. Many more wells probably can be sunk
without depleting the supply. It is unlikely that water
of better quality can be discovered in the basin, for the
central part of the basin has doubtless been an area of
concentration of mineral salts throughout its history as
a topographic feature.

Water of better quality probably occurs in the fan-
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glomerates that form bajada slopes along the edges of
the basin, especially at the foot of the Guadalupe
Mountains. The bajadas stand much higher than the
basin floor, ancl miter contained in the deposits is de
rived from nearby mountains; hence it is unlikely that
muoh ooncentration of mineral salts has taken place.
Abundant supplies of water of this type are found at
Van Horn,'" but they nre probably derived from the
broad drainage area of Ryan Flat to the south. Kothing
cOlnparuble to this drainage area exists ne,ar the Guada
lupe Mountains. Limited supplies might be obtained
from the two large areas of alluvial fans at the north
and sonth ends of the Patterson Hills, where rock ridges
have caused the drainngc to converge. In these areaS
the rock floor all which the fanglomerates rest is irregu
lar. It is probable that on the mountainward side of the
buried rock ridges "ater has accumulated in the fan
glomerates 1n ]oca] reservoirs.

BUILDING STONE

The sedimentary rocks of the southern Guadalupe
Mountains include several sorts of stone that are used
locally for building purposes. Of them the most dis
tinctive and useful are the even-bedded, f1aggy lime
stones and sandstones that occur in the Delaware Moun
tain group. These rocks are used in building houses,
and in making fences and other structures along the
highway. The bed most extensively used is the f1aggy
limestone that lies between the Rader and Lamar lime
stone members of the Bell Canyon formation southeast
of the mouth of McKittrick Canyon. This bed is about
10 feet thick and crops out oyer an ext.msive area.
Numerous small quarries have been opened in it by the
local residents. At Frijole some of the buildings have
been constructed of cobbles of Capitan limestone ob
tained from the graYels washed out from the mountains.

:ROAD ME~AL

Abundant supplies of road metal are available near
the highway that crosses the region. In many places
the highway extends acrosS patches of older and younger
gravel deposits, but some of them are too coarse to use
as road metal and require much screening to remove the
larger stones. III places the grayeIs and other alluvial
deposits are strongly impregnated by caliche. The
caliche also has been used for surfacing the highway.

SELECTED STRATIGRAPHIC SECTIONS

In the course of the field work, numerous stratigraphic
sections were measured, and these sections were of great
aid in working out the stratigraphy of the region. How
ever, it appeared that giving any or all of the sections
in the text of this report would confuse, rather than
aid, the description of the stratigraphy. They were
therefore omitted and the reader is referred to plates

6,8, 13, and 15, on which most of the sections are shown
graphically.

The sections are, however, of great value to geologists
who might wish to study the stratigraphy in the field,
or the fossil collections obtained from the region. It

1M Richards(m, G. B., U. S. Geol. Survey Geol. Atlas, Van Horn folio
(No. 194), p. 9, HH4.
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therefore seems desirable to include in this report some
of the sections that are particularly well exposed or con
tain abundantly fossiliferous zones, or extend across the
type localities of formations and members. Thirteen
of these sections are given. As here presented, they are
considerably revised and condensed from the original
field notes.

SECTION 1

Measured on west slope of Cutofl' Mountain, beds 1 to
5 on south side of canyon just north of Texas-New Mex
ico line, the higher beds in the embayment that slopes
westward from the summit. Correction has been made
for a fault that crosses the embayment. (See pI. 6.)

254

l
I

321 I
I

133
38

Carlsbad limestone:
16. Light-gray, fine-grained limestone, weathering

white, in 6·inch to I-foot beds. Forms receding
ledges at top of mountaiu _

15. Thin-bedded limestone and pinkish sandstone _
14. Similar to bed 16, forming a cliff _

13. Basal sandstone member: Buff, fine-grained sand-
stone in thick, rounded ledges, covered on sur
face with brown crust. Passes above into platy
or pinkish limestone _

Goat Seep limestone:
12. Light-gray, nne-grained, Qolomitic limestone,

weathering white, in beds a few inches to more
than a foot thick, with some thick ledges and
eliffs, interbedded with fine-grained, pinkish
sandstone _

11. Light-gray. dolomitic limestone in I-foot beds, in
members 10 feet or more thick, interbedded with
buff', medium-grained, calcareous sandstone like
that beloVl _

10. Calcareous, medium-grained, buff sand~tone,

weathering brown, in 2- to 5-foot beds, in part
cross-bedded, and with some layers containing
molds of fusulinids. Some layers are more
calcareous _

Sandstone tongue of Cherry Canyon formation:
9. BUff or pink, soft, fine-grained sandstone, in thin

beds or blocky layers up to 2 feet thick. Some
calcareous bells in upper part. Toward top con
tains irregular siliCeous masses and silicified
brachiopods ~ ~ _

Bone Spring limestone:
Cutoff shaly member: (type section) :

8. Prominent ledges of dl'ub-gra;r, flne-grained or
dense limestone in I-foot beds. Some gran
ular beds in lower part contain fragments
of crinoid stems and brachiopods. Upper
part contains pelecypod imprints. Near
middle, soft, platy sandstone and siliceous
shale is interbedded _

7. Platy, black siliceous shale and black shaly
limestone, interbedded with black, dense
limestone. Shales contain small, spherical
limestone concretions .... _

6. Black, dense limestone in beds a few inches
thick, weathering dove-gray, with some chert
bands. Contains Chonetes and other brach-
iopods _

Victorio Peak gray member:
5. Upper division: Thin-bedded limestone, form

ing receding ledges packed with poorly pre-

Feet

45
20
45

55

165

147

250

206

113

100

11

Bone Spring limestone--Continued Feet

Victorio Peak graY member-Continued
served fusulinids and productids. Top
forms an even bed________________________ 25

4. Gray. fine-grained Hmestone, in massive beds
up to 7 feet thick, forming cliffs above and
below. but with a slope near middle. Upper
cliff contains chert nodules_______________ 211

3. Middle division: Pale buff', fine-grained sand-
stone in rounded 1-foot ledges, overlain by
flaggy, porcelainlike, white limestone______ 20

2. White, evenly bedded, laminated limestone in
1-foot beds, some of which contain crinoid
fragments !lnd small pisolites, forming 10
foot members. Thinner members of buff,
flne-grained, calcareous sandstone are inter-
bedded 97

1. Lower division: Gray, fine-grained, somewhat
dolomitic limestone in 1- to 6·foot beds.
Contains rare, small chert concretions.
Thinner beds weather hackly 184

Base concealed.

SECTION 7

Measured on west slope of Bartlett Peak, % mile
north of Shirttail Canyon. Section begins at base of
projecting promontory of escarpment. On this escarp
ment, the lower division of the Yictorio Peak gray mem
ber could not be measured, as it stands in an inaccessible
elifl'. The description and thickness of the lower divi
sion are therefore taken from section 8, one-quarter of a
mile to south. (See pIs. 6, 8.)

Goat Seep limestone: Feet
14. Massive, gray dolomite, standing in single cliff,

not measured. Top v;;as examined on north
slope of Bartlett Peak, where it is a massive,
sandy dolomite, containing Cf!.sts of fosslls
(locality 7404). Thickness estlmated________ 900

13. GrnJ--, dolomitic limestone in 5-foot beds, inter
bedded with thick-bedded, sandy dolomite and
thin-bedded sandstone. Beds in this part of
formation considerably more sandy here than
on adjacent ridges _

Sandstone tongue of Cherry Canyon formation:
12. Buff, brown, or reddish, flne-grained, thin-bedded

sandstone, with some thicker-bedded sandstone
and a few calcareous la~·ers------_----------

Bone Spring limestone:
Cutoff shaty member:

11. Dark gray, fine-grained limestone in 6-inch to
1-foot beds, in part cherty, weathering into
hackly fragments. Forms poor ledges and
rounded slopes _

10. Black, sandy shale and platy limestone _
Victorio Peak gray member:

9. Upper division: Gray lim~stone in thick, mas
sive beds, standing in cliffs. Near middle is
a bed of calcareous sandstone. Top lime
stone beds contain abundant fusulinids and
some brachiopods________________________ 186

8. Middle division: Light gray to white calcitic
limestone in beds several feet thick, forming
slope____________________________________ 71

I
\

I

j
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Bone Spring limestone--Continued Feet
Victorio Peak gray member-Continued

7. Lower division: Stands in inaccessible cliff
along line of section 7. in steep ledges along
line of section 8, where these observations
were made. Gray to dark gray, fine-grained,
dolomitic limestone in beds several feet thic~
containing fossil fragments and widely
spaced, large, gray., and butI chert masses.
Weathers gray-brown and pitted. Bed of
calcareous sandstone 40 feet above base____ 372

Black limestone beds:
6. Black, dense, laminated limestone, weathering

graY-brown; in beds a few incbes thick, with
chert masses. Upper part changes to gray
color .-_______________________ 139

.5. Light graJ' to dark gray, granular limestone in
beds se'\'"eral feet thick, containing fragments
of productids, corals, and crinoids, and
occasional chert masses, forming ledges and
narrow cliffs. Some interbedded, lenticular,
massi,e, reeflike limestone beds, nnd occas
ional beds of black limestone (fossil locality7689) 127

4. Dense black limestone in I-foot beds, with
some plat3' sandy limestone and granular
limestone 147

3. Light gray, granular limestone, containing
fragments of crinoids and other fossils,.in 1-
foot beds, standing in clifL_______________ 37

2. Buff, calcareous, fine-grained sandstone in
rounded ledges___________________________ 10

1. Black, fine-grained to dense limestone in 6-inch
to 2-foot beds that form eyen, parallel layers.
Weathers gray Of gray-brown. Chert con
cretions in some beds_____________________ 435

Base concealed.

SECTION 10

Section on north wall of Shumard Canyon. Bed 1
measured on projecting spur on north side of canyon at
entrance; beds 2 and 3 along goat trail a few hundred
yards to east; bed 4 on west side of hill whose elevation
is 6,402 feet; beds 5 and 6 east of hill. Section ends a
short distance below top of Brushy Canyon formation.
(See pI. 6).
Delawara Mountain group: Feet

Brushy Can3-'on formation:
6. Buff, medium-grained sandstone in 2-foot to

5-foot beds, in part cross-bedded, in part
calcareous. Some layers rest on channeled
surfaces, Thin-bedded sandstone in middle 112

5. Thin-bedded, buff, friable, fine-grained sand
stone with 5-foot bed of medium-grained
sandstone. near middle. Lies unconformably
on limestones below, which rise in a hill to
west. Lower sandstones dip 300 off the hill,
but dips flatten in higher beds to E;>asL_____ 105

Bone Spring limestone:
Victorio Peak gray member:

4. Upper dil'ision: Wbite to light gray, fine
grained, calcitic limestone, in beds several
feet thick, with no chert. Weathers to blue
gray, slightly pitted surfaces. Some beds con-
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Bone, Spring limestone--Continued Pe~t

Victorio Peak gray member-Continued
4. Upper divisions-Contlnued

tain abundant brachiopods (locality 7690).
Rests with sharp contact on beds beneath.
Thickness on south side of ridge appears to be
greater than that given, on account of loW
south dip________________________________ 165

3. Lower division: Gray-brown; fine-grained,
dolomitic limestone, weathering to drab,
pitted surfaces. Contains large spherical
concretions and knotted masses of chert,
which are less abundant above. Beds range
in thickness from a few inches to I) feet, the
thicker beds forming ledges, cliffs, and ser-
rated walls. Occasional fossils___________ 427

Black limestone beds:
2. Black, fine-grained to dense limestone in3-inch

to I-foot beds, with irregular black and
brow'n chert nodules and some interbedded
platy layers. Somewhat thicker~bedded

'aboye, Beds are truncated at se,eraI hori
zons. FoSSil locality 7712 is 300 feet above
base_____________________________________ 385

1. Black, fine-grained to dense limestone,
weathering gra3' or gray-brown, in 3-inch to
I-foot beds, with some knotted chert bands.
Two members in lower half up to 30 feet
thick of platy, shaly black limestone and
sandy limestone, Rock is divided into slices
30 feet or more thick, eaeh of which trun
cates underlying slice, and ~ach with differ
ent dip, which in some slices reaches a maxi-
mum of 200 ______________________________ 332

Base concealed.

SECTION 11

Measnred up spur that projects southwestward from
Shumard Peak, east of upper end of section 10. Only
upper part (above Bl'ushy Canyon formation) is given
here; it begins on south side of spur, '!2 mile sonth
southwest of summit of Shumard Peak. (See pI. 6.)

Capitan limestone: forming cliffs at top of section, Feet

Dela\yare Mountain group:
Bell Canyon formation:

Hegler limestone member:
18. Thin- to thick-bedded or massive, light

gray or white limestone, with some
chert, interbedded with calcareous
sandstone 121

17. Thin-beclded to massive, buff, calcareous
sandstone, with some limestone lenses_ 36

16. Thin· to thick-bedded, gray or white lime
stone, with chert seams and some in
terbedded sandstone. Contains Spiri
fer, DOlnopora, and small productids.
Forms cUff 45

Cherr3-' Canyon formation:
15. Massive. bUff sandstone ~--------- 15
14. Manzanita limestone member: Gray-buff, flne

grained limestone in beds a few inches
thick, weathering ~'enow-brown. Contains
irregular chert masses and geodic cavities.
Pinches Qut a short distance to north_____ 14
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4

44

28

56

66

11

19

10

23

52

46

24

99

Feet
40
15

Capitan limestone: Massive white limestone, extending in cliffs
up to summit of Guadalupe Peak.

Delaware Mountain group:
Bell Canyon formation:

Hegler limestone member:
37. Thin-bedded, white limestone _
36. Yellow-brown, massive sandstone _
35. Blue-gray, dense limestone in I-foot beds,

with some chert nodules and bands,
interbedded with thin layers of buff
sandstone and calcareous sandstone__ 137

34. Thick-bedded, blue-gray, cherty lime
stone in prominent ledges and cliffs__

Cherry Canyon formation:
33. Massive, greenish-buff, fine-grained sandstone

with faint laminations, weathering brown
or reddish _

32. Manzanita limestone member: Dense, cal
carous sandstone in beds a few inches thick,
weathering yellow, and standing in ledges
and cliffs. Interbedded with thin·bedded,
friable, greenish sandstone.. Near middle, a
I-foot bed of green cherL _

31. Massive, greenish-gray, fine-grained sand-
stone _

South Wells limestone member:
30. Buff, sandy, cherty limestone in beds

up to 1 foot thick, interbedded with
buff sandstone _

29. Buff, thin-bedded, fine-grained sand·stone _

28. Hard, dense, calcareous sandstone in
beds a few inches thick, weathering
buff. Contains geodic cavities, and
molds of ammonoids _

27. Buff, thin-bedded, fine-grained sand·stone _

26. Laminated, gray or buff, sandy limestone
in 3-inch to 6-inch beds, interbedded
with gray, platy, shaly sandstone.
Forms ragged ledges _

25. Buff, thin-bedded, fine-gralned, laminated
sandstone___________________________ 148

Getaway limestone member:
24. Drab, dense, ftaggy limestone, inter-

bedded with shaly sandstone _
23. Buff to drab, sandy, dolomitic limestone

in a single maSSive, lenticular bed.
Contains pebbles in lower part, and
poorly preserved fusulinids _

22. Thin-bedded, bu:tr, tine-grained sand·stone _

21. Gray, dense or fine-grained limestone,
weathering drab, in beds a few inches
to several feet thick _

20. Buff, thin-bedded, laminated, tine-grained
sandstone interbedded in upper part with
dark shaly sandstone and Baggy, calcareOUs
sandstone. Some channeling '_ 170

Brushy Canyon formatiOD :
19. Buff, medium-grained, quartzitic sandstone,

weathering brown and forming a promi-
nen t ledge. Rests on channeled surface _

18. Thin-bedded, bu1f sandstone, with a layer of
dark shaly sandstone near mlddle_________ 314

SECTION 14

Measured along north side of Bone Canyon. Beds
1 and 2, constituting section 14-a, measured up north
wall of canyon at its entrance; beds 3 to 11 measured
up north wall of canyon one-quarter mile to east; higher
beds measured on spur on north side of waste-covered
embayment at head of canyon, starting at Bone Spring
and ending on bench at foot of Capitan limestone cliff
one-quarter mile west of Guadalupe Peak. (See pls.
6, 13.)

Delaware Mountain group--Continued Feet
Cherry Canyon formation-Continued

13. Soft, greenish·gray sandstone, weathering
buff, in rounded ledges_.;,._________________ 42

Goat Seep limestone (marginal facies, trao'sitional
into Cberry Canyon formation) :

12. Buff, fine-grained limestone forming cap of
projecting spur 15

11. Soft sandstone 10

10. Blue-gray to buff limestone, In 6-inch to I-foot
beds, containing a few small chert masses
and a ~triocera8______________________ 24

9. BUff, fine- to medium-grained, laminated
sandstone in beds several inches thick,
weatherIng brown. Interbedded in lower
part with gray dolomitic limestone in 2·foot
beds 120

8. Gray, tine-grained, dolomitic llmestone, weath-
ering to smooth, white surfaces, containing
fusulinids, crinoid stems, and flat pebbles.
Forms thick, lentienlar beds, interbedded
with sandstone. Several beds rest on chan-
neled surtaces. Passes upward into inter
bedd~d, thin-bedded limestone and sand
stone____________________________________ 115

7, Buff, brown·weathering, medium-grained sand
stone in beds a few inches thick, with some
Interbedded limestone_____________________ 59

6. Grny, fine-grained, dolomitic limestone, in
lenticular massive beds, containing sandy
streaks, breccia, and fusulinids____________ 29

5. Medium- to fine-grained, laminated sandstone,
weathering brown________________________ 13

4. Platy, dense, gray limestone, weathering
white____________________________________ 8

3. Buff, thin-bedded, fine-grained snndstone, with
some shaly sandstone below_______________ 142

2. Fine-grnined, dolomitic limestone, weathering
drab, in beds several feet thick, containing
poorly preserved fusulinids anu crinoid
stems. Some thinner beds at top. Member
thins out to north and south, but inter

fingers with main mass of Goat Seep lime-
stone north of Shitttail CanyoD___________ 22

Cherry Canyon formation:
1. Buff, thin-bedded, fine-grained sandstone, with

15-foot bed of hard, platy sandstone in
lower parL______________________________ 203

Brushy Canyon formation: Thiel>: ledges of medium
grained sandstone at bnse.

i
1

j
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Capitan limestone: Jl'eet
42. Massiye limestone, with faint, inclined bedding

planes, extending to top of cliff,
43. l\Iassiye white limestone, interbedded with thin~

bedded, White limestone, containing large lime-
stone lenses_________________________________ 25

Delaware Mountain group:
Bell Canyon formation:

40. Thin·bedded white limestone_______________ 15
39. Soft, greenish-gray sandstone, parts of which

weather red, with some interbedded white
limestone SO

Piners limestone member:
38. Dark gmy, fine-grained, somewhat

lump.!', thin-bedded limestone. Some
thicker layers_______________________ 33

37. Light to dark gray, fine-grained or dense
limestone in 3-inch to I-foot beds.
Stylolites prominent in placeB__:-_____ 49

36. Gray to dark gray, fine-grained lime
stone in 6-inch to l-foot beds, in part
Cherty, interbedded with layers of
massive, granular, gray, fossiliferous
limestone up to 5 feet thick__________ 52

85. Gray, granular limestone in massive beds,
containing silicified fO:'lsils and some
chert mass€S-_______________________ 32

84. Buff, thin-bedded sandstone. interbedded with
dense, dark grill", lIaggy Iimeslone_________ 36

33. Hegler limestone member: Gray, fine-grained,
Jumpy, slabby limestone, wUh some traces
of fossils, in two ledges, separated by pale,
greenish-gray sandstone ..:,..__ 15

Cherry Canyon formation:
32, Soft, pale gr.eenish-gray, thin~bedded sand-

stone___________________________________ 65

31. Manzani ta limestone member: Pale buff or
gray sandstone and sandy limestone in
blocky, rounded ledges, weathering orange
brown, part of it full of geodic cavities.
Several layers of apple-green, siliceous
shale and bentonitic clay_________________ 63

30. Massive, gre€nish-gray, flne-grained sand-
stone, without bedding planes____________ 44

29, Buff, tbin-bedded, fine-grained sandstone,
with some I-foot beds, and occasional thin,
discontinuous layers of dark, platy, shaly
sandstone 369

28. Black, dense, drab·weatbering limestone in
6-ineh to I-foot beds, with some ammonoid
imprints, interbedded with platy sand-
stone ~____________________ 27

27. Thin-bedded, buff, fine-gr~inedsandstone witb
some 6-incb beds________________________ 70

southwest of El Capitan; beds 2 to 10 up west slope of
butte 1112 miles south of El Capitan; beds 11 to 20 far
ther north along same ridge, starting i mile south of
EI Capitan and proceeding up to great sandstone bench;
higher beds on slope southeast of EI Capitan, starting
at top of sandstone bench and proceeding up to base of
cliffs. (See pl. 6.).

SECTION IS

Measured up south slope of EI Capitan. Bed 1 meas
ured near outer edge of escarpment on south bank of
next canyon north of Indian Cave, or 2 miles south-

Delaware Mountain group-Contill:ued Feet
Brushy Canyon formation-Continued

17. Dark, sbaly, platy sandstone, with some in·
terbedded buff sandstone, forming promi-
nent ledges_____________________________ 72

16. Buff, thin-bedded, fine-grained sandstone____ 72
10. Three ledge-making layers up to 10 feet thick,

of dark, shaly, platy sandstone, separated br
buff, th~n-bedded, fine-grained laminated
sandstone_______________________________ 115

14. Buff, tllin-bedded, fine-grained, laminated
sandstone, beco~ning a little thicker-bedded
above___________________________________ 145

13. Dark, shal:\', platy salldstone, interbedded
with SOllle buff sandstone, forming promi-
Dent bench ~_______________________ 28

12, B,uff, thin-bedded, fine-grained sandstone____ 50
11. MassiYe, buff, medium·grained sandstone, in

part calcareous. Changes into platy sand-
stone to east, where it crops out near Bone

Spring_________ 6

10. Thin-bedded s.andstone..___________________ 5

9. Massive, buff, mediurt:l-grained sandstone" in
part calcareous, containing fusulinid casts
and ripple marks________________________ 22

8. Conglomerate of limestone pebbles in a cal-
careous sandstone O1atrix_________________ 6

7. Sandy, gray or gray-brown limestone in beds
several feet thick, with some quite sandy
layers and a conglomerate lens near
middle______ _ __ 33

6. Buff, medium-grained. laminated sandstone in
3·inch to 2·foot b€ds______________________ 21

5. Conglomerate of limestone pebbles In a cal-
careous sandstone matrix_________________ 4

4. Buff, medium-grained sandstone in 6-inch to
l-foot beds; some cross bedding____________ 12

3. Conglomerate of limestone pebbles and cobbles
in a sandy limestone matrix. Some inter
bedded dolomitic sandy limestone that dis
appears into the conglomerate to northwest
Rests unconformably on Bone Spring lime·
stone, whose top bed is here a lens of massive
gray limestone, resting on black limestone__ 16

Bone Spring limestone (type section) :
Black limestone beds:

2, Ledges more prominent than below, of black
limestone in 6-inch to I-foot beds, with some
chert. Near middle are lenticular beds of
black, fine-grained limestone, containing
crinoid stems and other fossil fragments___ 264

1. Black, dense limestone, weathering buff or
gray, in well-laminated beds, in part platyj
in part several inches thick. Some chert
bands and some interbedded shaly or sandy
limestone. Some irregular dips and trunca
tion of beds, Forms irregular ledges and
bluffs 257

Base concealed.

1
k
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SECTION 21

10

32 ,
,~

10 I
26

Delaware Mountain group-Continued Feet
Cherry Canyon formation-Continued

Getaway limestone member (very poorly de-
veloped) : .

26. Hard, platy, calcareous and quartzitie
sandstone, forming bencb________________ 10

25. Buff, fine-grained, thin-bedded sandstone,
with thin beds of black sandy lime
stone and gray, hard, platy sand-
stone 109

24. Black, dens€, sandy limestone, weatber-
ing brown, and gray platy sandstone.
Forms bench________________________ 6

23. Buft, thin-bedded, fine-grained sandstone,
with some dark gray, platy, shaly sand-
stone ~_______ 115

22. Two 6-inch beds of brown, sandy, fiaggy lime-
stone, separated by thin-bedded sandstone_ 23

21. Buff, fine-grained, thin·bedded sandstone,
with some harder, platy beds_____________ 99

Brushy Canyon .formaHon :
20. Calcareous sandstone, similar to bed 19.

Cross·bedded and lenticular, with thin zones
of conglomerate and casts of fusulinids____ 36

19. Massive, very prominent ledge, forming prO
jecting bench about halfway up mountain·
side toward EI Capitan. COllsists of me
dium-grained, buff sandstone, weathering
brown, in beds several feet thick. Rests on
channeled surface .. 85

18. Fine to medium-grained buff sandstone in
beds a few inches to seV"eral feet thick, with
some platy beds at base ~_____ 96

17. Buff, fine-grained, thin-bedded sandstone,
with some plat~r beds in lower parL_______ 272

16. Medium-grained, buff sandstonc in beds sev·
eral feet thick, weathering brown, forming
prominent ledge ~________________ 18

15. Buff, fine-grained, thin-bedded sandstone,
with some thicker beds__________________ 65

14. Thick-bedded, medium-grained, brown sand·
stone and some platy sandstone, forming
prominent ledges________________________ 9

13. Buff, thin-bedded, fine·grained sandstone,
with some thicker beds, interbedded below
with gray, platy or papery sandstone, \yhich
projects in ledges_______________________ 34

12. Buff, thin-bedded, fine-grained sandstone___ 00
11. Buff, thln·bedded, fine-grained sandstone, in

terbedded with hard, gray, platy sandstone,
which forms well-marked ledges at top____ 71

10. Fine-grained, bard, platy sandstone, weather·
iog brown, with some qunrtzitic beds at top.
Forms prominent ledges at top of bench.
Changes into massive, medium-grained
sandstone to s0uth, on hill 5087__________ 20

9. Dark-gray, platy, shaly sandstone, inter-
bedded with buff, thin·bedded sandstone__ 81

8. Buff, thin-bedded, fine·grainHd sandstone____ 31
7. Medium-grained buff sandstonc in beds sev-

eral feet thick, with ripple marks. Forms
ledge____________________________________ 17

6. Buff, thin-bedded, flne-grained sandstone,
with some shaly sandstone below_________ 54

5. Fine- to medium-grained buff sandstone,
forming ledges above and below 38

Bone Spring limestone: Feet
Cutoff shaly member:

4. Thin-bedded, buff, fine-grained sandstone with
a I-foot bed of granular, fossiliferous lime-
stone in middle__________________________ 40

3. Medium-grained buff' sandstone in beds several
feet thick 5

2. Black, calcareous, papery shale, containing
spherical limestone nodule~ an inch to a foot
aCrOSS____________________________________ 12

Black limestone beds:
1. Black limestone, mostly thin·bedded, cropping

out in irregular ledges aDd bluffs, separated
by slopes. Most of beds are a few inches to
a foot tbiCk, part are evenly bedded and
laminated, others are lumpy, knotted, or
even markedlY lenticUlar. Near mi~dle are
lenses a foot or more thick containing silici·
tied bryozoans. Lower beds are papery or
platy, and in part sandy. Some contortion of
beds ano sUckensiding On bedding planes__ 242

Base concealed.

Measured on hillside above Pine Spring, starting at
the level of the spring and proceeding up the slope to
the base of the Capitan limestone. (See pIs. 6,15.)

Capitan limestone: Feet
19. Massi-ve white to gray dolomitic limestone, ex

tending up to crest of Pine Top Mountain.
18. Massive, white dolomitic limestone in pinching

and swelling beds up to 8 feet thick, interbedded
with white limestone in beds a few inches thick_ 25

Delaware Mountain group:
Bell Can~'on formation:

17. Light-gray, granular limestone in beds se,"eral
feet thick, containing some brachiopods
(fossil locality 7702) 12

16. Buff, fine-grained, thin-bedded sandsto~e,

interbedded with dark-gray, platy, shaly
limestone, and with fine-grained, gray lime
stone. The last forms I-inch to 6·inch beds.
in part laminat~, and contains chert and
some fossils____________________________ 50

15. Buff, fine-grained, thin-bedded sandstone___ 23
14. Gray, fine--grained limestone in beds se",eral

feet thick. containing chert lenses_________ 12
13. BUff, fine-grained, thin-bedded sandstone,

interbedded with dark-gray, fine·grained,
slnbby limestone________________________ 55

Pinery limestone member (type section) :
12. Soft, buff, sandstone, interbedded with

l·foot beds of gray fossiliferous lime--stone _

11. Fine·grained, dark-gray limestone in beds
a few inches thick, containing fossils in
some beds _

10. Light-gra)', granular limestone in a single
massive bed _

9. Light-gray, coarse- to medium-grained
limestone, with some cherty lenses, in
beds 2 feet or more thick, interbedded
with slabby limestone _

-
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Delaware Mountain group-Continued Feet
Ben Canyon formation-Continued

Pinery limestone member-Continued
8. Dark-gray, fine-grained limestone in beds

a few inches to a foot thick, in part
laminated, containing chert nodules
and bands. PQlydiexodina' and a few
other fossils (fossil localities 7703 and
7917)________________________________ 36

7. Light-gray, coarse-grained limestone in
irregular, lenticular beds several feet
thick, ending above in a 'Ver)' massive
ledge. Contains small chert masses and
numerous silicified fossils including
Ooenoc1/sti8, Domopora, and small bra-
chiopods (localities 7477 and 7420) 22

6. Fine-grained, gray .limestone in straigh t
beds a few inches thick, containing
small chert masses, interbedded with
sandstone 15

5. Buff, fine-grained sandstone, witb some thin
layers of lumpy limestone_________________ 17

4. Hegler limestone member: Dark-gray, fine
grained limestone in lumpy or nodular beds
a few inches thick, forming two sets of
ledges, separated by sandstone that forms a
a slope in middle. "Winding trails on bed
dIng surfaces and s.oille poorly preser'red
ummonoids______________________________ 15

Cberry eanron formation:
3_ Friable, fine-grained, pale-buff sandstone_____ 25
2. Manzanita limestone member: Pale-buff, cal·

careous sandstone and sandy limestone in 3-
inch to 8-inch beds, weathering orange-brown
and to blocky fragments; SOme beds contain
geodic cavities. Contains two beds, each a
foot or more thick, of apple-green chert or
siliceous shale (altered volcanic asb), the
first 18 feet above, and the second 30 feet
above the base___________________________ 55

1. Buff, fine-grained sandstone in beds a few
inches thick, weathering into slabs. Con·
tains faintly marked, dark laminations.
Best exposed in middle third______________ III

Base of slope, at level of spring.

SECTION 23

Measured at head of Rader Ridge. Beds 1 to 7 meas
ured on south side of ridge 1'4 miles west of Hegler
Ranch; beds 8 to 23 on south side of ridge 112 mile farther
west, but with some additional notes from first locality;
higher beds measured on top of ridge, proceeding north
westward up face of escarpment. All beds above 23,
and notably the sandstones of beds 25 and 27, interfinger
or intergrade northwestward with massive Capitan
limestone, which is exposed throughout the interval in
the adjacent ravines. (See pIs. 6, 15.)
Capitan limestone: Thick·bedded to massive dolomitic

limestone, extending to top of escarpment
Pelaware Mountain group:

Bell Canyon formation:
Lamar limestone member:

29. Platy, gray, fine-grained limestone, in
part laminated, containing numerous

169

Delaware Mountain group-Continued Feet
Bell Canyon formation-Continued

Lamar limestone member-Continued
fossils in cross section. Dips 15 to 30
degrees southeastward, down the ridge.
Corrected for dip____________________ 50

28. Massive dolomite, in part sandy. with dip
of about 15 degrees down the ridge____ 75

27. Bu:ll', medium·grained, friable sandstone, simi·
lar to bed 25. Sandy dolomite interbedded
in middle_______________________________ 80

26. Dark gray,ftne-gralned, laminated, slabby
limestone, and thick-bedded, sandy dolo-
mite, in part pebbly 23

25. Buff, medium-grained, friable sandstone, in
part cross-bedded, in rounded ledges, with a
layer of brown, sandy dolomite in middle__ 68

24. Bufr. massi've. dolomi.tic limestone, interbedded
with platy limestone and sandstone_______ 36

23. Dark gray, fine-grained, granular limestone in
slabby bedS, containing fusulinids and bryo.
zoaos, interbedded in middle with lighter
gray. thicker-bedded limestone and dolO-
mitic limestone (locality 7360)___________ 64

Rader limestone member (type section) :
22. Fine-grained, gray limestone in 6-inch to

I-foot beds, with some interbedded mas-
sive layers of light-gray limestone____ 28

21. Light gray to White, granular to dense
limestone, containing silicified bryo
zoans and some small chert masses,
forming massive, lenticular beds which
weather into two sets of rounded cliffs.
Parts contain angular cobbles and
pebbles of limestone. Some inter·
bedded lenSes of thln·bedded white
limestone. Rests irregularly on bed be-
low (locality 7ees)__________________ 58

20. Light gra~Y, fine-grained limestone in 6-
inch to l·foot beds, containing silicified
fossils 4

19. Soft, platy sandstone, with some thin lime·
stone beds 19

Pinery limestone member:
18. Fine-grained, light-bray limestone, beds

several feet thIck, containing some
chert, passing into thinner·bedded,
darker-gray limestone toward top.
Forms ledges ~________ 16

17. Dark gray, fine-grained limestone, in part
laminated, in part lumpy, in 3-inch to
8-inch beds, with some Chert. Near
middle, a 5~foot bed of massive, light
gra)~, granular limestone_____________ 50

16. Brown, fine-grained, platy sandstone, in
terbedded with dark gray, fine·grained.

well-laminated limestone, in beds a few
inches thick. Contains fossils at top
of ridge 1*miles west of Hegler Ranch
(locality 7705 l---------------------- 53

15. Light gray, granular limestone in beds up
to 3 feet thick. Forms hench________ 15

14. Fine-grained, gray to dark·gray lime4

stone in 3-inch to I-foot beds, contain.
iog nodules and bands of cherL______ 12
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SECTION 33

Section west of Guadalupe Summit radio station.
Starts at base of Delaware Mountain escarpment in
ravine on north side of projecting spur that is capped
by a turretlike remnant of limestone. Proceeds up
escarpment to radio station at top.

Delaware Mountain group-Continued Feet
Bell Canyon formation-Continued.

13. Buff to greenish, flne-grained, soft sandstone,
interbedded with dark-gray. laminated Hme-
stone iu beds a .few inches thick__________ 32

12. Hegler limestone member: Dark gray, fine
grained limestone in lumpy, slabby beds a
few inches thick, projecting in two ledges,
separated by a slope of sandstone. Con~

taius poorly preserved ammonoids at
nearby localities on the rJdge____________ 16

Cberry Canyon formation:
11. Buff. fine-grained, thin-bedded sandstone____ 33-
Manzanita limestone member:

10. In section to enst, a buff' calcareous sand
stone like bed 8; in section to west, a
lumpy gray limestone like bed 12______ 3

9. Buff, soft, fine-grained sandstone________ 9
8. Gray, fine-grained, sandy limestone, con

taining geodic cavities, in 2-inch to 6-
inch beds. Some bedding planes are
knobby. Weathers blocky and orange
brown. Interbedded with soft, thin
bedded, fine-grained sandstone. In sec·
tion to east, contains I-foot bed of apple
green chert 45 feet above base________ 61

7. Massive, pale greenish, tine-grained sandstone
in rounded ledges, \vith some thin-bedded
sandstone________________________________ 38

6. Buff, thin-bedded, fine-grained, friable sand-
stone 21

5. Thin-bedded, fine-grained, calcareous buff sand
stone, in part stUDdIng in rounded ledges,
containing poorly preseryed fUsulinids in
places____________________________________ 15

South Wells limestone member:
4. Massive gray dolomite in thick beds, con

taining fiat, angular pebbles and abund·
ant, poorly preserved fossils. Weathers
to graY-brown, jagged surfaces. Inter·
bedded with fiaggy, laminated gray, dolo-
mitic Umestone______________________ 22

3. Buff sandstone_________________________ 5
2. Fine-grained, laminated, buff, sandy dolo-

mite in 1-foot beds, overlain by massive
ledge of sandy dolomite which weathers
to jagged surfaces___________________ 7

1. Buff, thin~bedded. flne-grained sandstone_____ 38
Base of slope.

SECTION 28

Measured on south side of McKittrick Canyon at its
entrance. Beds 1 to 3 measnred along the stream chan
nel; beds 4 to 5 up slope of projecting bench; beds 6
to 7 up slope above the bench toward Capitan limestone
escarpment. (See pI. 6.)
Capitan limestone: Feet

7. Light gray, somewhat dolomitic limestone, contain
ing occasional Sqttamularia and CompoBita, wi"th
poorly developed bedding planes, forming rounded
ledges. Beds rise northwestward up slope of
peak. Probable maximum thickness is_________ 100

Delaware M<;untain group:
Bell Canyon formation: •

Lamar limestone member:
6. Light gray, fine-grain~dlimestone in i-foot

to 3-foot beds, with some interbedded
sandy limestone _

5. Dark gray, fine-grained or dense limestone
in beds a few inches thick, interbedded
with some sandstone in lower part; and
higher up with many beds 1 to 5 feet
thick of lighter gray, granular limestone,
containing abundant silicified and some
what fragmented fossils. These are
mostly brachiopods, nearly aU of which
are Capitan species (locality 7401).
Upper few feet are slabby or nodular.
Forms steep cUff, top of whiCh is a flat
bench that' exposes some of fossiliferOUS
layers. Changes into massive Capitan
limestone a few hundred yards up the
canyon to northwest- _

4. Pale brown or yellowish, fine- to medium~

grained sanustone in thin to thick beds. A
few tbIn limestone la.yers interbedded. This
and bed 3 interfinger abruptly with massive
Capitan limestone a few hundred yards up
the canyon - - -_- __ - __

3. Thin-bedded, laminated, dark-gray limestone,
resting on channeled surface of sandstone
below, so that it thickens and thins on the
eroded surface. Some beds have thin trail
marks on their upper surfaces. Some bed
ding surfaces are wavy. Several lenses of
granular, fossiliferous limestone are inter
bedded, which contain brachiopods and bryo-
zoans (locality 7608) _

2. Brown, flne-grained sandstone in slabby beds,
with ripple marks on many bedding surfaces.
Bedding is irregular, with dips in 'Various
directions and some channeling _

1. Gray, dolomitic limestone in lenticular, mas
sive beds a few feet to 15 feet thick, forming
bouldery ledges. Contains some brachio
pods. Interbedded are layers of white or
gray, laminated limestone in beds a few
inches to several feet thick, and some darker
gray. ~ore granular limestone, fuU of fossil
fragments (locality 7708). Downstream,
neal' where bed dips beneath channel, it be
comes more regularly bedded, with fewer
thick layers, and is interbedded with sand-
stone in upper parL _

Sandstone beneath, exposed farther northwest, up
the canyon.

Feet

40

130

140

10

35

50
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- Delaware Meuntain group: Feet
~ Cherry Canyon formation:
~' Getaway limestone member:

25, Buff sandstone, with several layers of
dark gray. granular limestone, contain
ing fusulinids. Top limestone bed
forms summit of escarpmenL_________ 19

24. Dark gray, fine- to medium-grained
limestone, in part well laminated, in
beds up to 1 foot thick, with a 2-foot
ledge of very granular, black, fossilif
erous limestone in middle (fossil lo-
cality 7463). Forms ledges__________ 52

23. Platy sandstone and limestone__________ 5
22. Dark gra~'. irregularly bedded limestone,

in part thinly laminated, in part mas·
siye, with some granular, fossiliferous
lenses (localit' 7474). Forms ledges__ 16

21. Platy sandstone, with I-foot bed of con-
glom,eratic limestone in middle_______ 22

20. Dark gra)' to black, fine-grained to dense,
well-laminated limestone, in I-inCh to

I-foot beds__________________________ 15
19. Thin-bedded sandstone, in part papery

and shaly, \vith I-foot bed of fine
grained, dark gray limestone in
middle_______ 19

18. Several beds up to 5 feet thick of very
massive, granular, dark gra)', sandy
limestone, containing pebbles, fusuli
nids, and other fossils. Weathers to

t. rough, brown'colored surface. Inter
bedded with thicker layers of black,
papery limestone and sand;\r limestone_ 29

17. Platy buff sandstone, containing thin lime-
stone lenses ~_________ 18

16. Medium-grained sandstone in 1- to 2-foot beds,
weathering brown_______________________ 6

15. Mostly bUff, fine-grained sandstone, with some
interbedded platy sandstone. In lower
part are several beds up to 10 feet thick
of sandy, friable limestone, crowded with
fusulinids, but also containing crinoid stems
and brachiopods, mostly SOmewhat water
worn (locality 7423). Member rests on
channeled surface of lower division, and
thins northward and southward by overlap_ 100

Brushy Canyon formation:
14. Medium-grained sandstone, forming brown,

massive ledges, containing some fusulinidS.
Higher beds of this member are present
nearby, beneath erosion surface__________ 10

13. Dark gray, platy, iihaly sandstone, with some
thicker beds of ripple·marked sandstone__ 6

12. Buff, fine-grained sandstone in beds a few
inches thick, forming rounded ledges or
slopes, with some thin beds of platy, shaly
sandstone, aod a few la~'ers containing
fusulinids____ 66

11. Dark gray, platy, shaly sandstone__________ 6
10. Buff, medium-grained sandstone in beds sev-

eral feet thick, forming massive ledges, and
weathering brown. Some beds contain
fusulinids (locality 7920) 5

7515282-48-12

Delaware Mountain group-Continued Feet

Brushy Canyon formation-Continued
9. Black, platy, sbaly sandstone_______________ 4
8. Buff, fine-grained, thin-bedded, laminated

sandstone_________ 38

7. Dark gray to black, platy or papery, shal~'

sandstone, standing in ledges_____________ 6
6. Buff, fine-grained sandstone in beds a few

inches to a foot thick, in part laminated,
with ripple marks on some bedding sur
faces, interbedded with black, shaly sand-
stone, especially toward top______________ 36

5. Fine- to medium-grained buff sandstone in
beds several feet thick, with some thinner
partings, forming great rounded ledges in
upper half which extend for long distances
along escarpment. Some fusulinids in
lower part_____________________________ 59

4. Buff, fine-grained, thin-bedded, laminated
sandstone, with some calcareous beds in
lower parL______________________________ 10

3. l\IassiYe sandstone in prominent ledges; buff,
medium-grained l friable, weathering brown,
in beds several feet thick. Top part is a cal
careous sandstone, containing some sand
stone pebbles, and crowded with calcareous
tests of fusulinids________________________ 21

2. Dark gray, well laminated, shaly sandstone,
passing upward into black, hard, papery,
sandy shale______________________________ 3

1. Gray, fine-grained, friable sandstone in I-inch
to 6-inch beds, weathering buff. Marked by
light and dark laminae a few millimeters
apart, suggestive of yarves. Some thinner
bedding in upper parL____________________ 62

Base of section cut off by fault.

SECTION 34

Section along and northeast of Lamar CanyoD near
old route of U. S. Highway 62. Beds 1 to 9, or section
34c-a, measured on south side of Lamar Canyon 3 miles
east of Hegler Ranch, ending on top of butte 1 mile east
northeast of B. M. 4923. Section of higher beds begins
1 mile to northeast, near crossing of highway over Bell
and Lamar Canyons, and proceeds north-northeastward
to top of limestone cuesta 1Y2 miles distant. (See pI. 6.)

Castile formation: Feel
20. Dark gray, papery, very thinly laminated sand

stone. Elsewhere passes up into laminated an
hydrite, within a few feet. Here it is overlain
by older Quaternary graveL__________________ 2

Delaware Mountain group:
Bell Canyon formation:

19. Platy, brown-weathering, fine-grained sand
stone, forming scattered remnants at top
of cuesta_______________________________ 26

18. Lamar limestone member: Gray to dark-gray,
flne-grained limestone, mostly in beds a few
inches thick, with some thicker layers.
Weathers gray-brown and to rather rough
surfaces. Some beds contain small chert
nodules. Bedding planes undulatory. some
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Dela\vare )'Iountain group--Continued Feet

Bell Canyon formation-Continued.
layers lenticular, and some appear to be
contorted. Thin partings of platy sand
stone in lower part. Forms rim of promi-
nent line of cuestas_____________________ 30

17. Massive, buff sandstone with some faint lami
nations. Bedding planes widely spaced
and mostly very smooth. One, however,
shows faint ripple marks, and in places the
laminae are cross-bedded. Overlain with
sharp contact by Lamar member. Crops
out in prominent ledges and rocky buttes,
bare of vegetatioD_______________________ 138

16. Platy, brown-weathering SRmlstone, under-
lying broad vall~y amI IJoorly e::tposeU.
Thickness corrected for dip______________ 160

15_ Flaggy limestone bed: Hurd, fine-grained
limestone, in part sanely, in straight, even
beds a few inches thick, making four or
five layers, interbedded with sandstone____ 10

14. Platy, bro\vn-weathering sandstone_________ 10
13. Buff, fin~-grained sandstone, thin-bedded in

lower half, in upper half standing in mas-
siye, rounded ledges several feet thiek_____ 90

Rader limestone member:
12. Thin beds of gray limestone, interbedded

with platy sandstone________________ 5
11. Buff, fine-grained sandstone, thin-bedded

below, passing upward into rounded
ledges seYet'al feet thick --,_______ :~3

10. Thin-bedded, fine-grained limestone, over
lain by thick ledge of light-gray, granu
lar, conglomeratic limestone, contain
ing fossil fragments (locality 7600 at

top of section 34-0.). At base, a bed of
apple-green chert is locally cleYelopecl__ 8

9_ Buff, fine-grained, thin-bedded sandstone, form-
ing thick, rounded ledges at top. Ripple
marks in bed of Bell CaUrOll nearby_______ 30

8. Pinery limestone member: Dark gray, lami
nated limestone in beds several inches thick,
with some chert bands, interbedded with
sandstone in upper paxt. SeremI ledges of
lighter gray, more granular Hmestone up to
3 feet thick, containing fossils. In section
to northeast, lilliestones are all thin bedded,
and there is much more sandstone_________ 47

7. Fine-grained, ;yellowish sandstone in thin or
platy beds_______________________________ 54

6. RegIer limestone member: Dark gray, dense,
lamlnaterl limestone in beds several inches
thick, with some chert bands, interbedded
with platy sandstone. Contains three beds
up to 2 feet thick of gray, granular, cherty
limestone, with pebbles and silicified fossils
(localit~' 7601) 37

Cherry Canyon formation:
5. 8,oft, pUle buff, plat~' sandstone, weathering

brovvn___________________________________ 14

Manzanita limestone member:
4. Fine-grained, sandy limestone, weather

ing brown, in beds up to 1 foot thick,
interbedded with sandstone___________ 12

3. Fine-grained, pale-yellow sandstone in
massive, rounded ledges with thinner-
bedded sandstone below______________ 35

Delmmre Mountain group---Continued Feet
Cherry Canyon formation-Continued

Manzanita limestone member-Continued
2. Pale buff, compact, sandy limestone and

calcareous sandstone in 2~inch to I-foot
beds, weathering brown, and containing
geodic cavities. Some ammonoid casts.
Interbedded with soft, buff sandstone,
and with 3 or 4 thin beds of green, ben·
tonitic clay 38

1. li'ine-grained, pale-yellow sandstone in mas·
sive. rOunded ledges. Below base of section
is some interbedded dark shaly sandstone_ 32

Lower beds, exposed farther northwest up Lamar
Canyon, not measured,

SECTION 40

Getaway Gap section. Beds 1 and 2 measured in
channel of Getaway Canyon, starting at fault at west
end of gap. Higher beds measured up south wall of
canyon a few hundred yards east of its western end.
(See pI. 6.)
Delaware :Mountain group: Feet

Cherry Canyon formation:
Getaway limestone member (type section) :

19_ Platy gray limestone, forming rim of
canyon 3

18. Platy buff sandstone, quartzit[c abo\-e___ 10
17. Granular, conglomeratic, fossiliferous

limestone, interbedded with sun.stone_ 8
16_ Buff, platy sandstone__________________ 14
15. Granular limestone, containing fusuH~

niels, passing up into platy limestone__ 5
14. platy sandstone in beds up to 5 feet thick,

interbedded with three la~Ters a foot
Or more thick of gt'aUular, somewhat
conglomeratic limestone______________ 25

13. Granular, dark gra~' to black limestone,
11.111 of fusulinids and other fossils, in
lenticular, irregUlar ledges. Some
beds contain limestone pf'bbles________ 18

12. Buff, platy sandstone with some thin
limestone betls______________________ 8

11. Dark gray to black, granUlar to dense
limestone, some of which contains abun~

dant fossils, in lenticular betls up to
several feet thick, but with platy b2ds
between. Forms ledg~s_____________ 16

10_ Platy or papel',\' silHllstone, containing sandy
limestone nodUles, and with two beds of
granular, conglomeratic limestone ~_ ri2

9. Gray, granular limestone, crowded vvith fusu
linids and crinoid stems, with numerous lime
stOlle cobbles and pebbles in lower part.
Rests on channeled surface. To southwest.
around hill, thickens to ten feet (fossil
locality 7632 at latter place) 4

8. Buff', thin-bedded, fine-grained samlstone in
beds up to 4 feet thick, illterbeuded with dark
gray, papery, shaly sandstone, and with 2
beds of nodular limestone_________________ 21

7. Buff, thin-bedtletl, fine-grained sandstone, with
two beds of nodular limestone in upper parL 23

6. D:lrk gray, sandy lime~tolle, forming Ilodul:.lr
bed_______ 1
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Delaware ~Iountain group--Continued Feet

Cherry Canyon formation-Continued.
5. BUff, fine-grained, thin-bedded sandstone, in

terbedded with dark gray, shaly sandstone
in middle. Some channeling at base_______ 22

4. Gray, thinly laminated limestone in nodular
bed --___________________________________ 1

3. Buff, fine-grained, friable sandstone in beds a
few inches thick, marked by thin, dark
laminae, with a bQd of dark gray, platy,
shaly sandstone in rniddle_________________ 26

2. :Mostly covered in floOd plain and lower slopes
of valley. Some exposures of buff, fine
grained, Platy sandstone, amI of darker,
shaly beds. Some beds ripp1e-marked_____ 41

Brushy Canyon formation:
1. Reddish-brown, quurtzitic, medium-grained

sandstone -_____ 6

Lowest beds exposed; cut off by fault to west.

SECTION 42

Section between Pinyon Canyon and Long Point.
Parts were measured at several places, as follows: a)
beds 1 to 9 on south side of Pinyon Canyon 2% miles
south-southeast of Getaway Gap, and continuing to
hilltops 112 mile to east; b) beds 10 to 16 on south side
of Pinyon Canyon rY2 miles west of Long Point, and
up slope of butte to south; c) beds 17 to 24 011 west slope
of Long Point, and beds 25 to 28 on higher hill % mile
east of end of point. (See pl. 6.)

Delaware :Uountain group: Feet
Bell Canyon formation:

28. Hegler limestone member: Limestone in a..
inch to I-foot beds, in part dense, in part
finely granular, containing some siUcified
fossils and chert bands. Interbedded with
platy sandstone_________________________ 33

Cherry Canyon formation:
27. Hard, platr. brown-weathering sandstone___ 4
!\lanzanita limestone -member:

26. Dark gray, lumpy limestone in beds a few
inches thick -_______________________ 5

25. Greenish-buff, friable sandstone, forming
massive, rounded ledges, but with some
thinner beds______________________ 62

24. Limestones resembling typical facies of
Hegler member as exposed in foothills
of Guadalupe Mountains. Gray to dark
gray, lumpy limestone, interbedded
with greenish, marly sandstone, form
ing slabby beds a few inches to a foot or
more thick. Contains numerous poorly
presef',ed ammonoids. Forms promi
nent cliff at end of Long Point, but
separates elsewhere into several groups
of ledges____________________________ 46

23. Fine-grained, pale-bUff or greenish sandstone
in massive, rounded ledges, with some thin.
ner-bedded layers. Forms slopes of Long
Point 117

22. Platy brown sandstone, poorly exposed above_ 74

Delaware 1\Iountain group-Continued Feet

Cherry Canyon formation-Gontinued
South Wells limestone member:

21. Dark gray. fine-grained limestone______ 3
20, Brown, fine-grained, platy sandstone____ 10
19. Dark gray, granular, sandy limestone,

weathering light gray, containing small
pebllies and numerous fossils (locality
7641 from this and nearby beds) 6

18, Buff, fine-grained sandstone in beds sev·
eral inches thick, interbedded with
dark sbaIy sandstone________________ 18

17. Buff, fine-grained, sandy limestone in 1
foot to 2-foot beds, forming rounded
ledges. Forms top of section (b) and
base of section (c) 6

16. Thin-bedded, fine-grained, buff sandstone,
with some intel'bedded limestone_____ 58

15. Grar. fine-grained, in part sandy lime-
stone, in 6·inch beds, forming a bench_ 3

14. Thin-bedded to platy, brown-weathering sand·
stone, with some lenticular beds of lime-
stone, especially in upper parL_________ t2J

13. Buff, fine-grained sandstone in thick, rounded
ledges, bare of vegetation________________ 42

12. Buff, calcareous sandstone in prominent,
blocky ledge S

11. Thin-bedded to platy, fine-grained, buff sand-
stone weathering brown__________________ 59

10. Fine-grained, gray limestone, with some more
granular and fossiliferous parts, and some
beds of reddish quartzite. FormS top of
section (a), where it is mostly quartzite. In
section (b), it crops out 67 feet above bed
of Pinyon Canyou_______________________ 6

9. Thin-bedded to platy, fine-grained, buff sand·
stone, with several thin limestone beds____ 39

S. Reddish quartzite and slabby, fine-grained
limestone, with some lenses of granular
limestone. Forms prominent bench______ 7

7. Thin-bedded, fine-grained buff sandstone, with
some limestone in middle_________________ 57

Getaway limestone member:
6. Gray. fine-grained limestone, with some

granUlar seams that are crowded with
fusulinids. In places, bed is much silici-
fied. Forms prominent ledge__________ 4

5, Buff, thin·bedded, fine-grained sandstone,
with some interbedded limestone_______ 32

4. Dark gray, granular limestone, containing
numerous fusulinids and crinoid stems,
and some other fossils, in 1-foot beds__ 5

3. Thin-bedded brown sandstone and gray
sandy limestone______________________ 17

2. Thin-bedded, fine-grained, dark-gray lime
stone, and massive, granular, fossilifer·
ous limestone, in irregular, lenticular
beds, with some interbedded sandstone_ 31

1. Fine-grained, gray, brown-weathering, platy
sandstone, standing in ragged ledges in lower
half, interbedded with softer buff sandstone,
and containing nodular beds of gray, fine-
grained sandy limestone___________________ 88

Base of section; lower beds cut _off by fault to
west.
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First geologic report on Guadalupe Mountains based
on personal obsenations. Describes stratigraphy and
structure along road ~roughGuadalupe Pass and notes
occurrence of fossils.

Shumard, B. F., Notice of new fossils from, the Permian
strata of New Mexico and Texas, collected by Dr. George
G. Shumard, geologist for the United States government
expedition for obtaining water by means of artesian
wells along the 32d parallel, under the direction of Capt.
John Pope, U. S. ToP. Eng.: St. Louis Acad. Sc1. Trans.,
vol 1, pp. 290-297, 1858 [1860].

1859. Pope, John, Reports of Capt John Pope, Topographical
Engineer, to Capt. A. A. Humphreys, Topographical En
gineer, in charge of office of exploration and survey, War
Department, in Report of Secretary of War: 35th Cong.,
2d sess., S. Ex. Doc. 1, yol. 2, pp. 582, 590-608, maps
and sections in vol. 5.

Describes drilling of 'well east of Pecos River in search
of artesian water. Includes geologic cross section from
Guadalupe Peak east,vard to well, possibly prepared by
Shumard.

Shumard, B. F., ~otice of fossils from tile Permian strata
of New Mexico, obtained by the United States expedi
tion under Capt. Pope for boring artesian wells along
the 32d parallel, with descriptions of new species from
these strata and the coal measures of that region: St.
Louis Acad. Sci. Trans., vol. 1, pp. 387-403, 1859 [1860].

This paper and the one above by the same author give
the first description of fossils from the Guadalupe
)Iountains; these are considered to be of Permian age.

1874. Jenney, W. P., Notes on the geology of ,,,estern Texas near
the 32d parallel: Am. Jour. Sci., 3d sel'., vol. 7, pp.
25-28.

Gives results of geologic work done for Texas and
Pacific Railroad, with brief mention of Guadalupe
Mountains, whose rocks are said to be of Carboniferous
age (p. 27).

ISSa. Shumard, G. G., A partial report on the geology of ,vest.
ern Texas, consisting of a general geological report,
and a journal of geological observations along the
routes tL'aveled by the e::-..-pedition between Indianola,
Texas, and the Yalle)" of the Mimbres, !\ew MeXico,
during the rears 1855 and 1856, State of Texas, 145 pp.

Same as his pUblication of 1858, but giving further
details. Giyes description of Guadalupe Mountains
(pp. 88-114).

1892. Tarr, R. S., Reconnaissance in the Guadalupe Mountains:
Texas Geol. Survey Bull. 3, 39 pp.

Describes stratigraph)' of Guadalupe Mountains and
concludes that rocks are of Carboniferous (Pennsyl
Yanian) age, as they fire dissimilar to Permian rocks
of central Texas. Contains notes on structure and
geomorphology.

1£100. Bill, R. T., The physical geography of the Texas region:
U. S. Geol. Survey Topog. Folio 3, 12 "pp.

Contains brief description of geomorphology and
geology of Guadalupe Mountains (P. 4) and of Salt
Basin, called Hownrd Bolson (p. 9). Based on aut.hor's
personal observa tions.

BIBLIOGRAPHY

The accompanying list contains all papers through
1947 on the geology or geography of the southern
Guadalupe Mountains, as well as a few on closely ad-
jacent areas. Textbooks and other general works are
omitted. Some publications in the list are labeled as
compilations; they do not conte'lin original observations
and are based on the work of others. The bibliography
is chronological, and within each year papers are listed
alphabetically by authors.

1850. Report of Secretary of War, 31st Cong., 1st sess., S. Ex.
Doc. 64, vol. 14, pp. 14-24.

Report of survey fOr a road from San Antonio to El
Paso through Guadalupe Pass made in summer of 1849
by Lieut. F. T. Bryan, Corps of Topographical Engineers.

---31st Cong., 1st sess., S. Ex. Doc. 64, Yol. 14, pp.
201-203.

Description of journey over same route a few months
later by Capt. R. B. Marcy.

1854. Bartlett, J. R., Personal narrative of explorations anel in·
ciclents in Texas, New Mexico, California, Sonora, and
Chihuahua, connected with the United States and
Mexican Boundary Commission, during the years 18W,
1851, 1852, and 1853, 2 vols., New York, D. ,Appleton
&Co.

Excellent description of Guadalupe ?tIountains and
of route from San Antonio to EI Paso through Guada·
lupe Pass (pp.117-1.21, vol. 1).

1855. Pope, John, Report of exploration of route for the Pacific
Railroad near the 32d parallel of latitUde from the Red
River to the Rio Grande, in Report of the Secretary of
War; S3d Cong" 1st sess., H. Ex. Doc. 129.

Description of country near Guadalupe PasS. Con
tains geologic report by Jules ~It1l"cou, based on uotes
and eollections made by Capt. C. L. Taplin, rather than
personal obseryution. It is suggested that the rOl'ks
of Guadalupe ::Uountaills are of Triassic and Jllmssic
age.

---Report of ex.ploration of rente for the Pacific Rail
road near the 32d parallel of latitude from the Red
River to the Rio Grande, in Reports of explorations and
surveys to ascertain the most practicable and economi·
cal route for a railroad from the Mississippi River to
the Pacific Ocean, made under the direction of the Sec·
retary of War in 1853 to 1854: 32d Cong., 2d sess., S.
Ex. Doc. 78, vol. 2, pp. 1-95.

Revision of preceding report. Marcou's geologic re
portis replaced by one by W. P. Blake, likewise based
on observations of others, in ,"'hicb it is suggested that
rocks of the Guadalupe Mountains are of Carboniferous
age, with a granitic axis.

1858. Sbumard, G. G., Observations on the geological formations
of the country between the Rio Pecos and the Rio
Grande, in 1'\ew Mexlco, near the line of the 32d parallel,
being an abstract of a portion of the geological report
of the expedition under Capt. John Pope, Corps of
Topographical Engineers, U. S. Army, in the year 1855:
St. LouiS Acmt SCi. Trans., vol. 1, pp. 27:~289, 185'3
[l860J.
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1902. Girty, G. H,.!.. The upper Permian in western Texas: Am.
Jour. SeL, 4th ser., vol. 14, PD. 363-368.

Preliminary description of stratigraplly and paleon
tology of southern Guadalupe Mountains.

1904. Richardson, G. B., Report of a reconnaissance in trans
Pecos Texas north of the Texas and Pacific Railway:
Texas Dnlv-. Bull. 23. 119 pp..

Describes stratigraphy (PP. 38--45). structure (pp.
53-55), geomorphology (pp. 20--23), and ground~water

resources (PD. 86-92) of Guadalupe and Delaware
Mountains, and proposes the names Hueco, Delaware
Mountain, Capitan, Castile, and Rustler formations.

1905. Girty, G. B" The relations of some Carboniferous faunas:
Washington Acad. Sci. Proc" vol. 7, pp. 1-26.

Contains brIef notes on paleontology of Guadalupe
Mountains (pp. 14-15).

1908; Girty, G. H., The Guadalupian fauna: U. S. Geo1. Sun·e)'
Prof. Paper 58, 651 pp.

Describes fossils from Guadalupe Mountains in de
tail, and discusses correlation of strata. B. F. Shu
mard's contention that strata are of Permian age is
upheld.

1909. Beede, J. W., Review of "The Guadalupian fauna": Jour.
Geol., yol. 17, pp. 672-679.

Girty, G. H., The Guadalupian fauna and new stratigraphic
evidence: New York Acad. Sci. Annals, vol. 19, pp.
137-138-

Discusses new fossil collections nnd stratigraphic ob
servations, chiefly by Richardson, and their bearing on
correlation of Yocks of southern Guadalupe :Monntains.
Recognizes importance of environ:ment in causing dif
ferences in faunas.

1910. Beede j J. W., The correlatIon of the Guadalupian and
Kansas sections: Am. Jour. Sc1., 4th ser., vol. 30, pp.
131-140.

Discusses correlation of rocks of Guadalupe Moun·
tains with areas to east and northeast. Contains some
notes on geology of northern Guadalupe Mountains.

Richardson, G. B., Stratigraphy of upper Carboniferous
in ,vest 'l'exas and southeast New Mexico: Am. Jour.
ScL, 4th ser., Y01. 29, pp. 325-337.

Further observations on later Paleozoic rocks in west
Texas and New Mexico, based on reconnaissance studies.

1914. Richardson, G. B., U. S. Geol. Surve:r. Geo1. Atlas, Van
Horn folio (No. 194), 9 pp.

Describes geology of an area not far south of the
Guadalupe :Mountains.

1915. Vdden, J. A., The age of the Castilp. g~'psum and Rustler
Springs formation: Am. Jour. ScL, 4th ser., '"01. 40,
pp. 151-156.

Reports occurrence of Cretaceous Foraminifera in
well cuttings from Castile gypsum. Includes a discus
sion by Richardson.

1917. Porch, E. L., Jr., The Rustler Springs sulphur deposits:
Tex. Unlv. Bull. 1722, 71 pp.

Describes some features of Delaware Mountain l Cas
tile, and Rustler formations, with special reference to
occurrence of sulfur.

1919. Bose, Emil, The Permo·Carboniferous ammonoids of the
Glass Mountains and their stratigraphical significance:
Texas Univ. Bull. 1762, 241 pp.

Discusses correlation of west Texas Permian forma
tions, with incidental reference to Guadalupe Moun
tains.

Udden, J. A.,llaker, C. L., and Bose, Emil, Review of geol
ogy of Texas: Texas Univ. Bnll. 44, 178 pp., ~916,rev.

ed.

Contains summary of stratigraphy of Guadalupe
Mountains. Revised edition includes report of dis
covery of "Manzano group" (Bone Spring limestone)
on west side of Guadalupe Mountains (pp. 59-61);
compilation.

1920. Baker, C. L., Contributions to the stratigraphy of eastern
New Mexico: Am. Jour. Sci., 4:th ser., vol. 49, pp. '9'9
126.

Includes important new observations on Guadalupe
Mountains. Unconformity at top of Bone Spring lime
stone and northward passage of Delaware Mountain
group into Goat Seep limestone described for first time
(pp.112-117).

1922. Udden, J. A., Some cavern deposits in the Permian of west
Texas: Geol. Soc. America Bull., \'01. 33, pp. 153-155.

Occurrence of Cretaceous Foraminifera from within
Castile gJrpsum, reported in 1915, and similar occur
rences found afterward, now interpreted as cave de
posits.

1924. Beede, J. W., Report on the oil and gas possibilities of the
University block 46 in Culberson County: Texas Univ.
BUll. 2346, 16 pp.

Contains two detailed sections of Bone Spring lime
stone and Delaware Mountain group in area south of
Guadalupe Mountains.

Udden, J. A., Laminated anhydrite in Texas: Geol. SoC'.
America Bull., vol. 35, pp. 347--354.

Describes laminated anhydrite of Cafltile formation,
found in COl'eS in David Flood wen, southeast of Dela
ware Mountains; suggests that laminations may be
'3rves.

1925. Hoots, 'V. II., G?ology of a part of western Texas and
southeastern New Mexico. with special reference to salt
and potash: U. S. Goo1. Survey BulL 780.1IP. 33-126.

Includes observations on red beds of Pecos valley, and
brief mention of rocks of Guadalupe Mountains (pp.
65-70), the latter a compilation.

Lee, W. T., Erosion by solution and fill: U. S. Geol. Survey
Bull. 760, pp. 107-121.

Emphasizes the importance of removal of soluble rockS
by ground-water as an erosion process in the region
near the Pecos River, east of Guadalupe Mountains.

---New discoveries in Carlsbad Cavern: Nat. Geol.
Mag., vol. 48, pp, 301-320.

Description of Carlsbad Cavern, with illustrations
and a map.

1926. Darton, N. B., The Permian of Arizona and New Mexico:
Am. Assoc. Petroleum GeologIsts Bull., vol. 10, pp. 819
852.

Contains resume of information in paper below (pp~

844-847) .
Darton, N. E., and Reeside, J. B., Jr., GuadalUpe group::

Geol. Soc. America Bull., vol. 37, pp. 413-428.
Results of a study of stratigraphy and structure of

Guadalupe Mountains, giYing new information on:
fossils, confirming some older interpretations, and:
making some new ones. :Kame Carlsbad limestone
proposed.

Meinzer, O. E., Renick, C. B., and Bryan. Kirk, Geology
of NO.3 reservoir site of the Carlsbad irrIgation project.
Ne\v Mexico, with reference to wate't-tightness: U. S.
Geol. Survey Water·Supply Paper 580-A, 39 pp.

Describes Carlsbad limestone and associated beds near
Pecos Ri'\"'er, at enstern edge of Guadalupe Mountains.
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1927. Udden, J. A., Fossils from the Word formation of west
Texas: GeoI. Soc. America Bull., vol. 38, p. 159.

Note on ammonoids from cores descrIbed in 1924
paper; states that they have been determined to be of
Word age.

1928. Baker, C. L., Desert-range tectonics of trans-Pecos Texas:
Pan-American Geologist, vol. 50, pp. 341-371.

Contains observations on structure of Guadalupe
Mountains -(pp. 359-360),

Carter, \V. T., and others, Soil survey (reconnaissance) of
the trans-Pecos area, Texas: U. S. Dept. Agr., Soil Sur
vey, ser. 1928, No, 35, 66 pp.

Map, which includes southern Guadalupe Mountains,
Sbo\ys distribution of soil typ€s. Text contains descrip
tions of soils and vegetation.

Darton, N. H., "Red beds" and associat(~ formations in
Nmv Mexico, with an account of the geology of the
State: U. S. Geol. Survey Bull. 794, 356 pp.
. Inclutles description of Guadalupe Mountains simi

lar to that in 1926 paper of Darton and Reeside, but
somewhat revised (pp. 220--227).

King, P. B., and King, R. E., The Pennsylvanian and
PermIan stratigraphy of the Glass :Mountains: Texas
Univ. Bull. 2801, pp. 109-145.

Contains paragraph by Ruedernann on reef origin of
Capitan limestone of Guadalupe Mountains (p. 139).

Schuchert, Charles, Review of the late Paleozoic forma
tions and faunas, with special rE>ference to the ice-age
of middle Permian time: Geol. Soc. America Bull., vol.
39, pp. 769-886.

Contains summary of stratigraphy and paleontology
of Guadalupe Mountains (pp. 819--821) ; compilation_

Udden, J. A., Study of the laminated structure of certain
drill cores obtained from the Permian rocks of Texas:
Carneh>ie Inst. Washington Year Book, Yol. 27, p. 363.

Summary of stUdy of cores describel\ in 1924 paper;
mathematical analyses of laminations suggest imper
fect cycles.

1929. Baker, C. L., Depositional history of the red beds and
saline residues of the Texas Permian: Texas Univ. Bull.
2901, pp. 9-72.

Describes conditions of deposition of west Texas Per
mian, with incidental reference to Guadalupe Moun
tains.

---Discussion of Permian symposium: Am. Assoc,
Petroleum Geologists Bull., vol. 13, Pl>. 1057-1065.

Discussion of other papers published in same journal,
with reference to conditions of deposition of Permian
rocks, including origin of sandstones of Delaware
Mountain group.

Blanchard, 'V. G., and Davis, l\I. J., Permian stratigraphy
and structure of parts of southeastern New Mexico and
southwestern Texas: Am. Assoc. PetrOleum Geologists
Bull., vol. 13, PP. 957-995.

Includes description and interpretation of rocks of
Guadalupe Mountains. Proposes several stratigraphic
names, including Bone Spring limestone and Queen
sandstone.

Crandall, K. H., Permian stratigraphy of southeastern
New Mexico and adjacent J)<'lrts of western Texas: Am_
Assoc. Petroleum Geologists Bull., vol. 13, pp. 927-944.

Describes stratigraphy of rocks of Guadalupe Moun·
tains and discusses their origin.

Keyes, C. R., Guadalupian reef theory: Pan-Am. Geologist,
vol. 52, pp_ 41-60.

This and later papers by same author are not based
on field work, or even on an adequate study of published

descriptions; interpretations made are at wide variance
with established facts.

Keyte, I. A., Correlation of Penns:rlvanian-Pel'mian of
Glass Mountains and Delaware Mountains: Am. Assoc.
Petroleum Geologists Bull., vol. 13, pp 903-906.

Brief notes on correlation, accompani~d by chart.
King, P. B., and King, R. E., Stratigraphy of outcropping

Carboniferous and Permian rocks of trans-Pecos Texas:
Am. Assoc. Petroleum Geologists Bul1., vol. 13, pp. 907
926.

Contains notes on stratigraphy of Guadalupe Moun·
tains (p. 921) ; compilation.

Lloyd, E. R., Capitan limestone and associated formations
in Xew Mexico: Am. Assoc_ Petrol('um Geologists BUll.,
vol. 13, pp. 645-<357.

Capitan limestone interpreted as a reef deposit; dis
cussion of stratigraphic implications of interpretation.

Mohr, C. L., Secondary gypsum in Delaware Mountain
region: Am. Assoc. Petroleum Geologists Bull., vol. 13,
p. 1395.

Observations on gypsum intercalated in limestone and
sandstone along borders of Salt Basin; interpreted as
secondary deposi t.

Ruedemann, Rudolf, Coralline algae, Guadalupe Moun·
tains; Am. Assoc. Petroleum Geologists Bull., vol. 13,
pp. 1079-1089.

Notes on pisolites of Carlsbad limestone, which are
interpreted as of algal origin.

Willls, Robin, Preliminary correlation of the Texas and
New Mexico Permian: Am. Assoc. Petroleum Geologists
Bull., vol. 13, pp. 907-1031.

Contains notes On stratigraphy and correlation of
rocks of Guadalupe Mountains (pp. 1017-:-1025) i com
pilation.

---Structural development and oil accumulation in
Texas Permian: Am. Assoc. Petroleum Geologists Bull.,
vol. 13, pp. 1033-1043.

Contains incidental reference to limestone reefs and
other features of Guadalupe Mountains; compilation.

1930. Cartwright, L. D., Jr., Transverse section of Permian
basin, west Texas and southeast New Mexico: Am.
Assoc. Petroleum Geologists BUll., vol. 14, pp. 969-981.

Contains cross sections showing stratigraphic rela
tions at mouth of ,iUcKittrick Canyon, Guadalupe Moun
tains (p. ~78).

Dobie, J. F., Coronado's children, tales of lost mines and
buried treasures of the sQuthwest, 361 pp., Dallas.

Chapter on "The Secret of the Guadalupes" tells of
lost Sublett mine, one of the many local legends of
hidden treasure (pp. 256-268).

1931. Dunbar, C. 0./ and Skinner, J. ·W., New fusulinid genera
from the Permian of west Texas: Am. Jour. ScL, 5th
ser., vol. 22, pp. 252-268.

Describes two species of new genus PQlydie:Dodina
it'om Guadalupe Mountains (pp. 263-268).

King, R. E., Geology of the Glass Mountains, part 2, faunal
summary, with description of the brachiopoda: Texas
Univ. Bull. 3042, 245 pp.

Summarizes stratigraphy, paleontology, and correla
tion of rocks of Guudalupe Mountains (pp. 11-13, 25
28) ; compilation.

Van del' Gracht, W. A. J. M., The Permo-Carboniferous
orogeny in the south-central United States: K . .!.kad.
Wetensch. Amsterdam Verh., Afd. Natuurk" Deel 27,
No.3, 170 PP.

Includes discussion of conditions of deposition of
Permian rocks of west. Texas. with incidental reference
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to Guadalupe Mountains (pp. 79-85), accompanied by
correlation charts (tables 7b and c) ; compilation..

1932. Roth, Robert, Evidence indicating the limits of Triassic
in Kansas, Oklahoma, and Texas: Jour. Geologr, yol.
40, pp. 688-720.

Discusses stratigraphy of Guadalupe Mountains and
its bearing on the author's contention that Some beds
generally considered Permian are of Triassic age (pp.
702-70G) ; compilation.

Sellards, E. H., The Valentine, Texas, earthquake: Texas
Univ. Bull. 3201, pp. 113-138.

Contains reports on effect of earthquake on Guadalupe
Mountain region (pp. 124-125) ; compilation.

1933. Darton, N. H., Guidebook of the western United States,
part F, the Southern PaciHc lines from New Orle:ms
to Los Angeles: U. S. GeoL Survey Boll. 845, 304 pp.

Contains brief description of route through Guadalupe
Mountains to Carlsuad Cavern (pp. 108-10J).

Darton, N. H., and King, P. n., 'Vestern Texas and Carls
bad Cayerns: 16th Internat. GeoI. Cung., Guldebouk 13,
3S pp.

Contains deseription b;r Darton of route through
Guadalupe :i1.1ountains to Carlsbad Cavern (pp, 27--32).

Fiedler, A. G" and NSe, S. S., Geolog~' and ground-water
resources of the Roswell artesian basin, New Mexico:
U. S. Geol. Survey 'Vater-Supply Paper G39, 372 'PP.

Contains description by Nse of stratigraphy, struc
ture, and geomorphology of area north of Guadalupe
Mountains (pp. 7-113).

Sellards, E, a., The pre-Paleozoic and Paleozoic systems
in Texas, in The geology of Texas, vol. 1, Stratigraph~' :
Te:xas Uniy. Bull. 3232, pp, 15-238.

Summarizes stratigraph~'of Guadalupe ~md Delaware
Mountains (pp. 158-161) ; compilation. Includes aerial
photograph of south end of Guadalupe Mountains
(pl. 1).

1934. King, P. B., Permian stratigraphy of trans-Pecos Texas:
Geol. Soc. America Bull, vol. 45, pp. 697-798.

Summarizes stratigraphs of Guadalupe and Delaware
Mountains (pp. 763--782) ; compilation, WtLtten before
present field work was started,

1935. Baker, C. L" Structural geology of trans-Pecos Texas, in
The geology of Texas, vol. 2: Tems Uniy. Bull. 3401,
pp, 137-211.

Contains descriptions of structure of Guadalupe and
Delaware Mountains (pp. 159-161) and of Salt Basin
(pp. lU9-171) ; c6mpilation.

Gardner, J. a., Origin and deyelopment of limestone cav·
emS: Geol. Soc. America Bull.; yol. 46, pp. 1255-1274.

Includes discussion of significant features of Carlsbad
Cavern and its probable age (pp. 1268--1273).

Howard, E. B., Evidence of early man in North America:
Tbe Museum Journal, yol. 24, pp. 61-158.

Describes Burnet Caye in northern Guadalupe Moun·
talns, which contains remains of Basket Maker Indians
and possible older remains (PD. 62-79).

Lang, W. B., Upper Perml~lll formations of Del::l'ware
Basin of Texas and New Mexico: Am. Assoc. Petroleum
Geologists Bull., vol. 19, pp. 962-970.

proposes name Salado halite and Pierce Canyon red
beds for Permian stratigraphic units east of Guadalupe
l\fountains.

Schultz, C. B., and Howard, E. B., The fauna of Burnet
Cave, Guadalupe Mountains, Kew Mexico: Acad. Nat.
Sci. Philadelphia Proc., vol. 87, PP. 273-296.

Lists material found in caye in northeast part of
Guadalupe Mountains, including extinct species, and
species no longer living in region.
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1936. Ayer, l\I. Y., The archeological and faunal material from
1Villialls C:lye, Guadalupe Mountains, Texas: Acad.
Nat. Sci. Philadelphia Proc., vol. 88, pp, 590--618.

Lists material found in cave within area of this re
port, illcluding extinct speeies, and species no longer
living in region.

Dunbar, C. 0., Skinner, J. 'V., and !{ing, R. E., Dimorphism
in Permian fusulines: 'l't'xas Univ. Bull. 3;)01, pp. 173
no.

Describes new species of genus ParafuBulina from
Guaualupe ~Io\1ntains (pp. 181-183).

Howard, E. R, Early human remains in the southwest
ern United States: 16th Internat. Geot. Congo Rept., 'foJ.
2, pp. 1323--1334, 1936.

Contains description of Burnet Cave similar to that
in 11:135 prlper (pp.1327-1329).

King, P. B., Unconformities in the later Paleozoic of tranS
Pecos 'l'exas: Texns Untv. Bull. 3501, pp. 131-135.

Includes brief description of uncomformities in Gusd·
alupe Mountains urea, based on field work for present
report.

---Permian rocks of the southern Guadalupe Moun·
tains: Tulsa Geol. Soc. Digest for 1936, pp. 37--42.

Surnn::ar~' of results of present illYestigntion.
---Permian of the Guadalupe :Mountains [abstract]:

Washington Acad. Sci. Jour., '·01. 26, p. 385.
Summary of results of present investigation.

1937, Dunbar, C. 0., "nd Skinner, J. W., Permian Fu,sulinidae of
Texas: 'l'exas Dnly. Bull. 3701, pp. 519-S2ti.

Contains description of stratigraphy and fusulinid
zones in Guadalupe Mountains (pp. 592-596); com·
pilation; description of fusulinid genera and species
from Guadalupe Mountains and adjacent areas.

1937. King, P. B., Permian of southern Guadalupe Mountains
(abstract) : Geol. Soc. America Proe. for 1936, p: 83.

Summary of results of present investigation.
Lang, 'V. B., The Permian foymat'ions of the Pecos valley

of New Mexico and Texas: Am. Assoc. Petroleum Geol
ogists BulL, vol. 21, pp. 833-898.

Terminology of strata in and near Guadalupe Moun
tains reyised. Conditions of deposition discussed. In
cludes descriptions and illustrations relating directly
to southern Guadalupe Mountains.

Mansfield, G. R., Role of physical chemistry in strati
graphic problems: Econ. Geo!., vol. 32, pp. 533--549.

Contains discussion of sedimentation and later altera
tion of Salado formation, southeastern New Mexico.

N'eedham, C. E., Some New Mexico Fusulinidae: New
.:\lexico Schooll\1ines Bull. 14, 88 pp.

Includes description of. two fusulinid species from
Guadalupe Mountains (pp. 56---59).

Pia, J. V., Die wichtigsten Kalkalgen des Jungpaliiozol
kums und ihre geologische Bedeutung: Compte rendu du
deuxieme congres pour Layancement des etUdes de
stratigraphie Carbonifere, pp. 76ti-856, aeerlen.

Describes several 8pecies ·of algae from upper part of
Guadalupe series in Guadalupe Mountains.

Plummer, F. B., and Scott, Gayle, Upper Paleozoic am
monites in Texas, in The Geology of Texas, 'foI. 3 : Texas
Univ. Bull. 3701, pp. 13-156.

Contains descriptions of known ammonoid zones in
Guadalupe Monntains (pp. 25--27) j compilation; other

incidental references.
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1938. Johnson, .T. H., Calcareous algae from the Carlsbad lime-
stone of New Mexico (abstract): Geol. Soc. America
Bull., vol. 49, p. 1889.

Notes on algae from upper part of Guadalupe series.
King, P. B.. Tectonics of.Guadalupe Mountain region (ab

stract) ; Geol. Soc. America Proc. for 1937, D. 93.
Summary of results of present investigation.

---Relation of Permian sedimentation to tectonics in
Guadalupe Mountain region (abstract); Am, Assoc.
Petroleum Geologists Bull., voL 22, pp. 1707-1709.

Summary of results of present in'festigation find of
work in the nearby Sierra Diablo.

1939. Adams, J, E., and others, Standnrd Permian section of
North America: Am. Assoc. Petroleum Geologists BUll.,
vol. 23, pp. 1673-1681.

Proposes a subdivision of Permian system into Wolf·
camp, Leonard, Guadalupe, and Ochoa series, based on a
standard section in west Texas.

Johnson, J. II" Ecologic distribution of lime-secreting algae
of the Permian Carlsbad reef, Guadalupe Mountains,
New Mexico (abstract): Geol. Soc. ,America Bull, 'fol.
50, p.1915.

Contains summary of ecology of algae in upper part
of Guadalupe series.

Kroenlein, G. A., Salt, potaSh, and anhydrite in Castile
formation of southeast New Mexico: Am. Assoc. Petro
leum Geologists Bull., Y01. 23, uP. 1682-1683.

Description and interpretation of stratigmphy of
Castile and Salado formations.

Lang, W. B., Salado formation of the Permian basin:
Am. Assoc. Petroleum Geologists Bull., vol. 23, pp. 1569
1572.

Redefinition of the term Salado formation.
Newell, N. D., Invertebrate fauna of the late Permian

'Vhitehorse sandstone: Geol. Soc. America Bull., ,01
51, PP. 261-36H.

Contains description of hYO species of pelec~'pods

from Azotea tongue of Carlsbad limestone in north
eastern Guadalupe Mountains. Discusses correlation
of 'Whitehorse group \yith Guadalupe )lountains section.

Robinson, T. 'V., and Lang, W. B., Geology and ground
water conditions of the Pecos Ri,er yalley in the
vicinity of Laguna Grande lie Ia Sal, New Mexico, with
special reference to salt content of riyer water: State
Eng, Ne\y :Mexlco, 12th and 13th Bienn. Rept. 1934-1938,
pp.70-100.

Describes geology of small area south of Carlsbad,
N. Mex.

1940. Miller, A. K., and Furnish, W. M., Permian ammonoids of
the Guadalupe Mountain region and adjacent areas:
Geol. Soc. America Spec. Paper 26.

D2scribes all known Permian ammonoids from west
Texas, including collections made in Guadalupe Moun
tainS during present investigation.

Pin, J. V., VorHiufige iibersicht del' Kalkalgen des Perms
VOn Nordamerika: Alwd. Wiss. 'Vien, Math.·Naturwiss
Kl., Anz. 9, preprint, June 13.

Describes species of algae from upper part of Guada
lupe series in Guadalupe Mountains.

1941. De Ford, R. K., antI Higgs, G. D., Tansill formation, west
Texas and southeastern New Mexico: Am. Assoc. Petro·
leum Geologists BuIl.1 vol. 25, pp. 1il3-1728.

Contains definition and description of Tansill forma·
tion, of late Guaualupe age, based on outcrops near
Carlsbad, N. Mex., in eastern foothills of Guadalupe
Mountains.

Dunbar, C. 0., Permian faunas, a study in facies: Geol
Soc. America Bull., vol. 52, pp. 313-332.

Contains interpretation of environment of deposl
lion of Capitan limestone and associated formations
(pp.823-324).

Lewis, F. E" Position of san Andres group, west Texas
and New Mexico: Am. Assoc. Petroleum Geologists
Bull., vol. 25, pp. 73-103.

Contains bl'ief discussion of Permian stratigraphy in
Guadalupe Mountains and its relation to records of
nearby wells (pp. 92-96).

'West Texas Geological Society, Possible future oil prov
inces of west Texas: Am. Assoc. Petroleum Geologists
Bull., vol. 25, pp. 1527-1538.

Discusses oil possibilities in region near Guadalupe
Mountains.

1942. Bates, R. L., Lateral gradation in the Seven Rivers forma
tion. Rocky Arro~·o. Eddy County, New Mexico: Am.
Assoc. Petroleum Geologists Bull., vol. 26, pp. 80-9f)'

Detailed description of gradation from gypsum into
dolomitic limestone in upper part of Guadalupe series
in northeastern Guadalupe Mountains.

Hills, J. M., Rhythm of Permian seas, a paleogeographic
study. Am. Assoc. Petroleum Geologists Bull., voL 26,
pp. 217-255.

An interpretation of paleogeography and geologic his
tory of Permian time in southwestern United States,
including Guadalupe Mountains region.

Johnson, J. H., Permian lime-secreting algae from the
Guadalupe Mountains, New Mexico: GeoL Soc. America
Bull., vol. 53, pp. 195-226.

Description of algae from upper part of Guadalupe
series in Guadalupe Mountains, with discussion of
ecology.

King, P. B., Permian of west Texas and southeastern New
)Iexico: Am. Assoc. Petroleum Geologists BUll., voL 26,
pp. 535-763.

Contains summary of Permian stratigraphy of Guad
aluI)C Mountains and Sierra Diablo (pp. 550-613), an
interpretation of Permian sedimentation in the region
(613-642), a discussion of paleogeography of west Texas
region in Permlan time (pp. 710-763), and a conelation
chart (pI. 2).

King, R. E., and others, Resume of geology of the south
Permian basin, Texas and New Mexico: Ge{l1. Soc. Amer
ica Bull., vol. 53, pp. 539-560.

Contains a cross section from GUadalupe Mountains
eastward to central Texas and a summary of stratigra·
phy; compilation.

]944. Adams, J. E., Highest structural point in Texas: .Am. AssOC.
Petroleum Geologists BUll., vol. 28, pp. 562-564.

Mentions the height of the Cenozoic uplift in the
Guadalupe Mountains and its relation to the heIghts of
nearby uplifts. Discusses criteria for recognizing
a mQun t of uplift.

---, 'Gpper Permian Ochoa series of Delaware Basin,
west Texas and southeast New Mexico: Am. AssoC.
Petroleum Geologists Bull., vol. 28, pp. 1596-1625.

An exhaustive treatment of the stratigraphy of the
Ochoa series and the origin of its deposits. Based
mainly on subsurface 'York but inclutles reference to
outcrop areas east of Delaware Mountains.

Clifton, R. L., Ammonoids from upper Cherry Canyon
formation of Delaware Mountain group in Texas: Am.
Assoc. Petroleum Geologists Bull., vol. 23, pp. 1644
1646.

Notes on fossils collected and identified by Clifton
from Manzanita limestone member of Cherry Canyon
formation.
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King, P. B.t and Knight, J. B. t Sierra Diablo region,
Hudspeth and Culberson Counties, Texas: U. S. Geol.
Survey Oil and Gas Investigations, Preliminary map 2.

Geologic map, sections, and brief text relating to area
south of Guadalupe Mountains.

King, P. B. t and Fountain, H. C., Geologic map of southern
Guadalupe Mountains, Hudspeth and Culberson Coun
ties, Texas: U. S. Geol. Survey Oil and Gas InvestIga
tion':!, Preliminary map 18.

Preliminary edition of geologic map of area of this
report, accompanied by structure sections, stratigraphic
diagram, structure map. and brief text.

Clifton, R. L. t Permian Word formation: its faunal Rnd
stratigrapbic correlatives, Texas: Am. Assoc. Petro
leum Geologists Bull., vol. 29, pp. 1766-1776.

Describes stratigraphic relations and faunas in
northern Guadalupe Mountains in support of author's
contention that San A.ndres limestone is of Cherry
Canyon age (PP. 1772-1774).

Roth, Robert, Permian Pease RileI' group of Texas j

Geo!. Soc., America Bull., vol. 56, pp. 893-908.
)It?Jltions occurrence of Fnsulinidae in northern

Guadalupe Mountains (pp. 897-898).
1946. Skinner, J. W., Correlation of Pel'mlan of west Texas and

soutbeast New Mexico: Am, Assoc. Petroleum Geolo
gists Bull, vol. 30, pp. 1857-1874, 1946.

Describes stratigraphic relations and faunas in north
ern Guadalupe Mountains and concludes that San
..Andres limestone is of Cberry Canyon age.

1947. King, P. B., Permian correlations: Am. Assoc. Petroleum
Geologists Bull.,vol. 31, PP. 774--717, 1947.

Discussion of preceding papers by Clifton, 'Roth, and
Skinner.

King, R. H., Sedimentation in Permian Castile sea: Am.
Assoc. Petroleum Geologists Bull., vol. 31, pp. 470-477t

1947.
DiSCuSses conditions of sedimentation affecting depo

sition of evaporite during Castile time.
Lang, W. B., Occurrence of Comanche rocks in Black River

Yalley, New Mexico: .Am. Assoc. Petroleum Geologists
Bull., vol. 31, pp. 1472-1478, 1947.

Discusses occurrence of float of fossiliferous rocks of
Washita age near Black River, southeast of Reef
Escarpment of Guadalupe Mountains.

1948, King, P. B., Regional geologic map of parts of Culberson
and Hudspeth Counties, Texas: U. S. Geol. Survey, Oil
and gas investigations, preliminary map 90, 1948. (In
preparation.)

Map of region surrounding southern Guadalupe
Mountains, based on available geologic mapping and
on a stUdy of aeri al photographs.
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