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GEOLOGY OF THE SOUTHERN GUADALUPE MOUNTAINS, TEXAS '

By Pumre B. Kixg

ABSTRACT

This report deals with an area of 425 square miles in the
western part of Texas, immediately south of the New Mexico
line. The area comprises the scouth end of the Guadalupe
Mountains and the adjacent part of the Delaware Mountains;
it includes the highest peaks in the State of Texas. The area
i a segment of a large mountain mass that extends 50 miles or
more northward and scuthward. The report describes the
geclogy of the area, that is, the nature of its rocks, tectonics, and
surface features, and the evidenee that they give 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.

Btratigraphy of Permion 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 invertebrate fossils, some of which were described by
B. F. Shumard 1n 1838. They were made famous hy the classic
study of . H, Girty in 1908, The rocks consist chiefly of sand-
stones and limestones of various textures and structures, and
are notable for their abrupt change from one rock type into
another within short distances, This charaeteristic is believed
to have been caused by the rocks being laid down on {he margin
of the Delaware Basin, a structural feature of Permian time.
The margin lay hetween the more rapidly subsiding basin and a
less rapidly subsiding shelf area to the northwest,

The lowest exposed formation is the Bobe 8pring limestone.
Two deep wells indicate that it is underlain by the Hueco lime-
stone (of Carboniferous or Permian age), and this by rocks of
Pennsylvanian 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 toward the close of Bone Spring time, as the sueceeding
beds overlap the flexed strata.

Overlying the Bone Spring limestone to the southeast, in the
basin area, is the Idelaware Monntain group, 4 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 number of limestone members,

Northwestward, away from the basin, great changes take
.plaee in the rocks of Delaware Mountain age. The lower for-
mation overlaps the older rocks along the Bone Spring flexure
and is absent beyond. The lower part of the middle formation
perslsts northwestward as a thin sandstope tongue, but the
upper part changes into the Goat Seep limestone. Near its
southeast edge this limestone forms a set of massive beds over
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 tbe same manner, the npper formation of the Delaware
Mountain group changes northwestward into the thick mass of
the Capitan limestone, which, like the Goat Seep was probably
a reef deposit. The Capltan reaches a thickness of nearly
2,000 feet and forms same of the highest peaks and ridges of the
Guadalupe Mountains, The formation does not persist far to
the northwest, however, and withkin a few miles is replaced by
the thin-bedded Carlsbad limestone. Still farther north, be-
voud the area studied, these limestones change in turn into the
anhydrites, sandstones, and red beds of the Chalk Bluft for-
mation. : .

The invertebrate fossils of the Delaware Mountain group and
its eorrelatives exhibit considerable variety both laterally and
vertically. The lateral changes are interpreted as resulting
from differences in environment, and the vertical changes mot
only to changes in environment, but also to progressive evolu-
tion with the passage of time, Differences in environment are
suggested by the contrasting nature of contemporaneous de-
posits; there were probably also differences in the chemigtry
of the water, its degree of agitation, and its depth. Available
evidence indicates that the limestone reefs of the Goat Seep and
Capitan formations were laid down in relatively shallow water,
and that the equivalent Delaware Mountain deposits to the
southeast were laid down in deeper water.

Above the Delaware Mountain group in the basin area are the
anhydrites 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-
sien surface on the mountaifi summits is probably the exhumed
surface on which Cretaceovs rocks were once deposited,

Tectonic features.—The mountain mass of the Guadalupe
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 entirely in Ceno-
zoic time. The structure of the block resembles that of other
mountain bloeks of the Basin and Range province, The east
flank is a gently tilted surface which descends foward the
slightly disturbed area of the Pecos valley-and Llanc Hstacado
at the east, The west flank is steep and broken by numerous
faults, some of which have displacements of thousands of feet
and gerve to outline the west side of the mountaing. West of
the meountains downfaulted rocks are exposed here and there
in low foothills, 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 rocks are cut
by numerous joints whose dip and trend are similar to those of

1



2 GEOLOGY OF THE SOUTHERN GUADALUPE MOUNTAINSE, TEXAS

the faults. The fanlts appear to be tensional features, but the
uplift itself wuas eaused by vertically acting movements, whose
ultitnate caure way have been compressional force.

Cenozoic deposits and land forms—The present 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-
tion of the uplifted parts and deposition of sediments on the
depressed parts by subaerial agencies similar to those now at
work in the region. The evolution of the Cenozoic denosits and
land forms 15 thus closely related to the upheaval of the mountain
area.

The uplift took place in several stages, After the first uplift,
consequent sireams formed on the sloping surface of the moun-
tain block, and some of their courses are preserved with little
modification today. Material washed from the mountains after
the first uplift was deposited in the nearby lower areas and is

probably represented by the oldest unconsolidated rocks of the

_8alt Basin and Llane Estacadoe. These materials are probably
of Pliocene age.

A second period of uplift probably tock place in late Plocene
or early Pleistocene time and raised the mountains nearly to
their present height., This uplift gave rise In places to new

consequent streams, which flowed along fault troughs, It also
" caused 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 worn down to a plain of about the same altitnde as the
ptesent canyon hottoms.

In Pleistocene time, perhaps as a result of fluectuation in
climate, a part of this lower country was buried nnder a sheet
of gravel. Deposition of coarse-grained deposits took place

west of the mountains also, partly as a result uf elimatic 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 have been caused by streams or subaerial agencies.

¥aint beach ridges present in the Salt Basin indicate the exist-

ence of a lake in late Pleistocene time.

In late Pleistocene time, the area was again disturbed. Re-
newed movements of small amount took place along some of
the fauits on the west flank of the mountaing, and scme 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
disturbarce have shaped the mountains into their present form.

Eronomic geology.—The main econotnie interest of the area Is
indirect. Enowledge of the area is valuable fo petroleum geol-
ogists because features exposed at the surface here are analo-
gons to features to the east known only from drilling in the
oil fields. No oil or gas has been found in the area itself, but
the aren has not been adequately tested by wells. There is a
slizht possibility that oil or gas may be digcovered in the deeper
formations,

The other economiec 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 valued by the local resi-
dents is ground water, for the region is generally dry and swith-
out permanent streams. Here and there ground water issues
us springs, whose intakes are the higher parts of the area,
where rainfall is greater than in the lower parts.

INTRODUCTION

THE PERMIAN PROBLEM

The Permian system of the southwestern United
States has been until recently one of the intrigning but
little known subjects of American stratigraphy. In
the latter half of the nineteenth century after the west-
ern United States was settled, the “red bed” sections
of the Permian were studied and reported on by many
geologists, but up to 1920 the existence of a contempora-
neous marine sequence in western Texas and southeast-
ern New Mexico was little appreciated. Since that year
the discovery of extensive oil fields and potash beds
in this region gave an 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
stratn encountered by drilling.

Much remains to be done in order to understand the
history of Permian time in the region. The physical
and chemical conditions that caused the deposition of
the various and often complexly related deposits need
to be better understood. MMore 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 areas. One useful contribution to the solution
of these problems is the detailed study of sequences of
rocks exposed at the surface in the different mountain
ranges of Texas and New Mexico.

This report deals with one such sequence of rocks in
western Texas, the one exposed in the southern Guada-
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 pl.
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, ho-
ever, are found in nearby aveas.

PRESENT INVESTIGATION

Field work on which this report is based was carried
out mainly during eight months in 1934 and 1933, dnr-
ing which time T was assisted by H. C. Fountain. Ex-
penses for this work were paid by a grant from the
Penrose bequest of the Geological Society of America.
Some additional field work was done in subsequent
years, especially in the spring of 1932, In 1945 and
1946, I studied aseries of vertical aerial photographs
made by the U. 8. Army, covering the southern Guada-
lupe Mountains and surrounding areas. This study
made possible u final revision of the geologic mapping.
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Mexico {1: §00,000), oil and gas map of Texas (1:750,000), and American Geagraphical Society’s Chihunhua sheet, millionth map of His-

panie America (1:1.000,000).

As a result of the investigations between 1934 and 1916,
an area 25 miles long and 18 miles-wide, covering 425
square miles, has been surveyed geologically (pl. 3).
Most of the fossils mentioned in this report were col-
lected by H. C. Fountain in 1934 and 1933, to obtain
which he spent many hours of patient labor with the
hammer. The excellence of the specimens that he ob-
tained is a testimony of his devotion to the work,
The greater part of the fossils collected 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
University and J. W. Skinner of the Humble Oil Co.,

and the cephalopods by A. K., Miller and W. M. Furnish
of the State University of Towa. The results of the
work of Dunbar and Skinner;! and of Miller and
Fuarnish,® 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 volcaniec

I Danbar, C. Q., and Skinner, J. W,, Permian Fysulinidee of Texas,
in The Geologr of Texas, vol. 8, Texas Univ. BDull. 3701, pp. 518-825,
1937,

2 Miller, A. K., and Furnish, W. M. Permlan ammoncide of the
Guadalupe Mountain region and adjacent areas: Geol. Soc. America
Sprecial Paper 26, 19440,
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ash were studied by C. 8. Ross, and insoluble residues
of limestones by Charles Milton, all of the Geological
Survey. Chemical analyses of limestones, of voleanic
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
1938, but was extensively revised in 1940. Publication
of the report by the Geological Survey was postponed
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 Mexico, published in 1942, and a
preliminary edition of the geologic map was published
in 19443 Beecause of the fact that a general summary
of the Permian was published in 1942, only incidental
mention is made of regional matters in this report, and
main emphasis is given to deseriptions of the local
geology.

Since 1940, only minor revisions have been made 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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18 of this report. In the preparation of the topographic
base for the eastern part of the area shown on the geo-
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PHYSICAL FEATURES OF THE REGION

EL CAPITAN

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

Qur road led in a direction nearly west, towards the bold head
of the great Guadalupe Mountain, which had been before us some
eight or ten days. This iz a most remarkable landmark, rising
as it does far above the surrounding plain, The sierra which
ends with it comes from the northeast, It is a dark, gloomy-
looking range, with bold and forbidding sides, consisting of
huge piles of rocks, their debris heaped far above the surround-

3 King, P. B, The Permian of west Texas and southeastern New
Mexico: Am. Assoc. Petroleum Geologists Bull, wol. 26, pp. 535-T63,
1942, King, P. B, and Fountain, II. €, Geologic map of southern
Guadatupe Mountains, Hudspeth and Culberson Counties, Texas: U. 5.
Geological Survey Oil and Gas Investigations, Preliminary map 18, 1944,

4 Bartlett, J. R., Personal narrative of explovations and incidents in
Texas, New Mexico, California, Senora, and Chihuabua, connected
with the United States and Mexican Boundary Commission, during the
veara 1830, 1831, 1552, and 1853, vol. 1, pp. 117-118, New York,
D. Appleton & Co., 1854.

ing hills. As it approaches its termination the color changes
to a pure white, tinted with buff or light orange, presenting a
begutiful contrast with the other portions of the range, or with
the light blae of the sky beyond, for in this elevated region the
heavens have a remarkable brilliancy and depth of color.
(Views of the southeast side of the Guadalupe Moun-
tains, 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 Horn, or
El Paso, the motorist discovers it in view before him, 50
miles or more away. When at length he draws closer,
his voad, following the course of the old caravan road
that ecame into existence at the close of the Mexican
War, winds through the hills and canyons of Guadalupe
Pass with the headland rising above it to the north.
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TFrom the road, tier after tier of flat-lying sandstone
beds extend upward on barren slopes. On them, ason a
pedestal, reposes a mon mmental crag of white himestone,
forming a sheer cliff a thousand feet high (pl. 1). To
the modern traveler, as to the Mexicans of the last
century who dug for salt in the flats west of the head-
land, the crag is truly El Capitan, the leader or
landmark.

The high peaks at the south end of the Guadalupe
Mountains 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. 8. Geographic Board, is to call
the headland El Capitan, and the higher peak a short
distance to the north Guadalupe Peak. However,
Richardson (1904) and Girty (1908),1in their geological
reports, called the headland Guadalupe Point and used
Tl 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 El Capitan for the headland rather than
for the higher peak seems to agree better with the
original Spanish meaning of the term.?

GUADALUPE MOUNTAINS

El Capitan lies near the center of the area here
deseribed, and is the southern extremity of the Guada-
lupe Mountains, 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.® .

The western side of the wedge, whose trend 1s some-
what west of north, has an even more impressive face
(as shown on plate 5). It is only from this direction,
Shumard 7 ohserved
that these mountains can be contemplated in all their grandeur.
Here extends an unbroken line of vertical precipices from two
to three thousand feet in height, the faces of which are s¢
smooth as to be accessible only a few hundred feet above the
paze. The abrupt faces of these cliffs pursue a genetral course
parallel to the axis of upheaval of the mountains, which pre-
sent the appearance of having cteft vertically through their
centers and the western halves removed.

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 above sea level, and culminate in Guadalupe

5 For o discussion of geographic terminelogy, see Lang, W. B., The
Permian formations of the Pecos Valler of New Mexico and Texas:
Am. Assoc, Petroleum Geologists Bull, vel. 21, pp. B30-544, 1937,

¢ King, P. B., The Permian of west Texas and southeastern New
Mexico : Am. Asspe. Petroleum Geologists Bull,, vol. 26, p. 503, 1542,

T Shumard, G. G., Observations on the geological formations of the
country between the Rio Pecos and Rio Grande, in New Mexico: St.
L.ouls Acad. Sei. Trans, vol. 1, p. 280, 1858.[1860].

Peak, which rises to 8,751 feet. This is the highest point
in the State of Texas. Beyond the Texas-New Mexico
houndary, about 7 miles north of Guadalupe Peak, the
summits are lower, and at some distance farther north
and northeast 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
mote 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 mountaing
break off in steep escarpments, of which the precipices
described by Shumard are a part. The escarpments
slope toward the Salt Basin, a depression with no out-
let to the sea, whose lower part stands at an altitude a
few feet above 5,600 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 floor 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 El Capitan (plL 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 tectonic 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
structure sections of plate 3). The west base of the
mountains is followed in most places by one of several
major faults, whose presence 1s 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 erest 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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duced by uplift and faulting. The original tectonic
configuration bas been somewhat modified by erosion
of the higher parts of the area and by deposition i the
Jower parts, but these modifications have been so small
that they suggest the uplifting and faulting are of rela-
tively recent age. Some of the movements are certainly
of Quaternary age, for unconsolidated deposits of the

aluvial apron are disturbed and faulted near the base
of the mountains. However, the alluvial apron is com-
pused of fragments wasled from high mountains, and
ihese mountains were formed by movements older than
those just noted. How old these earlier movements ave
i« a matter for conjecture; they may be of later Tertiary

age.

STRATIGRAPHY OF PERMIAN ROCKS

HISTORICAL SKETCH®

SHUMARTD'S DISCOVERY

The first observations on the geology of the Guad-
alupe Mountains were published during the period of
exploration that accompanied the opening up of the
western country after the Mexican War, and were an
autgrowth of surveys by Army engineers to determine a
practicable route for a railroad to the Pacific coast.
In 1854, the party of Captain John Pope laid out 2
route through Guadalupe Pass.® Tuthe following vear,
when Pope returned to the region to invesgtigate move
fully the prospects for artesian water near the rounte,
his party included Dr. G. G. Shumard,”® a geologlst
who had gained experience In western explorations as
o member of several previons expeditions.

Like Bartlett's party five years before, that of which
Shumard was a member approached the mountains from
the east. The foot of the Guadalupe Mountalns was
reached at “the canyon known as the Pinery” (Pine
Spring Canyen). This he explored for about a mile,
collecting fossils from the white limestone “remarkably
rich in arganic remains” that formed its rugged sides.
Continuing farther, the party descended into Guadalupe
Pass, and Shumard saw that the white limestone reposed
in heavy beds upon a great thickness of flat-lying sand-
stones. e found that the section contained the foliow-
ing members in descending order (pl. 1):%

Feet
1. Upper, or white Linestone .o 2 oomor—vommmmmmoes 1, 400
o, Dark-colored thinly lamindted and foliated limestone_ 30100
3. Yellow quartzose sandstone-———-——-—————---—- 1, 200-1,500
4. Black thin-hedded limestone o —emmmmmmemm e 200

Shumard’s notes indicate that in the field he regarded
the fossils collected from the white limestone and under-
Iying rocks as of Carbonifercus {Pennsylvanian) age,
but his brother, B. F. Shumard® who later examined

3 YInder this heading, only the main ideas that have been held in the
past regarding the rocks of the Guadalupe Mountalns can be mentioned,
and not all the papers published on the area are cited, A complete list
of papers on the area, with a summary of their conclusions, is given in
the annotated bibliography at the end of this report.

® Pope, John, Report of exploration of route for the Pacifie Railroad
near the 22nd parallel from the Red River to the Rio Grande: U. 8.
Pacific Railrond BEsploration, 354 Cong.. 2d gess., 8. Doc. 78, volL 2,
pp. 1-93, 1858,

1 hymard, G. @., ep- ¢it., pp. 278-282.

1 Shymard, G. &., op. cit, p. 280,

2 ghumard, B, P, Notice of new fossils from the Permian strata of
Kew Mexico and Texas : St. Louis Acad. Sci, Trans., vol. 1, pp. 280297,
1858 [18G0]: Motice of fossils from the Permian strata of Texas and
Wew Mexico: op. cit., pp. 387403, 1859 {18607,

the material, was impressed with its dissimilarity to the
Carboniferous faunas and observed that many of its
brachiopoeds and other forms closely resembled those of
the Permian system that had been established in Europe
17 years before. Moreover, it included the genus
Awlosteges “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 were 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 Survey, who made a brief trip to the
mountains in 1890, the next geologists to visit and de-
ceribe the region were G. H. Girty and G. B. Richard-
son, of the United States Geological Survey, in 1901 and
1903, -

Girts's colleeting trip to the mountains was brief
but wonderfully fruitful. Large amounts of fossil ma-
terial were obtained from the white limestone that
forms the slopes of Guadalupe Peak (member 1 of
Shumard’s section, pl. 1), which was named the
Capitan limestone by Richardson* Numerous fossils
were collected also from the underlying dark limestone
(member 2. The collections were more meager, how-
ever, from the underlying sandstone and basal black
limestone (members 3 and 4}, which together were
named the Delaware Mountain formation by Richard-
son® In his monumental work on the Guadalupian
fauna, Girty * described the fossils obtained during this
visit and those collected by Richardson and others in
nearby areas. By hiswork he expanded Shumard’s orig-
inal assemblage of 54 species to 326 species without, as he
savs, doing full justice to the richness of the fauna.

\Vith this more extensive material before him, Girty
was able to confirm Shumard’s original opinion as to
the unusual quality of the fauna. He was impressed

1 Tarr, R. 8., Reconnaissance in the Guadalupe Mountains : Texas
Geol. Survey Bull. 3, 1892,

1 Richardson, G. B., Report of a reconnaissance in trans-Pecos Texas
north of the Texas and Pacific Raflway: Texas Tniv. Bull. 235, p. 41,
1904. .

15 Idem., p. 38. The Delaware Mountain formation is now ‘classed as
a group, but with the basal black limestone separated from it and placed
in the Bone Spring Iimestone.

16 Girty, G, H., The Guadalupian faona: T, 8. Geol. Survey Prof.
Paper 58, 1908. The term Guadalaplan as used by Girty embraces ap-
proximately the Leonard and Guadalupe series of present terminolopy.
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with its dissimilarity to any of those in the Carbonifer-
ous of the Mid-continent region, 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 che 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 Udden = and Bose.2

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 becanse of vertehrate
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.®* Iis fossils, although of later Pale-
ozoic age, did riot 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
group and found that

T Girty, G. H., op. cit., p. 39.

¥ Richardson, G. B., op. cit., pp. 43—45.

® Richardson, G. B, op. cit., pp. 32-38.

 Girty, G. H, op. cit., pp. 26-27.

# Udden, J. A, Notes on the geclegy of the Glass Mountaing : Texas
Univ, Bull, 1753, pp. 3-39, 1918,

= Bise, Thnil, The‘ Permo-Carboniferous ammonoids . of the Glass
Mountaing and their stratigraphical significance; Texas Univ, Bull,
1762, 1919,

# Lee, W. T, and Girty, G, H., The Manzano group of the Rio Grande
valley, New Mexico: U, 8. Geol. Survey Bull, 289, 1909,

* Richardson, G, B., Stratigraphy of the upper Carboniferous In west
Texas and southeast New Mexieco: Am. Jour. Sel., 4th ser., vol. 29, pp.
325-837, 1910. See also, Beede, J. W., The correlation of the Guada-

lupian and Kanses sections: Am. Jour. Sei., 4th ser,, vol. 30, pp. 131-
140, 1919,

the massive 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-
erouts horizons become rare in the Capitap, and the collections
* * * broughtin tend to show that with the change in lithology
the fauna also changes in character, so that practically nothing
of the typical Guadalupian 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 Gtuadalupian fauna is a regional matter, denoting
not time relations, but geographic relations.” *

SEARCH FOR OIL IN THE LLANO ESTACADO

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 tremendous 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 wildeat 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 Tertinry 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-Pecos 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 heneath
the salt and anhydrite beds.2

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

% Girty, G. H., The Guadalupian fauna and new stratigraphble evi-
dence: New York Acad. Scl. Annals, vol, 19, p. 138, 1909,

» Girty, G. H., idem., p. 141,

¥ Udden, J. A., Potash In the Texns Perminn: Texas Univ, Bull. 17,
19135,

= Hoots, W. H., Geology of a part of western Texns and southeastern
New DMexico, with special reference to salt and potash: T. 8. Geol
Survey Bull. 780, pp. 113-114, pl. 17, 1925,

# Udden, J. A., The deep boring at Spur : Texas Univ. Bull. 363, pp.
T4-75, 1914.

3 Hoots, W. H., ap. cit,, pl. 18,
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character, and that the configuration of the synelinori-
um was far from regular. Thus, in 1926, 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 above its anticipated position.
It had previously been assumed that this district lay
near the axis of downwarping.®

A short distance west of the Hendrick oil field, the
oil-bearing dolomites were not encountered by the drill.
Tustead, after passing through salt and anhydrite, the
sandstones of the Delaware Mountain group twere
reached at a much greater depth than the oil-bearing
dolomites. Fast of the field, much anhydrite was In-
terbedded with the dolomites, and no trace of the Dela-
ware Mountain eroup 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 major synelino-
rium, forming a depression now known as the Delaware
Basin (fig. 11).%2 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 Alountains on the south.

TWhat 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 Winkler County and elsewhere.

RECENT WORE IN THE GUADALUPE MOUNTAINS

Richardson’s later observations on the changes in
lithologic and faunal facies in the Guadalupe Moun-
tains were amplified by the work of Baker* in 1918
and of Darton and Reeside* in 1925. Baker discov-
ered that the thick succession of sandstones of the Dela-
ware Mountain group (member 3 of Shumard’s section,
pl. 1), well developed to the south, does not extend far
to the north in the Guadalupe Mountains (pl. 7, 4).
Tustead, its lower part passes out by overlap against a
surface of unconformity that develops abruptly not far
north of El Capitan between it and the underlying
black limestone (member 4). The upper part “passes

5 Willis, Robin. Structural development and oil accumulation in Texas
Permian: Am, Assoc Petroleum Geologlsts Bull, vel 13, fig. 3, 7
1039, 1929. Ackers, A. L., de Chieccis, R., and Smith, XK. H., Hendrick
field, Winkler County, Texas: Am, Assoe. Petroleum Geologists Bull,,
vol. 14, pp. 923-944, 1930.

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

8 Baker, C. L., Contributions to the stratigraphy of eastern New
Mexico: Am. Jour. Secl., 4th per,, vol. 49, pp. 112-117, 1920.

8 Darton, N. H,, and Reeside. J, B., Jr., Guadalupe group: Geol. Soc.
America Bull., vol. 37, pp. 413—428, 1926.

to the north into limestone only a little less massive
than the overlying Capitan,”® the Goat Seep lime-
stone of the present paper. Beyond the point where the
sandstone loses bath 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 who had sought an an-
swer to subsurface problems by studying the outerops
was directed particularly to the structure of the over-
lying Capitan limestone (member 1 of Shumard’s sec-
tion, pl. 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 fo 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 (ag shown in
sections on plate 17). Northwestward also, within a
few miles, the massive limestones merge with well-
bedded limestones, now called the Carlsbad limestone.
Farther north, as at Rocky Arroyo in the northeast-
ern Guadalupe Mountains, Baker ® and Darton and
Reeside  observed that the well-bedded limestones in-
terfingered in turn with beds of anyhydrite. The Cap-
itan limestone was thus found to oceur only 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.

With these stratigraphic relations in mind, many
resemblances became evident between the Capitan Jime- -
stone and the barrier reefs now being built by corals and
other lime-secreting organisms along the coasts of tropi-
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,® and Blanchard
and Davis# later in the same year, as well as by Cart-
wright # in 1980. 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. 145).

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-

% Raker, €. L., op. ¢it., p. 114,

8 Baker, G. L., op. oit., p. 115,

7 Darton, N. H., and Reeside, T. B, Jr., op. eit., p. 419,

# Llord, E. R, Capitan limestone and associated formnations : Am,
Asgoe. Petrolenm Geologists Bull,, vol, 13, pp. 645648, 1929,

= Crandall, K. H., Permian stratigraphy of southeastern New Mexieo
and adjacent parts of western Texas: Am. Assoc, Petroleum Geologists
Ball., vol. 13, pp. $36-037, 1829,

4 Blanchard, W. G., and Davis, M. T, Permian stratigraphy and
structure of parts of southeastern New Mexico and southwestern Texad !
Am. Asgsoc. Petrolenm Geologists Bull., vol. 13, p. 480, 1629.

st Cartwright, L. D, op. cit., pp. 977979,
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other, and that in the work done by Lloyd and his con-
temporaries, little study was made of the fossils. The
fossils in the Capitan described by Girty included 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, however,
had deseribed a number of massive, lime-secreting
sponges from the formation, and Ruedemann,” during
a visit to the region in 1927, had found in it and the as-
sociated Carlshad limestone the remains of caleareous
algae. One object of the present investigation was to
obtain further information on these unsettled problems.

GENERAL FEATURES OF STRATIGRAPHY

Previous geologic studies in the Guadalupe Moun-
tains, as summarized in the preceding section, have
indicated that the strata change greatly in character
from southeast to northwest across the region. In the
southeast, resting on the basal limestones (member 4
of Shumard’s section, pl. 1), that are now called the
Bone Spring limestone, is a great thickness of sand-
stone—the Delaware Mountain group. Northwest-
ward, the sandstone thins nearly to disappearance,
partly by overlap of the lower beds on the upraised
surface of the Bone Spring limestone, and partly by
intergradation of the higher beds with different linie-
stone masses, including those of the Capitan limestone.
The Capitan itself has been shown to oceupy 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
reef deposits.

The present investigation has confirmed and ampli-
fied these observations. The complex stratigraphy of
the southern Guadalupe Mountains was studied by de-
tailed mapping, by measuring numerous stratigraphic
sections, and by making 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 shown on the geologic map,
plate 3. The stratigraphic sequences in the northwest
and southenst parts of the area are so different that it
is necessary to explain them in two separate columns on
the map. DBasic stratigraphic data are also shown on
the sheet of correlated stratigraphic sections, plate 6.
Other basie data are presented on the structure sec-
tions through the limestone mass of the Guadalupe
Mountains (pl. 17). On these structure sections only
the rocks that can be seen on escarpments and canyon

42 Ruedemann, Rudelf, cited in King, P. B, and King, A. E., The
Pennsylvanian and Permian steatizraphy of the Glass Mountains:
Texas Univ. Bull. 2801, p, 139, 1928, Ruedemann, Rudelf, Coralline

algne, Guadalupe Mountains: Am, Assoc, Petroleum Geologists Bull,
vol. 13, pp. 1079-1080, 1920,

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

As shown on section K-, 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 shown on plate 6 were measured 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. Plate 7, 4 is a
stratigraphic diagram extending from northwest to
southeast across the area, on which the structure of
the rocks of the area is shown as it is assumed to have
existed at the close of Permian sedimentation. Plate
7, B is a group of similar diagrams, each for a successive
stage of the Permian, which show the manner in which
the strueture of the rocks is assumed to have developed.

The stratigraphic features shown on plate 7, 4 are
in a vertical plane, and therefore are two-dimensional.
A part of the stratigraphic information on the area
must be of this two-dimensional sort, as it is obtainable
only on the west-facing escarpment of the mountains.
For the higher beds, however, exposures in.the canyons
cast of the escarpment, and in downfaulted areas west
of the escarpment, are so numerous that one can express
their stratigraphic features in a horizontal, as well as
a vertical plane. For them, three-dimensional strati-
graphic information is therefore available. This 1s
summarized in three maps, figures 6, 8, and 10, for sue-
cessive 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 stratigraphic relations of the Permian
rocks of the Guadalupe Mountains ave difficult to ex-
press in a workuble scheme of terminology. Such ter-
minology must take into account, not only the rock
units, which interfinger with one another in a complex
manner and ave likely to be of small geographic extent,
but also time units, which from place to place include
dissimilar rock units of the same age. The terminology
as now worked out attempts to make use of both time
and rock classifications.

The first subdivision of the section into rock units
was made by Richardson in 1904 and although his
original names still remain, 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 thut were not known at the time’
the original classification was made. Some of the more
important changes that have been made since Richard-
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son’s time are indicated in the table below. The pub-
Jjeations cited therein are by no means all that have
appeared on the area; they are selected because they
are representative of a particular stage in the geologic
study of the mountains—a task that has been carried on
by many geologists.” Not all of the new names that
appear in each column were proposed by the particular
author cited ; many have originated in contemporaneous
writings of other geologists.

Most of the units listed in the following tables are
of lithologic significance, and have only an incidental
time 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-
gramimatically in plate 7, 4.

11

In the descriptions of the stratigraphy that follow,
the beds are divided into five local time units. The first
of these units corresponds 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 outerops of each, and the lithologic
changes that take place in them, are followed across the
area from the southeast to the northwest.

ROCKS NOT EXTPOSED

The 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
have 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 of the geologic terms used in the Guadalupe Mouniains

Richardzon, 19041 i 2 3 i Adams and
, King, 1934 Lang, 1937 This report others, 19394
Rustier limestone Rustler limestone Rustler formation Rustler formation
Upper Salado halite Salado formation .
Castil member Ochoa series
. . astile
Castile gypsum gvpsum
Low - . .
m e?;‘l?;r Castile anhydrite Castile formation
. . Carlshad| Capitan J Carlsbad| Capitan Bel‘l
Capitan limestone 151?55?31? o Hme- | lime- ; lime- | lime- ?&m o
= stone stone | =z ‘stone stone OTINA-
|2 | 3 I|  tion -
| 3 |3 =
. = | g | e
Dark limestone | Dark limestone | 5 1 5 | Goat Seep ! g
5 member member = = limestone | 3
-4 = = i +=
3 3 ki Cherry = | Guadalupe series
g S iz Sandstone Canyon ED :
2 EO 3 tongue of formation
o Dog Canvon | = Cherry 2
= a limestone 402 Canyan §
= Bandstone Sandstone g q1og formation )
=} member member 2 o s
= :
i - . Brushy
bt Hiatus Canyon
g Tormation
=
50 Black li
acinerllrjr;)eesrtone Bone Spring limestone | Bene Spring limestone Bone Spring limestone Leonard series
Hueco limestone Hueco limestone Hueeo limestone Hueen limestone Wolfeamp series

1 Richardson, G. B., Report of a reconnaissance in trans-Pecos Texas north of the Texas and Pacific Rallway: Texas Univ. Bull. 23, pp. 32-45, 1904.

! King, P. B., Permian stratigraphy of trans-Pecos Texas: Geol. Soc, Ametica Ball., vol. 45, pp. 763-782, 1934.

:Lang, 3. B, The Permian formations of the Pecos Valley of New Mexica and Texas: Am. Assoc. Peiraleum Giealogists Bull., vol. 21, pp. B57-878, 1937,
Adams, I. E., and others, Standard Permian section of North America: Am, Assoe, Petrolenm Geologists Bull, vol. 23, pp. 1673-1081, 1839,

755282—45— 2
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Detailed classification of the formations in the Guadalupe Mountains as used {n this report

Northwest part of area Southeast part of area Series
Absent Castile formation Ochoa
Bell Canyon formation:
N ' kdkdkck 1
Carisbad limestone Lamar limestone membei.**
ke
Fla, limestone bed,
ey on ok ko
. . Rader limestone member. =
Capitan limestone Kk ek ]
' Pinery limestone member. &
EEE L ‘E o
Hegler limestone member. 3 =
2 z
Cherry Canyon formation: = ]
EEE T g 6o}
Goat Seep limestone Manzanita limestone member. g
sk e -
South Wells limestone member, é‘
- kk R
Getaway limestone member.
Bandstone tongue of Cherry Canyvon formation Fobkkk
Hiatus; absent by overlap Brushy Canyon formation
Bone Spring limestone: Bone Spring limestone: =
Cricff shely member, Cutoff shaly member. 2
Vietoric Peak grav member. Black limestone beds. 2.
Flack hmthstone beds. -
Base concealed Base concealed

! Unnamed beds.

a point 3 miles south of Ei 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 3400 feet (section 47, pl. 8). The second
started 590 feet helow the top of the formation, and was
drilled to a depth of 4,728 feet (section 48, pl. 8)

ROCKS OF PENNSYLVANIAN AGE

From a depth of 3,183 to 3400 feet in the Updike
well, and a depth of 3,950 to 4,728 feet in the Anderson
and Prichard well, there are black shales and dark
limestones which ave probably of Pennsylvanian age,
That they are of this age is suggested by some frag-
mentary fossil evidence. In the Anderson and Prichard
well, between the depths mentioned, Rynicker has identi-
fied T'riticites. In the Updike well, in cores from an un-

# Information on the N. B, Updike well is obtained from the driller's
log, frem notes taken by :r W. Beede, who visited the well when it was
being drilled, and from examination by H. C. Fountain and the writer
of the cores themselves, which were lying unmarked on the ground at
the head of the well. Informatlon on the Anderson and Prichard well

is based on microscopic examination of cultings by Max Littlefield and
Charles Rynicker of the Gypsy 0il Co.

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

Befora completing the Texas volume [in 1037] we worked
these siall pieces oi the core for all they were worth and got
eleven rather well-oriented sections. * * * The two species
af Triticites closely resemble two that I have from the Home
Creek limestone of central Texas. - The single specimen of
Dunbarinelle is probably juvenile. The type species of that
genus was described by Thompson from the Deer Creek lime-
stone, which would be up in the middle of the Cisco. It iz
possible that the large species of Triticites is the form described
by Needham from the upper part of the Masdalena limestone,
as Triticites ventricosus sacramentoensis, * * * 1In short,
upon restudying this collection after a lapse of several years,
I am still convineed that it presents a horizom in the Penn-
sylvanian, though possibly it is a little higher than the top of
the Canyar.

Brachiopods, pelecypods, and gastropods included
in the same lot (No. 7714) were studied by G. H. Girty,
who reported that “nothing in the faupa deﬁmtely
points to a geologic age older than the Bone Spring
hmeatona, and it has no affinities to the Hueco fauna.”
In view of the fusulinid evidence, this lot evidently con-
tains specimens broken from cores of different depths,

“ Dunbar, C. 0., letter of July 1945,

Dunbar, C. €., and Skinner, J. W.,
Texas Univ, Bull. 3701, p. 592, 1937.

For an earlier statement, see
Permian Fusulinidae of Texas:
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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 which
underlie the Hueco limestone in the northern Sierra
Diablo, not far to the southwest.

WOLFCAMP SERIES OF cAAnGJ;UNIFEROUs OR PERMIAN
Above the depth of 3,183 feet in the Updike well and
the depth of 3,950 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. However, from a depth of
2,912 to 3,183 feet in the first well, and of 3,660 to 3,950
fect in the second, there are clastic beds. In the Up-
dike well these clastic beds consist of conglomerate
composed of rounded limestong 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 base
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
game age. They are probably correlatives of clastic
beds exposed elsewhere in trans-Pecos Texas, which lie
at the base of the Wolfeamp series, on & surface of un-
conformity which cuts across Pennsylvanian and older
rocks.® : ' '
Further evidence that the rocks in this part of the
two wells are of Wolfcamp rather than of Leonard
(Bone Spring) age is afforded by the occurrence in

rocks in the Anderson and Prichard well, as reported -

by Rynicker, of the fusulinid genus Pseudoschwag-
erina. This is a characteristic fossil of the Wolfeamp
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 Hueco
limestone, the local representative of the Wolfeamp
series. In the Updike well, the limestones for several
hundred feet above the conglomerate are gray and thus
more ke the outerops of the Hueco limestone, but no
diagnostic fossils have been reported from them.

LEONARD SERIES

BONE SPRING LIMESTONE

The Bone Spring limestone is the oldest formation
exposed in the Guadalupe and Delaware Mountains.
It forms a bench of varying height aleng the west-
facing escarpment of the mountains, which is fringed
on the west by alluvial deposits or outcrops of down-
faulted rocks. (For views of typical exposures see pl. 5;
for map relations, pl. 8.) The formation passes be-

4 King, P. B., Permian stratigraphy of trans-Pecos Texas: Geol, Soc,
America, Bull,, vol. 43, pp. T16-T17, 1934,

neath the surface in the southern Delaware Mountains,”
south of the aren 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 formation was named by Blanchard and Davis,"
but it had previously been recognized by both Shu-
mard * and Girty * as the “basal black limestone” (mem-
ber 4 of Shumard’s section).  The type locality is in
the Jower course of Bone Canyon below Bone Spring,
on the west side of the Guadalupe Mountains 1 mile
norithwest of E1 Capitan, where there are characteristic
exposures of several hundred feet of its upper beds.

The formation is several thousand feet thick, as
shown by the sections on plate 8. On the promontory
of the Delaware Mountains 18 miles south of El Capi-
tan, 1,500 feet of beds were measured (section 49), and
at a point 2 miles north of Bone Spring 1,700 feet, (sec-
tion 7), but at neither place is the base exposed. In the

Sierra Diablo, measured sections show a combined thick-

ness for the Bone Spring and underlying Hueco of
about 5,000 feet (section 45). This agrees closely with
the 8,128 feet recorded in the Updike well near Ei
Capitan (section 47), _

In the Delaware Mountains to the south, which in
Permian time were a part of the Delaware Basin, the
formation is evidently much thicker, for in the Ander-
son and Prichard well the combined thickhess of Bone
Spring and Hueco limestones, inchiding the beds ex-
posed above the top of the well, totals 4,540 feet (section
48). According to Adams,® in this part of the section
several faults may have been drilled through, as “chunks
of rocks showing slickensides were bailed from the
hole.” Judgment must be reserved as to whether the
possible faults have materially altered the amount of
thickness, but they should be kept in mind 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, 4). In the Delaware Mountains, and ex-
tending as far north as Bone Canyon, the exposed parts
of the formation are black, cherty limestone in thin
beds, with partings and a few members of shaly lime-
stone and siliceous shale. North of Bone Canyon in the
Guadalupe Mountains, the upper part of the black lime-
stane is replaced by a thick-bedded gray limestone, the
Victorio Peak gray member, which also forms the cap-
"« King, P. B, op, ¢t pp. T51-755.

" Blanehkard, W. G., and Davis, M. J., Permian stratigraphy and struc-
ture of parts of southeastern New Mexico and southwestern Texas: Am.
Assor. Petroleum Geologists Bull., wol. 13, p. 961, 1929. Originally
called Bone Springs Hmestone ; the singular form 13 used here to agree
with the geographic term. .

# ghumard, G. G,, Observations on the geological formations of the
eountry between the Rio Pecos and Rio Grande, in New Mexico: St.
Louis Acad, Sci. Trans., vol. 1, p. 281, 1B58 [1860].

@ Girty, G. H., The Guadalupian fauna: U. 8. Geol. gurvey Prof.

Paper 58, p. 7, 1908,
8 Adamsg, J. K., 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
’ OTUTCROP .

Sonth of Bone 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-
continunons 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 oufcrop can be seen in the panorama,
plate 5, A, fringing the base of the escarpment below
El 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 eliffs referred to form the 460-foot
interval in the upper part of the formation in section 49.

BLACK LIMESTONES AND ASBOCIATED 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 siraight-bedded and in part
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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
fauna 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 elosely spaced, light and dark Jaminae
similar to varves are conmon lower down in the forma-
tion (pl. 10, A) ; they have been observed on the prom-
ontory 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
only modification was that insoluble residues were
caught on Jena glass filtering crucibles, and the organic
insoluble determined by the Robinson % method.

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

[Analyses by K. I, Murata; notes on insoluble residues by Charles Milton]

Insoluhble RO
: 2Us
Specimen locality {mostly | CaCQy | MgCO; | MnCOy [Cag{POy}s| Total
Inorganie| Organic FeyOs)
1. Near top of black limestone, 3 miles south-south-
east of El Capitan_ ... _____.._ .. .. T 6.11 0. 33 0.20 | 91.19 1. 76 None 0. 06 99, 74
2. Beveral hundred feet below top of black lime-
stone, at narrows of Bone Canyon below Bone
LI o e 4. 34 .36 .23 | 9L 52 3.86 | None .08 09. 87
3. Middle part of Bone Spring limestone, 3 miles
north of Victorio Peak, Bierra Diablo; lami-
nated limestone, a thin seetion of whieh is illus- | ~ -
trated on pl. 10, A________._. e 23. 65 .73 .37 | 72.00 2.8 | None| .13 99. 74

Insoluble residues: 1, 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, calecareous sandstone are inter-
bedded with the black limestones. Two specimens of
the sandstone, one from a peint 214 miles south-south-
east of El Capitan and the other from the mouth of
Black Canyon farther south, were studied under the
microscope by Ward Smith. The grains have a’ max-

imum dinmeter of 0.2 millimeter and lie in a calcite
matrix. They consist chiefly of quartz, with some miero-
cline and plagioclase, and o small but noteworthy

s Littlefield, Max, Personal communication, 1936, |

52 Hillebrand, W. F., The analysis of silicate and carhonate rocks:
. 8. Geol. Survey Bull. 700, pp. 253-266, 1919,

5 Robinson, W. Q., U. 8. Dept. Agr., Jour. Agr. Research, vol. 34,
p. 339, 1927,
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amount of zircon, tourmaline, and apatite. 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, pl. 13). One
of these beds loeally attains a thickness of 4 feet and
contains boulders several feet across of light-gray, fos-
siliferons limestone similar to that of the Victorio Peak
gray member as developed a few miles to the north.
Apparently some erosion of this contemporaneous,
light-gray limestone was 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 (secs. 15a
and 16a, pl. 18). One such mass exposed on the escarp-
ment face not far south of the mouth of Bone Canyon
seems {o lie in a channel in the underlying black lume-
stone. Other masses have a moundlike upper surface,
against which the suceeeding beds overlap. They con-
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.

STRUCTURAL FEATUREE IN THE BLACK LIMEETONE

The black limestones are thinly and evenly bedded.
In the vicinity of Bone Canyon and farther south, how-
ever, most of the exposures when viewed as 2 mass show
a great irregularity of stratification, so much so that
at nearby points the dip is quite different in direction
and amount. This irregularity results from two types
of structural features, described below.

The first type is found in the vicinity of Bone Can-
yon. IHere, the black limestone is divided into numer-
ous wedge-shaped and basin-shaped masses as much as
100 feet thick. The strata 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 ave differently m-
clined.™ In some places, gently dipping strata overlie
more steeply tilted strata, and in other places the over-
lying strata have the steeper dips. The upper beds are
generally parallel to the plane of contact beneath, and
the lower beds are cleanly truncated. None of the lime-
stones near the planes of contact is contorted, and none
contains any breccia or conglomerate; the overlymg
limestones rest directly on the underlying. At one or
two places, however, the smoothness of the contact is

5 First described by Baker, C. L., Contributions to the stratigraphy
of eastern New Mexice: Am. Jour. Seci., 4th ser., vol. 49, pp. 112-117,
1020, TLater described by Darten. ¥. H., and Reeside, J. B., Jr., Guada-
lupe group: Geol, Spe, America Bull, vol. 37, p. 423 and pl. 14, 1926 ;
Lloyd, E. R., Capitan limestone and associated formations: Am. Assoc.
Petroleum Geologists Bull, vol, 13, p. £57, 1928; Blanchard, W. G,
and Davis, M. J., Permian stratigraphy sod 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 features is shown in plate
11, 4, In which a pocket like that noted above can be
seen on one of ihe surfaces. The features are shown
also on the scctions accompanying plate 9, especially
in the enlarged sketch on the left, and in figures A and
B, accompanying plate 13. The area in which they
oceur is shown on plate 7, A.

These features 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 Shumard Canyon, the lower part 6f the overlying
thicker-bedded Victorio Peak gray member contains a
few similar structural features, but the angle of diver-
gence between the overlying and the truncated beds is
less than that in the beds beneath. In this canyon, the
Victorio Peak itself is truncated and overlain by basin-
shaped remnants of the Cutoff shaly member (sec. €-€",
pl. 9).

The second type of structural feature, a remarkable
contortion of the black limestone beds, is known only
in the area south of El 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
heen described in previous publications, although they
may have been seen by geologists, and confused with
the features of the other type near Bone Canyon.
A typical exposure of this second type of feature is
shown in plate 11, 2, and the area in which they occur
on plate 7, 4.

In many 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 ave small thrust faults. In
places the contorted rocks pass into masses of sheared,
wrinkled, and rolled lenses of limestone. The general
trend of the folds and thrusts is between east-north-
east and west-northwest, but the direction of overturn-
ing is either northward or southward. Numerous fur-
rows and slickensides of the same trend as the folds
oroove the bedding planes, both in the contorted rocks
and in rocks not otherwise conspicuously disturbed.

Wherever they ave exposed the strata beneath any
set of contorted beds are little disturbed. Many of the
contorted beds are truncated, and overlain by gently
dipping strata. Whether the upper strata lie uncon-
formably on the lower or have been thrust over them
cannot be determined with certainty. The contortion

© Kame used in this report for the large, hitherto unnamed eanyon
Iring between Bone and Shirttail Canyons on the west side of the’
Guadalupe Mountains. The eanyon and Shumard Peak, on whose slopes

{t heads, are named in honor of Dr. G. 3. Bhumard, the first peologist
to visit 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 continvously 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 ¥ and later geologists, however, have regarded
the truncated surfaces in this neighborhood as loeal
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 involved
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, however, to have Leen
grooved and slickensided. The deformation might
have been caused by a sliding of one part of the newly
deposited beds over another, causing the beds between
to crumple® Some of the flat-lying beds that truncate
contorted beds may have slid in this manner. (See
p- 27.)
CT7TOFE SHALY MEMBER

South of El Capitan, the black limestone bencl is
separated from the first sandstone ledges of the Brushy
Canyon formation above by a slope 50 to 150 feet high,
- earved from shales, sandstones, and thin limestones, of
which a typical exposure is shown on plate 14, B.
These beds are classed as an upper member of the Bone
Spring limestone, and tentatively correlated with the
Cutoff shaly member of the Bone Spring, which is found
in the northern part of the area studied. Near El
Capitan, however, the beds thin out and disappear. so

s taker, C. L., op. cit., p. 113,

5 Darton, N, H.. and Reeside, J. B., Ir., op. cit., p. 423,

s Llord, BE. R., op. cit., p. 657.

5 Twenhofel, W. H., Treatize on sedimentotion,”2d ed., pp, T39—741
(subaqueous gliding), Baltimore, 1932, Jones, 0. T,, On the slidlng or

" slumping of submarine sediments in Denbighshire. north Wales, during

the Ludlow period; Geol, Soe, London, Quart, Jour., vol, 43, pp. 241-
283, 1937, T

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, pl. 6). _

The member consists of black, platy, siliceous shale
and shaly sandstone, with a few intercalated sandstone
beds in the upper part, and many thin beds of compact
gray or black [imestone. 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 unfossiliferous. In some exposures, the shales con-
tain large, spherical, canhon-ball concretions of
limestone. ' :

In the lower 25 feet of the member, and resting in
places directly on the black limestones beneath, are
lenticular beds of conglomerate a few feet thick, com-
posed of round black lmestone 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 south.

Tao 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 4
miles north of Bone Canyon, these downfaulted rocks
rise so high that they conceal the Bone Spring beds on
the main escarpment. Toward the northwest, however,
in the lower ridges near Cutoff Mountain, the formation
reappears in pilaces. It and the overlying rocks are
much faulted, and some of its limestones form dip slopes
that ave inclined steeply westward toward the Salt
Basin. :

Outcrops of the Bone Spring limestone in the north-
ern part of the area are shown on the géologic maps,
plates 3 and 9. The whole outerop in the northern part
of the area also can be seen on the panorama, plate 5,
B. The part of the outerop on the main escarpment
extends from below El Capitan to the right, northward
past points 5738 and 6402 to below the Blue Ridge on
the left, where it comes to an end. The outcrops near
Cutofl Mountain appear farther to the 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, '

o




LEONARD SERIES ‘ 17

VICTORIO PEAK GRAY MEMBER

The black limestones are exposed for only a few miles
norih’ 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-.

cossion of thick-bedded, gray Jimestones 800 feet thick,
which are the northward equivalent of the upper part
of the black limestones.

The member is named for Victorio 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 two areas seems assured,
because in addition to a similarity of the faunas, the
member at the northwest end of the Sierra Diable is
Jivisible into three parts that are identical with its
three divisions in the Guadalupe Mountains. (Com-
pare secs. 46 and 7, pl. 8.) Here, as in the Guadalupe
Mountains, it rests on black limestone and is overlain
by the Cutoff shaly member.

On the high ridge between Shumard and Shirttail
Canyons,”™ about a mile north of Bone Spring, two
well-marked divisions in the member are recognized.

(See sec. 10, pl. 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-grained, dolomitic limestone in beds several
feet thick. In Shumard Canyon, many layers of thin-
bedded, hackly limestone are interbedded. Here ero-
sion has carved the limestone of the division into pic-
turesque, serrated walls and pinnacles, which are shown
in the lower left-hand part of plate 12, 8. 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-
brown, fine-grained sandstone are interbedded in the
Jower part.

The upper division of the Victorio Peak member on
the ridge between Shumard and Shirttail Canyons is
a light-gray, nondolomitie, noncherty, thick-hedded
caleitic limestane 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 Victerio Peak member

[Analyses by K. J. Murata; notes on insoluble residues by Charles Miltan]

Insolible
R.0y
Specimen locality {(mostly | CaCG; | MgCO; MnCQ; [Caz(PO4): Total
In- 1 Organic Fe;0,)
organie -
1. Lower division, first ridge south of Shumard
Canyon, st @NErANee - o oo oo nmmom oo oo mmo - 2, 64 0 24 0. 25 55 54 | 41.25 0. 07 0. 10 100. 09
- 2. Upper division, Shumard Canyon 1; mile north-
northeast of Bone Spring. oo ooooio--- .74 .33 .25 | 9750 . 69 .02 .10 99, 63
3. Upper division, I mile northwest of Bush Moun- :
BRI - o oo e em—memmmmmmmmmmmm———am———=— .92 .04 .20 98. 20 . 60 None .10 100, 06

Insoluble residues: 1, Dark brownish, carbonaceous, consisting of clay and finely divided guartz, some of which is perhaps
authigenie; 2, dark brown, carbonaceous, with large garnet particles, some of which are well-rounded, and also red tourmaline, quartz,
and chalcedony; 3, brown, with quartz, chaleedony, microcline, and coarse garnet. ’

The two divisions-of the Vietorio Peak gray member
disappear south of Shumard Canyon. The lower divi-
ion extends as far as a ravine between Shumard and
Bone Canyons, where it intergrades abruptly with black
Jimestone, as shown in figure 4, plate 13. The upper
division is cut off southward by pre-Brushy Canyon
(Delaware Mountain) erosion. In the mnorthern
branches of Shumard Canyon its beds are truncated
by a smooth surface, sloping 157 southeast, against
which the sandstones of the Brushy Canyon formation

© King, T'. B, and King, R. E,, Stratigraphy of outcropping Carbon-
iferous and Permian rocks of trans-Fecos Texas: Am. Asgoc. Petroleum
Geologists Bull,, vol. 13, p. 922, 1929. In the Guadalupe Mountains, the
pame supersedes the term ‘‘gray limestone member” of Darton and
Reeside (op. cit., p. 421), which has been used for it in many geologic
reports,

61 gecording to Mr. A, 7T, Williams, Shirttail Canyon was so named
becanse about 1918 a party of fugltives made the canyon their hiding
place and tied a shirt to a bush near its entrance as a signal to their
confederates.

overlap (sec. B-B’, pl. 9). In the southern branches
the upper division extends as a rapidly thinning wedge,
which is Joeally overlain by basin-shaped remnants of
the Cutoff shaly member.

The hlack linestone exposed in Bone Canyon is of
the same age as the lower division of the Victorio Peak
member a little to the north, and the lenticular masses
of gray, granular limestone which it contains are con-
sidered as outliers of the Victorio Peak deposits. No
equivalent of the upper division is present here. Crude
tracing of the ledges suggests, however, that black lime-
stone beds younger than any in Bone Canyon come
in heneath the Brushy Canyon formation to the south,
as indicated dizgrammatically on plate 7, 4. They are
probably equivalent to the upper division of the Vie-
torie 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 upper 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 secs. 5 and
7, pl. 6.) The upper division is caleitic, light gray,
noncherty, and thick-bedded. (See chemical analysis
No. 3,above.) Tts upper layers contain numerous poorly
presérved fusulinids and productid shells,

CUTOFF SHALY MEMBER IN BIIUMARD CANYON

In the southern branches of Shumard Canyon, rest-
ing unconformnably on both the lower and upper divi-
sions of the Vicrorio Peak member, and 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 nortl.

Two divisions are present, separated by an uncon-
formity. The older one, composed of thin-bedded,
black, cherty 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
younger 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 mouth of
Shumard Canyon, where it reaches g thickness of 60
feet.5?

The outcrops of the two divisions of the Cutoff shaly
member in Shumard Canyon are shown on the geologic
map, plate 9, and their structure on the accompanying
section €—C’. The basin-shaped remnant of the lgwor
division stands out prominently on the nearest ridge in
the center of the panorama, plate 12, 2. The lower (ivi-

sion is included in section 12@, and the upper in section
13¢ of plate 6.

CUTOFF SHALY MEMRBER IN NORTH PART OF AREA

In the northern part of thie ares studied, the Victorio
Peak gray member is overlain, apparently conformably,
by 230 feet of shales and limestones which crop out on
slopes above the limestone cliffs, They form the Cutoft
member, which is named for exposures on the west slope
of Cutoff Mountain about 1,000 feet below its summit
(sec. 1, pl. 6).52

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

™ This exposure was Arst noted by B. R. Lloyd, op. eit., p. 657,

® This member SEems not to have been recognized as a separate entity
In previous Teports. Blanchard and Davis {op. cit., pp. 968-370) have
described some of itg EXpasures in their measured sections 2 short dis.

tance north of the Texas. New Mexico line, They refer to it s the “top,
gray, hackly membar” of the Bone Spring limestone,
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or ashen, hackly, conchoidal fragments. Some of the
lower beds contain irregular masses of black chert. In
the upper part, much platy black siliceous shale, brown
sandy shale, and soft sandstone is interbedded. The
member containg few fossils; some pelecypod imprints
were seen in the upper part west of Cutoff Mountain,
About half a mile north of Shirttail Canyon, the
southeastward extending outcrop of the Cutoff member
comes to an end. At this place an erosion surface slopes
southward across the truncated edges of the Cutoff beds,
with sandstones of the Brushy Canyon formation over-
lapping northward against it, as shown diagrammati-
cally on plate 7, 4. To the south, the Brushy Canyon
beds rest directly on the Victorio Peak member. ’
Correlation of the typieal 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 abundance. 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
BONE SPRING FLEXTURE

A study 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 meountains, 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 overly-
ing sandstone ledges {as shown in pl. 5, 4).

At the Bone Spring-Brushy Canyon 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 overlain by coarse conglomerate,
which containg fragments derived from the lime-
stone.” Besides these fragments the conglomerate con-
tains cobbles and boulders ot gray limestone unlike any
rock exposed here or to the south. The conglomerute
grades upward into typieal sandstones of the Brushy
Canyon formation, as shown in section 15, plate 13.

A view of the relations farther north can be had
from the crest of the succeeding ridge (pl. 12, B).
Looking down into Shumard Canyon, the next large
drainage beyond Bone Canyon, one can see the contact

# First described by Baker (Baker, C. L., Contributfons to the strati-
graphy of eastern New Mexico : Am. Four, Bei., 4th ger., vol. 49, p. 114,
10203 and later by Darton and Reeside (Darton, N. H., and Reeside,
J. B, Jr., Guadalupe group : Geol, Sor, Amerien Bull,, vol. 37, pp. 421—
423, 1928} and others,
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of the limestone and sandstone on the walls of the
tributary gorges; it rises from a position beneath the
observer to onc several hundred feet above him on the
farther wall. On the farther wall the black limestones
are overlain by gray limestones which stand in a high
projecting bench. These gray limestones constitute the
Victorio Peak member and are the sonrce of the boulders
to the south.®

Brown sandstone ledges of the succceding Brushy
Canvon formation can he traced along the slopes above
{he limestone, rising less steeply northward than the
limestone-sandstone contact. One group of them in
middle distance, in the north fork of Shumard Canven,
is seen to overlap abruptly against the sloping snrface.

Near the point-where the sandstones overlap, one can
find innumerable ripple marks on their bedding sur-
faces, snggesting that the sandstones were laid down
near a shore. The shore itself, the sloping surface of
the gray limestones, is a smooth face, cut across the
edees of gently tilted beds. The sandstones contuin
no embedded detritus derived from the shore as they
de at Bone Canyon to the south. Perhaps this area
stood higher on the sea bottom so that the detritus was
swept away, and deposited lower down the slope, as at
Bone Canvon.

North of Itl Capitan the Bone Spring limestone is
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 higher than it does south of El
Capitan, and 1,000 feet higher than it does in Bone
Canvon nearby. This uplift is only mildly sharved by
the overlying sandstones, and seems to have been largely
completed before they were laid down. The upraised
limestones were being eroded in early Delaware Moun-
tain time, and the Brushy Canyon formation of that
group overlaps their sloping surface. The overlap is so
great that 1,000 feet of beds, the entire Brushy Canvon
formation, is cut out between Bone Canyon and a point
2 miles to the north. The fold produced by this pre-
Delaware Mountain uplift is known as the Bone Spring
flexure, '

The feature was named by Blanchard and Davis
who called it the Bone Springs arch. It would seem
from their paper that they considered the feature to
be anticlinal, and to have a similar, opposing flank to
the north. This view was contested at the time by De
Ford.™ My work has failed to disclose a north flank
to the feature and the term flexure 15 therefore used in-
stead of arch.

A good general view of tlie flexure can be seen in the

panorama, plate 5, B, which shows the Bone Spring
limestone rising from a low position below T} Capitan

® As first pointed out by Darton sand Reeside (ideml.

% Blanchard, W. G,, and Darvis, M. J,, Permian stratigraphy and strue-
ture of parts of southeastern New Mexico and southwestern Texas:!
Am. Assoec. Petroleum Geologists Ball, vol. 18, p. 964, 1029,

“ De Ford. R. K., diteussion, Am, As#sec. Petroleum Geologists Buli.,
vol, 13, p. 1031, 1829,

" 1n section 15, plate 13.
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to a high position below Shumard Pealk, beyond which
the beds flatten out northward. The structure of the
beds shown in this view is given in section A-K’, plate
17. A closer view of the exposures in Shumard Canyon
is shown on plate 12, B. The relations of the over-
Iving and underlying beds to the flexure is shown on
the map and sections of plate 9, and structure contours
on the upraised surface of the Bone Spring limestone
on the inset of figure 6.

SO0ME DETAILS NEAR BONE CANYON

The broader stratigraphic relations of the Bone
Spring limestone and Delaware Mountain group arve
¢lear, but near Bone and Shumard Canyons local com-
plexities tend to obscure them and deserve further ex-
planation,

The peculiar, cross-bedded structure of the black
Hmestones, and the basing cut into the Vietorio Peak
gray member and filled by the Cutoff shaly member
have already been described. To produce them, uplift
and erosion must have taken place on the flexure before
Bone Spring time came to an end. The conglomerates
interbedded in the black limestone south of Bone Can-
von, which are similar to those in the overlying Brushy
Canyon formation, lend support to this iden, for they
contain fragments not only of black, but also of gray
limestone, and thus were not derived entively from the
break-up of the beds next beneath them. Along the
unconformity below the Cutofl member, the Vietorio
Peak member is deeply eroded, and the break seems
more important than those in the black limestones be-
low. In places along Shwmard Canyon, this uncon-
formity is more prominently exposed than that between
the Cutoff and the standstones above. This instance is
loeal, however, and the general relations indicate that
the vounger unconformity is the major one.

The apparent trend of the Bone Spring flexure is
east nnd 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 outerop.
Closer scrutiny of the rather narrow belt of outerop,
however, indicates that the actual trend of the flexure
1s 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 overlying sandstones and conglomerates
can be observed on the walls of Bone and other canyons
(pl. 13, fig. B).

Overlying the conglomerates near Bone Spring is a
bed of gray-brown, delomitic limestone which closely
resembles the limestones of the lower division of the
Victorio Pealk member, which lies at about the same
altitunde to the north. This forms the 28-foot interval
It might be mistaken for a
tongue of the lower division projecting into and inter-
grading with the sandstones of the Brushy Canyon
formation were it not that on the south side of the
next ravine north of Bone Canyon it can be found over-



lapping the similar, older, gray-brown limestones (as
shown at point 14b, pl. 9, and on fig. 4, pl. 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-
ston, thus proving that the bed is much younger than
the lower division. .

Lloyd ® considers that “the lower part of the sand-
stone series [ Brushy Canyon] merges laterally with the
gray limestone [Victorio Peak] just as the upper part
- Merges info the lower part of the Capitan,” His
interpretation is hased chiefly on the apparent relations
of the limestone bed here referred to. This interpreta-
tion is not accepted in this report.

RELATIONS NORTH AND S0UTE OF FLEXURE

South of the Bone Spring flexure there appears to
be a continuous, gradational sequence from the black
Iimestones 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 Victorio 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
rorth 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 sandstons tongue
wedge in below the Cherry Canyon formation, and con-
stitute the Brushy Canyon formation (pl. 7, A). The
absence of the latter north of the flexure indicates that
a great, but nonevident break separates the Bone
Spring limestone and Delaware Mountain group in that
region.-
FOSSILS

Invertebrate fossils oceur in various degrees of abun.

dance in all the members of the Bone Spring limestone.

In general, the faunas of all the members are similar,
but 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 overlylng Guadalupe series, al-

®Lloyd, B. R, Capitan limestone and assaciated formations @ Am,
Assoc. Petroleum Geologists Bull., vol. 13, pp. 650657, 1929,
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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 limestene beds of
the formation were described by Girty * in 1908, and
the general aspect of the fauna of the Vietorio Peak
member was reviewed by him in 1926 Some bra-
chiopods from the formation in the Delaware Moun-
tains and the Sierra Diablo were described by King™
in 1931. The present investigation has furnished much
additional information on the fauna, which is sum-
marized below, : .

In this and succeeding discussions of the fossils of
the Guadalupe Mountains sectlon, 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.™ These studies, which to a great extent were
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 work of the
late G. H. Girty, who was able to _complete 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 stratigraphic 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 revealed by the
present larger collections.

Because of the fact that this report is primarily a
description of the physical stratigraphy of the-southern
Guadalupe Mountains, because of the large size of the
available collections, and because of the preliminary
nature of the ideas on many of the fossil groups, 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 and of Miller and
Furnish, although the actual localities of their collec-
tions have been given in their publications. Although
this method of presentation has some disadvantages, it
is believed to have advantages for immediate purposes

a.Girty, G. H.', r'l‘he Guadalupian faonn; U. 8. Geol. Survey Prof.
Paper 38, p. 22, 1608,

“ Quotell by Darton, ¥, IL., and Reeside, J. B., Jr., Guadalupe group :
Geol, Soc. Americn Bull,, vol. 37, pp. 421-423, 1094,

™ King, R. B, The geologr of the Glass Mountaing, part 2: Texas
Univ. Bull. 3042, p. 11, 1921,

2 Dunbar, C. 0., aoqd Skinner, T W., Permian Yusulinidae of Taxas:
Texas Tniv, Bull, 3701, pp. 592-596, 726-731, 1837.

#Miller, A. K. and Furnish, W. M. Permian ammonolds of the

Guadalupe Mountain reglion and adjacent arena: Geol. Soc. America
Special Paper 28, pp. 9-12, 1940, :
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that outweigh the disadvantages, It is hoped that stra-
tigraphers and paleontologists will find use for the
juaterial as it is given.

Although the summary by Dr. Girty quoted Lerein
was completed shortly before his death, he was unable
to edit the manusecript in the manner e had contem-
p]ated; 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. 8. Williams, King
condensed and rearranged certain parts, so that as here
given they arenot exactly as written by Girty, although
the original meaning and style ave retained. Wiilliams
reviewed the terminology of the genera and species,
which were not everywhere consistent in the several

‘parts of the manuscript. Where discrepancies were

found an attempt was made to determine the usage
actually preferred by Girty at the time of writing.
AMost of his preferences could be determined from state-
ments in the manuscript itself, but supplementary evi-
dence was obtained by examination of other notes and
manuseripts written by Girty that were avallable to
Williams. -

Throughout the summary by Girty, the generic as-
signments given by him are retained, and no attempt
has been made to incorporate generic changes that have
appeared since Girty's death in 1939. In connection
with the generic terminology as used, Girty comments
as follows on that of the brachiopods.

I am using the generic name Producius in the broad sense and
as trpified as it has been for a century by P. semlireticulatus
Martin, In my opinion, the subdivisions of Productus to which
distinctive names have been applied, such as Pustule, Cancri-
nella, and so oo up to 50 or more, are not of generic rank, as
genera are recognized in other types of brachiopods. I am
employing some of these names as subgenera, but I do not know
that I Lave employed them consistently or shall continue to
aply them at all, AN cospirifer seems even less useful as a sub-
genus of Spirifer,

The generic names used for the fusulinids ave those
emploved by Dunbar and Skinner in their publication
of 1937, and those for the ammonoids are those em-
ploved by Miller and Furnish in their publication of
1940. '

BLACE LIMESTONE BEDS

In most of the black limestone beds fossils are scarce,
leing represented by only occasional specimens. In a
few lavers, which are generally lenticular or noduiar,
and somewhat more granular than the rest of the rock,
they are more abundant, and from these layers most of
the known fauna has been obtained. Slight differences
exist between the fossil assemblages in the different beds.
In some, brachiopeds predominate, in others gastro-
pods, pelecypods, and cephalopods. According to Dr.
Girty, the differences between the assemblages are not
fundamental.

Ore of the most striking features of the black lime-
stone fauna is the abundance of ammonoids at numer-

ous localities. Nearly all the collections that have been
studied, however, came from exposures near or a short
distance north of the crossing of the outcrop by United
States Highway No. 62 {localities 2020, 2967, 7413,
7691, 7720, and $596). These ammonoids belong mainly
to three species: Paraceltites elegans Girty, Texoceras
teagnum (Girty), and Peritrochia erebus Girty. At
one locality (7720) there is also Agathiceras cf. A.
girtyi Bose, and at another (T701), Perrvinites hilli
tardus Miller and Furnish.,* The genus Perrinites,
although rare in the Guadalupe Mountains, is an abun-
dant and characteristic fossil of the type Leonard series
in the Glass Mountains, with which the Bone Spring
Hmestone is correlated. According to Miller, a striking
feature of the ammonoid specimens collected from tlie
Hlack 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 guiet
water.

Associated with the ammonolds are occasional nau-
tiloids, which were represented in Girty’s original col-
Jections by Metacoceras shumardianum (Girty)., In
the later collections Miller and Furnish ™ have iden-
tified the same species, and in addition, 7taenoceras 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 Vietorio Peak limestone to
the north, where ammonoids are absent (compare fig.
11). Their rarity in the black limestone contrasts with
their abundanece in most other beds of the Guadalupe
Vountains section. Within the area studied they have
so far been observed at only one locality in the black
limestone (7928)—in a canyon a mile south of Bone
Canyon. Here the black limestone contains Schwager-
ina sefum Dunbar and Skinner, which is also found 1n
the probably contemporaneous Victorio Peak lime-
stones not far to the north.” At the point of the Dela-
sware Mountains, 18 miles south of El Capitan, R. J.
King in 1928 collected the genus Parafusulinag from the
black limestone,

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

TWhen the fauna of the “basal black limestone” was described
in 1908, only two collections were available to me, and 4s they
shoswed considerable difference in facies, it seemed probable
that the fauna as a whole would prove to be a varied one.
Although the two original eollections made up a rather long
composite fauynal list, many of the species were so poorly rep-
resented that they were not identified specifically. To a num-
ber of these, King ™ later gave specific names, although in some

instances the species were based upon specimens from other
arens, and their identification in rocks of the Guadalupe Moun-

7 Miller, A. K., and Furnish, W. M., op. clt., pp. 9-10, 1940,
w Miller, A. K., and Fuornish, W. M., memorandumn, Mey 1939.
7 Dunbar, C. O., and Skinner, J. W., op. cit,, p. 728, 1937,

" King, R. E., op. cit., 1821,



22 GEOLOGY OF THE SOUTHERN GUADALUPE MOUNTAINS, TEXAS

tains was not always made by comparison with specimens from
that region.

In the original collections, the more primitive zoologieal
groups were almost usnrepresented. The fusulinids were es-
pecially noteworthy for their absence in view of their abun-
dance in the Hueco limestone below, and in the Guadalupe series
above, Dy reason of variety and especlally number of in-
dividuals, this might be called a brachiopod fauna ; the pelecypods
and gostropods seemed to promise considerable variety also, but

for the most part they were represented by so few and poor’

specimens that only generic identifleations were practicable, and
not ali of these were very sound.

The later collections do not greatly amplify the knowledge
of the more primitive zoological groups. TFusulinids have been
found at only one locality [as noted abovel, <Corals and
bryozoans are scatteringly represented, but offer no features
of interest.

Much additional information, however, is now available on
the other groups, and they prove to be more varied than the
original descriptions would indicate. At the same time, the
faung now appears to be more closely bound to those of the
higher Guadalupe series than it appeared when the earlier wark
was done. Most of the species found in the original collections
persist throughout, but new ones also appear, as indicated in
the discussion below,

Among the braechiopods, a species of Enfeleies ocenrred in
both the original collections, hut as the specimens were poorly
preserved, it was merely designated as Enteletes sp. ¢ The
specific name liwmbonus was subsequently given to it by King,
and F. liwmbonus King occurs in many of the later collections,
and in most of them it is abundant.

In both the earlier and later collectious, the Orthotetinae are
mainly confined to the genus Heekelle. In the earlier collec-
tions two species were recognized, M., aticnuate Girty, and
M. multilirata Girty; these are not so readlly distingnishable
in the later collections, although they are present in many of
them and form a rather distinctive element of the fauna. In
addition, two new specles of the same genus may possibly be
present, }

In the original collecticns, Chonetes was representad by a
gingle unidentified species, and the genus is neither common
nor abundant in the loter ones. Most of the specimens in the
later collections can provisionally be identified with . subli-
rafus Girty.

One of the notable features of the fauna as oviginally known
was the searcity of Productl, only one species, cited as Pro-
ductug letidorsatus Girty var., having been found. Richtho-
feric {(now Prorichthofenia) permiane (Shumard)y was, how-
ever, present in the colleetion, together with two speeies of
Awnlosteges, neither of them identified specifically,

In marked contrast to the earlier collections, productids
prove to be abundant and varied in the Infer ones, but only the
more common 0r the more conspicuons forms will be mentioned
here, Productus occidenialis Newberry, or variants of it, are
common ; also Productus (Pustulg) subhorridus Meek. These
two species, with P. guadalupensis Girty, ave perbaps the most
abundant Producti in this fauna. The Iarge and striking species
commaonly identified as P, {vesi Newberry is present in a num-
ber of collections, and is abundant in several. P, (Pustuln?)
leonardensis King, or a species closely related to it, oceurs in
a number of collections. Rarer, but more or less noteworthy,
are Productus (Cancrinclla?) phosphaticns Girty, P. (Cam
erinelle) meckanus Girty, P. (Marginifera?) waagenianus
Girty, P, {Waagenoconchn) monipelierensis Qirty, and P.
{Strietifera) pinnaformis Girty., Productus (Marginifera?)
sulblevis King, Anlosteqes magnicostatus Girey, and A, subcosta-
tus King? are not rare. Prorichthofenia permiona (Shum-
ard) is rather persistently present. The Prorichthofenia and

two unidentified species of Auwlosieges, it will be recalied, were
found in the original collections.

Camerophorie venusta Girty, which was not one of the orig-
inal memhers of the fauna, proves to be rather persistently
present in the new collections, and more or less abundant,

The early collections furnished rhynchonellid shells in con-
siderable abundance and variety, and a few of the later col-
lections are notable for the same feature, The species orig-
inally recognized were described as Pugnar nitide Girty, P.
osagensts Swallow, P. bidentate Girty, P.? pusille Gicty, and
Rhynchonella? longaeva Girty. Most of these species are found
in the later collections. Rhynchopora was not found in 1908,
but R. faylori Girty occurs in one of the later collections, Three
or four other species, apparently undescribed, may also be
present. :

Subseguently to 1008, Weller proposed the genus Pugnoides
for shells of the general character of those in the fauna which
were ovriginally assigned to Pugnar, and King referred P.
bidentate and P. osugensis to that genns, As the genus Wel-
lerelle has still more reeently been erected for similar shells,
with the Pennsylvanian species W. fetrafedrg Dunbar and
Condra as the genotype, Wellerclle will tentatively be substi-
tuted for Pugnoides in this account, though the characteristics
that would place these species under Pugnex, Pugnoides, or
Wellerelln ave, broadly speaking, unknown. King did not treat
of Pugnag nitide or Rhynchonelle longeeva. He believes P.
esagensis to be Shumard's P. ferana, and he refers P. pusillc
to the genus Hustedia., I [Girty] congider thiz erroneous. F.
pesille i3 a rhynehionellid, but its generic statns IS uncertain.
The possibility that the form originally identified as P. osagensis
might be Shumard's Riynchonells texane was originaily con-
sidered by me, and dismissed. Af best, it i5 no more than a
guess. However, it is almost certainly not Wellerella osegensis,
as that species is new understeod, 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 omes, They comprise only
Dielasma? scutulatiom Girty, found at two localities, and ¥ofo-
thyris n. sp, found at one.

The Bpiriferidae were represented in the early collections
by only one species, cited ag Spirifer sp. b, while 8pirifering was
not found at all. In the later coliections, Spirifer proves to be
rather abundant, but most of the specimens are_ much exfoliated
and broken. TUnder these disadvantages, I hesitate to give them
specific names, One form appears to be Spirifer costelle King,
and another which is larger and more coarsely plicated ean be
cited at present only as Spirifer aff. 8. ériplicatus Hall. Of
course, both speecies Delong in the psendogenuns Neosplrifer.
From one of the newer cellections I now have a Spirifering, or
Pynctogpirifer, resembling §. billingsi (Shumard).

Sguamularie and Martinia, two genera that were absent from
the two early collections, are present in many of those recently
acquired, and in some are abundant. Sound specifie distinctions
in these genera are diffieult to make. Some of the Squamularias
may belong to 8. peadalupensgiz (Shumard), and a few possibly
to new species. Muartinia is less abundant than Sguamulariv
the species appears to be undescribed. A thlrd spiriferid genus,
Ambocoeliv (A, arexate Branson), is introduced into the fauna
by the new eollections.

The never-failing Cemposite was present in the early col-
Iections'(o. mericane yuadalupensie Girty), and of course is
present in most of the later ones. None of the forms in either
the old ot new cellections are novel, interesting, or significant in
any way. Much the same can be said for Hustedin, of which
the original collections contained H. sneekena (Shumard) and
H. papillate (Shumard)? Shells of this genus run through
most of the recent collections, forming a constant but relatively
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pnimportant element in the fauna. Most of them are referable
to H. meckana.

The notable genus Leptodus, which was not found in the orig-
inal cellections, occurs in two of the later ones. The species is
probably L. americanus Girty,

[n the original coilections the pelecypods, though showing
considerable differentiation, were represented by speciens 80
poor and so Tew that no specific identifications were made, and
some of the generice identifications were more or less uncertain.
«rhe same conditions prevail in the recent collections, though
gome of tlie genera are surer, and the relation of some of the
gpecics noTe definite. 1t is somewbat remarkable that there
does not appear to be a cloger agrectuent in generic representa-
cion between the early callections and the later ones. Desides
a number of forms that are identified only geperically, mention
may be made of Bdmondie aff. B gibbosa (AeCoy), Purallcl-
odon aff. P. politus Girty, P. aff. P. sangunionense {Worthen},
Solenemya 1. 85D, Anthaconcile n. sp., Avicwlopecten 0. 8D,
Plagiostome  deltoldewm  Girty, and Cleidophorus pailasi
delawarensis Girty. I sbould nete here that the diversified
representation among the pelecypods is due mainly to their
abundance in a few collections and that in those collections the
prachiopod representation is small, especially among the IPro-
dueti, which in other collections show mueh variety, This re-
lation is much less true of the gastropods, whose features are
noted below.

The gastropods af the original collection were represented
v better material than the peleeypods, and the following forms
were recognized: Plewrotomarief arendria monilifera Girty,
P, strigiliata Girty, Straparollus sulcifer {Girty) Naticopsis sp.,
Lorenema? inconspicwwm Girty, and Aacrocheilina? modesta
Girty. Since the natwe P. sfrigiliata bag later proved to be pre-
occupied, I have proposed I psendostrigillate a8 a substitute.
I. B. Knight's recent studies among the gasiropods have neces-
sitated a great many changes in nomenclature. No final revision
of the species described in 1908 or adjustment to these changes
can be made until the new material is given descriptive treat-
ment. Consequently many of the gastropods cited below are
given under generic names originally used, although it is rec-
ognized that they are subjeet to change.

The later collections contain mest of the gastropod species
cited above, and also wany not previously known., Bellero-
phontids are rather numerous, but few of them are generically
identifisble. Bcllerophon 8. &, Bucenoepsis, and Euphemites are
probably represented. although not by identifiable specles, A
species of Omphaletrochius, a gpecies of Eotrochus, and one or
two species of Buliniorphe can be added to the list.

Two trilobites were distinguished in the fauna as originally

described, Anisopyge perannuleic (Shumard) and AP oenti-
gqua Girtr. In the later collections the first species cited
oceurs rather persistently, and the second rather sparingly.—
Girty manuseript.

VICTORIO PEAX 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 relatively small number of col-
lections. Dr. Girty states that many of the specimens
in these collections ave 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 black limestone, than by the intro-
duetion of novel or instruetive clements. Many of the
collections consist entirely -of brachiopocds, and espe-
cially of the Iarger productids and spiriferoids. The
fauna differs notably from that of the black limestone
beds in the almost complete absence of cephalopods.
No ammonoids have been found, and only one nautiloid
(a Tainoceras according to A. K. Miller). The fauna
differs from that of the black limestone also in the
rather great abundance of fusulinids in certain beds in
the upper division (fig. 11, 4). They belong to two’
species, Schwagerina sctum Dunbar and Skinner, and
Parafusuling fountaini Dunbar and Skinner.

The lower division of the Vietorio Peak member Is
represented by only one collection, made on the south
pank of Shumard Canvon at its entrance (locahity
7725). For it Dr. Girty gives the following provisional
list, with several indeterminate forms omitted.

LophoplylTum? sp.

Eantelctes Humbonus King

Meckella attenuate Girty

Chonecles subliratus Girty var.

Chonetes s

Producfus ivesé Newberry

Producius oceidontalis Newberry

Productis guadalupensis Girty?,

Productus aff, P. whitei

Productus leonardensis King

Productus (Pustula) sudlorridus Meek
Productus (Concrinclla?) phosphaticus Girty
Cmncrophoriu venusta Girty

Wellerelia? terana (Shumard}

Rhynchoporn taylori Girty

Spirifer aff. S. tripticains Hall

Squamularia guadalipensis (Shumard) var.
Edmoendia? sp.

The upper division of the Victorio Peak gray member
is somewhat better represented by collections. The
material from each locality is rather scanty, however,
and the specific representations are mostly 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 faunn of the upper
division, Dr. Girty writes:

The more primitive zoolegical groups, with the exception of
fusulinids, are hardly represented at all. Among the brachio-
pods, Enteletes liumbonus King is present but is apparently
scarce. Mcekella (M. atienndtn Girty) is fairly persistent
The Producti include Productus ivesi Newberry, which is gen-
erally persistent, and at station 7600 is ahundant. Also worthy
of note are P. { Waagenoconcha) montpelierensis Girty, P. (Mar-
ginifera?) eucharis Girty, and Producius (Linoproductus) cora
D'Orbigny var., which is abundant at station 7690. A variety
of Camerophorie venusta Girty {possibly a new species) is
abundant at station T7630. Rhynchonellids, which were plentiful
and varied in the black limestone are almost absent.

Spirifer aff. S. triplicatus Hall occurs in several of the
collections from this zone, and is abundant at station TG30.
Ag nlready remarked, it has seamed inexpedient to make &
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close identification of the spirifers on the material present,
although a satisfaetory classification may he possible with in-
tensive study. A species of Bquamularia (possibly new) is
present in three of the collections. Pelecypeds and zastropods,
although present, are rare, and afford nothing worthy of note.—
Girty manuscript.

CUTOFF SHALY MEMEER

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; end 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 biack limestone beds near the base, however, con-
tain many small brachiopod shells, but they have not
been collected or studied. . Several miles north of the
New Mexico line, the member contains rather abundant
specimens of (honetes (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 T675). Regarding it, Dr. Girty writes:

The collection compriges only 10 species, few of which are
represented by more than one specimen. Consequently, the
fauna, compared with the more varied ones which preceded it,
is distinguished more by what is absent than by what is present,
I do not find here either Enteletes linmbonus King, or Productus
iresi Newberry, or the numerous and varied rhynchonellids,
but on the other hand, we do have Meekella attenuaia Girty,
Productus occidentalis Newberry, Prorichthofenia nermiena
(Shumard), and a species of Spirifer related to &, triplicetus
Hail.—Girty manuseript.

Fossils are more numerons in the Cutoff shaly mem-
ber in the southern part of the area, west of the Dela-
ware Mountuins. Here, many of the thin limestone
beds contain fusulinids, which belong to an undeter-
mined species of Parafusuling, and some contain
brachiopods. The largest collection was made on the
north side of Brushy Canyon in its lower course, from
a limestone bed in the lower part of the member, which
has here thickened to the rather unusual amount of
15 feet (locality 7666). On this collection, Dr. Girty
reports as follows:

The collection i3 large, and the fauna is accordingly varied,
comprising over #) species, It containg a few bryozoans and a
few pelecypods which afford nething worthy of note, and the

fauna is essentially a brachiopod fauna., Enielefes livmbonus
King, which heretofore has been rather persistent and sometimes
abundant, has not been found. Meekelle is represented by M.
attenuata Girty, and possibly by two new species. The Producti
are highly diversified although, except for an abundant species
that may provisionalty 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. ocoidentalis
occur in the Bone Spring faunas already passed in review,
although they have not always been mentioned. Among the
less abundant Producti, the most noteworthy are P. guedelu-
pensis Girty, P, (Marginifera?) waagenicnus Girty, P. (Waage-
noconcha) montpelierensis Gicty, P. (Pustula) subhorride Meek
var., besides which are Awnlosteges hispidus Branson (not
hitherto recognized in the Bone Spring fauna), 4. guedalupensis
Shumard, and 4. magnicosteta Girty, a species that has occurred
speradically in the Bone Spring faunas already reviewed., Here
also belong Prorichthofenia permigne (Shumard), and a species
of Tegulifering? that has not been encountered heretofore.

Cameroplioria venuste Girty again makes its appearance and
the Rhynchonellidae, though few in number, are varied. They
include several species that may be provisionally referred to
Wellerclln, such as W. bidentata {Girty) and W.f indentate
(Shutnard}.

The Spiriferidae, which are rather abundant, are represented
by at least two species, one of which may be tentatively identified
as Spirifer costelie King, the other as 8. aff. §. triplicatus Hall.
Present also is Martinia rhomboidalis Girty, a species which is
fairly abundant and is hardly distingmishable from the typieal
form that oceurs in the Capitan limestone. 'We also have a
species of Squamularia, a nondeseript Composite, and the per-
gistent Hustedia meebana (Shumard). Leptodus americanus
Girty oceurs here as it does at lower 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
reviewed is noteworthy, XNeither Enteleétes Humbonus King nor
Productus ivesi Newberry have been recognized in the Cutoff
shaly member.—Girty manuseript,

CONDITIONS OF DEFPOSITION
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 Wolfeamp epoch of Carboni-
ferous or Permian age. By the beginning of Wolfeamp
time, the localized mountain-making and the still more
widespread crustal unrest that had characterized the
preceding Pennsylvanian time in the southwestern
United States had largely ceased. 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 Wolfeamp epoch, deposition
began in an advancing sen which spread 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 west 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 Mountains region, the deposits of
Wolfeamp and Leonard age ave not completely revealed
by exposures. Additional information is afforded,
however, by the two wells already mentioned, and by
exposures in the nearby Sierra Diablo. Judging by the
thickness of sediments laid down (as snggested by plate
7, B), the Wolfcamp and Leonard epochs were fully as
long and as important as the succeeding Guadalupe
epoch, whose rocks are more completely exposed in the
area of this report.

FACIES AND PROVINCES

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

time.

Beds), two unlike facies were deposited in the Guada-
lupe Mountains region. Deposits of the one are black,
petroliferons, shaly hmestone, and of the other are
light-gray, thick-bedded to massive limestone. ,The
two facies tended to persist in separate areas, which cor-
respond closely to the provinces of Permian time shown
on figures 8 and 16, 4. Thus, the black limestone facies
characterizes the southeast part of the Guadalupe
Mountains region, or Delaware Basin of figure 16, 4,
and the gray limestone facies characterizes the north-
west part, or Northwestern Shelf Area of that figure.
The basin appears to have been a negative 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
floexure of the Guadalupe Mountains which, it will be
recalled, is bent down southeastward toward the basin
avea.
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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
manner as to suggest that the amount of organic mat-
ter in the sea water fluctuated 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 favorable to life, as great thicknesses of
strata are nearly unfossiliferous. In many of the fos-
siliferous lenses, ammonoids are the chiet fossils, and
these animals were probably free-swimming organisms
whose shells dropped to the bottom after death. The
assoctated brachiopoeds 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, Farther, the
trilobites that have been found are not specialized forms
but belong to the same species as those found elsewhere
in the region in quite different types of deposits. Par-
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 evidently laid down in
quiet water. The bituminous material with 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 organic matter
was deposited faster than it decayed. These assumed
conditions are confirmed by the general poverty of
bottorm-dwelling organisms in the fauna, and the rela-
tive abundance of ammonoids, which swam nearer tle
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 destroved if the shells had accumulated in
agitated water. The conditions Just outlined closely re-
semble those under whith the black shales of earlier
Paleozoic systems presumably formed.™

Quiet-water conditions during deposition of blaclk
shale and limestone deposits do not necessarily indicate
the depth of water under which the beds accumulated.

¥ Twenrhofel, W, H., Treatise on sedimentation, 2d ed., pp, 250-263,
Baltimoera, 1039. .
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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 Delasware Basin or
area of black limestone deposits, received g greater
thickness of sediments during Leonard time than the
shelf aren or area of gray limestone deposits. This
greater thickness indicates that the basin area subsided
more than the shelf area, and thereby entrapped more
sediments. Tt is possible that subsidence was so rapid
that 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, conrser, 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 fransported
from a distant source. In its lack of coarser clastic
material the black limestone contrasts markedly with
the deposits of the Guadalupe series (Delaware Moun-
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, B and €). In the Glass Moun-
tains, the deposits include sandstones and conglomer-
ates derived from the erosion of older Paleozoic rocks
of the newly uplifted Marathon folded belt, Evidently
they were not spread far northwestward into the basin,
The few sandstoue beds in the black limestone might
have been derived from this source, but the fact that
similar sandstones are interbedded in the gray lime=-
stone toward the northwest suggests that at least some
of the sand also probably came from the opposite
diréetion.

MARGINAL AREA

In the marginal area, between.the Delaware Basin
and the northwestern shelf area, deposits of the black
limestone and gray limestone facies interfinger. Dur-
ing the last half of Leonard (Bone Spring) time, the
gray Vietorio Peak member was spread out on the shelf
area, 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-
ther northwestward toward the shelf, underneath the
gray Victorio Peals beds. In the Guadalupe Moun-
tains, exposures of the black limestone do not extend

" King, P. B, Geology of the Glass Mountains, part 1: Taxas [Univ,
Bull. 8038, pp. 65-69, 1031.
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deeply enough to indicate their relations to the shelf
aren. In the Sierra Diablo, however, they are replaced
pear the shelf by limestone reefs—a part of the gray
limestone facies. They overlap shelfwards on a surface
of unconformity that separates the Leonard from the
underlying Wolfeamp series,

Tn the Guadalupe Mountains, the southeastern edge
of the gray Victorio Peak Innestones follows the upper
part of the Bone Spring flexure. This relation of
depositional facies to a tectonic feature is probably
more than accidental, and implies that the flexure was
in existence at the time of deposition. The uncon-
formities in the Bone Spring limestone in Bone and
ghumard Canvons suggest contemporancous move-
ents on the flexure. TPossibly alzo, the small-scale
contortion in the black limestone farther goutleast
was caused by subaqueons gliding of the newly de-

posited sediments away from the upraised surface of

the flexnre.

On the Bone Spring {lexure, the nnconformity at the
top of the Bone Spring limestone {between it and the
Delaware Mountain group) is clearly much greater
than the local nneonformities within the Bone Spring.
This condition might be taken to indieate that the
main movement on the flexure came at the end of Leon-
ard (Bone Spring) time, were 1t not for opposing evi-
dence. During Leonard time, the water in the hagin
southeast of the fesure was deep, Further movement
on the flexure would either deepen the water in the basgin
still more. or cause 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 i the
hasin during the first part of Guadalupe (Brushy Can-
von} time, was probably much shallower than during
Leonard time. Also, the shaly, poorly resistant Cutoft
member, the last deposit of the Bone Spring limestone,

underwent 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 arvea. :

The marked unconformity at the top of the Bone
Spring limestone on the fiexure thus probably resulted
not so much from accentuation of tectonic movements
along the edge of the Delaware Basin at the end of
Leonard time as from some more widespread phenom-
enon, such as a general lowering of sea level in the basin,
by regional uplift, eustatic change, or other causes.

The Bone Spring flexure, although exposed in only
a small area in the Guadalupe Mountains, probably
had 2 wide extent along the northwest edge of the Dela-
ware Basin (fig. 18, 4). During late Leonard and
early Guadalupe time, it certainly extended southwest-
ward 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
Delaware Mountain group lie directly on the Bone

753082-—48~—3

Spring limestone, just as they do northwest of the flex-
ure in the Guadalupe Mountains (pl. 7, 4). The flex-
ure is probably buried under the Salt Basin deposits
east of the outliers, for farther east, in the Delaware
Mountains, the Cherry Canyon 1s separated from the
Bone Spring limestone by the full thickuess of the
Brushy Canyon or lower formation of the Delaware
Mountaln group.

GRAY LIMESTONE FACIER

The gray limestone deposits (Victorio Peak gray
member) north of the Bone Spring flexure were prob-
ably laid dovwn in shallower, cleaver, better acrated wa-
ter than the hlack lBmestones. Their moderately thick
beds include lavers, traceable for relatively long dis-
tunces, that were spread out in broad sheets. They are
thus unlike the irregularly bedded, massive Jimestone
deposits higher in the section, which have the form
of reets. The Victorio Peak deposits are better desig-
nated as limestone banks than as limestone reefs.

The area of gray limestone deposition was a more
favorable envirenment for life than the black limestone
area. The many Jarge, thick-shelled productids, spiri-
feroids, and other brachiopods found in the gray lhime-
ctone probably found favorable living conditions in
clear, shallow waters. The abundance of fusulinids in
the gray limestones contrasts with their absence 1 the
black lhmestonss. Conversely, ammonoids which are
abundant in the biack facies are absent in the gray
{(fig. 11). Ttispossible that ammonotds originally lived
in both areas, and in the gray limestone area their shells
were largely destroyed in the agitated water and were
1ot embedded in the sediments. Support for this sug-
gestion is found in the fact that the nautiloids, whose
life habits were similar to those of ammonoids but.
whose ghells were stronger, ave represented in the enl-
lections from both areas.

LOWER PART OF GUADALUPE SERIES
TERMINOLOGY OF DELAWARE MOUNTAiN GROUP

The great body of sandstone that forms the surface
of the Delaware Mountains and parts of the slopes of
the Guadalupe Mountains was noted during the first
geological exploration of the region. In 1904, Richard-
son®® mnamed it the Delaware 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
Bone Spring limestone that is exposed at the base of the

s Richardson, G. B.,, Report of a recannaissance in trans-Pecos Texas
north of the Texas and Pacifie Railread : Texas Univ. Bull. 23, b, a3,
1904, :
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mountains. At about the same time Girty # proposed
the broader term Guadalupe or Guadalupian series
(later classed as o group by the Survey), which included
all the exposed fossiliferous rocks of the Guadalupe
Mountains.

Subsequent work hus 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 it has been excluded in redefinitions of both
Delaware Mountain * and Guadalupe® In the Dela-
ware Mountains, Beede * demonstrated that the Dela-
ware Mountain beds above the Bone Spring limestone
were divisible into three distinct and nearly equal parts,
which later were considered of formation rank. These
parts are now termed the Brushy Canyon, Cherry
Canyon, and Bell Canyon formations of the Delaware
Mountain group.®

In the Delaware Mountains, according to the new
definitions, the Delaware Mountain group and the
Guadalupe series have the same limits in the sequence,
but each term has a different connotation. The name
Delaware Mountain is applied to a distinctive facies of
dominantly sandy rocks, which projects as tongues be-
tween other units of different facies but in part of the
same age. The name Guadalupe, on the other hand, is
nsed for a time unit, applied over the whale of the west

-Texas region 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 correspont
to those of the three formations of the Delaware Moun-
tain group. The Guadalupe series is limited below and
above by unconformities and abrupt changes in sedi-
mentation, and the three subordinate units are parts of
a continuous sequence of sediments lying between. They
express more ov less perfectly the gradual changes in
sedimentation and faunas that took place, by virtue 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 Guadalupe series—and to
deseribe in turn the various features of each. As a
result of this arrangement, it will be noted that the
parts of the Delaware Mountain group ave separately
deseribed under three successive headings, along wiih
the formations with which each is correlative.

SUGirty, G. H.. The upper Permlan of west Texas: Am. Jour, Sei., 4th
ser., vol. 14, pp, 363-368, 1902,

% Hing, I’, B., Permian stratigeaphy of rrans-Pecos Texas: Geol, Soo,
America Bull,, vel, 45, p. 763, 1934,

® Adums, J. E.. and others, Standurd Permian section of North Aner-
iea: Am. Assoc. Petroleum Geologists Bull., vol, 23, p. 1574, 19359,

# Beede, J. W., Report on the oil and gas possibilities of the University
blork 46 in Cnlberson County ; Texas Univ. Buall. 2346, pp. 1514, 1024,

® King, P, I, The Permian of west Texas and seutheastern New

Mexico: Awm. Assoc. Petroleum Geologists Bull, vol. 26, pp. 577—3%86,
1042,

BRUSHY CANYON FORMATION

In the Delaware Mountains, the Delaware Moun-
tain group is a mass 2,700 to 3,475 feet thick, whose
component formations divide it into approximately
equal thirds. The lowest formation was described by
Beede as consisting of “thick, yellowish standstones
with rather distant shale partings™; it mainfains this
character over wide areas. Iis present name iz de-
rived from Brushy Canyon, which drains westward
across the Delaware Mountain escarprient a shoyt dis-
tance south of United States Highway No. 62 (pl. 3);
along its course the whole thickness of the formation is
exposed, The Brushy Canyon formation rests on the
Cutoff shaly member of the Bone Spring lintestone, and
its top iy formed by a persistent, massive sandstone
ledge that is nearly continuous throughout the area
(pl. 7, 4). The ledge is prominently developed 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 aubove (pl. 1).

The Brushy Canyon formation crops out in a broad
belt on the west side of the Delaware Mountains, and
extends northward along the west slope of the Guada-
lupe Mountains. North of Bene Canyon. it thins by
overlap on the Bone Spring limestone, and its 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 by muany strike faults, so that its full rhickness
cannot be determined. Below El Capitan, it is about
1,000 feet thick (sec. 18, pL 6). and in the Niehaus et
al,, Caldwell No. 1 well, 33 miles east-southeast of El
Capitan, it is 1,152 feet thick (pl. 6).

The formation consists largely of sandstone, a part
of which, coarser grained than the vest, stands out in
massive, yellow or brown ledges or forms the caps of
flat-topped mesas (pl. 14, €). Great. rectangular
blocks of this sandstone are strewn on the slopes be-
low the ledges. Between the massive sandstones are
fine-grained, thin-bedded, or even shaly sandstones,
which crop out on slopes.

The formation is easily recognizable on air photo-

. graphs by its strong ledges, which contrast with the

smoothly rounded slopes of the overlying Cherry Can-
von formation ; and by the abundance on it of ceclar and
other trees, which give its outcrop a speckled appear-
ance int the photographs. '

MASEBIVE SANDSTONE BEDS

The massive beds that form the most conspicuous
parts of the formafion consist of buff or yellowish,
medinni-grained, friable sandstone, which on some
weathered surfuces is coated with a brown erust. Many
of the layers contain widely spaced, parallel lamiuae,
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and some are cross-bedded. Many of the bedding sur-
faces are ripple-marked, particularly north of Bone
Canyon on the Bone Spring flexure, where the heds
overlaprthe surface of the Bone Spring lmestone. Here
{he general trend is northeastward, parallel 1o the edge
of the flexure, and tlie same frend is alse common far-
(her south (fig. 6). Many of the massive sandstones
jost anan undulatory. channeled surface of the thin-
hedded sandstones next beneath.

The massive sandstone beds form members from a
few feet To more than a Lundred feet thick, which alter-
pate with thinmer-bedded sandstones. In the south part
of the area the beds ave thick and closely spaced. but
pelow El Capitan there ave only four or five such beds,
and for about a mile along the outerop near Bone
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FIGURE 4.—Seetions showing lenticular nature of massive sandstones of
the Brushy Canyon formation, and of limestones of Getmway member
of Clherrr Conyon formation. 4, Toast wide of Guadalupe Canyon south
of Guadalupe ags; 5. West slope of E} Capitan; ¢, Delaware dMoun-
tain eseprpiacnt near Guadslupe Sumntit radio station.

Canvon they are absent entirely (sees. 14 and 13, pl. 6).
The massive beds thicken aud thin rapidly along the
sirike. On the south slope of El Capitan they ave ve-
placed laterally by layers of hard, shaly sandstone. At
some localities, lenzes of massive sandstone are arranged
en echelon, as though a single channel or basin had
migrated upward and laterally as sedimentation went
on {fie. 4, 4 and B). A few of the beds are persistent;
that at the top of the formation can be traced across
nearly the entire area, and some others lower down per-
sist for several miles.

Four specimens of sandstone from the massive beds
were studied under the microscope by Ward Smith.
The chief minerals ave gquartz, microcline, and plagio-
clase: they have a maximum grain size of 0.3 millimeter,
and are set in a calcareous matrix. Small amounts of
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zircon and a few other accessovy niinerals are present.
The gran size is notably coarser than that of other
candstones of the Delaware Mountain group or Bone
Spring limestone, 1n which the maximum diameter is
0.1 to 0.2 millimeter. The only comparable sandstones
ave in the Goat Seep and Carlsbad formations, in the
vounger part of the Guadalupe series n the northwest
part of the area. In the massive sandsiones of the
Brushy Canyon formation the accessory minerals ave
Jess abundant and varied than in the finer-grained sand-
stones of the Bone Spring limestone and Delawure
Alountain group.
OTHER ROCKS

Many of the massive sandstones contain scattered
ealeareous tests of fusulinids, and n some lenticular
beds these tests are so numerous and the sandstone
mairix so scant that the rock is more properly called &
Limestone. Several of the larger of these beds in the
Delaware Monntains are separately shown on the geo-
logic may, plate 3. Some of the calcareous lenses con-
tain abraded crinoid stems and brachiopod shells. The -
fuenlinid tests tend in each layer to have a common
prientation in some one direction, as shown on plate 19,
B, but the direction may differ in different layers. Very
commonly the trend is between north and west (fig. 6).
or nearly at right angles to the prevailing trend of
vipple marks in nearby beds.

The thin-bedded sandstones that lie between the
massive beds are generally buff and fine-grained, and are
marked by closely set, light and dark laminations, sug-
gestive of varves. In places there are thin, interbedded
lavers of black, hard, platy, shaly sandstone.

At two localities in Guadalape Canyon, 250 feet below
the top of the formation, there are thin beds of green
ciliceous shale or chert (in secs. 24 and 27, pl. 6). They
may consist of altered voleanic ash like similar rocks In
the Manzanita limestone member of the overlying
Cherry Canyon formation, but no verification is avail-
able becanse no thin sections were examined.

RELATIONS OF ERUSHY CANYON FORMATION IN BONE CANYON
AND NORTHWARD

In Bone Canyon, at the lower end of the Bone Spring .
flexure, the basal 100 feet of the Brushy Canyon forma-
tion consists of conglomerate, limestone, and medium-
grained, thin- to thick-bedded sandstone (as shown on
pl. 13).

The conglomerates in the canyon form several beds.
as much as 10 feet thick, interbedded with sandstone
and composed of pebbles, cobbles, or even boulders up
to 4 feet in diameter® The smaller fragments are of
Black limestone like that in the inderlying Bone Spring
limestone, but many of the cobbles and boulders are of

8 Daker, . L., Contributions {o the stratigraphy of eastern New
Aexico: Am. Jour. Sci., 4th ser., vol, 46, p, 114, 1920, Darton, N. H,
and Reeside, J. B., Guadalupe group: Geol. Soc. America Bull, vol. 37.
po. 421123, 1026.
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gray limestone or dolomitic limestone, and a few are of
calearcous sandstone. The latter can be matched with
rocks scen in place in the Victorio Peak gray member
of the Bone Spring limestone not far to the north (see
pp. 18-19) and contain similar fossils. The conglomer-
ates have o lenticular development along the outcrop for
H4 miles to the south, and boulders of gray limestone
oceur fora mile south of the canyon. North of the can-
you, lighier on the flexure, the sandstones of the Brushy
Canyon formation rest on the Bone Spring with no in-
tervening conglomerate.

In the vicinity of Bone Canyon, a layer of fine-
gminud, i part sandy, gray limestone as much as 50
feel thick overlies the basal conglomerates and sand-
stones.  (This forms the 28-foot interval shown in
see. 13, pl. 13.} It overlaps on the Bone Spring lime-
stone in the next ravine north of the canyon {pl. 13, fig.
<[}y, Bouthward it thins out and disappears in the sand-
slones. Near the point of its disappearance, a mile
south of the canyon, ancther similar limestone bed oc-
vurs i the sandstones beneath.  (This forms the 18-
foot interval shown in sec. 53, pl. 13.)

In Shumard Canyen, north of Bone Canyon, beds
of the Brushy Canyon formation that are younger than
the conglomerate and limestone just described rest on
the Bone Spring limestone. These beds include mas-
sive, medium-grained, brown sandstone beds, two
groups of which form prominent ledges (sees, 11,12, and
13, pl. 6). The lower passes out by overlap in the
north branch of the canyon, where it has an original
dip away from the limestone surface of more than 10
degrees, The upper, at the top of the formation, con-
tinues some miles farther but passes out by overlap
against the Cutoff shaly member half a mile north
ol Shirttail Canyon. Apparently no beds of the Brushy
Canyon formation were laid down any farther north.
In this region, the Bone Spring limestone is overlain
diveetly by higher beds of the Delaware Mountain
group—the sandstone tongue of the Cherry Canyon
tormation (pl. 7, 4).

STRATIGRAPHIC RELATIONS

After the hiatus that intervenes in places hetween
the Leonard and Guadalupe 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 formation, extend without
breal into the succeeding Cherry Canyon formation.
Locally, however, the uppermost beds of the Brushy
Canyon formation have been cut by channels. One of
these channels, shown in figure 4, €, 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 sundstones above and below; they
were probably caused by submarine erosion,

FOSSILS

Except for fusulinids, fossils are not abundant in
the Brushy Canyon formation, perhaps because the
sandy facies of the deposits was not favorable for life,
or because conditions were not favorable for the pres-
ervation of shells. The latter possibility is suggested
by the fact that most of the fossils that have been col-
Jected are fragmentary and water-worn. The thousand
feet of beds in the formation constitutes a conspicuous
break in the paleontological sequence.

The great abundance of fusulinid tests in many of the

sandstone beds of the formation has been noted in de-

seriptions of the stratigraphy (p. 29, see also fig. 11,
A), and was first observed by Shumard.* The fu-
sulinids all belong to the genus Parafusuling, which
oceurs also in the Bone Spring limestone below and the
Cherry Canyon formation above. The species in the
Brushy Canyon are characteristically larger and more
highly developed than those in the Bone Spring. They
inelude 2. rotii Dunbar and Skinner, P. sellardsi Dun-
bar and Skinner, £. maleyi Dunbar and Skinner, and
P. lneate Dunbar and Skinner.®® The first three of
these species have been identified also in the lower part
of the succeeding Cherry Canyon formation.

The other fossil groups are found only in occastonal
lenticular caleareous beds, and though considerable ma-
terial has been obtained from some of the localities, Dr.
Girty ohserves 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
southeast side of a gravel-capped butte 3 miles south-
southeast of El Capitan and haif a mile southwest of
bench mark 4733 (locality 7656). A collection contain-
ing many of the same species and from nearly the same
place {locality 2919) was described by Girty *° 1n 1908.

Most of the identifiable material from this and other
localities consists of brachiopods, although the pres-
ence of other groups is suggested by occasional speci-
mens. Girty’s original collection contains the bryozoan
Fistulipora grandis guadalupensis Girty. The more
recent collections from station 7658 include some frag-
mentary cephalopod shells, mostly unidentifiable, but
acording to A. K. Miller probably including the nauti-
loid Coloceras. In addition, H. C. Fountain has noted
the presence of abundant crinoid stems, and poorly pre-
served cup corals, pelecypods, and gastropods. Dr.
Girty comments as follows on the brachiopod assem-
blage:

Enteletes is a recurrent genus, but the specitie relation of the
few poor specimens is uncertain. eekello (3. attenuate Girty)

57 Shumard, G. G., Observations on the geolegy of the country between
the Rio Pecos and Rie Grande, In New Mexico: St. Louis Acad. Sci.
Trans, vol, 1, p- 250, 1858 [1860]7.

8 Dugbar, C. O, and Skinner, ¥. W.. Permian Fusulinidae of Texas:
Texas Univ. Ball. 3701, pp. 593 and 726, 1937, .

® Girty, G. H., The Guadalupian fauna: U. 3. Geal, Survey Prof.
Paper 58, p- 21, 1908,



{5 better represented. Chonctes {C. sublirafus Girty 7) is for the
fivst Ime rather abundant.

The productids are all small (which implies the absenee of
productits jvesi Newberry}, except for three poor speciluens
grom station 7636, which ure tentatively identified ag P, fndicus
King (nou Waagen). Among the smalier species, P guadaly-
pengis Girty is rather abundant, Also preseut are I (Moar-
gr‘ni'ft""”??' awaagenianns Girty, P (Marginifera?) cwordensis
(I{jng). P. indentatus Givty, P. geniculutus Girey, and a BlHRCies
or two resembling P. popei opimus Girty. Provichthofenia con-
tinues 1o be present,

A distiuer cliange ig chus indicated in the productid repre-
gentation. bt it may not be as marked as it first appears to
pe, for some of the forms which, becanse of abundance and
eood preservation are mentioned in this faunual assemblage,
mav have been passed over in others Ly reason of scarcity and
fragmentary condition, 4 cirenistance whiel can defeat even
ench tentarive identifications as are here recorded. In this
place, I mayv note also that the productid representatives of
these lots from the Brushy Canyon formation huve little in
common among themselves,

Qpirifers related to Spirifer tripticatus Hall occur in all three
colleetions,  Squamulerie is present in one collection, but is
not determinable specifically.  dAmbococlia, Spirviferina, Com-
posite, and Hustedia are all present but represented by speci-
mens too poor for consideration. On the whole, the fauna of
the Brushy Canyon formation, although its identification suf-
fers from the poor preservation of the specimens, presents many
gepartures from the fauna of the Cutoff shaly member below it—
Girty manugcript, :

COXDITIONS OF DEPOSITION
REGIONAL RELATIONE

After the close of Leonard time, at the beginning of
Guadalupe time, a marked change in sedimentation
took place in the Guadalupe Mountains region. The
preceding deposits were spread across the whole area,
whereas those of the Brushy Canyon formation were
restricted to the southeastern part, or Delauware Basin.
The preceding deposits were limestones or very fine
chastics, whereas the early Guadalupe {Brushy Can-
yon) deposits were dominantly saudstone, I part
moderately coarse grained. The preceding deposits
in the Delaware Busin (black limestane facies) show
evidence of having been deposited in quiet and perhaps
deep water, whereas many beds of the sueceeding
Brushy Canyon formation in the same avea were laid
down in agitated water, and the whole formation is
probably a shallow-water deposit.

Some of the causes of 1his change in sedimentation
have already heen considered (p. 27). It was con-
cluded that at the beginning of Guadalupe time the
Delaware Basin became an avea of shallow water, anl
the adjecent shelf areas were cmergent, but did not
stand high.

Because of this condition, sediments could be washed
into the busin from almost any direction, and trans-
portation of coarse material to it was prohably less
impeded than at any other time in the Perminn. The
occurrence of relatively coarse-grained sandstone in the
Brushv Canyon deposits of the Delaware Basin thus
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does not necessarily indicate renewed uplift in the lands
that supplied sediments to the region.

The coarser sands continue to the top of the Brushy
Canyon formation, where tley come to an end in a
single, persistent Jayer ; in the Delaware Basin no simi-
lar beds are seen in the higher Permian beds. Sands
equally coarse, however, are found northwest of the
basin in the vounger Goat Seep and Carlsbad forma-
tions. These relations suggest that the source of the
sands lay somewhere to {he northwest, and that erosion
of the source area continued after the close of Jower
Guadalupe time. Later on, southeastward transporta-
tion of the materizl into the basin was probably hin-
dered by the development of limestone-reef barriers of
middle and upper Guadalupe age (Gont Seep and Capi-
fan limestones) and coarser sands could be Jaid down
only in the shelf area northwest of the basin.

DETAILED FEATURES

The different types of sediment in the Brushy Cauyon
formation alternate in rude eycles, as shown on section
33, figure 5. Each massive sandstone generally rests on
a channeled surface which records a time of maximum
current action. They themselves contain ripple marks,
cross beds, and oriented fusnlinids, which indicate that
they were laid down rapidly in agitated water, within
veach of effective wave action. The massive beds are
succeeded by thin-bedded, fine-grained sandstone, with
varvelike laminae, which record slower, quleter depost-
tion. Toward the top of each cycle are intercalations of
dark, shaly sandstone, probably with a considerable
bitmminous content, which suggest an approach to the
stagnant bottom conditions of the older black-limestone
deposition. Each cycle is brought to an end by another
period of channeling and deposition of coarser sand-
stone.

These rude cyclical units cannot be traced far along
the outcrops, and it is questionable whether any one is
of more than local extent. They indicate, however, a
regulay fluctuation in conditions of sedimentation from
agitated to quiet water but probably with no accom-
panying changes in depth.

The ripple marks in the massive sandstones have
nearly ithe same northeastward trend as the Bone
Spring flexure, which formed the shore in lower Guad-
alupe time (fig. 6). They were evidently shaped by
movements of the water oriented at right angles to the
dhore. These movements might have been undertow
currents, caused by the return along the bottom of water
that had previously been piled up on the shore by the
waves. Or they might have been the to-and-fro osell-
lation of water within the waves themselves. Move-
ments of the frst sort would form current ripples, and
of the second sort oscillation ripples.” The marks in

% Iindle, E. M., and Bucher, W, H.,, Ripple mark and its interpreta-
tion, in Twenhofe}, W. H., and others, Treatise on sedimentation, 2d ed..
pp. $44-G53, Baltimore, 1942,
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the Brushy Canyon formation appear to have a symn-
metrical cross section, which indieates they are oscil-
lation rather than cunent ripple marks. However, no
secondary crests arve found, such as ceenr in many oseil-
Iation ripples. Current movements are indicated by
the channeling of the associated deposits.

The fusuhmd tests, which are commonly strung out
in a northwestward direction, at vight angles to the
trend of the vipples, were probably placed in this posi-
tion by the same osciilation movements of the water
that produced the ripples. After the dently of the ani-
mals, their many-chambered tests probably had con-
siderable buoyaney, and were easily turned in the direc-
tion of least vesistance to water motion; that is, elongate
parallel to the movement.

The sea bottom during lower Guadalupe time was
probably inhospitable to many forms of life, because of
its sandy surface, and the probable amta‘uon and tur-
bidity of the overlying water. Shells of whatever bot-
tom fauna existed were largely broken u)» before they
could be fossilized. Whatever the conditions of life
for most of the fanna, the lower Guadalupe sea wwas
definitely favorable to the existence of fusulinids and
the preservation of their tests as indicated by the enor-
mous numbers of the tests that were enclosed in the sedi-
ments.

MIDDLE PART OF GUADALUPE SERIES

Beds of middle Guadalupe age form an assemblage
considerably more varted than that of any of the units
that preceded them (pl. 7, <). Toward the southeast,
they consist of the Cherry Canyon formation, about
1,000 feet thick, which is a suecession of fine-grained
and generally thin-bedded sandstones, with a number
of persistent linestone beds some of Whlch are (listin-
guished as named members. Toward the northwest,
the limestone members thicken abruptly and form a
continuous succession of limestones, the Goat Seep,
which iz equivalent to the upper three-fourths of the
wirit to the south. The lower fourth of the Cherry
Canyon formation persists northward as a sandstone
tongue a few hundred feet thick. Near the southeast
edge of the (Goar Seep limestone, the middle Gnadalupe
beds have a thickness of about 1,500 feet, but farther
northwest they dwindle to 750 feet.

In the Delaware Mountains, the middie part of the
Guadalupe series, or Cherry Canyon formation, crops
out along the crest of the range in a belt 8 or 10 miles
wide. Northward, the Cherry Cauyon extends along

 the west face of the Guadalupe Mountains past El Capi-

tan (pl. 5). Farther north, the Goat Seep lHmestone
is extensively exposed along the lower slopes of escarp-
ments and canyon walis that are capped by the younger
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Capitan and Carlsbad lmestones. The Cherry Canyon
and Goat Seep formations are exposzed also at many
places in the downfaulted avea west of the high moun-

tains.
CHERRY CANYON FORMATION

The Cherry Canyon formation, as here distingunished.
corresponds approximately to that part of the Dela-
ware Mountain group recognized by Beede™ as con-
sisting of “brownish, rather bituminous ghales, with
linmestones and some sandstones”.  Its name is tuken
from Cherry Canyon, which drams enstward across the
summit of the Delaware Mountains for about 9
miles, from Pine Spring to a point 3 miled east of the
D Ranch Headgquarters where it joins Lamar Canyon,
The course of Cherry Canyon crosses most of the out-
crop of the formation; some paris of the formation
near the canvon are covered by Quaternary gravels.

On the outerop, the Cherry Ganyon formation has
a nearly constant thickness of 1,000 feet, but this thick-

———
u Geede, J. W4 Report on the oil and gas possibilities of the University
Dlock 46 in Culhersen Connty @ Texas Univ, Bull. 24, P18, 1924,

ness increases to 1,283 feet in the Niehaus et al., Cald- -
well No. 1 well, 35 miles east-southeast ot E1 Capitan,
In the broad belt along the crest of the Delaware Moun-
taing. it dips at angles of a few degrees to the east-
northeast, but toward the west it is considerably broken
by strike faults of emall displacement, Iast of the
ensternmost fault, which crosses the west end of Get-
away Gap, the limestone wembers of the division stand
in low, west-facing, frayed-out cuestas, whose eastern,
back slopes are cut on the surfaces of resistant beds.
The most conspicuous of them is Long Point, capped
Ly limestones of the Manzanita member.

Outcrops of the Cherry Canyon formation are shown
on the geologic map. plate 5. Note that to the south,
as near section D—Z#, the belt of outerop is wide because
of the gentle dips and low topographic relief; whereas
to the north, as near section B—B", the belt of outerops 1s
narrow, not becanse of steeper dips, but becanse of
greater topographic velief. Views of this part of the
outerop, forming smooth slopes between the ledges of
the Brushy Canvon formation and the cliffs of the Capi-
tan limesione, are shown in plate 1, plate 5, 4, and
plate 12,
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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,

rovides a useful check on the surface mensurements.

he continuous sections farther to the left (secs. 12-18)
are measured on the steep slopes at the south end of
the Guadalupe Mountains, For general stratigraphie
‘relations of the formation, see plate 7, 4.

SANDSTONE BEDS

The standstones of the Cherry Canyon formation lie
in beds a few inches thick, with occasional thicker lay-
ers and layers of hard, platy, shaly sandstone. The
thinner beds are all marked by light and dark laminae,
possibly varves, of which there are commonly 10 or
20 to the inch; there are occasional zones where they
are more closely or more widely spaced. The sand
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grains are so fine that they cannot ordinarily be dis-
tinguished by the unaided eye. A single speciinen of
the sandstones wis examined under the microscope by
Ward Smith. It came from bheds between the South
Wells and Manzanita members ut the base of the slope
near Pine Spring, and is megascopi ally similar to the
sandstones in other exposures of the formation, It con-
sists of angular graing of quartz and some feldspar,
with a maximum diameter of 0.13 millimeter, closely
packed in a noncaleareous, argilliceous matrix. There
are also a few grains of zircon and tourmaline.

The bedding surfaces in many of the sandstones are
straight and smooth, but some are covered by shallow
ripple marks, measuring several inclhes from crest to
crest, which trend in a general northeasterly direction

(fig. 8). In some exposures, individual heds can be
traced for long distances. In others, the bedding is
less regular, and the sandstones are cut by channels
several feet deep, which are filled by more massive,
more shaly, or more caleareous strata than those be-
neath (fig. 7). The material filling the channels is very
wregularly bedded, but almost nowhere contains any
conglomerate. Channeling of the sandstones is most
common in the lower two-thirds of the formation.

At some localities the sandstone contains spherical
or oval nodules, lenses, and thin beds of fine-grained,
gray, sandy limestone or calcareous sandstone, but else-
where great thicknesses of strata contain no caleareous
beds. In some exposures, as on the south side of Get-
away Gap, the various rock types appear in rude cycli-
cal order through intervals of 10 or 20 feet of beds.
Shaly sandstones below are followed by thin-bedded
sandstones, and then by limestone lenses or nodules,
after which the succession is repeated (see sec. 44,
fig. 5). _

LIMESTONE MEMEEERS

The limestone beds in most of the Cherry Canyon
formation 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 shown diagrammatically on plate 7,
4. They exhihit considerable variety in lithologic
character from place to place. The two members dis-
tinguished in the lower part of the formation, the Get-
away and South Wells limestones, change in this man-
ner, anc between them other thinner, less continuous
limestone beds are locally prominent. The upper mem-
ber of the formation, the Manzanita limestone, is move
persistent than the lower members in lithologic char-
acter and thickness over wide areas.

The pesition and extent of the limestone members
in this part of the succession has not been deseribed
hitherto although various authors have noted the oc-
currelice of limestone interbeidded in the sandstones of
the Delaware Mountains. The lack of previous obser-
vations on the limestone members is partly becanse the
members are poorly developed on the slopes below El
Capitan, where most previous stratigraphic sections
were measured.

GETAWAY LIMESTONE MEMEER

The Getaway limestone member is a group of lime-
stone beds in the lower part of the Cherry Canyon for-
mation that are widely exposed in the Delasare Moun-
tains (pl. 3). The member caps the rim of the west-
Tacing escarpment of the Delaware Mountains for
many miles south of Bl Capitan, and is the first abun-
dantiy fossiliferous layer encountered in the section on
passing upward from the Bone Spring limestone,
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The member 18 numed for Getaway Gap,”* 6 miles
southeast of El Capitan, on whose north and south sides
j¢.35 well exposed. At the gap, the member has a thick-
pess of 207 feet, and is separated from the uppermost
massive candstones of the Brushy Canyon formation
by 162 fect of thin-hedded sandstone {see. 40, rl 6}).

“The menther is well exposed also along Glover Canyon
2 miles north of the gap (sec. 37a), on the gonth side of
Guadalupe Pass overlooking Guadalupe Canyon (sec.
7). and on the Delaware Mountains escarpment below
Guadalupe Summit rudio station (sec. 83). At these
places, a8 much as 200 feet of nearly continuous 13me-
srone Deds is present, but near the middle several layers
of sandstone are generally interbedded. In other parts
of the area, even at points ¢lose to these localities (as
shown in fig. 4, 4 and €, the member thins to 50 feet
or Jess. At some places, ason the slopes below El Capi-
tan (sec. 18, pl. 6), the member nearly disappears, and
in the interval where it 1s expected only a few limestone
Dbeds less than a foot thick ave present. {Aveasin which
e member is thin or wanting are shown on fig. 8.)

The Getaway member consists largely of fine-textured
black or dark-gray limestone, which weathiers to mouse-
aray or ashen-gray surfaces. Most of the beds are a
ew inches to a foot thick, but some parts are thinly
laminated or platy. The more granular beds contain
small, irregular chert nodules. Many of the bedding
surfuces are straight and smooth, but others are nodular,
wavy, and hummocky, with straighter-bedded layers
deposited over the uneven qurface. In exposures 2 1o 3
miles east of El Capitan, some of the hedding surfaces
are striated and fluted in the same MANDEr AS in the
black lmestones of the Bone Spring. Between some
of the limestone beds arve thin-bedded or platy sand-
stone layers and rave partings of marl.

Interbedded with the dark, thin-hedded limestones
are some lenses of light-gray, more granular limestone,
in places dolomitic, in massive beds 2 to 10 feet thick,
which extend 25 to 100 feet along the outcrop. Some
of them contain small, rounded limestone pebbles.

The following analyses of limestone from the Get-
away limestone member were made:

Analyscs, in pereent, of limestone from 1he Getawway lincstone member

[Analyses by K. J. Murata] notes on insoluble residues by Charles Alilton]

. . .
, i
\ Inszcluble % .0 ‘ ! :
. [ : 23 L
Specimen locality e Em— (mostly[ CaCo; | MgCO; | MnCO; | Cag(POJ,| Total
| N 1
!Inorganie“ Qrganie 1 Fe:O) \ | ' .
-
1. Lower part of member, east bank of Glover ! l l\ 1 ! h ‘
Canygn at section 37 a, 3 miles southeast of ! = . : i ! .
Ping Spring CAMP_ . oo_aooooooo oo LSS | 063 044 83007 183 0.03 | 0.7 99.54
Upper part of member, same locality as Neo. 1.__ 8 38 ; .45 | .32 I 88, 76 | 1.26 04 ‘ .33 99. 54
" 95 feet below top of member, rim of Delawarc | | | 1 ! !
AMountains at section 33, at Guadalupe SBum- : ; i l . i | [
_ mit radio station; granular phase_ - .. -- 13. 71 3 L10 ! L7311 gL27 0 290 .09 1.00 | 9900
4. Same loeality and horizen as No. 3; compact ! ‘ ! i i
B e T iel-C SO © 10,066 | .08 ] J19 | 87621 LIV .06 | .06 L 99. 84
5. Near Lone Cone, west of Delaware Mountains; : : ! i ! i
granular, sandy limestone, exfoliated Dby ' § l | | |
WAL BC NG e m o e m e 11. 06 S24 .30 BG.02 .92 .03 ‘ Trace i 99. 49
: ‘ i |

Insoluble residues: 1, Dark brownish. with fine quartz, {eldspar, and muscovite particles and much clayey material: 2, dark
brownish, with large chert particles, guartz, feldspar, and occasional zircon; 3, gray, with very little elay, subrounded detrital quartz,

feldspar, and oecasional small zireon grains; 4, gra
and sowme spherulitic aggregates, possibly feldspar
zircon grains,

Fossils ave alundant in parts of the Getaway lume-
stone member, and include a great diversity of types.
They are particularly numerous and well preserved in
ihe granular limestones, where they tend to Le cancen-
irated in lenses in thie more barren rock. The bivalved
cliells in such beds are commonly joined together. as
though they had not been greatly disturbed after the
et of the animal. Some of the fossils are silicified on
the weathered surface of the rock, but most of them can
be discovered only by breaking the rock. TFusulinids

™ According to Mr, Walter Glover, in the early days of ranching in the
country wild horses were frequently rounded up and eaptured in the

basin west of the gap. Now and then, however, they made a dash for
freedom, and “got away’’ through the gap.

-ery little clay, mostly cryptoerystalline quartz or chalcedony, some feldspar,
light gray, subrounded detrital quariz grains and feldspar, with a few gmall

are abundant in the denser limestones, and tend to be
sriented in a general northwestward direction {fig. §),.
in the same manner as in the sandstones of the under-
lving Brushy Canyon formation. -

Where the limestone beds of the menther thin out,
their place is taken hy platy, shaly sandstones that crop
out in ragged ledges. These shaly sandstones contain
zones of limestome nodules, which are probably the
equivalent of continuous heds elsewhere. In places the
nodules appear to be byroken and rolled fragments,
resulting from the destruction by wave action of a con-
tinnous limestone bed, after deposition and before
burial.
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BEDS ADJACENT TO GETAWAY LIMESTONE MEMBER

In the sandstones that underlie and overlie the Get-
away limestone member are occasional limestone beds
that are too thin or discontinuous to be mapped or
named.

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 Ienses and channel
fillings of clastic or sandy limestone, containing broken
fragments of shells. The fossils collected from these
beds are referred to below (pp. 41-42) as constituting
the sub-Getaway fossil zone.

The interval between the Getaway limestone member
and the succeeding South Wells limestone member con-
sists largely of sandstone, but southeast of Getaway
Gap a number of thin limestone beds occur (sec. 42,
pl. 6). In places they contain fossils, but no eollections
have been made from them. The limestone beds give
place along the outerop to thin layers of slabby, reddish
quartzite, which form resistant ledges that are widely
traceable in the field and on aerial photographs. Some
of these quartzite ledges are indicated on the geologic

map {(pl. 3).
SOUTH WELLS LIMESTONE MEMBER

About 200 feet above the Getaway member is an-
other, less prominent, less continuous group of lime-
stone ledges, which is named the South Wells limestone
member. The type locality is at the South Wells of
the D Ranch, 11 miles southeast of Kl Capitan (pl
3).# The member here consists of several limestone
beds as mueh as 20 feet thick, interbedded with sand-
stone, and locally replaced by massive sandstone beds.

In the southeast part of the area, near South Wells,
the limestones are gray, fine-grained, and nondolomitic,
and form beds a few inches to several feet thick,
with some lenses and thin beds of dense, black lime-
stone. The black beds coutain numerous well-preserved
ammoneids and a few species of brachiopods. The
lighter beds have a more diversified brachiopod fauna.
In places the limestone beds are replaced laterally by
slabby, reddish quartzites. The sandstones beneath
some of the limestone ledges are thick-bedded and erop
out in bare, rounded slopes. :

Farther norvth, in the southeastern foothills of the
Guadalupe Mountains, black limestone beds disap-
pear from the South Wells member, The member here
contains beds as much as 10 feet thick of buff, or drab,
fine-grained, dolomitic limestone, in part sandy, which
weather into large slabs or blocks. Some of these beds
contain seams of flat sandstone and limestone pebbles,
and in places, irregular segregations of brown chert.
Various fossils can be seen in the vock, but they are
preserved only as casts or molds. Overlying eachi mas-

" The northern of Beede's twn sectiong includes beds exposed at this
locality (op. eit., . 6).

sive bed is a few feet of slabby, compact, dolomitic lime-
stone. The limestones arve associated with thick beds
of brown, caleareous 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 out, and only the thick
sandstone beds remain fo indicate the position of the
nember. ‘

The following aunalysis was made of a specimen of
drab dolomitic limestone from the South Wells lime-

~ stone member collected at the south base of Rader Ridge

due north of Nipple Hill:

Analysis of dolomitic linestone from the Sowih Wells
limestone member

[Analysis by K. J. Muwvata ; note on inspluble residue by Charles dllton]

Percend
Inorganie inseluble___ . 21.83

Cas (PO e oo e None

99, 24

Insoluble residue: Clayey, light gray, with guartz and alkalie
feldspars, oceasional green tourmaline, and other detrital min-
erals,

MANZANITA LIMESTONE MEMEER

Several hundred feet above the South Wells lime-
stone member, near the top of the Cherry Canyon for-
mation, are the persistent caleareous layers of the Man-
zanita limestone member (right-hand half of pl. 6).
This member is named for Manzanita Spring, three-
quarters of a mile east of Frijole Post Office; the type
gection 1s on Nipple Hill, a conteal butte ¢arved from
the member, which rises from the plain near the spring
(right-hand end of pl. 1, B). The member crops out as
a thin band on the slopes below the limestone cliffs of
the Guadalupe Mountains (pl. 9), and extends south-
ward as a broad belt into the Delaware Mountaing
{(pl. 3). '

The member has a thickness of 75 to 150 feet, and con-
gists of straight-bedded ledges a few inches to a foot
thick, of dense, greenish-gray, earthy limestone, which
weather to a striking orange-brown or yellow color,
Under the microscope the limestones are seen to con-
tain seattered detrital quartz grains, Some of the lay-
ers contain irregular cavities and pockets, part of which
are geodes lined with caleite crystals. Some of the
geodes were originally. the molds of fossil shells. Fos-
sils, however, are all poorly preserved, and none was
collected by Fountain or me. Qceasionally imprints of
ammonoids and erinoid stems can be seen on the bed-
ding surfaces.

The following analyses of limestone from the Man-
Zilllitl‘. limestone lll(’]“bt‘l' were lllﬂde.'

AN ot i
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Analyses, in percent, af limestone from the Manzanila limesione member

-

[Anzatvses by K. J. Murala: notes on insoluble vesidues by Charles Milton]

—
1

1 ]

|
o . 11 Tuzoluble l R0, « ! [
Specimen loeality —_— ‘;(mostly | CaCO; | Mgy i WMnCO;  Cag(PO: Total
l Inorganic'l QOrganic ! FexOs) ~ | i §
e o R B T e S
1. Side ravine draiving into Tamar Canyon {rom ‘ [ 1 ' ‘ ~
soutly, 3; mile cast of benel mark 4933 _ . 18, 29 | 0. 05 " 2.74 | 14 9] ¢ 12 538 . Q.07 .10 | 00, 74
2. South <ide of Ttader Ridge, due north of Nipple i | | i : 1 !
1T 1 1.56 | 44,09 | 3162 12 None | 99.20

Tnzoluble residues:

1, Light gray, many graing of cubrounded guartz and {eldspar, soic¢ muscovite of detrital origing 2, light

ara¥, clayey, with quariz and feldspar, some rourmaline, and other detrital minerals,

The limestone beds are generally separated by part-
ings and thin heds of soft. fine-grained, greenish sand-
sfone. Sontheast of Nipple Hill, as near the D Ranch
Headguarters in Clerry Canyon, the limestones are di-
vided in the middle by a 50-foot bed of massive, fiue-
grained. greenish-gray sandstone, which crops out in
rounded Jedges. Similar sandstones 50 to 100 feet thick
underlie the member.

The most distinctive feature of the Manzanita mem-
her is its int ercalated beds of altered valeanic ash. These
peds appear generally us pale, apple-green siliceous
chales or cherts, but in places they are waxy, greeb. ben-
tonitic clays. The cherts, hecause of their registance, are
widely distributed in the slope-wash deposits and
stream gravels of the region, where they attract notice
pecause of their unusual eolor. The voleanic ash forms
peds as much as 2 feet thick that occur at varions posi-

tions within the member.  The beds ave shown by a
cpecial symbol on the sections of plate 6.

Agh beds in the Delaware Aountain section, perhaps
belonging to the Alanzanita member, were noted by
Crandall® who speaks of “some thin layers of a pe-
= 300 to 500 feet be-
Jove the top of the [Delaware Mountain] formation.”

Tive thin-sections of the ash from different parts of
the area lave been examined by C. 3. Ross of the Geo-
logical Survey. He states that ash structures are gem-
erally clearly recognizable under the wicroscope,
although somewhat ohscured by silicifieation, as well as

culiny hard, green avgillite

by devitrifieation, which has produced elay minerals
and secondary quartz. Some of the softer beds have
been so alteved to clay minerals that the ash structure,
if oviginally present, is no longer evident.

Analyses, in percent, of hentonitic clay from fhe Man zanita limestone member

{Analyses by £. T Frickson]

r_,_A_"A—#—-A__'____@__,__——-—-——ﬁ__,Q
|

Specimen localities i

[

1. Side ravine draining into Lamar Canvon from |
south, 3 mile-cast of beneh mark 4923; shows i
ach structures under Microseope. - ------=- - !

9. South bank of Clerry Canyen on
south fram D Ranech hesdguarters: does not |
chow Tecagnizable ash structures under miero- |

1

60, 88

P 51.46

i

Claracreristically, the volcanic ash beds in the Man-
zanita member are well developed far cutside the local
outcrop in the southern Guadalupe Monntains; they
liave been itdentified 1 nunerous wells drilled in the
Delawave Basin area down the dip to the east. They
appear, for example, in the Niehaus et al., Caldwell No.
1 well, 35 miles east _southenst of El Capitan, whose log
is shown on plate 6. They have been found also in the
Getty Oil Co.. Dooley Xo. 7 well in the Getty oil field,
east of Carlsbad, N. Mex. (for lacation see fie. 2), and
also in other wells farther east andl southeast.

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

50, HI
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dark-gray, lumpy limestones containing poorly pre-
served ammonoids and separated by crumbly greenish
mar] which contains smalt limestone lumps.  (This
facies is separately mapped on pl. 51 see also sec. 42, ph
6.) The Jatter beds closely resemble those of the Hegler
Jimestone member of the Bell Canyon formation along
the southeast base of the Guadalupe Mountains, as de-
seribed Jater in this veport. Green chert (voleanie ash)
is pave in this facies but was observed in a few places.
The Jumpy limestones cap many mesas and cuestas m

e

o Orandall, K. Ho Permian stratigeauhy of southeastern New Mexico
and adjacent parts of wesiern Texas! A, ABSOC. Tretrolenm Geolagists
Bull., vol. 13, > a1, 1929
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the southeast part of the area, of which the most con-
spicuous is Long Point. At Long Point (sec. 42),
the most prominent part of the member is the lower
caleareous division, below the medial sandstone. The
upper division is represented by similar beds a few feet
thick.

Between Bone and Shirttail Canyons on the west side
of the Guadalupe Mountains, the Manzanita member
thins out northward and disappears between the Hegler
and Capitan limestones above, and the Goat Seep lime-
stone beneath (between secs. 9 and 13, pl. 6).

CHERRY CANYON FORMATION IN AERIAL PHOTOGRAPHS

In aerial photographs, the Cherry Canyon formation
is recognized as that belt of onterop 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 and to the east. As such, it can
be traced through the Delaware Mountains for more
than 30 miles south of the aren studied.

The part below the South Wells 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 from one
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 from the lower in having a well-marked cnesta
topography, each cuesta consisting of an abrupt west-
facing scarp, indented by each stream that drains across
it, and of g broad back-slope descending eastward with
about the same inclination as the dip of the beds. Two
cuestas are more prominent than the rest, a lower west-
ward one corresponding to the South Wells member,
and a higher eastward one corresponding to the Man-
zanita member. The latter may be traced continuously
trom Long Point southward for nearly 20 miles bevond
the area mapped, until i is lost in the faulted area of the
southern Delaware Mountains.

SANDSTONE TONGUE OF CHERRY CANYON
FORMATION

North of Shirttail Canyon, on the west side of the
Guadalupe Mountains, the lower formation of the
Delaware Mountain group (Brushy Canyon) is missing
by overlap on the Bone Spring limestone, and the upper
three-fourths of the succeeding formation (Cherry
Canyon) interfingers with the Goat Seep limestone.
Thelower fourth of the Cherry Canyon formation, how-
ever, persists as a layer of sandstone 200 or 300 feet
thick. Itsoutcrop extends northward past Cutoff Moun-
tain into New Mexico, and forms a weak, sandy break in
an otherwise continuous succession of limestone.” Ac-

% Flrst described by Baker, C. L., Congtributions to the stratizraphy
of eastern New Mexico: Am, Jour. Sci., 4th ser., vol. 49, p. 114, 1920 ;

cording to Crandall,* the sandstone pinches out entirely
not far to the north in southern New Mexico.

For outcrops of the sandstone tongue, see the geologic
map, plate 3. The slope on which it is exposed stands
out prominently below Shumard Peak and Bush Moun-
tain on the panorama, plate 5, 5. The structure of the
rocks appearing in a part of this view is shown on sec-
tion A", plate 17, Sections of the sandstone tongue
appear on the left-hand third of plate 6, Nos. 1 to 9.

The sandstones are buff or pink, soft, and very fine-
grained. In the upper part are some interbedded
brown, sandy, cherty limestones that contain numerous
silicified brachiopods. The sandstone grades into the
overlying Goat Seep limestone, and the two types of
rock are interbedded at the contact (as in sec. 7, pl. 6},

GOAT SEEP LIMESTONE
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 {middle Guadalupe) age,
which crop out in the Guadalupe Mountains (pl. 7, 4).
The name is taken from Goat Seep,’” on the west slope
of the mountains 114 miles northwest of Guadalupe
Peak (for location, see pls. 3 and 9)., The limestones of
the formation, in their southeastern, marginal 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 west-facing escarpment of
the Guadalupe Mountains for several miles north of
the type loeality.

In previous reports, the formation has been given
various names. Crandall® termed it the “Chupadera
limestone,” o name imported from the central New
Mexico sequence. The unit, however, does not include
ali of the type + Chupaders, 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 Do_ Cau-
you, in the northern Guadalupe Mountains, Lang
proposed the name Dog Canyon limestone, and extended
the term to include the beds here called Goat Seep
In the southern Guadalupe Mountains. Petroleum ge-
ologists, engaged in regional stratigraphic studies, have
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
later described Ly Darton, N, IL, and Reeside, J. B. Jr., Guadalupe group ;
Geol. Boe. America Bull, vol, 37, p. 423, 1926, and others. Darton anidl
Reeside asgeribed the northward thinning of the Delaware Mountain
group entirely to overlap of the lower beds,

* Crandall, K. H., op. cit., p. 933.

T Shown zs "Goat Spring” en the Guadalupe Peak topographic sheet
of the Geologieal Sarver, but Goat Seep iz the form generally used by
thie inbabitants of the area.

* Crandall, K. H, op. cit., p. 933,

% Lang, W. B., The Permian formatlons of the Pecos valley of New

Mexico nnd Texas : Am. Assoc. Petroleum Geolngists Bull,, val, 21, p. 858,
1937,



b

et

i ARG

P NETGIRY A B e e e

i

Lis

pased on exposures within the aren studied, is

Seep: .
;ubstituted for it.

The true stratigraphic relations of the Goat Seep
jpestone were clearly recognized by Duker, and later
Crandall? but in most of the other reports writ-
at time it was confused with the similar but
vounger Capitan limestone. Darton and Reeside ® er-
Joneously identified the Gout Seep heds near the Texuas-
yew Mexico State line as “upper davk limestone” (Pin-
:\1‘\' limestone member of Bell Canvon formation) and
C;}pifzm Yimestone, Blanchard and Davis*® recognized
the gradation of sandstones below the Capitan into
jymestones at Goat Scep, but considered it a local fea-
qure; hey correlated all the limstones farther north
with the Capitan.

1
on by
ten at th

GENERAL RELATIONS

The development of the Goat Seep Thinestone out of
e sandstones of 1he Cherry Canyon formation ean be
obzerved to good advantage from the crest of the ridge
petweent Bone and Shamard Canvons (pl. 12, B)., The
Capitan limestone rises to the east in a sheer wall, stand-
ing on the Jedges of the “upper dark limestone™ (Heg-
Jor and Pinery members of Bell Canvon formation).

1elow. long smooth stopes, broken here and there by
limestone ledges (Getasway and South FWells members
of Cherry Canyon formation) extend down toward the
ohserver across the sandstones of the Delaware Moun-
inin group. On the norih side of Shumard Canyou.
lowever, on the high spur that rises shove the Victorio
Peak limestone bench, thick limestone ledges are inter-
bedded with the sandstones. At the same position on
ihe next spur to the north, above Goat Seep and beyond
Qpirttail Canvon, the sandstone beds have disappeared
and the limestones have merged into a single group of
cliffs.  They form the Goat Seep limestone, of which
this is the type section. The two spurs are snrmounted
by the higher, steeper cliffs of the Capitan limestone,
A{vom which the Goat Seep cliffs are separated by ledges
of the “upper dark limestone.” This relationship indi-
“cates the Goat Seep limestone is of pre-Capitan age.
The view described above is shown on plate 12, 2.
The two spurs on which the Gout Seep limestone fivst
appears He below Shumard Peak near the middle of the
view. The structure of the beds on the two spurs 1s
chown on sections A—4’ and B-B’ of plate 9. The
sequence on the two spurs is shown in sections 11 and
9, plate 6. Note how, in sections farther to the right
on this plate, the Goat Seep limestones are traceable
into the Getaway and South Wells limestone memhbers.
To see the continuation of the Goat Seep toward the
north, one must go several miles westward into the Salt
Basin, where tle whole west face of the mountains can
1 Baker, C. L.. op. cit,, p. 114,
£ Crandall, K. H., op. cit., p. 933.
aDarton, K. H., and Reeside, T, B., op. cit., D. 422, fig, 4.
t Blanchard, W. G., and Davis, M. J.,, Permian stratigraphy and

Btructure of parts of southeastern New Mexico and sonthwestern Texas:
Am. Assoe, Petrolenm Geologists Bull, vol. 18, pl. 11, p. 969, 1929,
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be observed in panorama (pl. 3, B). The Goat Scep
heds can there be traced northward along the mountain
foee from the two spurs near Shumard Canyon, rising
and thickening, with the line of separation from the
Capitan visible as a distinet, softer parting which rises
diagonally ncross the iffs until it reaches the mountain
cummit,  Here the Goat Seep cliffs rise as high and
stand as steeply as do the Capitan cliffs farther south,
making it easy for the two units to be confused with
ench other. Nearer e observer, and fringing 1lic Lase
of the high mountains, are rugeed Jower limestone
ridges which in another setting would be mountains in
their awn right. Closer examination shows that they
are composed of downfaulted rocks, of which the
most conspicuous constituent 1s again the Goat Seep
Iimestene,

This view is seen in the panorama of plate 3, B, the
structure of a part of which is shown on section K-n'of
plate 17. Theline of separation between the Goat Seep
and Capitan appears Jow down on the ¢hiff below sum-
mit 8336 (to jeft of Shumard Pealk), and rises north-
ward along it to the summit, which it veaches on the
north slope of Burtlert Peak Notiee that between
Shwmard Peals and Bush Mountain the formation is
massive and stands in sheer cliffs, but that farther
north, near Blue Ridge, it s bedded and forms ledges.

SOUTHERY EXFOSURES

On the west side of the Guadalupe Mountains, the
Goat Seep limestone thus malkes its appearance ahove
Goat Seep in Shirttail Canyon, or several miles narth of
the south edge of the Capitan limestone at El Capitan.
1t is formed by the northward thickening of the lime-
ctone beds of the Getaway and South Wells members
(as shown on pl, 6). Like {he Bone Spring flexure, the
YTine of ifransition between it and the Cherry Canyon
formation trends northeastward at an acute angle to
the trend of the escarpment (fig. 8). Near Shumard
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 the east.

The deposits, on the southeast margin of the Goat
Scep, exposed on the ridge between Shumard and Shirt-
tail Canyons {see. 11, pl. 6), consist of massive lentic-
ular, gray, dolomitic limestones in beds as much as 10
feet thick, many of which rest on channeled surfaces of
the underlying sandstones or slabby limestones. The
massive beds commonly eontain angular limestone peb-
bies and fragments of fossils. Nearly all the interca-
lated sandstones pinch out a little farther north (sec.
9, pl. ), 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 Seep and
Capitan which may be recognized on the eliffs from &
distance. -

North of Shirttail Canyon, the formation thickens
rapidiy to 1,200 feet at Bush Mountain, a prominent
point on the escarpment 114 miles beyond (sec. 6. pl.
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6). The lower half of the formation in this vicinity
consists of light gray, dolomitic limestone, weathering
to dirty-gray, jagged surfaces, in beds 10 to 50 feet
thick, interbedded with some buff, caleareous, medinm-
grained sandstone. Some of the limestones are crowded
with the remains ot fusulinids, now preserved only as
molds, and henre unidentifiable,

The upper half of the formation, below Bush Moun-
tain, stands as a single, massive bed of limestone, with-
out trace of bedding planes. Its upper pant, wheve
stucied on the mountain crest a shiort distance south of
Bush Mountain, is a sandy, buff, dolomitic limestone,
containing casts of brachiopods, pelecypods, and fusuli-
nids. Upper beds of the formation of similar character
are exposed also on the slopes of the northern Patterson
Hills to the southwest, and of the head branches of
Pine Spring Canyon and North McKittrick Canvon to
the northeast (pl. 3). The line of separation between
them and the Capitan is not as clear as on the cliffs near
Bush Mountain. They differ from the Capitan in being
thick bedded, rather than wholly massive, as well as
being more dolomitie, and in places somewhat saluly.

The following analysis was made of a white dolomite
trom the lower part of the Goat Seep limestone collected
on ouie of the foothill ridges 214 miles northwest of
Bone Canyon:

Anelypsis of white dotonrite frain the lowsr part of the Goat Seep
limestone
[Analysis by K. J. Murata ; note on insoluble residue by Charles Milton]

Percent
1,85

43,07
None
99 50
In=oluble Lighr reddish-gray. with subronumlel]
quartz amd feldspuy grains, ccensional nugite, and el orbid
clay.

residue ;

NORTHERN EXFOSURES

The (Goat Seep forms a thick. homogeneous Timestone
mass only in the vicinity of Bush Mountain. Novthward
as well as southward. it thins and containg more inter-
bedded sandstones.

At Cutoff Monntain (sec. 1. pl. 6}, in the northiwest
part of the avea, it is 560 feet thick. ITere, most of the
lower half of the formation is thick-bedded, butl, cal-
arveous sandstone, with a few interbedded limestone
layers, Thesandstones, like those in the Brushy Canyon
formation to the south, contain fusulinid molds, are
cross-bedded, and are moderately coarse-grained. A
specimen of one of the sandstones, studied under the
microseope by Ward Smith, consists of well-vounded
quartz grams as mueh as ¢.3 millimeter in diameter,

many caleite grains of clastic origin, and some grains of
zircon, all set in a caleareous matrix.

In the upper half of the formation. the sandstones are
finer-grained and form thinner members, Between are
many thin- to thick-bedded, light-gray imestone layers,
The limestones are similar to those in the overlying
Carlsbad limestone (equivalent to the Capitan farther
south}), but ave not as thinly laminated, have a darker
weathered surface, and do not contain the calcareous
pisolites that are characteristic of the Carlsbad., East
of Cutoff Mountain, on the east side of West Dog
Canyon a mile north of Lost Peak (sec. 2. pl. 6). there
is mear the top of the formation a bed of dense, gray,
petroliferons, caleitic limestone. which contains brach-
iopods and pelecypods (loeality 7603).

Rocks similar to those on Cutoff Mountain are ex-
posged sdme miles to the east on the lower slopes of the
escarpment on the east side of Dog Canvon. This is
the area in whiclh the name Dog Canyon limestone was -
applied by Lang.® Thelr exposures are shown in the
panorama, plate 14, .1, where they form the lower
leclees on the distant escarpunent, that are delimited
above by slopes formed on the basal sandstone beds of
the Carlshad. As showu in the panorama, the rocks
extend northward along the escarpment into New Mex-
ico, beyond the avea studied. They extend also into
the head of North MceKittrick Canyon. which appears
in the distance on the panorama. In that eanvon, as.
shown on plate 3 and on section F-E7, plate 17, they
dip sontheastward beneath the Capitan Himestone,

STRATIGRAPHIC RELATIONS

In all parts of the area, there was probably continu-
ous deposition from middle Guadalupe into upper
Guadalupe time, with only slight changes in sedimenta-
tion and faunas. .

In field mapping, an attempt was mude to draw the
uppetr bonndary of formations assigned to the middle
part of the Guadalupe series at horizons that could be
successfully traced. Thns, in the Delaware Mountains
to the southeast, the top of the Cherry Canyon forma-
tion is drawn at the base of the Hegler limestone mem-.
ber of the Bell Canyon formation. This iz the base
of the lowest bed that grades into the Capitan lime-
stone to the northwest. In the northwest part of the
area. the top of the Goat Seep limestone 1= drawn at
the base of the prominent sandstone that forms the -
[owest bed of the Carlsbad linestone. '

In the infervening aren. however, beds of both middle
and upper Guadalupe age are of reef facies, and mas-

sive Goat Seep limestone 15 overlain by massive Capl- -3 &

tan limestone, Here, the boundary 1s not easy to trace. !
although 1t is believed that the contact iz most places
has been located with a fair degree of certainty.

P Lang, W. B., op, vit, p. 858,




GUADALUPE 2ERIES, MIDDLE FPART

FOSSILS

The middle part-of the Guadalupe series in the area
gindied contams dbundant and interesting faunas. very
few of which were known prior to this investigatior.
Girty,t in s ariginal work on the Guadalupian fauna
Jeseribed two lots of fossile (localities 2903 and 2031)
from beds now known to Lelong to the lower part of
{he Cherry Canyon formation, but the main fossilif-
prous zones higher wp had not then been discovered.
However, his collections from beds higher and Jower
{han the middle part of the Guadalnupe series and {from
he southern Delaware Vowntains included many of the
species NOW Lnown to ocenr in the middle part.
Brachiopod species characteristic of the middle part
of the Guadalupe series have heen deseribed by Kmg”
from eguivalent strata in the Glass Mountains,  Am-
monoids from the Cherry Canyon tormation were vol-
lecied by J. W. Beede n the early 1920%s, and were
afterwards described by Plummer and Scott?

T the southeast part of the area studied, three main
fossiliferous hovizons are represented in the new col-
lections. The lowest, called for vonvenience in this
report the sub-Getaway fossil zome. lies between the
Getaway limestone memmber of the Cherry Canyon for-
mnation and the uppermost massive sandstones of the
Brushy Canyon formation. The next lies in the (et-
away limestone member, and the highest in the South
1ells limestone member. Poorly preserved fossils oc-
cur also in thin lmestone heds between the (Getaway
and South Wells limestone memshers. and in the over-
lving Manzanita Timestone member, but none has Treen
collected by Fountain or me. The interval between the
Zouth Wells member and the Hegler member at the
Lase of the sncceeding Bell Canyon formation, amount-
ing to several hundred feet of beds, is thus poorly
known pateontologically.

In the northwest part of the avea. fossils oceny s]o-
radieally in both the candstone tongue of the Cherry
Canvon formation and the Goat Seep limestone. These
fossils were unknown prior to the present investigation,
aitd even now are vepresented by only small collections.

CHERRY CANYON FORMATION
SUD-GETAWATY FUSSIL ZOXNE

The 100 to 200 feet of beds that separate the top of
the Brushy Canyon formation from the base of the
Getaway limestone member of the Chersy Canyon for-
mation are mostly thin-bedded sandstone, but here and
there oceur lenses and channel fillings of sundy lime-
stone in which fossils are abundant. The two lots of
fossils (Nos. 2003 and 2031) from Guadalupe Canyon,

¢ Girty, G. H., The Guadalopian fanna: . 8, Geol. Surver Trof. Paper
58, p. 21, 1008,

“King, R. B, The ceology af the Glass Mountains, part 2. Texas
Tniv, Boll. 2042, 1931,

s plammer, F. B, and Scotf, Gavle, Upper Paleozoic ammonites in
Texag: Texas Univ. Bull. 3701 p. 27, 1937,
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described by Girty in 1908, apparently came from these
beds. Included in these collections was the ammonoid
Pcudogastrioeeras serratuin (Girty). Fusulinids are
abundant in the sub-Getaway Leds, but none has been
collected or identified. The species that occur above
and Lelow the zone ate the same, so it 1s unlikely that
those in the zone between hiave any novel features. Dr.
Girty reporis as follows on ihe remainder of the re-
cent collections:

Tuis unit proves to be hizhly fossiliferous and the following
FUDINELTY  COVers five large collections which. taken together,
present a rich and diversified Tauna. One of the collections
(No. 7128) appears to have been made at neariy the swune 10-
cality and Lorizon as one of wy origiual collections (X0 ansLy,
which may be taken ag a glandard of comparison.

Fusulinids -that were present in the original collection are
present a1%0 in flie Jater ones Corilz and bryozoans are B ar-
ingly represented it the lafer collections, and net ot all in the
original one. The corals helong to a single species of Lopho-
phigluin, 0r A genus of gimilar construction. The Dryoezodns
also have but a limited repregentation, fhe MOSt COMINON FENUS
being Fistulipord, yut with Steuopoerd, Balostomclia, Septopora,
and Acauthoclodin also present.

Ameng the prachiopods, the orthoidg are all bat absent ; they
were entirely so in the original collection. A single specime
of Enicletes (F. guniblel Girty?) wag found in one collection,
and an indeterminable specimen of the same Senus in another.
Ueckelle continnes o be present aud s abundant n spvaral
collections, It seems to he confined te a single species which
may provisienally be jdentified as 3L attenuafa Girty. MMention
shouwld also be made of a large and singularly marked dorsal
valve which undeubtedly belongs to o new species, but the
cenns 18 uncertain as between Derbya and Grthotetes.  The
Qrilotetinae were not represented at all in the original col-
lection.

Chonctes, which has been rather sparingly present in the
lower beds, oceurs in all five collections. All put a few speci-
mens belong to one species which appears to be a large form
of €. sublitatus Girty. The genus was found in the criginal
collection, but the apecies was not determined.

The Producti are oxtremely abundant and varied. They are
especially so at station 7471, and rother rare at station THTO.
1 propese to mention only the strougly characterized apd in-
teresting types, but there are many others whose relations ave
uncertain, The original collection containg species identified
as Produchus guedalipensis Girty, P. mechanus Girty, P. signa-
tus Givty, I’ gignatug Girty var, P.osp. oo I gubliorridws
rugatulus Giety, and P. aaleoftianus Girty. 'Lhe later col-
Jections contain I gm.wdaiﬂpfﬂs-f& Girty with several varieties,
P, ((Tancr'i-nc'lm) signains Girty, P. (Pustula) subharridus
Aleek vav,, and P. qraleoitinnng Girly. In addition, they col-
tain the following apecies that hind not previonsly been re-
ported: P comancheains Girty, P tezanus Givty, P. aff. P
popci Shumard, P. aft. P, longus Meels, P. aff. P. nlfigtriatug
Meek, P. (Vl-’uagcnoccmcha} monipeticrensis Girty, P. (Cau-
erieliu) aff, I caneriniformis Tschernysehew, and D, (Mar-
giniferaf) cucharis Girty. They also contain Aulosteges guada-
Tupengis Slumard, whicli was not found in the original col-
1ection, and Provichthofenia peril jane  (Shumard), which was.

Camcrophoria (¢, vonHste Girty} occurs Lerve, -as in the
lower beds, Rhynchonellids are apundant, especially Welleralla
terana (Shumard), with several varieties, Among the novelties
are two new species of Wellerella and Leiorhynelos weckst var.
nobilis (Girty), while Rhiynchoporad taylori Girty appears in
every collection save one. =one of these were represented in



the original collection except Wellerellg tewane (Shumard),
which was assigned to Pugnaz esagensis Swallow?.

Terebratuloids are almost absent, and they were entirely so
in the original collection. Aside from three or four fragmen-
tary specimens, there is one that appears to belong to Dielasma
cordaium Girty., The original eollection contained no repre-
sentation of the genns Spirifer, bui they are abundant in the
later ones. 8. sulecifer Shumard appears for the first time, and
8, pseudocameratus Girty appears in several collections. This
specles has not been recognized in lower horizons, althongh at
least some of the impertfect specimens cited as . aff, & tripl-
catus Hall may belong to it. Spériferiue is rather sparingly
represented, but I recognize three species, 8. angnrlate King,
(probably a synonym of 8 haarmand Haaek) 8. laze Givty,
and & Ml Girty? The original collection containel only
one species, provisionally referred to ns §. bitlingsi (Shumard).
Ambococlia (4. arcuete Girty} is falely abundant, hut Compositn
Is unusually rare, JMost of the specimens seem to be referable to
C. emarginate afinis Girty, but €. angusic King is also
present.  Hustedia is fairly abundant and persistent, Aside
from the nbiquitous H. meekana (Shumard), I have identified
H. Bipartite Girty in one collection. Neither Anibocoelia, Com-
posite, nor Hustedia were found in the original collection, but
Leptodus americanus Girty occurs in both the original and Iater
ONOS,

The original collection from this general horizon contained
4 varied pelecypod fauna, and it is closely reproduced in the
later ones with, of course, some additions. In fact, the peleey-
pods for the the first time occur in suffizient numbers and gual-
ity to invite comment. It seems to he true of the collections
that where the hrachiopods are abundant and varied the pelecy-
pods are few, nnd vice verssa,

The orviginal collection contained an unidentiiabie species of
Edmondie and a small speecimen identified as Edmondia? bel-
Iwla Girty, which was described from the Capitan limestone.
The new collections contain a large, subcirenlar species (pos-
sibly Edmoundie sp. £ of Professional Paper 58), which resen-
bles E. circuluris Waleott, but is probably new. Nwcult, repre-
sented In the original collection by an unidentified species, is
not rare. It may be provigionally designated as Nuewle aff. N.
beyrichi von Schaurath,

Parallelodon was, in the original ecllection, represented hy
P, multisn-intns_ Girty and P. politus Girty, both deseribed from
the Capitan limestone, In the recent colleetiong, the genus is
abundant and varied, In addition to the two species just named,
there are two hew ones. One is large and marked by very
coarse and strong radial costae. It reealls P. sangamonense
(Worthen), but is clearly distinet. The other is remarkable
for an extremely promirent nmbonal ridge.

Sefizodus was not present in the originat eollections, but it
appears to be rather abundant, and is reprezented by two
species, 8. ferrieri Girty, and Schizodus aff. S, rossicus de Ver-
nenil.  Three avienloid shells were recognized in the original
collection, identified as Beakewelliaf sp., Pleria richardsont
Girty %, and Pteria sp. P. richardsons has also heen recognized
in one of the later collections. The original collection contained
a speeies of Myaling, cited as 1f. permiona Swallow?, and the
same species occurs in several newer collections, although as to
ldentification, we know Swallow's species only by the grace of
Meek and Hayden, and even 80, only as a probability.

The Pectens, in the broad sense, seemn rather more varied in
the original collection, where they were represented by forms
identified as Camploncetes? papillatus Girty, Aviculopecten
deleirarensis Girty, Acanthopecten aff. A, carboniferus Stevens,
and Pernopect_em obliguus Girty. The more recent collections
contain Aviculopecien delawarensis Girty (which should prob-
ably be removed to Deltopecten), with two additional species,

D. vanvieeti Beede and D. coreyanus White, Camptonectes
papilietng Girty iz alzo present, and likewise a new species,
apparently of the same genus, as well ns Pernopecten? obliguus
Girty. In this connection, mention may be made of two unde-
termined species which apparently belong to Branson's genus
Cyrtorostra, although that name seems to cover about the same
sort of shells that European writers, includinz Waagen, refer to
Oxytoma. ‘Yhese forms were not found in the original collec-
tions, nor were any representatives of Psewdomonoctis, which
are present in the Iater ones. Two species can be distinguished :
one is related to P. hawni Meek and Hayden, but is probably
new; the other, also probably new, is distinguished by its very
large size, but is too poorly represented to be identified or
degcribed,

Astartclle nasuta Girty, which was deseribed from the Glass
Mouniains. is present in both the original collection and the later
ones.  Pleyrailorus was represented in the eariy collection by
P. delnwcarensis Girty, and by the possibly velated Cleidophorus
palltasi delwwarensis Givty, the type specilens of hoth species
having heen found at this horizon, Iloth speeles ocenr in the
collections of yecent date, besides several other species of
Pleuropliorus, one related to P. secidentalis Meel and Hayden,
the others new or undetermine:,

A geaphapod, identifizd as Plugioglypte canna White?, was
found in the first collection, and in the new ones as well.

The gastropod representation in the early collection was no
less varied than the peleeypod representation. It included eight
specles of Plewrotomaria, that term baing emploved in a brond
sense. These ave P. multilineata Givty, P. sp. d, P. cuglyphea
Girty, P. pscudostrigillate Girty? (the originals being from the
Bone Bpring limestone), P. arcnarea Girty, P.? plunulote Girty,
P.F delnwarensis Givty, and P.? carinifera Girty,

In the more recent collections also, the gagiropods are well
represented, but they are practically confined to one collection
(locality 7729). The eight species of Plewrotomaric all occur
in the later collections, besides one or two new ones. Detuils
here would have little point, ingsmuch as the new species can-
not be cited without further study.

Among the bellerophontids, the original list included ounly
Bucanopsizs sp. and Warthiz americane Givtr. The new col-
lections do but little better, They give us Wurthia americana,
two indeterminnble species of Buegnopsis, and an indetermina-
ble species of Euphenvites, resembling E. cerbonarius (Cox) on
a large senle,

The residue of the gastropods in the original list cohsisted
of Naticopsis sp., Pseudomelania sp. a, Bulimorpha chrysalis
delaicarensis Glrty, and Hacrocheiling? sp. 2. In the new col-
lections, we have Nuticopsis sp., Pseudomelaniq s5p. A, amd Buli-
merpho chrysalis delwwarensis Girty, but in addition are o

‘species of Troehus #, an indeterminable species of Omphalatro-

chus, and Tanthinepsis n. sp., which seems to be rather abundant,
The trilobite Anisopyge perennulufe (Shumard) oceurs in
the old colleetion and in the new ones, a survival from the Bone
Spring limestone, It continues, in fact, into the highest fos.
siliferous beds of the Guadaiupe gectlon—Girty manuseript.

GETAWAY LIMESTONE MEMEER

In the Getaway limestone member, which lies o short
distance above the beds containing the above described
fauna, fossils are still more abundant and have been
collected at numerous localities, of which 13 are herein
reported by Dr. Girty. All the collections came from
the western part of the Delaware Mountains in an area
extending some eight miles south of Pine Spring and El
Capitan, and include material from Getaway Gap
(7621), Guadalupe Summit radio station (7483, T474,
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7615), near Guadalupe Pass (7422, 7403, T475), and
the hills south of Pine Spring Camp (7406, 7470, T641)
(pl 2). The melnber was apparently not represented
by collections in the original work on the Guadalupian
fauna.

The Getaway member contains numerous fusulinids
pelonging to the genus Parafusuling. Of them, the fol-
Jowing species have been identified by Dunbar and Skin-
per:® P. omaleyi Dunbar and Skinner, P. maleyi
peferta Dunbar and Skinner, P. rothi Dunbar and
gkinper, and P. sellardsi Dunbar and Skinner?. Tt will
pe recalled that these same species oceur also in the un-
derlying Brushy Canyon formation. They have not
peen found above the Getaway member. In addition,
Needham* has identified £. dunbari Needham from
Deds 700 fect below the Capitan Ihmestone on the south
clope of E1 Capitan. This horizon is probably in the
Getaway member. Dunbar and Skinner ® consider his
gpecies a synonym of their P. rothi.

Among the cephalopods, the nautiloids are repre-
septed by varied material, although only 2 few speci-
mens are present in any one collection. In this group,
Afiller ® has recognized the following: “Orthoceras™
sp., Titonoceras sp.. Metacoceras shumardianum (Gir-
ty), Tainoceras sp., and Stenopoceras? sp. The ammo-
noids ave less well represented, only a few specimens
having been found and these belonging to genera that
are not of great value for zonation and correlation.
From the member Miller and Furnish * have identified
Pscudogastrioceras roadense (Bdse) ¥, Pseudogastrio-
ceras sp., Medlicottia burckhardte Bose, and Paracel-
#ites ornatus Miller and Furnish .

Regarding the remainder of the fauna, Dr. Girty
reports as follows:

The sponges, which are a really remarkable feature of the
Guadalupian fauna but heretofore have not figured to any extent,
now appear in some force. Htable generic identifications must
necessarily await more caveful study than it has Deen possible
to devore to this dificult group, but for present purposes record
may be made of two new species of Amblusiphonclla, a specimen
of Guadalupie zittcliena Cirty? (described from the Capitan
limestone), and Anihracusyeon ficuy Girty?. The latter species,
with apother unnamed species of the same genus, Was found
in one of the original collections from the Bone Spring lime-
stone, and these two are about the only representatives of this
group that bave been observed below the Getaway limestone
meniber.

Corals eontinue to be poor in numbers and variety. They are
exceptionaily so when one considers the abundance and diversity
of otlier forms in these collections. The eup corals appear in
only six collections, mostly a single specimen in each, As pro-

s punbar, C. 0. and Skinner, J. W., Permian Tusulinidae of Texas:
Texas Duiv. Bull. 3701, p, 588, 726-727, 729, 1937. Horizon cited as
“limestone in lower part of middle division.”

10 Needham, C. E., Some New Mexice Fusulinidae : New Mexico School
Mines Bull. 14, p, 13, 1937,

u ynbar, C, C., and Skinner, J- W., personal communieation, 1938,

= jfiller, A. K., memorandum, May 1939,

1 iller, A. K., and Furpisl, W. M., Permian ammonoids of the Guada-
lupe Mountain region and adjacent areas: Geol, So¢, America Special
Taper 26, pp. 11-12, 1940 ’
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visionally identified, they represent but a single species, and it
appears to be the same as that found in the preceding fauna,
whieh was cited as Lophophyllum? sp. Tlie columelia in these
corals is more complicated than it is in the more simple and
typical forms of Lophophyltum, and more complicated than it is
in some of the formg that pass as L. proliferum in the Carbon-
iferous faunas of the Mid-continent area. Here for alwost the
first time appears the delicate compound coral Cladopore spinu-
late Girty, which was first described from the “upper dark lime-
stone” (Pinery member of Bell Canyon formation).

Many bryozoans cian be identified, even ezenerically, only by
means of thin-sectioms, so ne more than a tentative outline
can he given of those in the Getaway limestone. " Pistulipora,
represented by P. grendis guadalupensis Girty, and possibly &
new species, is rather abundant, and also Acanthocladia guada-
lypensis Girty. Aside from these, however, the bryozoans, al-
though varied, have a gmall and scattered repregeutation. The
following forms, many subject to reidentification, have been
encountered: Asnisofrypa? sn, Leioclema? sp., Butestomellaf
gp., Fencstella sev. 8D, Rhombopore sn., Coclocontd? sp., Riul-
domeson? sp., Cystedictya sp., and Domopora terminalis Girty.
Jhe series of forms tenfatively referred to as Domopore are
much more abundant at higher horizens, and notably in the
Pinery member,

The brachiopod genus Enicletes, which is so abundant in some
of the older faunas, is absent from the Getaway limestone, as
are the related genera Rhipidomella and Schizophoria, which
accur here and there in lower horizons.

Of the Orthotetinae, Aleekefle continues to be by far (e
dominating type. AL attennatg Girty or M. multilirate Girty,
or sometimes both, occur in most of the collections. We also
have Derbya n. sp., @ large and remarkable form, which was
noted in the underlying fauna, hut not idengified becanse of
the absence of the venfral valve, There are a few other rarer’
forms that do not belong te any of the three species mentioned,
but whose generic status cannot be determined, ag they are
represented meostly by dorsal valves One of these may be
Streptorhyichus pyremidale King.

Chonetes occurs in almost every collection, and is generally
abundant, We seem to have here both €. subliratus Girty,
which was described from the Pinery limestone, and €. hill-
anus Girty, which was described from the Capitan limestone.
Apparently the latter iz more common, bui the {wo species are
difficult to distinguish.

The productids are exceedingly numercus and varied, almost
thirty different forms having been discriminated, inciuding
q number of varieties and several new species, The follow-
ing are the most noteworthy : Productus popei Shumard (in
the sense of King, rather than Girty), P. popei minor King,
P. puadalupensis Girty, P. walcottionus Girty, P. walcottionus
costatus (Kiug), Productus aff. P. lowgus Meek, P. off. I.
geniculutus Girty P. oceidentalis Newberry, P. tcranus Girty,
P, eapitancusis Girty, P. (Pustule) subhorridus Girty and one
or two varieties, I (Pustula?) pileolus Shumard, P. (Wangen-
oconcha) montpelierensis Girty, P. (Cancrinclla) gignatus
Girty, and a number of varieties, P. (Canerincllaf} phosphoti-
cus Girty, P. (Marginiferal) wordensis (Kingd, P. (Margini-
fera?) sublevis King, and P. (Avcwia) n. Sp.

Some of these species, for instance P. capitancnsis Girty and
P. (Pustula?) pilcolus Shumard, which were described from
the Capitan limestone, have not been found in beds below the
Getaway, and some of the species found in the underlying
heds, for instance P. comancheanus Qirty, P. aff. P mulligtriatus
aeek and others, have not been found in the Getaway lime-
stone. There is, however, sueh a general homogeneity in the
productid representation that it is doubtful whetber these
items of disagreement liave much importance,
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A rather noteworthy change comes in at this horizon in the
genus Aulvsteges. In the black limestone beds of the Bone
Spring 4. magnicostatus Girty is abundant and also a gpecies
identified as 4. subcostatus King, The genus was not present
in the Victorio Peak sray member, but it reappears in the Cat-
off shaly member, which contains the first-named species and
also A. hispidus Branson and 4. guadalupensis Girty?. 1In the
Brushy Canyon formation I found a single specimen of doubtfyl
aftinities which was not mentioned in the summary of that
fauna. In the Getaway, the genus occurs in nearly every col-
lection and in abundance. Tha prevailing species resembles 4,
yradalupensis Shumard, hat is varietally, if not specifically dis-
tinet, and is also distinct from species of the genus in uader-
Iying faunas. With it occurs a different and much rarer Species,
possibly related to A. wolfvampensis King, represented by only
three specimens.

Provichthofenie occurs in every collection save one, and is
abundant in most, The species seems to be that of the preced-
Ing faunas, P. permiana (Shumard). Leptodus is fairly persis-
tent in the collections, but is abundant in only one of them. In
others, it is represented only by a specimen or two. Most ov all
of the specimens belong to L. americanus Girty,

Camerophoria continues to be represetited by €. veniste Girty,
but it is accompanied by a smaller species provisionally re-
ferred to . deloi King, and a third form which may be only a
varviety of . venusie.

The rhynchonellids are abundant and highly diversified.
AMany changes are noted from the rhynchonellig representation
of the Leds below, In seneral, these shells show a closer agree-
ment with the rhynchonellid faunas hisher in the gection, A
noteworthy feature of this element in the Getaway fauna iz the
introduction for the first tlme, and also at some localities in
abundanee, of the large shells cited under the genns Liorhynchus.
- More specifically, I recognize Wellerella? swallowciana {Shum-
mard), W.? swwallowiana var, W.7 pinguis (Girty) , Wellerella aff,
W.? indentate {Shumard), Camarotochea? longaeve (Girty), C.
n. sp., Rhynchopore feylori Girty, R, illincisensis (Worthen),
Leiorfvynchus  weeksi nobitis  {(Girty), and L. hisuleatum
(Shumard), :

The terebratuloids are rather namerous and varied, I ree-
ognize Diclasmea spatulatiom Girty, D. prolongatum Girvty, Diel-
asmine? n, sp., Heterelasma? n, 8p., and Cryplocanthia n, sp.

Spirifer i3 represented by two species, a large form which is
conunon, and which is provisionally referred to &. latus King
(hig Spirifer (Neospirifer) snericanus latus}, and a much
rarer form which may be 8. suteifer Shumard, if one may as-
sume that Shumard’s figure is poor {which is probable). Spiri-
ferina is present in most collections, but-the specimens are so
few and so poor that tost of chem cannot safely be identified.
Some, however, appear to belong to 8. hilli polypleurus Girty,
some to 8. leze Girty, and some to g species related to 8. welleri
Girty, but probally new. Ambocoelia is present in a number
ol collections and is abundant in sone of them. It is a re-
markably large species angd the ventral valve looks like n
rather small, gibbous Squwmnularie. The species is new.

Composite, as would be expected, is present in most of the
eollections, sometimes in abuendance. There are at least two
distingnishable species, One, which is exceptionally large, may
be cited as C. emarginata affinis Girty. The other is a rather
small forw, but apparently mature, it one may judge by its
strong convexity and well-developed fald and sinus, It closely
resembles €. mexicang (Hall),

Hustedia also is represented in almost every collection, and
io some abandantly, Most of the specitmens are here identified
a3 H. meekans (Shumard), although . bipartite Glrey and o
variety of it are also present, The specimens of H. nmeekana,
some of which are exceptionaily large, show considerable

variety, and under careful study may be susceptible of minor
subdivision,

In general, the pelecyped fauna of the Getaway limestone,
while showing some departures from that of the sub-Getaway
zone, dees not show as many as might be expected, in view of
the fact that pelecypods are abundant at only two localities in
the sub-Getavway.

Solenemyaq is represented by two more or less doubtful species,
one of which appears to be-related to 8. radiate Meek and
Worthen.

Edmondio is vepresented by several species, but most of the
specimens are so poor that the generic identifications are hypo-
thetical, Of the uncertain forms, one is a Iarge subeircular
species related to E. cireuleris Walcott, anid not improbably the
same species thaf was mentioned in the sub-Getaway fauna.
The other is a much smaller form related to E. gibhosa Swaliow,
However, Edmondie and Astartells have a close superficial re-
semblance and are diffienlt to distinguish in poorly preserved
material; the specimen may therefore be n very robust species
of the latter.

Nucule and Ledq, as in the preceding fauna, are almost un-
represented. The collection contains a singie unidentifiable
spevimen of the one, and a single speeimen of the other, related
to the common ¥, bellistriate {Stevens).

Paralielodon has much the same representation as in the pre-
ceding fauna, although the preservation of the material leaves
much to be desired. It comprises a large and very coarsely
costate species which I3 undeseribed, and another species with-
out costae, which may be identical with P, politus Girty, and a
third species whick may be identified with P. wmultistriatus
QGirty.

Pleria (besides several doubtful speciez) 15 represented by
a remarkable form resembling P, lonpe ( Geinitz), but very much
larger, nearly 80 millimeters long obliquely. This is probably
the species figured in Professional Paper 38 as Pleria s

Myalking is moderately abundant in one collection but is rep-
resented by a single species in the others. 3ost of the speci-
mens are in a poor state of preservation, and all may be referred
to provisionally as M. permiianc Swallow?, which was also
identified in the sub-Getaway fauna.

Sehizodus, which was seanty in the szub-Getaway fauna,
and’ represented by small species related to §. rossicus de
Verneudl, is liere fairly abundant and represented by a large
species. The specimens vary mote or less in shupe, some
being similar to the Pennsylvanian species S. agfinis Herrick,
others to such species as 8. hored Miller, and 8. wlriehi Worthen,
The possibility connot be dismissed that this is & phosphori-
anus Branson, for his type specimens appear to be fragment-
ary and preserved in a different manner from mine, whirh -
have been macerated.

The Pectenidae are numerous and diversified. Some of the
Species are uneommonly large. Many of the geueric relerences

are provisional, as are some of the specific identifications,

Many of the speciinens are not of the best. and obviously fail
to show characters of importance. Besides 1 number of io-
determinate forms, I recognize Acanthopecien n. Sp., 4. colorad-
ensis (Newberry), Girtypecten sublagqueatus - Girty, Delto-
pecten aff. D. providencensis (Cox), D. delawarcnsis (Girty),
D, guadalupensis (Girty), D. vanviceti Beede, and D. coreyanus
White. The two species last mentioned are interpreted in
the same manner as in my report on the fauna of the Man-
zano group. FPernopecten? obliquus Girty, swhich is rather rare,
and Caempioncctes n. sp. also belong here. The latter occurs
sparingly in many collections, but is extremely abundant at
station 7424, On the whole, this type of shell is more abundant
and diversified than it was in the lower horizons. On the
ather hand, the interesting forms belonging to Cyrtorostra or
Ozytoma have not been found. There is, however, an un-
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certain specimen that looks much like Cyrtorostra serradicle
Branson, if, indeed, his species is congeneric with the others.

Of Lima 1 have only one specimen, a large, finely striated
form, which prabably represents a new species, although the
gpecimen iz hardly suitable for use as d type.

The pleurophorids, although nDuUmMErous and varied in the
Getaway member, are difficult to identify generically or spe-
cifically. Some are broken, others have indefinite outlines.
Some are internal molds or show no surface characters, and some
may be compressed and have a different aspect from better
'preserved specilens that are probably of the same species.
Because of their defects, many specimens cannot be distributed
gatigfactorily petween the genera 37 yoconcha, Plewrophorus, and
Cleidophorus. They suggest gradation petween the genera,
and becloud jdentification of species.

As in the preceding sub-Getaway fauna, the Getaway con-
tains good representations of Myoconcha costaldta delaacarensis
Girty, Plenrophorus delaiarensis Girty, and Cleidophoris pol-
lasi delawarensis Girty. The second species is represented by
g few specimens of normal size and possibly by an extremely
large internal mold of similar shape but nearly three times
the size of tlte holotrpe. 1 have no misconception regarding
the form called Cleidophorus pellasi delawarensis. 1t prob-
ably does not pelong to the genus Cleidophorys, and may be
a Plewrophorus. The formula adepted was for the purpose of
noting a resemblance to the European gpecies which has passed
as Cleidophorus pallasi de Verneuil. The internal ridge or
plate which has passed as characteristic of this genus, and a
gemblance of which has been found in my specimen also, is
yeally the boundary of the anterlor muscle secar.

In addition to fhese, the Getaway contains a shell that re-
semlles Myoconeha costulefe delawarensis in a general way.
It is much larger than the holotrpe, and one of the specimens
shows that the surface is marked by very fine radial striae,
whereag the holotype is supposed to be without scnlpture. . There
is also a very large fragmentary gpecimen which probably rep-
resents a new species of Myoconcha, but it conld not be made
the basizs of o description,

Apother smaller and sti)l more refractory group of specimens
are more the type of Pleyrophorus as it is generally identified.
It iz doubtful whether the most careful work would resolve these
shells satisfactorily into genera and species. Bpecimens of
Parallelodon may be among them, especially representing such
forms as are without radial striae or have only very fine ones.
There may be also specimens of Ailorisma—not Allorisma of
the tvpe A, ferminale Hall, but of other t¥pes that have been
referred to that genus. The absence of {rpical species of this

.genus (such as 4. terminale Hall and A. capa Newherry) s a
noteworthy feature of the fauna.

The gastropods of the Getaway limestone are fairly numerous
and varied, and add copsiderably to the Guadalupian fauna.
The information which they afford, however, is in many cases
rendered indefinite becaunse specimens have lost the surfacs
characters, so that identification is vendered hazardous or im-
possible. This loss ig even more deirimental in the case of the
gastropods than it iz with the pelecypods.

The bellerophontids are mainly in the form of molds and such
specimens are beyond the pale of scientific classification. All
belong to small species. Among those that are susceptible to
some sort of classification there is oné specimen that appears to
be specifieally sdentieal with the form from the southern Dela-
ware Mountains that T figured as Bellerophon crassus Meek and
Worthen, an identificafion which I now propose f0 abandon.
There are also two indeterminable species of Bucanopsis, rep-
resented by fragments, and a species of Euphemites which
might be described as a large, slender form of E. carbongrius
(Cox).

45

The pleurotomareids, like the bellerophontids, ave mostly in-
determinable by reason of exfoliation, which has deprived them
of their sculpture, upon which the specific and even the generic
classification depends. There iz a rather diversified pleuro-
tomaroid fauna in the bed below the Getaway and some of the
species will pndoubtedly appear among the identifiable speci-
mens from the Getaway itself. At present, 1 am prepared to
identify Pleurctomaeria cuglyphea Girty, and P. n. sD.

Several poorly preserved specimens apparently helong to
Straparotivs sulcifer (Girty), Jescribed from the “upper dark.
limestone” {Pinery member), and the related genus Omphalo-
trochus is represented Dy a new species.

Naticopsis is represented by geveral species, although their
relations to one another and to gpecies in the literature are not
readily determinable because of their eondition. OnDe species
{it is an internal mold or partly macerated) which appears to
belong to this genus {s remartkable for its large gize, Olhers, on
the contrary, are very small. An undetermined species of Naili-
copsis was found in oue of the original collections from the sub-

‘Getaway zone, and it is quite likely that the same gpecies ceeurs

in the Getaway fauna. The peculiar shell that for the time
being can be designated as Ianthinopsis n. Sp. oCCUTE in several
collections, It has already been noted in the fauna preceding
this one.

The characters on which rest the distinction between Buli-
morpha, Meekospira, and Sirobeus are rarely observed. With
this qualification as to generie jdentification, the fauna of the
Getaway limestone contains two species of Bulimarpha, one of
them uncommeonly large and both new. It is possible, however,
that B. chrysalis delawcarensis Girty, which was deseribed from
the sub-Getaway 2one, Was based on an immatuore specimen of
one of them, There is also a small, globose species of Strobous
very similar to 8. tittonanus (Hall) of the Spergen limestone,
which is also new. I might remark that the searcity of shells of
this genus in the Guadalupian fauna, as compared with a num-
bet 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 Getaway fauna. With full recognition that not only
specifie but generic distinetions in these shells are in dispute, it
would appear that the three specimens in thege collections
probably represent two new species, one of Platyccras, and the
other of Orthonychia.

Lastly, among the gastropods, we have two pool specimens
which belong to a species thal was priefly gescribed in Profes-
gional Paper 58 a8 Psendomelania sp. a. 1L pot the same species,
this is a closely related one, and it is remarkable for its numerous
flat-gided whorls that make up the spire which appears to be
more crlindrical than conical in shape. 'Unfor_tunately, the
specimens are decorticated and no better generic reference than
the one originally made can be suggested, '

Of the crustaceans, the representation is ali but restricted to
the trilobite Anisopyge perannulaia {Bhumard), which is present
sn most of the collections. Ostracodes are a rare feature of the
Guadalupian faunas, and they have not been mentioned in
descriptions of the underlying faunas. In the Getaway lime-
stane, they are also absent from all collections put one. In thig
one there is a small slab that is fairly packed with them.—
Girty manuscript.

S0UTH WELLS LIMESTONE MEMBER

The South Wells limestone member is represented
by collections from only the southeastern part of the
area studied as: near Long FPoint (No. 7641), 2 miles
southeast of the D Ranch South Wells (No. 7649), and
in the Pinyon Hills (Nos. 7658, 7664, and 7665) (pl- 2).
Most of the fauna was unknown pefore the time of
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the present mvestigation, although ammonoids were
collected from it near the South Wells in the early
1920°'s by J. W, Beede, and were afterwards described
by Plummer and- Scott. The sandy and dolomitic
limestones of the member northwest of the localities
mentioned, as in the foothills of the Guadalupe Moun-
tains, contain Poorly preserved fossils, but none has
been collected and thejr character is unknown,

The fossil-bearing beds in tha 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: One is gray, granular Hmestone which con-
tains fusulinids, productid and spirviferoid brachio-

pods, bryozoans, 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 Wells, 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 Guadilupe 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
Leélla fragilis Dunbar gnd Skinner, and Parofusulinag
M. sp. This is the highest zone in the area at which
the latter genus has heen certainly identified. The
hext zone above from which fusulinids were collected
during the present investigation is several hundred
feet higher in the Hegler limestone member, Here the
dominant genus is not Parafusuling but the related
and younger genus Polydiezodina. Tn the sonthern
Delaware Mountains, Skinner 1 reports that he has
collected Parafusuling and Polydiexodinag 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 colleetions made near Long Point and
South Wells, have heen described by Plummer and
Scott on the basis of Beede’s collections, and by Miller
and Furnish ¥ on the basis of collections made during
the present study. From this area, the latter have

¥ Pluntmer, . B. and Seofy, Garle, Upper Paleozeic ammonites in
Texas: Texas Univ. Bull. 3701, p. 27,1037,

¥ Dunbar, C. 0., ang Skinner, 3. W., Perminn Fusullnidae of Texas:
Texas Univ. Bull, 370%, pp. 593 ana TET, 18937, Horlzon referred to as
“limestone in middle of middle division,"

* 8kinner, J. W, personal communication, August 1938,

T Miller, A, K., and Furnish, W, M., Permizn ammoncids of the
Guadalupe Mountain region and adjacent areas: Geol. Soe. Ameriea
Special Paper 26, pp. 10-11, 1940, .

m,_\.w.

identified Medlicottia burchhardsi Bise, Paraceltites
ornatus Miller and Furnish, P, sellardsi Miller and
Furnish, Pseudogastrioceras beedei (Plummer and
Scott), P. roadense (Bbse), Waagenoceras guadalup-
ense (yirty, and W. dieneri richardsoni Plummer and
Scott. A few similar forms have been obtained also in
the Pinyon Hills. With the ammonoids ave 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¥pes are poorly represented. Fusn-
linids are present, hut not abufidant, 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 reviewed as Lophophytlum
sp.

The ‘bryozoans are poorly represented. Fistulipora (P,
grandis guadalupensis Girty? ) continues to be the most abun-
dant type. There are probably two species of Tadulipore.
Domopora, which is so characteristic of the Pinery fauna, is
represented by D. ocelluta Girty. The absence of Fenestella,
Polypora, Aeanthociadia and other genera iz more or less note-
worthy.

Turning to the brachiopods: Eutelefes and related genera
are ahsent entirely. Meekella ig present, but is represented by
a few poor specimens, provisionally identified ag . attenuata
Girty,  Chonetes is present at one locality. It is difficult to
tell whether the specimens belong to €. subliratus Girty or 0.
hillanus Girty, or both.

Produetids are reduced in numbers and variety, as eompared
with those of the Getaway limestone, Many of the species are
the same, but the spedimens are fewer and poorer. The fol-
lowing provisional identifications have been made: Productus
popei Shumard (as interpreted by King), P. (Marginifera?)
wordensis (King), Prodnctus §p. {possibly Avosnia sighate ns
interpreted by King, P. (Waagenoconche) monipelierensis
Girty, P (Cancrinella) signatus Girty with o variety or two,
P (Cancrinelln?) pliosphaticys Girty, and P (Marginifera®)
n. sp,

Anlosteges i5 present at one loeality. The species seems to
be the same as that whieh occurs in the Getaway limestofe,
where it was rited as A, guadalupensis Shumard var. Prorichi-
hofenia perminng (Shumard} persists, and af one locality is
relatively abundant. Camerophoria is represented by only a
fragmentary specimen, probably . venusta Girty.

The South Wells fauna is remarkable for the abundance and.
diversity of its rhivuchonellid shells, and this fact is especially
noteworthy in view of its paucity of other t¥pes. Bome of the
species are of large size, angd they are especially abundant.
Bome of them resembie the species that were deseribed by wme
as Pugnax bisuleatn (8humard), P. weeksi Girty and P. weeksi
nobilis Glrty, They appear to ba the same specieg, wholly or
in part, that King figures as Leiorhynclues bisuloatum (Shm-
ard) and L. weeksi nobilis (Glrty), but I am satisfied that my
héw specimens eannot be identified with the originals of the
species just named in spite of g general resemblance to them,
The shells of the present collection differ from the species named
in size, and in number, strength, and distribution of the pli-
cations, so that if one wished, fen or a dozen species or varieties
could be Qistingnished, all of them new. The best way to
classify these protean shells must await mere careful consid-
eration than has yet been possible to give. The preceding Get-
iway fauna also was notable for the abundance and variety of
its rhynchoneliid shells, but in the South Wells fauna we seem
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to have a new dispensation. Many of the forms ihat accur in
the South Wells faung seem not to occur in the Getaway, and
yiee vCTSL Thoze forms that are similar or possibly the same
are represeited by few specimens.  Among these forms men-
tion May e made of Wellerella bidentata {Girty), Welleircling
inguis (Girty V4 and Wellerelln aff. W.2 indentata {Shumard),
ail of which are scarce.

The terebuntuloids are represented by Diclesma cordatum
Girty, Diclosniing guadalupensis Girty, and probably by {wo spe-
cies of ruptocantiia (this generie reference subject to revi-
gign), one of them being a survival from ihe Getaway limestone,
rhese shells are rather abundant and ferm a notewnrthy feature
of the fauna, Their large size ig in striking contrast lo the
Pemmsylvanian species of the genus and, as rhey have a septum
in the dorsal valve, it is likely that they will prove to be genct-
ically new.

Gpirifer is represented by cne specimen which appears to be
. suleifer Shumard ag interpreted heretofore, and by fragments
of what appear to be several other species, one of them ralated
to &, triplicatis Hall, Spirijrring is in like manner represented
by a few fragmeniary specilnens, Two species cam he distin-
guished, oune of which ean provisionally be identified ng & luze
Girty. Squenaderie is donbifilly represented by a zinole speci-
en. :

Composita is represented by nmmerons specinieng, and can
Le divided into two more or less jnterlocking species, One is
. emarginata ofinis Giriy; the ather is very close to €. sub-
pitita (Hall). Hustedio continues to b2 present 08 H. mechand

(Shumard).

In consonatce with rhe restricted reprezentation of other
grovps, the pelecypods of the South Wells fauna are eonfined
ty the genus Pairgliciodon, to the Pectenidae, and to ihe genns
AUpelina,  They are so poorly vepresented that they could hardly
demonstrate any ¢loge affinity, or lack of it, with the pelecypod
famma of the Getaway lhimestone,

Parallelodon is represented by a small, fragmentary, and
doubtfully identifiable specimen. It certainly does not belong
to P. politus Girty, but might possibly be an immature speci-
men of P. multistriafus Girty. Myeline iz doubtfully rvepre-
gented by a fragmentary specimen,

Among the Pectenidae, 2 fraguentary specimen of Delto-
pecten appears to he related to D. gredalupensis (Giriy). - A
poor specimen of Pernopectin probably belongs to P.? obliquus
(Girty). Finally, there iz a peculiar form which suggests the
species described ag dviculopecten m onipelierensis Girvty, a type
of shell which has sometimes been referred to the genus
Streblopterie.  The Guadalupian form may not be congeneric
with 4. monfpelierensis, and its generic reiafions are uncertain
from the material at hand, :

The gastropods are still less distinetive in thelr relationships
than the pelecypods. They inelude a probable new species of
Captlus, 2 doubtfn species of Plewrofomeria, an imperfect

specimen that probably beloungs to Bulimerpha, an indetermi-

nate species of Ewomphalusg, and an jmperfect specimen that
probably represents a new species of Omphalotrochus,

Anisopyge pergnnulate {Shumard), which has oceurred in
all the underlying faunas, and is encountered in those above,
does not appear in the collections from the South Wells mem-
ber.—Girty manuscript.

MANZANITA LIMESTONE MEMBER

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,
erinoid stems, fusulinids, and other fossils, but were
mmable to collect identifiable material. Since then,
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Clifton ** has collecled and identified fossils from the
member at Long Point, apparently from the lumpy,
slabby facies of the member. According to Clifton,
the member here contains the following ammeonolds:
Medlicottia sp., Poraceltitos ornatus Miller and TFur-
nigh, Cidolites uddeni Plummer and Scott, Pseudogas-
triveeras altudense (Bose), P. roadense {Bose}, P. bee-
dei (Plummer and Scott), P. cf. P, tewanum Clifton,
Agathiceras girtyi Bose, Waagenoceras guadalupense
Girty, W. dieneri Bise, W. richardsoni Plummer and
Scott, and Timorites? sp. Associated with the ammo-
noids are brachiopods, pelecypods, sponges, a rastro-
pod, a crinoid, and an echinoid. Clifton also notes
that he and his assaciates have collected fusulinids
from the member on Nipple Hill, but the identity of
the species is not stated.

SANDSTONE TONGUE OF CHERRY CANYON FORMATION

The four preceding faunas {sub-Getaway, Getaway.
South Wells, and Manzanita) all occur in the Cherry
Canyon formation in the southeast part of the avea,
and lie one above the other in normal stratigraphic
order. The nest two faunas (sandstone tongue of
Cherry Canyon and Goat Seep) lie in the northwest
part of the area. in beds of approximately 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
two areas. The two faunas to the northwest resemble
cach other more than they do any of the four faunas 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, pl. 2) were in the outerops between Goat Seep
and Cutoff Mountain, and one (No. 7647) was north-
west of Cutoff Mountain and about 8 miles north of
the New Mexico line.

The last named collection contains large fusulinids,
superficially similar to the species of Parafusuling in
the Brushy Canyon and Getaway faunas to the south-
east. The specimens ave so completely silicified, how-
ever, that their internal structure is destroyed, and
they are apparently not even generically identifiable.
No ammonoids have been found in the sandstome
tongue.

The greater part of the fauna consists of brachio-
pods, but a few bryozoans, pelecypods, and gastropoeds
have been collected. Regarding these groups, Dr.
Girty reports as follows:

8 Clifton, R. L., Ammonelds from upper Cherry Canyon formation
of Delaware Mountain group in Texas: Am, Assoc. Petroleum Geologists
Bull, vol. 28, pp. 1644-1656, 1944,
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Bryozoans are L-epi'eserlted by a single specimen, proﬁably
belonging to the genus Seplopora.

Enteleles is apparenfly represented by four species whieh -

may provisionally be identified as E. lumbonus King, E. angu-
latus Girty, a third uneommonly large form which may prove to
be new, and a fourth distinguished by being marked with
numercus -fine plications. The specimens are, however, few
and poorly preserved, adding difficulty te the diserimination
of sgpecies in a genus in which discriminntions are always
difficult. The preservation of these specimens iz poor but one
or two may belong to the genuns 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, skenoides Girty), but the
specimens seem to have a well-marked cardinal area and a
cardinal process like that of Enfeletes,

Chonetes is represented by an indeterminable speclmen in the
form of an internal meld. .

Productids are fairly abundant and varied, relative to the
other forms, but they almost defy classifiention. Most of the
specimens are in the form of molds, so the identifieations adopted
indicate what the specimens might be if they were well pre-
gerved, rather than the presence of distinective characters that
can be definitely recognized. Besides several forms that are
wholly unidentifiable, the following species may be cited as
present: Productus guadalupensis Girty, P. teranus Girty, Pro-
ductus sp. a (of Professional Paper 38}, P. ( Cancrinelle} aff. P,
meekanus Girty, and P. (Marginifera?) weagenionus Girty,

The rhynchenellids are represented by a siegle specimen
which is very similar to Wellerella? swallowiene {Shumard).
The terebratuloids are apparently absent. Poorly preserved
speclmens of Lepfodus are present. apparently belongmg to Lep-
todus americanus Girty.

Spiriferoids ave fairly abundant. Three species of Spirifer
can be distinguished, bat they are more easily differentiated than
identified. One which has fine fasciculate costae may be 8.
costellz King., A second species which has coarse costae strongly
grouped in bundles of three may be the species identified by King
ad 8. pseudocamerains Girty, while a third form (a single poorly
preserved specimen) may be the species he identified as Spirifer
suleifer Shumard.

To Spirifering are attributed two specimens, although neither
of them can be certainly distinguished from Spirifer. One may
be cited tentatively as a large variety of Spiriferina nilli Girty.
The other is more likely 8. hilli polyplewrus Girty. Squa-
mularig is abundant in one collection. The specimens probably
represent a new species related to 8. guadalupensis {Shumard),
but with a high carduml area and fairly strong sinug in the
ventral valve,

Of Composite there may be two species, One is very similar

to ¢. subtilite (Hall), although reaching a rather large size in -

specimens. The other species is small, and is more compar-
able to . mericane (Hall). Hustedis persists in the common
species H, meekanae (Shumard).

The mollusks are all but missing. One peleeypod probably
. belongs to Parallelodon multistriatus Girty; another is an in-
determinable species of deviculopecien; and a third is a some-
what doubtful specimen of Astartelle {apparently not A. nasuta
Girty). A gastropod, apparently a species of Strodeus, com-
pletes the tale of the mollusks, and indeed of the entire fauna
of this zone—Girty manusecript.

From field relations, the sandstone tongue of the
Cherry Canyon formation appears to be equivalent to
beds between the base of the Cherry Canyon formation
and the base of the Getaway limestone member toward
the southeast. Xts fauna should, therefore, be of about

' 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 tongune, many genera and groups of
brachiopods are absent or poorly represented, although
they are well represented in the two faunas to the
southeast. These faunas include the rhynchonellids
and terebratuloids, and the genera Meekella, Chonetes,
and A mbocoelia. Pelecypods and gastropods are like-
wise absent or poorly represented in the sandstone
tongue, and arve abundant to the southeast. Only one
group of brachiopods—the orthoids—show any compen-
sating increase in numbers; the genus Enfeletes s com-
mon here, but is entirely missing to the southeast. Dif-
ferences are not as striking among the productids and
spiriferoids, so far as can be judged from the material
collected ; those of the sandstone tongue are found also
to the southeast. The genus Zeptodus also occurs in the
same form in both areas.

GOAT SEEF LIMESTONE

Up to the time of the present investigation, no fos-
sils had been deseribed from the Goat Seep limestone
of the southern Guadalupe Mountains. Some collec-
tions made by Darton and 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

on account of the prevailing dolomitization of the

rock. Collections that have been made to date are
therefore so few and widely scattered that they may
not be representative of the fanna as a whole. The
following report is based on six collections. Three
are from the upper part, in the massive limestone
facies, and were made on the summit of the range near

Bartlett Peak (No. 7404) and in the northern Patter- -

son Hills (Nos. 7482 and 7627) (pl. 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. T603).

Nearly everywhere 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

¥ Darten, N. H., and Reeside, J. B., Jr., Guadalupe group: Geol. Soc.
America Bull, vol. 37, p. 428, 1925. "Fosslis from above the uncon-
formity.”
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are preserved only as molds and
postic characters, such as internal structure, that they
cannot be identified. Im the Last Chance Canyon area
of the northern Guadalupe Mountains, from beds prob-
ably of the same age and facies, Skinner * has iden-
tified Parajusuling rothi Dunbar and Skinner and re-
Jated species which oceur also in the lower part of the
equivalent Cherry Canyon formation in the southeast
part of the area. From the Last Chance Canyon area
Needham ™ bas identified Parafusuling dunbari Need-
ham, which Dunbar and Skinner consider to be a
synonym of their £, rothi (see . 13).

Ko 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 fauma
is given below. This report gives no information en
ihe occurrence of the forms cited at the individual
localities, which is regrettable in view of the possible
heterogeneity of the collections.

show =o few diag-

The collections include two sponges, one probably Guadalupic
sitteliana Girty, the other of doubtful affinifies, possibly a
gpecies of Ambdlysiphonelia. Of corals, there arve none, and
of brrozoans, n doubtful species of Pistulipora.

Enteletes is present in one collection, and is not exactly
rare. It probably belongs to E. Lumbonus King. Some of the
smalier bui appavently mafure specirnens may be varjetally
distinet.

The Ovthotetinae are fairly abundant and diversified, al-
though the specimens ihemselves leave much to be Jesirved.
One species apparently belongs to Orthstetes distorfus Girty.
At ope lecality an uncommmonly robust species of Meckella
is abundantly represented by incomplete dorsal valves. It is
identified as M, globosa King. A smaller form is identified as
M. skemoides Girty, aud a single specimen which apparently
belongs to this genus muel resembles some of King's figures of
M, irregularis terane King,

Chonetes is rvepresented only by mwolds, which are so poor
that they cannot be identified specifically.

Productids are fairly puwmerous, bui are not varied, They
oconr mostly asz molds or impressions, few of which are good,
g0 the group is possibly more differentiated than it appears to
e, With some reservations, I will cite: Producius gradulu-
pensis Girty, . (Canerinella) n, sp. (apparently Avonia gignaefa
(Girty) as identified by King}, a finely marked variety or
possibly a distinet species related to the same, . walcoftiants
Girty, P. popei Shumard% and P. (Waeagenoconchy) mont-
pelicrongis Girty.

A species of Awlosteges is nbundant in one collection, and is
the same as that which has already been cited several times as
4. guedalupensis Shumard var. Prorichthofenia permiaie
{8bumard) is represented by a single specimen in oune collec-
tion, and Tegulifering? sp. (which is possibly an immafure
Prorvichthofeniay in another.

Ruynchenellids are scarce, and only two species have lheen
recogrized. One is Rhyuchopore taplori Girty, of which there
is a single specimen. The other is g species that may be cited
as Trellerclla? swallowigna (Shumard)? and is rather abun-
dant at one locality. Of the terebratuloids, I have a single un-

20 Skinner, J. W., letter, 1930,

2t Needham, C. ., Some New Mexico Fusulinidae : New Mexico School
Mines Bull. 14, p. 13, 1937.
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jdentifinble specimen of Diclasme, and the generic position of
that is open to quéstion,

Spirifer occurs in but two collections, a large form with strong
plications conspicuously grouped in foscicles of three, which
may well be the species that King refers to as Spirifer pseudo-
comeraius Girty. A singie specimen of Spiri}‘crina seems to be
identical with 8. bitlingsi Shumard.

Composite can be classed in two gpecies, one C. emarginate
affinis Girty, the other C. subtilita (Hall), or if not that species,
at least one very close to it. A fragmentary specimen probably
belongs Lo Hustedia, and if so to H, meckana (Shumard).

Pelecypods are few, and for the most part poorly preserved.
A large, subcircnlar Edmondic resembles . circularis Walcott,
and is probably the same species as ong that is mentioned in the
sub-Getaway fauna. Nucele is. represented by a gmall, in-
determinable specimen, A coarsely costate Parallelodon may
be an imperfect and immature specimen of the new species men-
tioned several timeg in preceding faunas.

Pectenidae nre beiter represented in numbers and variety
than any other group of pelecypads, but most of the specimens
are indeterminate or belong fo undeseribed species. One large
and fuirly well-preserved specimen appears to be a left valve of
the species that was referred o Deltapecten vanrlecti Beede in
the fauna of the Manzano group. Another left valve appears
to be a species of dcanthepecten, possibly new, A small right
valve may belong with one of.the Guadalupian species of Camp-
foneceics, Besides these specimens of more distinguishable
species there are several too imperfect to be worth citing. An
imperfect specimen of Ifpatine may well be M, permigne Swal-
low.

Of thie seaphopods, a single specimen probably belongs to the
species that I bave been accustomed to identify as Plagioglyple
canne White.

The gastropods can barely be identified generically, for the
most part. The bellerophontids arve represented by a few small
specimens, but as they are internal molds it is impossible to tell
the genus to which ther lLelong. Thie pleurcotomaroids are not
represented at ail

A fragmentary internal mold probably represents a medinm
sized species of Naticopsis. Another specimen in a similar con-
dition evidently belonzs to a mapy-whorled, nigh-gpired shell,
possibiy a species of Orthenenma. Btill another specimen must
originally bave had & spreading conical shape like Omphaloiro-
chus or BEuconospird.

The trilobites are represented by the persistent Anisopype
pergnpulefe (Shumard) —Girty manmascript.

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 fauna resembles that of the underlying
sandstone tongue more than it does the Cherry Canyon
faunas to the southeast. _

Like the fauna in the sandstone tongue, this one con-
tains few or no brachiopods of the genera Chonetes and
Ambococlia, or of the groups of terebratuloids and
rhynchonelloids. All these brachiopods are present in
the faunas to the southeast, and in some they are abun-
dant. The last named group is common in the Getaway
fauna, and is markedly developed in the South Wells
fauna. Like the fauna of the sandstone tongue, and
unlike the faunas fo the southeast, E'nfelefes 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 Meekelle). In the
faunas both to the northwest and southeast, productids
and spiriferoids are commeon, and appear to belong to
the same general types, but collections from the Goat
Seep and the sandstone tongue are too small to afford
extensive comparisons with the faunas to the southeast.

Peleeypods and gastropods are better represented in
the Goat Seep limestone than in the sandstone tongue,
but are not as common as in the sub-Getaway and (et-
away faunas. According to Girty:

Each fauna contains a number of genera and of speeies that
are not known in some of the othiers, but many of the species
are new, and more detailed study is needed before an qccurate
delimitation of genera and species can be presented.  The pelecy-
pod and gastropod faunas of the Goat Seep ave evidently exten-
sive, and many of the differences between its fauna aud the
athers can doubtless be charged to the accidents of collecting.—
Girty manuseript.

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 of
upper Guadalupe age overlie the Goat Seep and are of
guch similar rock facies that it is difficult to distinguish
the one from the other two in the field.

CONDITIONS OF DEFOSITION
REGIONAL RELATIONS

During middie Guadalupe time, deposits were laid
down not only in the Delaware Basin, but alse in the
shelf area beyond. As compared with lower Guada-
lape time, the area of deposition was greatly increased
(sec. ¢, pl. 7, B). The deposits both in and beyond the
Delaware Basin were of marine origin. If the region
outeide 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 and the shelf were sandstones,
but before long the limestones of the Goat Seep began

- to be built up along the margin of the basiu. Sandstone

continued to be the dominant deposit in the basin, and-

was also laid down between limestone layers of the Goat
Seep northwest of its margin.

In the Delaware Basin, deposits of middle Guadalape
nge have a nearly constant thickness of 1,000 feet,
whereas beyond the basin to the northwest their thick-
ness i3 only 750 feet. Along the margin of the basin,
they rveach 1,500 feet, the increased thickness being
mostly in the limestone layers of the Goat Seep (pl. 7,
4.

Tt is not easy to restore the structure of the sea bottom
on which these deposits of various thicknesses, and the
similar ones of upper Guadalupe age, were lnid down.
The lay of the beds has since heen modified, especially
by the tilting and faulting that accompanied the uplift
of the mountains during Cenozoic time. Reconstruc-
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tions (such as those of pl. 7, &) have been made in part
on the basis of the beds exposed on escarpments and
canyon walls (some of which are shown on pl. 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 nature of the beds found
there. ,

The exposures shown in section A-£", plate 17, sug-
gest that the great thickness of middle Guadalupe beds
along the margin of the Delaware Basin was not accom-
panied 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 basin. Less
conclusive evidence from the exposures siggests, how-
ever, that there was no correspending 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 have joined in a nearly horizontal posi-
tien (pl. 7, B).

These relations are explained by assuming that the
Delaware Basin during middle Guadalupe time was
a region of greater subsidence than the area outside
it, and that the marginal area was consequently flexed
down toward the basin in the same manner as it was
during the formation of the older Bone Spring flex-
ure but to a lesser degree. Under this assumption,
sedimentation in the shelf and marginal areas kept
pace more or less with subsidence, so where subsidence
was moderate the deposits were thin, and where it was
great the deposits were thick. The deposits are
thinner within the basin itself than in the marginal
area because sedimentation tock plice more slowly
and thus did not keep pace with subsidence.

DEPOSITS OF THE DELAWARE BASIN

The source of the fine-grained sandstones of the
Cherry Canyon formation is uncertain, Perhaps
some of the material was derived from the south side
of the basin, but here the equivalent beds, the Word
formation of the Glass Mountains,?? contain much less
clastic material than the formations that precede.d
them (fig. 14. 4). Apparently the land that had prev1-
ously contributed clastics to the south part of the basin
was now contributing little sediment.

On the other hand, sandstone does not appeal to
have moved freely inte the basin from the northwest.
The margin of the basin on this side was covel‘ed. by
limestone deposits of the Goat Seep, considerable thiek-
nesses of which do not contain much sand. Howevel

. . . iv.
= King, P. B., Geology of the Glass Mountains, part 1: Texas on
Bull, 3038, pp. 69-73, 1031,
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(he limestones of the Goat Seep formation farther
porthiwest are interbedded with aand that is coarser than
any in the basin, and more like that which filled the
pasin in lower Guadalupe (Brushy Canyon) time.
This coarser material was probably trapped behind the
Jjmestone barrier, and the finer material was able to
male its way into the basin, either directly across the
parrier, or through such openings in it as may have
existed. This infiltracion may Lave gone on slowly.
At any rate, the possibility is suzgested that sedimen-
tation in the basin was so slow that it failed to keep
pace with the subsidence taking place there. This
condition was probably caused by the Goat Seep
barrier. :

The voleanie ash of the Manzanita limestone mem-
ber, hear the top of ihe Cherry Canyon formation,
nad a different source from tlie rest of the clastics
and was no doubt the wind-borne product of distant
evupticns. The eruptions probably were to the south.
for near Las Delicias, Coahuila, a thick sequence of
voleanic rocks is exposed, whose fossils indicate them
to be of Leonard and Guadalupe age.s* Further evi-
dence that the source of the ash beds was to the south
ig given by Adams.™ who states, on the basis of sub-
surface work, that in the region farther east bentomite
layers in equivalent Leds thicken southward. As there
ave sovie less-continuous ash beds hoth above and
possibly below the Manzanita member, the volcanic
activity in the distant region was probably long con-
tinued. Assuming that conditions of transportation
and preservation were the same throughout Guadalupe
time, the ash falls in Aanzanita time were caused by
an ernption more violent than the rest.

Some of the sandstones of the Cherry Canyon for-
mation were laid down in agitated water. In the Jower
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). Inthe Brushy Canyon forma-
tion, these ripple marks were explained as the result of
wave motion or undertow currents oriented at right
angles to the Bone Spring flexure, which was the shore
at the time. In the Cherry Canyon formation, the
shore lay much favther northwestward, but the Goat
Seep limestone, whose southeast edge had a northeast
trend similar 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

= King, E. E,, The Permian of southwestern Coahuils, Mexico: Am.
Jour. Sci., 5th ser., vol. 27, pp. 98-112, 1934,

2 pAdams, J. E., TUpper Permian stratigraphy of west Texas Permian
basin: Am. Assoc. Petroieum Geologists Bull, vol 19, p. 1016, 1954,
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to the waves, Most of the ripple marks in the Cherry
Canyon formation are symmetrical, and were therefore
formed directly by oscillation of the waves. A few
asymetrical ripples Lave been observed, however,
whose steepest sides are to the southeast. These ripples
were probably formed by undertow currents, moving
away from the shoal Wwater to the northwest.

Qome of the limestone beds also appear to have been
laid down in agitated water. Parts of the Getaway
member contain pebbles eroded from the beds next be-
neath, and other parts contain fusulinids lying in paral-
lel orientation, generally at right angles to the trends
of ripples in adjacent beds. An environment of shal-
low, agitated water is suggested also by the rich and
diversified bottom-dwelling fauna of the member.
Similar pebble beds and oriented fusnlinids are found
in the gray, dolomitic limestones of the South Wells
member along the nortiwest edge of the Delaware
Basin. The irregular, lenticular development of the
Getaway and South Wells limestone mempbers suggest
{hat they were laid down under disturbed conditions.

Some of the other beds of the Cherry Canyon forma-
tion were laid down in quieter water. The thin-bedded
sandstones which form a large part of the sequence,
with their thin, varvelike Jaminations, could not have
been spread so evenly if the water had been much dis-
turbed. Moreover, in the Getaway member, many of
the bivalved shells are preserved entire, indicating that
they had not been moved very far after the death of the
animal. In fact, the bivalves may have been buried
hefore the dead animal had decayed. Some of the beds
are strongly bituminous, suggesting that from time to
time the water was quiet enough to be fouled by de-
caying organic matter. ‘

Bituminous limestones form a prominent part of
¢he South Wells member in the southeast part of the
area, away 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, which were probably free-swimming organ-
isms, whose shells settled into the fouled bottom water
ofter death. The bottom-dwelling fauma 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
menther also appears to have been 1aid 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 appear 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 appear to have been laid down under quieter

conditions than the limestone beds 1n the lower part.
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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 eycle 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 Ccommonly - underlain by
massive sandstone and is succeeded by thin-bedded
sandstone; this succession is repeated several times up-
ward in the section (sec. 42h, fig. 5).

DEPOSITS OF MARGINAL AREA (REEY 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 mountains, the limestone forms g 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
mountaim face, the evidence there suggests that it had

the form of a reef that lay in & narrow belt trending
northeastward (line B, 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 sontheast. During the latter part of its
growth as it was laid down on a southeastward sloping
foundation it rose several hundred feet above the floor
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 Gont Seep limestone is quite gen-
erally 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 or by inorganic growth. By analogy with the




g s,ucceeding cimilar Capitan limestone, organisms prob-
- ably aided maierially in its construction.

The margin of the Delaware Basin, where the bot-
tom sloped down' from thfa ?,hallow shelf area _into the
deepers TOTE rapidly subsiding area of the basin, must
. pave been 8 favorable place for .such organisms to grow
and to puild wp masses of limestone. The margin
would be favorable also for direct precipitation of cal-
cinm carbonate, for water that moved into the warm,
ngitat,ed shallows from tl?te deeper, quieter, .and Perhaps
cooler waters of the basin probably lost its dissolved
carbon dioxide and thms became supersaturated with
ealcitiin carbonate.

UPPER PART OF GUADALUPE SERIES

The upper pPart of the Guadalupe series contains
the last Permian deposits laid down under normal
marine conditions in the region, and the greatest devel-
opment of limestone reef deposits. Like the middle
part of the series, the upper part consists of three
dissimilar but contemporaneous facies composed of
varions sorts of limestone and sandstone (pl. T, 4)-
It is succeeded by beds of anhydrite and other evaporite
deposits. ‘

Tn the sontheast part of the area studied, beds of
upper Guadalupe age are classed as the Bell Canyon
formation of the Delaware Mountain group. This
formation is 670 to 1,040 feet thick and is composed
of sandstone, with some thin, dark-gray limestone
beds. TFarther northwest, in the Guadalupe Moun-
“tains, the Bell Canyon clianges into the white, massive
Capitan limestone, which forms a reef mass. Here,
the unit is 1.500 to 2,000 feet thick, or more than twice
the thickness of the equivalent beds to the southeast.
The Capitan does not extend far to the northwest, for
within a few miles its massive limestones change into
the thinner-bedded Carlsbad limestone. Tongues of
the highest Carlsbad overlap 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 3
to 10 miles wide on the east slope of the Delaware
Mountains (pl. 3). TFarther northwest, the Capitan
and Carlsbad limestones spread as a plate over the
Guadalupe Mountains and constitute its highest peaks
and ridges. The limestones are exposed also in the
dovnfanlted area west of the high mountains, where
they form the Patterson Hills,

BELL CANYON FORMATION

The Bell Canyon formation, as here distinguished,
is roughly equivalent to the highest part of the Dela-
ware Mountain group described by Beede 2® as con-
sisting of “very thick sandstones, alternating with less

—

1 Beedie, J. W., Report on the oil and gas possibilities of the Univer-
sity block 46 in Culberson County : Texas Univ. Bull. 2346, p. 14, 1924,
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thicle Dmestones, and rather hard shales.” The forma- .
tiom is named for Bell Canyon, which lies in the north-
east part of the area studied (pl. 3), beading on the
Reef Escarpment of the Guadalupe Bountains and
draining eastward Db miles to the old route of United
States ITighway No. 62, where it joins Lamar Canyon.
In its course the canyon Crosses only the lower part of
ihe formation. The upper part is well exposed in the
hills divectly northeast of the canyon and is crossed
by United States Highway No. 62.

The unit is classed as the uppermost formation of
the Delaware Mountain group. Recent work indi-
cates that it is nearly all younger than the typieal
Delaware Monntain, as defined by Richardson,™ ab the
south end of the Guadalupe Mountains near El Capi-
tan., It was mapped by Richardson, however, 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 east slope of the Delaware
Mountains, the Bell Ganyon 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 cnestas rise
above their surroundings, and are capped by limestone
members. Along the southeast base of the Guadalupe
Mountains, large tracts mmderlain by the formation
are covered by Quaternary gravel deposits. A short
distance east of United States Highway No. 62, the
formation has a measured thickness of 670 feet (sec. 34,
pl. 6), but in the Niehaus et al., Caldwell No. 1 well,
a5 miles east-southeast of Tl Capitan, the thickness has
increased to 1,038 feet.

In the Guadalupe Mountains, the formation infer-
grades with the reef mass of the Capitan limestone, the

“change taking place farther southeast in the upper

than 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 contheast and west sides of the
mountains.

The outerop of the Bell Canyon formation is shown
on the geologic map, plate 3. Some of its outcrops in
the Delaware Mountains appear in the northeastern
part of the map, interrupted by patches of gravel.
Larger areas of outcrop, not showi, lie beyond the map
area to the east. Outerops in the Guadalupe Mountains
appear as a Narrow 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 Mountains ap-
pear in the paporamas of plate 4. In plate 4, A, 1ts
limestone members can be seen standing in benches,

P

 Richardson, G. B., Report of o reconnaissance in trans-Pecos Texas
north of the Texas apd Pacific Railway: Texas Univ. 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 again in the views of the western

side of the mountains, as on plate 12, where they stand

n ledges at the bases of the cliffs. )
Stratigraphic sections of the formation are shown
on the right-hand half of plate 6. Further strati-

raphic details for the area along the southeast base of ¢
- mterfinger with the Capitan above the Rader member,

the Guadalupe Mountains are shown on plate 1.
SANDSTONE BEDS

The sandstone beds of the Bell Canyon formation,
like those of the Cherry Canyon, are buff colored and
extremely fine grained. Three thin sections of typical
specimens were studied under the mieroscope by Ward
Smith, one from the lower part from just above the
Pinery member at El Capitan (sec. 18, pl. 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, pl. 6). Their maximwm 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 ave 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 are finer in 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 caleareous.

Aside from the oceasional, persistent limestone mem-
bers, the sandstones contain few or no calcareous 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 layers a few
inches thick, some are thinner bedded or even platy,
and some are thicker bedded or massive. Most of the
beds show faint, closely spaced, light and dark lami-
nations, but these laminations are absent in some of
the massive beds, Each of the lmestone 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 surfaces 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. Thus,

" comes

in the extensive exposure of the sandstones extending.

100 feet or so below the Lamar member, 114 miles north-
east of the junction of Bell and Lamar Canyons, a cave-
tul search showed only one bedding surface with ripple
marks, and these marks were faint and shallow. All
the other numerous exposed surfaces at this locality
were smooth and featureless. .

Along the Reef Escarpment of the Guadalupe Moun-
tains, and nearer the Capitan reef, the sandstones have
a somewhat different character. In the tongues that

the sandstones are coarser grained than to the south-
east, and contain lenses and tongues of sandy dolomite’
extending out from the Capitan., A specimen of sand-
stone from one of the sandstone tongues near the head
of Rader Ridge was examined under the microscope
by Ward Smith. Its grains are coarser than those in
the sandstones to the southeast, reaching a diameter of
0.4+ mm., but like them consist of quartz, microcline, and
plagioclase, with rather abundant accessory minerals,
such as tourmaline and zircon. The matrix iz calcite.
The sandstones 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 ave ripple-

marked,
LIMESTONE MEMBERS

Four limestone members are distingnished 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 (pl. 7, 4). 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 bed.”

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 black,
fine grained, and mostly thin bedded. They contain
few fossils, in contrast to the Getaway member of
the Cherry Canyon formation lower in the section
with its abundant and diversified faunas. Toward
the northwest, nearer the Capitan limestone reef, each
limestone member thickens to 50 or 100 feet, and be-
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
(pl. 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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{y few inches to a foot thick, interbedded with platy

‘gandstone (as shown in sec. 34, pl. 6). The more

oranular layers contain small chert nodules, and some
-] . .
ammonoids, and brachiopods. Near the

the caps of small knolls on the surface of
mesas and cuestas of the Manzanita member of the
Cherry Canyon formation. Northeast of the ranch
pear Lamar Canyon, the bedding sur-

' faces are hummocky and there ave some irregular dips

* Jimestone.

<«mall folds, perhaps of the same character as those
in the Bone Spring limestone. In this district, at the
junetion of Cherry and Lamar Canyons, seams of white
clay Jess than an inch thick are interbedded in the
(. 8. 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 Mountains, the limestones
of the member are different, although they lie in the
same position, that is, 25 feet or so above the Man-
ganita member of the Cherry Canyon formation {(as
down in sec. 23, pl 15). They consist of dark-
aray, fine-grained limestone, made up of closely spaced
Jumps an inch or so thick. In most places these lime-
stones stand in two groups of ledges with a total
thickness of 12 to 25 feet, separated by a break of
sand or marl. The limestones contain poorly pre-
cerved ammonoids, and some of the bedding surfaces
ave crossed by small tracks and trails. In some locali-
ties. as at Nipple Hill and on the northeast side of
Guadalupe Canyon (sec. 19, pl. 6), the member dis-
appears, and the first limestone above the Manzanita
menther is the Pinery member.

The following analysis of limestone from the Hegler
limestone member was made. The limestone is of
Jumpy . facies, characteristic of the member along the
sontheast side of the Guadalupe Mountains, and was
collected on the south side of Rader Ridge north of
Nipple Hill.

and

Analysis of limesione from the Hegler Umestone member

{Analysis by K. 1. AMurata ; note on insoluble regidue by Charles ALilton]

Fereent

Tnorganic inseluble oo o ooooommmmooommommem oo 11,99
Organie insoluble o —-ommmmmmm oo m oo .94
R.0: (mostly FesOe) oo [ — 1. 00
T ¢ N L L Lt £3.72
MO ool mmmemmmmmm e mmmm T R 1.87
MNC O e e e == .09
Cas{ PO timmmmcm oo e e None
99,10

Insoluble residue: Light gray, clayey, with quartz and felds-
par_and minute zircon and tourmaline partieles.

The Hegler limestone member extends several miles
northivestward beneath the Capitan limestone. On the

5o

west face of the Guadalupe Mountains below Guada-
Jupe Peak, the lumpy, slabby limestone ledges can be
iraced northward into light-gray, thick-bedded,
sparingly fossiliferous limestones more than 100 feet
thick (as between secs. 14 and 15, pl. 6). Still farther
north, near the head of Shirttail Canyon, these lime-
stones grade into the Capitan limestone {sec. 9, pl. 6}.
Similar limestones crop out as inliers in the bed of Pine
Spring Canyon near Devils Hall, and along South
McKittrick Canyon between the Pratt and Grisham-
ITunter Lodwes (secs. E-E * E-F' and I-{ ,pl1T). At
Devils Hall, the member is a dark-gray, hummocky
limestone in beds a few inches to & foot thick (sec. 59,
ph 15}, and nearby there are interbedded lenses of mas-
sive limestone (sec. 60, pl. 15, and fig. 9, (). Near the
Pratt and Grisham-Hunter Lodges, the member is
dense, light-gray, sparingly fossiliferous, thin-bedded
limestone, with some interbedded massive layers in the

upper part.
PINERY LIMESTONE MEMEBER

The Pinery limestone member includes the main part
of the dark-gray, bedded limestone, called the “upper
dark limestone” by Girty,” which erops out beneath the
Capitan limestone at the south end of the Guadalupe
Mountains. This limestone formed member 2 of Shu-
mard’s section.”® 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 above Pine Spring, & short distance to
the north (sec. 21, pls. 6 and 13). 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-
graiped Limestone, with a few sparingly fossiliferons,
more granular, thicker beds, and much interbedded
platy sandstone. Tt lies about 75 feet above 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 june-
tion with Bell Canyon (sec. 34, pl. 6).

Farther northwest along the base of the Reef Escarp-
ment on the southeast side of the Guadalupe Moun-
tains, the member passes beneath the Capitan lime-
stone, and forms prominent ledges on the slopes below
the ragged Capitan cliffs; these ledges are well exposed

= Giryy, G. L., The Guadalupiun fauna: T.
Paper 55, pp. 17-19, 1908.

=3 Shumard, G. G..
eountry befween
2. Lonis Aead. Sci. Trane., vol. 1, Dp. 273-289, 1858 [1860]. -

2 e names Pine Spring and Pinery date from the first visits to the
region by Americans and are mentioned iv the earliest publications on it.
The hames Were applied because of the pine trees growing on the fioor
of Pine Spring Canron jn its lower course. According to loenl tradi-
tion, these trees were murlh more numerous at the time of the first
visits than they are now, Shumard (idem, D. 280y refers to Pine
Spring Canyon as The Pinery.

8. Geol. Survey Prof.
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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. 63, pl. 15), and on Rader Ridge to
the northeast (sec. 23, pl. 15). ‘

Along the base of the Reef Escarpment, the member
reaches 150 feet in thickness, and consists of gray, fine-
garined 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 lavers are at the base, but there are
several massive layers higher. The lower massive beds

G
25 t?o Faet

FratrE 9.—8ections showing lenticnlar, reeflike features in limesfone
members of Bell Canyon formation adjacent to Capitan reef mass.
4, Lamar limestone member, south bank of deaw half a mile seuthenst
of entrance to McKittrick Canyon; B, Pinery limestone member,
southeast bank of McKittrick Canyon, a quarter of a mile east of
Pratt Ledge; €, Hegler limestone member, northeast bank of Pine
Spring Canyon southwest of Pinnacle.

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 ('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 member was made. The limestone 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 collected on the south side of Rader
Ridge north of Nipple Hill.

Analysis of limestone from the Pinery limestone member

[Analysis by K. J, Murata ; note on insoluble residue by Charles Milton]

Percent

Inorganic insoluble et e 439
Organic insoluble.__________ e —— 32
R0y {mostly Fes) oo . _— A5
CaCOg o e 92.95
MgCO,.. — —_ e 1.64
MnCO,_ — o SO | 7
Cas(PO)a___ - e 06
99.88

~ Insoluble residue; Gray, consisting of clay and organic mat-
ter, with guartz and feldspar particles and occagional green
tourmaline, . i

Farther northwest, in Pine Spring Canyon, the mem-
ber changes to lighter gray, the chert disappears, and
the sandstones between the member and the Capitan
give place to limestones like those below (as shown in
sec. 61, pl. 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. F-£” and X-K’, pl. 17.} Farther
northwest, the member is replaced by a part of the
Capitan limestone.

RADER LIMESTONE MEMBER

The Rader limestone member is named for Rader

. Ridge,” a series of benches and mesas that project south-

eastward from the Guadalupe Mountains northeast of
Frijole Post Office.. They are capped by outliers of the
member (sec. -G, pl. 1T). .

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 (sec. 34,
pl. 6}. It consists of several layers, as much as 3 feet
thick, of gray, gramular limestone, with numerous
rounded pebbles, fragments of bryozoans, cup corals,
and fusulinids, and of interbedded, thinner, darker-gray
limestone. At several places in this region it contains
a bed as much as 2 feet thick of apple-green, silicified
voleanic ash. Omne specimen, from 1 mile east of the
junction of Cherry and Lamar Canyons, was studied
under the microscope by C. 8. Ross, who states that it
containg 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
voleanic origin.

3 According to Mr. J, T. Smith, the ridge was named for the Rader
family ; they were early settlers and had a ranch near {t,
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To the northwest, on Rader Ridge and elsewhere
pear the Reef Escarpment, the member is 30 to 100 feet

thick (sec. 23, pl. 18), and consists of rounded ledges of
yery massive, granular or dense, light gray or white
Jimestone, much like the Capitan limestone in appear-
ance. Some of the beds contain angular limestone
cobbles. Fossils are common, consisting mostly of
Capitan species, but including numerous bryozoans, a
group not common in the Capitan. Occasional lenses
of sandstone and dark gray, slabby limestope ave found
sn depressions on the undulatory npper surfaces of the
massive beds. '

The following analysis of limestone from the Rader
limestone member was made. The limestone is light
gray wnd of a facies characteristic of the member on
the southeast edge of the Guadalupe Mountains. The
speclien was collected from one of the massive beds
near the head of Rader Ridge, north of Nipple Hill

Analpsie of Timestone from the Rader limestone member

[ Analysis br K. J. Muﬁxtaj note on ingoluble residue by Charles Milton]

Pereent

yporganic msoluble o —eow--oommmmmmoromm oo 111
Organic 10SOlUble n oo -oommmmm o ommm o m s 03
BO: (mostly Fedde) oo oo omommmmm oS oo 24
FarT ol St bl 97.66
I\IgCOa _______________________________________________ 1.71
}IDCO: _______________________________________________ 07
Ctal PO e oo m e mm o m T Xone
. 100.84

Insoluble residue: Light gray, with detrital quartz and feld-
gpar and euhedral, doubly terminated gquartz, possibly of
authigenic origin.

In the vicinity of Rader Ridge, the Rader limestone
member is separated from the Capitan limestone by
covern] hundred feet of sandstone and thin-hedded
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, pl. 4, B.)

FLAGGY LIMESTONE EED

About 100 feet above the Rader member in the Dela-
ware Mountains is a 10-foot Iayer of straight-bedded,
fine-grained, gray lumestone, in part sandy, forming
flaggy beds a few inches thick (as in secs, 32 and 34, pl.
6). The flags have been quarried on the MeCombs
Ranch and farther southeast, and have been used loeally
for building purposes. The same bed is present also
in the esposures of downfaulted rocks west of the Dela-
ware Mountains.

LAMAR LIMESTONE MEMEBER

The Lamar limestone member is a bed of dark lime-
stone lying near the top of the Bell Canyon forma-
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tion. Tt cropsout in a belt of northeast-sloping cuestas
that extend southeastward from the mouth of Mc-

. Kittrick Canyon into the Delaware Mountains. It

has been named for Lamar Canyon,” 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 Frijole limestone has previously
been used for the member,® but this name is abandoned
because the member does not crop out near Frijole
Post Office, and the dark limestones there are of Hegler
and Pinery nge (see sec. 63, pl. 15).

The confusion in terminology has perhaps arisen
from difficulties encountered hy previous geologists in
tracing the limestones exposed below the Capitan near
Frijole northeastward along the Guadalupe Mountain
escarpnient toward MecKittrick Canyon, where the
Lamar member is exposed. Blanchard and Davis, and
Darton and Reeside # considered the beds at the two
places to be the same.

Near the type locality, and elsewhere in the south-
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 beds (secs. 34 and 38, pl. 6). Some of the
rock is thinly laminated and contains small chert
nodules. Near the crossing of United States Highway
No. 62 over its outcrop, & few feet of platy sandstone
is interbedded in the middle. In most of the Dela-
ware Mountains the member is unfossiliferous, but to
the northwest, within a few mijes of the edge of the
Guadalupe Mountains, some ledges contain brachio-
pods and other fossils.

In the vicinity of United States Highway No. 62,
the limestones of the Lamar member are somewhat
contorted, i1 a manner that resembles the contortion
of the black limestones of the Bone Spring limestone.
Bedding surfaces ave undulatory, and some of the
less competent beds 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 vieinity. I did not see the features that he
suggested might be mud cracks when I visited the
locality.

a Lang, W. B, The Permian formations of the Pecos Valley of New
Afexico and Texas:! Am. Ass0C Petroleum Geologists Bull, vol 21,
pp. 8748735, 1037,

1 Blanchard, W. G., and Davis, M. J., Permian stratigraphy and
structure of parts of southeastern New Mexlco and southwestern Texas:
Am. Assoc. I'etroleum Gieologists Bull., vol. 13, p. 973, 1929,

# Dgrton, X, H., and Reeside, J. B., Guadalupe group: Geol. Soc.
Ameriea Bull., vol. 37, ppn 4923-424, 1926,

3 Cpandall, K. H., Permian stratigraphy of goutheastern New Mexico
and adjacent paris of western Texns: Am. Assoc, Petroleum Geologists
Bull, vol. 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, maore
granular, and more fosstliferous (sec. 28, pl. 6). The

. fossils are strewn abundantly over the bedding surfaces,
and many of them are silicified. The shells are closely
packed, and the valves of most of the brachiopods are
separated, or at least twisted, in a manner suggesting
some transportation before burial. By far the most
common fossil is a large Sguamularie, but there are
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other brachiopods, mostly of Capitan type, and also
some gastropods, pelecypods, bryozoans, and trilobites.
TFusulinids 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, 4).

The following analyses of limestone from the Lamar
Hmestone member were made:

Analyses, in percent, of limestone from the Lamar limesione member

[Analyses by K. F. Murata; notes on insolubie residues by Charles Milton]

Insoluble RaOs
Specimen loeality ‘ {mostly { CaCO; | MgCOy | MnCO; [Cag(POs), | Total
Inorganic; Organic Fe,0y) '

1. Middle part of member, north side of U. 8. High- .

way No. 62, ¥ mile west of bench mark 4720_. 1. 81 0.13 0.23 | 96 02 1.02 006 None 99. 27
2. Highest beds of member, south side of U. 8, High-

way No. 62 about a mile northeast of No. 1;

this specimen and No. 1 are typical of the facies | E .

of the member in the southeastern exposures__ 1. 86 .19 .26 05, 67 2. 61 None | 0.13 100. 72
3. Fine-grained, gray limestone from middle of i

member, south side of MeKitirick Canyon at

entrance, These beds grade into Capitan lime-

stone a few hundred yards to northwest.

Analyses of the latter rock are given as Nos. 3 : . .

and 4 under Capitan limestane__ ... .. 2. 96 . 13 .17 94,56 L 77 | Nonme 03 88. 62

Insoluble residues: 1, Brown, erzanically colored, with mueh chert and little detrital material; 2, dark brown, similar to No.1;

3, brown, similar to Ne. 1.

Northeast of McIittrick Cauyon toward Big Can-
yon, the Lamar member spreads out in a broad area at
the base of the mountains (pl. 3}, forming low, dark-
colored hills, covered by a growth of lechuguilla.
Southwest of the canyon for several 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,
‘plL. 13, and see. L-L/, pl. 17) and on the ridge northeast
of Guadalupe Canyon (sec. /-7, pl. 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
shells.

HIGHEST BEDS OF BELL CANYON FORMATION

Some miles southeast of the Capitan limestone on the
Reef Escarpment, well out in the area of the Delaware
Basin, the limestones of the Lamar member are over-
lain directly by thinly laminated 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 downfaulted area west of the Dela-
ware Mountaing, at the south edge. of the area studied

3 The member at thiz place hasg been described previously by N. H.

Darton and J. B, Reeside, Je. (op, elt, p. 424), and by K. H. Crandall
(op. cit., p. 933).

(pl. 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 (pl. 6}.

Farther northwest, within several miles of the Reef
Escarpment, the Lamar meniber is separated from the
Castile formation by a small thickness of younger Bell
Canyon beds. In the exposures in the Delaware Moun-
tains southeast of United States Highway No. 62, these
beds consist of 20 feet of very fine grained sandstone
(secs. 34 and 38, pl. 6), whose petrographic character
has already been noted (p. 54). The rock ig thinly
laminated, its bedding surfaces are flat and smooth, and
it breaks out in thin, flat 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 4720 (pl. 3), where their relations to the Lamar
helow and Castile above can be observed.

Northwest of the highway, and nearer the Reef
Escarpment, the beds are thicker, and include some
limestone. Between McKittrick and Big Canyon
Draws, they are preserved as scattered outliers, which
form light-colored knolls on the tops of the darker-
colored hills of Lamar limestone. Some of these beds
are less than & mile from the base of the Reef Escarp-
ment. The best exposure is on the north side of Big
Canyon Draw near the State line, and three-quarters
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of 2 mile northwest of the Gray Ranch (pl._?;). Here
{he Lamar is overlain by 20 feet of ﬁne-gran}ed sand-
ctone, and this by 15 feet of light-gray or white slabby
Jimestone, containing crushed brachiopod shells. This
;s topped DY the basal laminated limestones of the Cas-
gle. In other exposures near the Reef Escarpment, the
candstones are thinper, and most of the beds above the
Lamar are slabby limestone.

Af the base of the Reef Escarpment itself, at Me-
Kittrick Canyon and elsewhere, the Lamar member 1s
overlain by a small thickness of massive dolomitic Cap-
stan Hmestone. This limestone is evidently equivalent
to the sandstones and slabby limestones not far to the
southeast, but the actual connection between them has
peen removed by erosion, so that the change cannot be
traced from one outcrop to the other.

BELL CANYON FORMATION IN AERIAL PHOTOGRAFPHS

In serial photographs the Bell Canyon formation can
be recognized as that belt of outerop between the back
slope of the cuesta of the Manzanita limestone member
of the Cherry Canyon formation on the west, and the
Jow, light-colored outcrops of the Castile formation on
the east. The outcrops of the Bell Canyon formation
form an eastward continuation of the cuesta topography
qlready described as characterizing the upper part of
the Cherry Canyon formation.

Cuestas ave poorly developed in the lower pait of
the formation, although the photographs indieate the
(races of numerons ledges that belong to the Hegler and
Pinery limestone members. The first strong cuesta east
of andt alove those of the Manzanita limestone member
iz formed by the Rader limestone member. Seill far-
{her east is a low but prominent cuesta formed by the
flaggy limestone bed. Tt has a persistent development
southeast and south of the area sindied, and indicates
{hat this limestone is a continuous and persistent unit.
Still fariher east is the high and prominent cuesta of
the Tamar limestone member. It has a steep west-
facing scarp, frayed by erosion into numerous promon-
tories, outliers, and indentations. The sandstones aver-
Jying the Lamar can be recognized as far south as Dela-
ware Creek but are indistinguishable beyond. The
Aark-colored hack slope of this cuesta is bordered on
the east by lighter-colored outcrops of the anhydrites
of the Castile formation.

The Lamar limestone cuesta can be traced 30 miles
or 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 Mountains. How-
ever, about 20 miles south of the area studied, the ledges
and cuestas of the underlying members merge nto a
nearly continuous succession of ledges, evidently a
nearly solid limestone body. This limestone body con-
tinues southward to the Apache Mountains.

T55282—48 i
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CAPITAN LIMESTOXNE

DEFINITION

The Capitan limestone was named by Richardson,*
its type locality being on Guadalupe Peak, about a mile
north of the summit here called El Capitan®  The ex-
posures in the vicinity of the two peaks were first
studied by Shumard,® who set off the white limestone
of the formation as member 1 of his section (pl. 1}.
According to present usage,® the formation includes
the thick-bedded or massive white limestones of reef
facies and upper Guadalupe age, that erop out in the
Guadalupe Mountains (pl. 7, 4).

RELATIONS TO BELL CANYON FORMATION

Near the top of the Cherry Canyon formation is the
Manzanita limestone member, whose outerop extends
across the Delaware Mountains and into the southern
Guadalupe Mountains. Its orange-brown ledges and
its intercalated seams of voleanic ash retain the same
character over wide areas, and form an unmistakable
horizon marker (pl. 6}.

The sequence above the Manzamita member in the
Delaware Mountains, however, is profoundly different
from that in the Guadalupe Mountains (as may be scen
by comparing secs. 54 and 14, pl. 6). In the Delaware
Mountains, as along United States Highway No. 62, the
member is overlain by several hundred feet of saud-
stones and thin limestones, forming the Bell Canyon
formation, and these in turn by the anhydrites of the
Castile formation. The Bell Canyon formation crops
out northeast of, and down the dip from the Munzanita
member in low hills (such as those shown in the center
and right foreground of pl. 4, 4). In the soutlieast
part of the Guadalupe Mountains, the member is over-
lain by a few hundred feet of thin-hedded limestones,
the Hegler and Pinery members, and these by several
thousand feet of massive Capitan limestone, EHere, the
Manzanita member forms ledges that fringe the bases
of lofty cliffs. '

Looking northwest from the low hille of the Delaware
Alountains near United States Highway No. 62, one can
see n steep escarpment that rises in jagged spurs and
irregular cliffs 2,000 feet or more above the observer
(forming the background of pl. 4, A4). Thisis the Reef
Escarpment, which forms the southeastern edge of the
Guadalupe Mountains and 1s composed largely of Capi-
tan limestone. DBehind it, the Capitan crops out on
rugged canyon walls (some of which are shown on pl.
18). Southeast of it, in the Delaware Mountains, no

2 Richardson, G. B., Report of & reconnalssance in trans-Pecos, Texas,
porth of the Texas and Pacific Rallway: Texas Univ. Bull. 28, p. 41,
1904

a7 For a discusslon of the geographic terminelogy see Lang, W. B,
op. cit., pp. §39-844.

= ghumard, G. G., Observations on the geology of the country between
the Rio Pecos and Rio Grande, in New Mexico: St. Louls Acad. Scl
Traps., vol. 1, p. 280, 1858 [1860].

#® Lang, W. B, op. cit., p. 183.
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remnants of
existed,

The. Lamar limestone member, near the top of the
Beil 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 MeIitt-
rick Canyon. Viewed from a distance (as shown on pl.
4, 4}, the member seems to eXtend beneath the Capitan
limestone at the canyon, for the Capitan rises 1,500 feat
above the cuestas to the fat benches of Carlshad lime-
stone which form the rim of the escarpment.

That this is not the true relation is at once evident,
however, when one climps a little distance up the spurs
on either side of the canyon mouth (pl. 16, 4). Viewed
NOW in cross section, the Capitan limestone is seen to be
made up of thick heds 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 inte thick beds, indis-
tinguishable from the rest of the Capitan, which can be
traced up the surface of the escarpment until they lie
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 heen deseribed by
Lloyd * and other authors, They are well illustrated in
a diagram by Cartwright.«

The structure of the beds shown i the panorama of
plate 16, 4, is given on the right-hand end of section
£-£", plate 17, For a more general view, which shows
that the same relation exists on nearby spurs of the
escarpment, see the aerial photograph, plate 18,

Beneath the Lamar member at the mouth of McKitt-
rick Canyon, severs! hundred feet of sandstones and
some thin, interbedded limestones are exposed (sec, 28,
pl. 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 the
head of Rader Ridge, where the beds stand higher and
erosion has cut deeper, the sandstones are seen to be
underlain by the Rader limestone member (sec. 23, pl,
Here, on the point of each spur 1s a slope carved
from the sandstone, but, in the ravines between, cut baclk
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 continuous succession of massive. Capitan limestone
along the bed of each ravine, The Rader limestone
member itself can be seen to merge 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,

the Capitan are present, if indeed they ever

“*Lloyd, B, R., Capitan limestone apd
Mexico and Texas:
649, 1928,

4 Cartwright, L. D,
Petroleum Geologlsts

associnted formationg of New
Am. Assoe, Petroleum Geologists EBull., vol. 13, p.

Transverse section of Permian basin: Am, ABgsgoc,
Bull,, vol. 14, fig. 3, p, 978, 1930,
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plate 4, B. Note the manner in which the Capitan lime-
stone ledges dip to the right, down the spurs, to be sue-
ceeded at the ends by slopes cut on sandstone. The
structure of the spurs is shown op section @—@” and in
greater detail on section L—L’, of plate 17. The merg-
Ing of the Rader member with the Capitan can be seen
on plate 4, B, Note how, when tracedp to the left from
Smith Canyon, the slope between it and the Capitan dis-
appears, and in the next canyon be ond, the member is
the lowest of a continnous seres of ledges, .

The intergradation of Bell Canyon beds and Capitan
limestone, between tha Rader and Lamar members is
shown also by the stratigraphic sections on plate 6 (be-
tween numbers 21 and 32}, and in greater detail on
plate 13 (right-hand half). The distance in which the
change takes place is not as great as that which separates
the sections, for the sections show only the se%?ences 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
underlzin by two other limestons beds belonging to the
Bell Canyon formation, the Pinery and Hegler mem-
bers. These limestones stand in ledges at the base of the
escarpment (pl. 4, B). They can be traced southwest-
ward across Pine Spring and Guadalupe Canyons to
EI Capitan, where they form the pedestal on which the
great cliff of Capitan limestone rests. This cliff extends
northwestward from E] Capitan along the west side of
the mountains.

Viewed from below near Bone Canyon (pl. 12, 4), the
ledges of the Pinery and Hegler members ean 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 El Capitan, it becomes
lighter colored and thicker, and extends upward along
the cliff, merging with the massive Capitan limestone.
In this manner, all the Pinery member disappears into
Capitan below Guadalupe Peak, and all the Hegler
member at the head of Shirttai] Canyon. The north-
westward thickening and increase in dip of each bed is
S0 great that the stratum equivalent to the top of the
Pinery member rises to the summit of the cliff on the
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, 4, is shown
on section X-J*, Elate 17. The change from the Pinery
and Hegler members into the Capitan limestone is also
shown by the stratigraghiq sections on plate 6 (between
numbers 9 and 18). Similar relations, worked out in
greater detail in Pine Spring Canyon to the northeast,
are shown on the left-hand half o plate 15.

These observations show that the Capitan limestone
consists, at different places, of beds equivalent to various
parts of the Bell Canyon formation (PL.7,4). Toward
the northwest, it is chiefly of Hegler and Pinery age, but
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¥ gorther southeast there are younger, similar-limestones
g f Rader to Lamar age.
E the highest Capitan and Carlshad limestones, overlylng
- e Lamar equivalent In McKittrick Canyon, cannot be
' ¢raced directly into beds of the Bell Canyon formation,
b ecause their southeastward extensions have been eroded
away- As already indicated (pp. 58-59), these several
pundred feet are probably equivalent to the slabby lime-
ctones and sandstones above the Lamar menber gouth-
past of the Reef Escarpment.
The limestone members of the Bell Canyon formation
change into the Capitan limestone by an increase m

testure. As the change takes place, the intervening
sandstone beds disappear, partly by interfingering with
munerous limestorie tongues and partly bya change into
sandy limestone and thence into pure Ymestone.

QUTCROF

The Capitan limestone extends northwlest\\'ard into
the Guadalupe Mountains for about 4 miles northwest
of its edge along the Reef Escarpment. Farther north-
west, 1ts place ig taken by thin-bedded limestones of the
(arlsbad. Toward the northeast, along the trend of
the Reef Escarpment, its cxtent is much greater. Its=
outcrop extends for many miles Into New Mexico, and
5t has been 1‘ecognized in wells farther northeastward.
To the southwest, along the same trend, it crops out in
the Patterson Hills.

The northwestern and southeastern limits of the Capi-

tan within the area studied are shown by lines Band !
on figure 10, and its ounterops are shown on the geologle

map, plate 3. The probable yegional extent of the belt
of Capitan limestone is suggested on figure 14, B.
_ view of the outerops of the Patterson Hills can be seen

on the left half of the panorama of plate 5, 4. Note

the contrast in height between the outerops here and
those in the mountains on the right half of the pano-
rama. JYhe structural relations between the two areas
gre shown on sections B-B' and 0-C’ accompanying
plate 3.

Along the canyons and ridges of the Guadalupe
Mountains, the formation crops out as lines of irregnlar

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-
cuntting of the weaker beds below.

THICKMESS

Within the area studied, the Capitan limestone has a
variable thickness, nowhere less than 1,000 feet and

SERIES, UPPER PART

Only several hundred feet of -

thickness of each layer, and by a change in color and’

cliffs or as steep, rocky glopes which support 4 growth
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nowhere greater than 9,000 feet. On the west face of
Guadalupe Peak, where it is underlain by the Hegler
member and overlain by the Carlsbad limestone, 1t is
about 1,350 feet thick (sec. 14, pl. 6). At several places
in MeKittrick Canyon {as in sections E-E’ and F-F',
pl. 17) there are gxposures 1,500 to 2,000 feet high.

The Capitan limestone is, however, & facies that ex-
tends irregulatly through the npper part of the Guada-
lupe series, and its top and base are therefore not of the
same age at all places. Within the area studied it is
gverywhere underlain by some beds of the Bell Canyon
formation and overlain by some beds of the Carlsbad
Jsmestone, the first tending to replace it to the southeast,
and the second to the northwest (pl. T, 4} At no place
within the area does the Capitan limestone facies extend
continnously 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. T well, in the Getty oil field east of Carls-
bad, N. Mex. (for location, see fig. 2), the interval
from the base of the Ochoa series downward to the
top of the pentonites of the Manzanita member of the
Cherry Canyon formation is more than 2,700 feet
Most of this interval is occupied by 2 single mass of
white limestone, probably of Capitan facies, although
some thinner-bedded, or darker, or sandy limesiones
are present at the top and bage. A similar thickness is
present in the Olio 0il Co., Tracey No. 1 well, drilled
o few miles west of the town of Carlsbad® It is
likely that in the neighborhood of these wells there
are more beds in the upper part of the Guadalupe
series belonging to the Capitan facies than in a single
section at any polnt on the outcrop.

LITHOLOGIC FEATTRES

The Capiten limestone consists in part of compicet,
light-gray, cream-colored, or white calcitic limestone,
which breaks under the hammer into splinters and
conchoidal chips. Some beds contaln numMerous, beauti-
fully preserved fossil shells. At one locality Mr. H. C.
Fountain broke from the limestone several gastropod
chells on which the original color markings are still
preserved. The calcitic limestones crop out in bouldery
Imasses or smooth-surfaced ledges, and in places stand
in smooth, light-gray cliffs.

Associated with the calcitic limestones are dolomitic
limestones. They are gray or buff, finely crystaliine,
and contain oceasional tiny cavities, which suggest that
the process of dolomitization has changed the volume
of the rock. Seattered crystals of calcite are embedded
here and there, and also jrregular bodies of crystalline

< King, P. B., The ?ermian of west Texas and southeastern Mew Mex-
jen @ Am. Assoc- FPetroleum Geologlsts Bull, vol. 26, fig. T, p- 585, 1942,
8 Byhee, H. B., and others, Detailed cross sectlon from Yates area,

Pecos County. Texas, into goutheastern
Petrolenm Geologiste Bull., 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
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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

[Analyses by E, J. Murats; notes on Insoluble residues by Charles Milton]

Insoluble R.0,
Specimen locality (ﬂo%t:]y CaCo; | MgCo; | MnCoy | Caz(POy)s| Total
2
Inorganic| Organic :

1. Compact, light-gray, ealeitic limestone, on trail

leading north out of Pine S8pring Canyon_____ 0.21 0. 06 0.08 | 9206 7.23 None None 99. 64
2, Compaet, splintery, white, translucent calcitic

limestone, typical of fossiliferous beds of for- ’

mation; from another point on same trail_____ .13 .03 | XNone | 98 83 .62 | None None 99. 63
3. Light gray, granular, dolomitic limestone, strati-

graphically equivalent to limestones of Lamar

member to southeast; south bank of McKit~

trick Canvon atits mouth__________________ . 36 .03 .28 71. 47 27. 84 Nomne None 100. 00
4. Compaect, caleitic limestone from adjacent bed at

same locality as No. 3. ___________________ .27 .03 179860 .80 | Nome | None  99.87

Inscluble residues: 1, Light gray, with abundant, euhedral, doubly terminated quartz erystals and occasional green tourmaline;
2, dark brown, with abundant euhedral quartz, also detrital angular grains, and brown biotite, zircon, and microeline; 3, brown,
very fine-grained, occasional chert fragments and extremely small green tourmaline; 4, dark brown, similar to No. 3.

Both the calcitic limestones and delomitic limestones
are irregularly distributed through the formation, The
dolomitic type is somewhat more abundant ihan the
caleitic; it is found at all places, whereas the caleitic
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 caleitic limestone, and are underlain by Jdolomitie
limestone. In the older parts of the formation, the two
types are interbedded. Thus, on the trail up the west
wall of South MeKittrick Canyon near the Grisham-
Hunter Lodge, there are two 400-foot members of calel-
tic limestone, separated by a 700-foot member of dolo-
mitic limestone. Here, the Helger limestone member
lies below and the Carlsbad limestone above. Near the
Grisham-Hunter Camp, 3 miles to the southwest, richly
fossiliferous, caleitic limestones lie at the base of the
Capitan and are probably of Hegler age. They are
overlain by dolomitic limestones,

In the main mass of the Capitan limestone, none of
the beds are sandy, and there is no interbedded sand-
stone. Along its southeastern edge, a few streaks of
sandstone extend back for abont 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, nautileids, and trilohites. Rather exten-
sive collecting by H. C. Fountain and me has convinced
us that these fossils occur only in relatively thin, len-

“ Girty, G. H,, The Guadaluplan fauna: U. 5. Geol. Survey Prof,
Paper 53, pp. 15-17, 1903,

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 caleitic limestone,
seem also to contain both the brachiopod-gastropod,
ete,, 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 (pl. 12, 4), but on the
gentler slopes to the northeast they are not as clearly

~evident (pl. 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 just
under the Carlsbad limestone along the top of the
escarpment near the mouth of the Canyon. Farther
northwest are several older members, one of which
rises in lines of ¢liffs 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 approxzimately of
Rader age. Each massive bed grades northwestward
within a short distance into the thin-bedded Carlshad
limestone and tends to change southeastward into more
steeply inclined, thick-bedded limestone.
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massive member that is approximately of Lamar

can be seen forming a cliff just below point 7058 on
age -~ lorama, plate 16, A. Cliffs formed by the mem-
the It)fmt is approximnte}y of Rader age appear on the
berther side of McKittrick Canyon in the aerial view,
far o 15. The manner in which the massive members

P

in the Carlsbad limestone farther northwest, in North
g}cﬁittrick Canyon, Is suggested by the panorama, plate
16, B. The massive memm ers are separqtely 111d1§ated
on Lhe geologic map; plate 3, and on sections E-E' and
F-F’ plate 17.

Both on the Reef Escarpment and within the moun-
tains, the bedding planes in the Capitan limestone dip
Southeast-ward at angles of 10° to 30° (as shown on the
sections of pl. 17). To a large degree, this dip is not
chared by the beds beneath. Thus, the summit of ¥l
Capitan consists of a number of sontheast-sloping sur-
faces cut on the inclined bedding planes of the lime-
<tone, and other inclined beds can be seen on the cliffs
pelow. However, the beds in the lower part of the cliff
are less inclined, and the dark limestones of the Pinery
and Hegler at the buase 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', pl.
17). Because these beds were deposited near the edge
of the Capitan limestone mass, their inclination may
have been original. ‘

The inclination of the bedding was caunsed 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 Bell
Canyon formation changes into Capitan facies, 1t 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 were probably accentuated by slight tilting
of the rocks at various times after Capitan deposition.
The much later Cenozoic uplift of the mountaing 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 ot later Per-
mian, post-Guadalupe age, as there is a shight 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 secs. /-1’ and G-G', pl. 17), and the Carlsbad
limestone on the mountain summits dips southeastward
at angles of 3° to 5° (as in secs. E-E' and H-H',
pl. 17). The tilted Carisbad beds are truncated by the
upland surface of the mountains, which is probably a
peneplain formed before the Cenozoic uplift of the
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range. At least a part of the dip of the Carlsbad is
therefore pre-Cenozoic.

According to Johnson ¢ the Capitan limestone in
outcrops near Carlsbad and Carlsbad Cavern can be
divided 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 fuce and rising slightly
higher than the veef platform behind; and 8, a reef
flat o few hundred to 1,800 feet wide, composed of
poorly hedded dolomitic limestones. The reef flat
grades in turn into lagoonal deposits of the Car'sbad
limestone. No details based on specific localities are
given. While these subdivisions correspond in a gen-
eral way with features observed during the present
waork, one wonders whether the observations are wholly
objective, or are unduly influenced by comparisons
with modern reef deposits, some of which may not be
justified.

BRECCIA PHASE OF CAPITAN LIMESTONE

At three places in the mountains the normal Capitan
limestone is replaced by a dolomitic, sandy breccia.
Exposures are found in South McKittrick Canyon near
the Grisham-Flunter Lodge, in Pine Spring Canyon
near Devils Hall, and 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
limnestone member, apparently with unconformable con-
tact, and it seems 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 breceia somewhat resembles caliche-
cemented talus of Quaternary age which in places lies
on the Capitan. It is actually distinet and is a part of
the Capitan and of Permian age. -

The breccia consists of cavernous, sandy, light-buff
or pink delomitic limestone, of tufalike appearance,
with irregularly developed, rude bedding. It standsin
irrepular cliffs and crags, with numerous small caves,
and is less jointed than the limestones above and below.
Embedded in the sandy dolomitie matrix are tumbled
and disordered limestone blocks from six inches to sev-
eral feet in diameter. Near the Grisham-Hunter
Lodge the matrix contains imprints of fossils. The
breceia contains lenses of fine-grained, well-bedded,
caleareous sandstone, and toward the top it i1s inter-
bedded with dolomitic limestone. It apparently
grades both upward and Jaterally into the more normal
Capitan deposits. The greatest thickness observed is
880 feet.

For general stratigraphic relations of the breccia, see
plate 7, 4. Its structure In Pine Spring Canyon is

# Johnson, J. H., Permian time-secreting algne from the Guadalupe
Alouniains, New Mexleo: Geol. Soc. America Bull, vol. 38, pp. 216-217,
1942.
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shown on section /—/’ and on the west face of the moun-

tains on section A" of plate 17. A stratigraphic sec- -

tion of the breccia in Pine Spring Canyon 1s 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 Survey # in 1926 to beds exposed in
the vieinity of Carlsbad, N, Mex. Thin-bedded lime-
stones of the Carlshad 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
for 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, howerver,
to apply the name to all the thin-bedded limestones
equivalent to the massive Capitan limestone,® and this
usage 1s followed in the present report. '

RELATION TO CAPITAN LIMESTONE

The relations between the Carlsbad limestone and
the Capitan limestone are best exposed on the northeast
wall of North McKittrick Canyon, which cuts trans-
versely through the upper part of the Capitan lime-
stone mass (pl. 8).

Toward the southeast, at the mouth of Melittrick
Canyon, the rim of the northeast wall is formed by a

4 Darton, N. H., and Reeslde, J. B, Jr.,, Guadalupe group: Geel. Soc.
Ametica Bull, vel. 37, p. 418, 1926, Meinzer, 0. E., Renick, B. C., and
Bryan, Kirk, Geology of number 3 reservoir site of the Carlsbad irriga-
tien project, New Mexico: T. 8. Geol. Survey Water-Supply Paper 550,
p. 12, 1926.

AT Tarr, R. 8, Reconnaissance of the Guadalupe Mountains.: Texas
Geol. Survey Bull, 3, pp. 29-30, 1892,

¥ Richardson, G, B., S{ratigruphy of the upper Carborniferouds in west
TPexas and seutheast New Mexico : Am. Jour. 8el., ¢th ser_, vol. 22, p. 336,
1910,

@ Baker, C. L., Contributions te the stratizeaphy of eastern New
Mexico: Am. Jour. Se¢i., 4th ser., vol. 48, p. 115, 1920,

50 Fiedler, A. G., and Nye, 5. 8., Geology and ground-water resources
of the Roswell artesian basin, New Mexico: U, 8. Geol. Survey Water-
Supply Puper 639, pp. 53-53, 1933. '

5t Darton, N. H,, “Red Beds” and associated formations in New Alex-
feo: U, 8, Geol, Survey Bull, 794, p, 224, 1928. EBlanchavd, W, G., and
Davis, M. J., Perminn stratigraphy and structure of parts of south-
easgtern New Mexico and southwestern Texas: Am. Assoe, Petroleum
Geologists Bull, vol, 13, pp, PS3-985, 1929,

B2 (randall, K. H., Permian stratizgvaphy of southeastern New Mexico
and adjacent parts of western Texas: Am, Assoc, Petreleum Gecologist
Bull.,, vol. 13, p. 0838, 1529. Lang, W. B., The Permian formations
of the Pecos vailey of New Mexlco and Texas: Am. Aassoc. Petroleum
Geologists Bull, vol. 21, p. 868, 1937.

GEOLOGY OF THE SOUTHERN GUADALUPE MOUNTAINS, TEXAS

small thickness of thin-bedded, flat-Iying Carlsbad
limestone, slightly younger in age than the Lamar
limestone member of the Bell Canyon formation (pl.
16, 4). The flat-lying Carlsbad limestone rests on
sautheastward-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 MeKittrick Canyon, it changes
in this manner into Carlsbad limestone (pl. 16, B).
Finally, at the head of North McKittrick Canyon, at
the pass which leads down inte Dog Canyon near Kl
Paso Gap Post Office (pl. 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 thick-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, plate
16, A, and B, give a nearly complete cross section
through the Capitan and Carlsbad limestones. They
join each other at their ends, so that point 7044 on the
rim of the canyon appears in both views. In addition,
the relations farther northwest are shown on plate 14, A,
Note that point 7378 near the head of North McKittrick
Canyon, shown at the left end of plate 16, B, appears
also'in the right-hand part of plate 14, 4. The contrast
in the appearance of the mountain slopes to the north-
west with those to the southeast, both carved from rocks
of the same age, can be seen by comparing plate 14, A
with plate 16, B. .

The structure of the beds shown in the three pano-
ramas is assembled on section £-E”, plate 17. On this
plate, note the similar transition northwestward from
Capitan into Carlsbad limestone shown on sections
F-F’, H-H’, and I-I’. The transition from Capitan
into Carlsbad is not represented on section A-X’, plate
17, or on the stratigraphic sections of plate 6 because
on the west side of the mountains, where the seciions
were measured, the beds of upper Guadalupe age have
been eroded away in the critical area at the head of
Pine Spring Canyon between Bush Mountain 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 Carlsbad
facies. (The southeast edge of the oldest beds is shown




 gs line B, fig. 10.) The southeastward advance of the
Carlsbad limestone, however, does not take place bed
py bed- Instead, there is a tendency for groups of beds

to several hundred feet in thicknpess to change
5ou|-,1m3ast,vmrd into the Capitan at the same place. In

tion E-E' of plate 17, which gives the most com-
jete gection through the transition zone, there are 7
uch groups of beds. Similar groups of beds, which
are possibly equivalent to some of these, are shown on
the other sections of plate 17,

THICKNESE

The Carlsbad limestone on the walls of North Me-
Eiitrick Canyon dips southeastward at angles of a few
degrees. Each thin-bedded layer which comes out of
the Capitan mass, when traced northwestward is cut
off in a few miles by erosion, so that the upland surface
of the mountains Dhevels the gently dipping beds (sec.
E-E’, pl. 17). Here and elsewhere in the southern
Guadalupe Mountains this surface, which is probably
an uplifted peneplain of post-Permian and pre-Cre-
taceous age, cuts off the beds in such & manner that no
complete section of the Carlsbad limestone exists.
Where the lower part of the formation 1s exposed, its
top is eroded, and where its top is exposed, most of the
lower part has changed into rocks of Capitan facies
(pl. 7, 4)-

The greatest thickness measured in the area, 787 feet,
is found on the slopes of Lost Peak between Dog Canyon
and West Dog Canyon (sec. 3, pl. 6), where the forma-
tion rests on the Goat Seep limestone. In the upper
course of North McKittrick Canyon 2s much as 1,000
feet of Carlsbad limestone appears to be present above
the (oat Seep lLmestone. According to Lang™ and
others familiar with the region in New Mexico to the
north the total thickness of the Carlsbad and the assocl-
ated Chalk Bluff formation of that avea is about 1,000
feot. This amount is about the same as the mazimum
¢hickness observed in the area of this report.

LIMESTORE OF SOUTHEASTERN EXPOSURES

Where the Carlsbad overlies the Capitan in the gonth-
east part of the area, it consists of thin-bedded, white or
oray dolomitic limestone. The straight, smooth bed-
ding planes are & few inches to a foot apart, and sone
beds are thinly laminated, Many of the layers are
crowded with pisolites. These pisolites have been con-
sidered by some paleontologists to be of algal origin.
They have been described and figured by Ruedemann,™

- ——
© Lang, W. B, o eit., p. 520, and personal communication, 1937,

s Ryedemann, Rudolf, Coralline algae, Guadalupe Afountains: Am.
Assoc. Petroleum Geologists DBull, vol 13, pp. 1079-1080, 1929.

55 Ackers, A. L., and others, Hendrick field, Winkler County, Texas:
Am. Assoc. Petroleum Geologists Bull, vol. 14, pp. 932 (figs. 9, 10%.
940, 1950

% Lanz, W. B, 0p. ¢it.. p- 509,
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Ackers and others,™ Lang,” and Johnson®” They are
concentrie, subspherical, caleareous bodies Tanging in
size from that of a pea to that of a ball more than an
inel across (pl. 18, 4). The pisolites are discussed fur-
ther on pp. 79-80. Other beds are crowded with fusu-
linids which are commonly orlented in a northwestward
direction, perhaps by waves or currents (Bg. 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 hard and
prittle that it generally breaks across them. In occa-
cional calcareous beds a considerable fauna, somewhat
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 coneentric,
calcareous growth, possibly made by the same encrust-
ing agent that formed the pisolites, A similar descrip-
tion of these rocks as exposed in New Mexico has been
given by J ohnson.™

LIMESTONE OF NORTHWESTERN EXPOSURES

In the northwestern part of the ares. 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-
pastern exposures. Fusnlinids, pisolites, and all traces
of other fossils are absent. The change from one type of
yock to the other takes place along a fairly definite Jine,
which passes a short distance north of Liost Peak (line
4, fig. 10).

Abont 460 feet of such beds overlie the Goat Seep
limestone a mile north of Lost Peak (sec. 2, plL 6). They
include prominent ledges, consisting of compact, dolo-
mitic limestones, which are separated by slabby, brown,
pink, or reddish dolomitic limestone, and some platy
sandstone. Some of the slabby limestones are full of
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 West Dog Canyons.

The following analyses of limestone from the Carls-
bad -of the southeastern and northwestern exposures
were made: '

© Johnson, J. H., Permian lime-secreting algae from the Guadalupe
afountains, New Mexico : Geol, Soe America Bull.,, vol. 53, pl. 6, P. 2285,
1942, .

w Girty, G. H,, op. cit, B 15,

s Johnson, J. H., oD- cit., p. 217.



Analyses, tn percent, of Carishad Hmestone

{Analyses by X. T, Murata; notes an insoluble residues by Charles Milton]

Insoluble ! R,0;
Specimen locality ——————— (mostly | CaCQ; | MgCO, MnCO; (Caz (PO4)s Total
- .| FeaOy)
Inorganie | Organic :
1. White, fine-grained, dolomitic limestone, char-
acteristic of southeastern facies of formation;
head of trail on north side of Pine Spring
Canyon_____.________ "7 7 "7 PPHng L36, 006 017, 60.9 ' 27.02! None KNone 99. 57
2. Buff, dense, dolomitie limestone, characteristic '
of northwestern facies of formation; ridge he- .
tween Lost Peak and Dog Canyon_. __ . .46 .06 .44 ‘ 54.61 | 43.98 | 0,02 None 99. 57

Inzoluble residues: 1, Light gray, with many euhedral, six-sided plates of muscovite, prismatic doubly terminated quartz, and
occasional green tourmaline; 2, light gray, mainly very small imperfectly erystallized stubby quartz grains,

SANDETONE OF SOUTHEASTERN EXPOSURES

Interbedded with the limestones of both the south-
eastern and northwestern exposures are many sandstone
beds. They are thickest and most prominent toward
the northwest.

Along the southeast edge of the Guadalupe Moun-
tains, the sandstones form oceasional 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 MeIKittrick Canyons,
and those near the headwaters of Dog Canyon, It has
a thickness of about 30 feet, and contains relatively
few, thin, interbedded limestones. This member and
a few other beds are szparately mapped on plate 3. It
may be equivalent to the Yotes sandstone,® which has
been traced widely in subsurface work in the area east
of the Guadalupe Mountaine,

The sandstones of the southeastern exncsures are
brown, fine-grained, in part calcareous, and form slabby
beds or rounded ledges. Many of them weather re-dish
brown, thus giving the false Impression that they are
red-bed layers. Three specimets of the sandstone, from
the region between Pine Spring Canyoen and the Gris-
ham-unter Cabin, were studied under the microscope
by Ward Smith. The maximum grain size vavies in the
different specimens from 0.15 to 0.50 millimeters in
diameter; in the coarsest-grained specimens the spaces
between the large grains are filled by finer detrital grains
and clay. The principal mineral is quartz. Some of
the quartz in one of the specimens shows lines of inclu.
sions and is clearly of lgneous origin. Sume other
grains are microcrystalline. There are also graing of
feldspar, zircon, tourmaline, and chlorite. At one
locality, o sandstone containing small chert pebbles was

ncted, but no material g coarse as this was found in
other places.

® Gester, G. ., and Hawley, 1. 7., Tates fleld, Pecos County. Texas,
Structare of typical Amerlean oil fields. vol, 2, pp. 480-4089, Tulsa, 1929,

SANDSTONE OF NORTHWESTERN EXPOSURES

In the northwestern part of the area, the sandstone
beds in the Carlsbad limestone are thicker and more
humercus, and form persistent members 5 to more than
50 feet thick. At Lost Peak the 78T feet of section
contains 9 such members; the thickest is at the base
(sec. 3, pl. 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
West Dog Canyons, it is buff, fine-grained, and some-
what caleareous, with some cross-bedding, and ocea-
sional limonite nodules. It crops out in prominent,
brown-colored ledges as much as 10 feet thick. South-
ward on the two escarpments, and on Cutoff Mountain,
the sundstone becomes more thinly bedded, and is of buff
or reddish color. In this vicinity it contains much
interbedded, platy, white or pink dolomite. A speci-
men of sandstone from the mem Jer, collected near Cut-
off Mountain and studied under the microscope by Ward
Smith, consists of quartz and feldspar grains, with a few
grains of zircon and clastic calcite, all loosely packed in
a ealeite matrix. The maximum diameter of the grains
15 0.2 millimeter,

When traced toward the southeast along several lines
of outerop the basal sandstone member of the Carlshad
limestone appears to extend either into the basal beds
of the Capitan limestone or into beds just beneath it.
One line of outcrop is along the west edge of the moun-
taing. Here the thinned equivalent of the sandstone
seems to be traceable, near Bush Mountain, into the
sandstone break that separates the Gont Seep and Capi-
tan [Imestones (as suggested by correlation lines between
secs. 4 and 11, pl. 6).  Another line of outcrop extends
from Dog Canyon, near Bl Paso Gap Post Office, into
North MeKittrick Canyon. Here also the sandstone
thins southeastward, and its equivalent appears to lie
near the boundary between the Goat Seep and Capitan
(sec. E~E”, pl. 17, and pl. 3).
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The basal sandstone member of the Carlsbad lime-
stone also 1s 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, 4. 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 vieinity of Queen Mesa (for location,
cee fig. 2). It therefore may be the same as the Queen
gandstone member of the Chalk Bluff formation, which
was described m that area by Blanchard and Davis®
and by Lang.®

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 Carlshad and
Capitan limestones. Insome earlier reports it has been
correlated with much higher parts of the Capitan
Jimestone. Thus, Blanchard and Davis® state that
they have traced the Queen southwestward to within
a mile northeast of Guadalupe Peak, and that it lies
stratigraphically within 300 feet of the top beds of
the peak. According to observations made during the
present work, there are many thin sandstone beds at
different levels in the Carlsbad limestone near the peak,
but no continuous traceable Jayer. These sandstone
beds are here interpreted as lying much higher strati-
graphically than the Queen and associated sandstones
farther north.

NORTHERN GUADALUPE MOUNTAINS

1n the northern Guadalupe Mountains, which lie in
New Mexico, outside the area studied, the Carlshad
Jimestone interfingers with rocks of another facies,
composed of anhydrites and other evaporites, thin dolo-
mites, red beds, and sandstones. These rocks form the
Chalk Bluff formation of Lang,® and are of the same
age and facles as the Whitehorse 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
away from the Delaware Basin, and farther within the
shelf area, than any beds within the area of this report.

The beds in question ave exposed east of the central
ridge of the Guadalupe Mountains toward the Pecos
River, where they form the Seven Rivers Embayment
and the northeastern prong of the mountains (fig. 2).
In the embayment and prong aren, the Carlsbad and

[ —

& Blanchard, W. G. and Davis, M. J., Permian stratigraphyr and
structure of parts of pentheastern New Mexico and southwestern Texas:
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& Blanchard, Y. G., and Davis, M. J., idem, p. 972,

& Lang, W. B., The Permian formations of the Pecos Valley of New
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& De Ford, K. K, and Lloyd, E. R., Editorlal introduction {to west
Texas Permiin symposium] : Am. Assoc. Ttetraleum Geologists Bull, vol.
24, pp. 5-0, 1940,

Chalk Bluff formations interpenetrate as a series of
tongues. At the base is the Queen sandstone member
of the Chalk Bluff, which extends up over parts of the
central ridge (as on Queen Mesa), where it overlies
the Goat Seep limestone or its equivalents. Above it
is the Seven 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 Seven Rivers Embayment, a low-
lying plain, down the dip from and east of the central
ridge, and between the ridge and the northeastern
prong of the mountains. The embayment is wedge-
shaped, with its point to the south, where the central
ridge and the prong come together (fig. 2). This topo-
graphic relation is a reflection of the southward disap-
pearance of the Seven Rivers mentber along the out-
crop, by intergradation with the more resistant and
topographically more prominent Carlsbad limestone.

The northeastern prong of the Guadalupe Moun-
taing, down dip to the east of the embayment, is capped
by a sheet of Carlsbad limestone that forms the Azotea
tougue of Lang. It partly overlies the Seven Rivers
member, but intergrades with it. toward the northwest,
as exhibited in excellent exposures along Rocky Arroyo,
in the gorge cut by it through the prong.® The outcrop
of the tongue crosses the Pecos River northwest of Ava-
lon Lake, where the tongue forms a rapidly thinning
wedge enclosed above and below by beds of the Chalk
Bluff formation.”

Overlying the Azotea tongue of the Carlsbad lime-
stone in the north part of the northeastern prong isa
higher tongue of the Chalk Bluft formation, called the
Three Twins member by Lang. This tongue inter-
grades with the Carlsbad limestone a short distance
northwest of Carlsbad. According to De Ford and
Riggs,* it includes the Yates sandstone of subsurface
nomenclature, 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
QOchoa series,

North of the area covered by figure 2, the tongues of
Carlsbad limestone wedge out entirely, and all the beds
of upper Guadalupe age are of Chalk Bluff type. Still

 First deseribed by €. L. Baker, Contributions to the stratigraphy
of eastern New Mexico: Am. Jour. Sel, 4th ser., vol. 49, p. 115, 1920
For detailed description see Dates, R. L., Lateral grudation in the
gevon Livers formation, Rocky Arroyo, Eddy County, New Mexleo:
Am, Assoc, Petroleum Geologists Bull.,, vol. 26, pp. 80-99, 1942,

& Exposures of the tongue at this lecality were deseribed by 0. B.
#einzer, B. C. Henick, and Kirk Brran, Genlogy of number 3 reseryoir
site of the Carlsbad jrrigation project, Kew Mexico : . 8. Geol. Survey
wWater-Supply Paper 530, pin 12-13, 1926. The overlying beds, which
they termed Castile formation, are mow knewn to belong to the Three
Twins member of the Chalk Elufl fermation.

s De TFord, R, K., Riggs, G. D, Tansill formation, west Texas and
southeastern New Mexico: Am. AssSoC. Petroleum Geologists Bull, vol.
23, pp. 17131728, 1041.
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farther north, limestones of middle Guadalupe age,
equivalent to the (toat 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
Mountains, 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
place to place. By the latter system, the beds here dis-
cussed are termed the Whitehorse group, which is di-
vided from below upward inte the Grayburg, Seven
Rivers, Yates, and Tansill 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 value

the recognition of subsurface structural features.

STRATIGRAPHIC RELATIONS
FIELD RELATIONS
In the Delaware Mountains, the Bell Canyon for-

mation, at the top of the Guadalupe series, is overlain -

by the Castile formation. In the Guadalupe Moun-
tains, no beds younger than the Guadalupe series are
present. The highest beds of that area are the Carlsbad
and Capitan limestones of Guadalupe age, which have
been deeply eroded. The top of the Bell Canyon for-
mation of the Delaware Mountains lies at 2 much lower
altitude than the Carlsbad and Capitan limestones of
the Guadalupe Mountains, with the overlying Castile
extending up to the base of the Reef Escarpment. Near
* the Gray Ranch in Big Canyon Draw (northeast cor-
ner of pl. 3) the Castile crops out within a mile of the
Beef Escarpment and stands more than 1,000 feet be-
low the crest of the escarpment.

The contact between the Bell Canyon and the Castile
in the Delaware Mountains appears to be conformable.
The highest sandstones of the Bell Canyon give place
wbruptly to thinly laminated limestone of the Castile,
which grades upward in turn into laminated anhydrite,
There is no sign of erosion at the contact.

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 could have been laid down
across the Delaware Mountain area but was eroded en-

" the escarpment.
. although most of the Capitan limestone is equivalent
_ to the Bell Canyon formation the highest beds at Me-
- Kittrick Canyon are contemporaneous with the Castile
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tirely away before deposition of the Castile, so the
Castile wag deposited on beds older than the Capitan,®
2, the Castile anhydrites could be the southeastward
equivalent 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
between the two being the result of irregularities in the
original depositional surface.

The present field work indicates that the thu'd ex-
planation is the correct one, and demonstrates that the
greater part of the Capitan Imestone is of the same
age as the Lamar and underlying members of the Bell
Canyon formation..

Although the greater part of the Capitan limestone
can be 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 and face of the escarpment at Me-

Kittrick Canyon cannot be traced southeastward be-
‘cause they are cut off by erosion.
- with the Bell Canyon formation of the Delaware Moun-
for subsurface work, such as well-log correlations and .

Their correlation

tains i3 thus somewhat uncertain. To the northeast,
m New Mexico, greater thicknesses of Carlshad lime-
stone than at McKittrick Canyon extend to the edge of
Some geologists have suggested that

formation, and that the thick Carlsbad limestones to

“the northeast include strata that are younger than those

at the canyon.™

The youngest Capitan and Carlsbad limestones at
McKittrick Canyon and farther northeast are identical
in character with those of the older parts of the same
formations elsewhere in the mountains. If they were
laid down at the same time as the Castile formation, the
conditions of their deposition would have been very
different from those of the older beds. It seems prob-

‘able therefore, that they are equivalent to the 20 to 35

ifeet of thin sandstone and limestone beds that lie be-

“tween the Lamar member and the Castile formation

southeast of the Reef Escarpment. These beds are
much thinner than the limestones on the escarpment,
but ile older sandstone and limestone members of the
Bell Canyon formation are likewise thinner than that
part of the Capitan limestone which has been proved
to be equivalent to them.

® Richardson, G. B., Reconnalssance in trans-Pecos Texas north of
the Texas and Pacific Railway : Texas Univ. Bull. 23, pp. 43-44, 1904,
Darton, N¥. H., and Reeslde, J. B,, Guadalupe group : Geol, So¢, America
Bull., vol. 37, pp. 42021, 1926.

™ Baker, C. L., op. eit., pp. 116-117. This view was widely held by
other geologlsts about 1923, but apparently none of them publisied
their conclusions.

%1 Blanechard, W. G., and Davis, M. J., Permian stratizraphy and
atructure of parts of sputheastern New Mexico and southwestern Texas !
Am, Assoe, Petroleum Geolegists Bull, vol. 13, p. 983, 1929,




Whether any limestones younger than those at Me-

]{ittl‘iCk Canyon come 1n to the northeast remains to be

oved. In view of the widespread and often abrupt

Jacement of the Capitan by the Carlsbad limestones,

it 18 probable that the limestones of the two areas are
of about the same age.

INFERRED STRATIGRAFHIC RELATIONS

The Castile formation may have been deposited on
¢he highest sandstones of the Bell Canyon formation
with 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 cansed by concentration of
calts in a partly inclosed body of sea swater. Both, how-
ever, seem to have been deposited slowly in quiet water,
and the change in character of the sediments probably
resulted from events 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
relations are probably different. If all the Capitan
and Carlsbad limestones are older than the Castile, they
formed a mass that projected above the sea bottom of
the Delaware Basin in somewhat the manner as the Reef
Escarpment now rises above the plains to the southeast
of it. Deposits laid down in the Delaware Basin in
post-Capitan time probably overlapped the more ele-
vated 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
area studied. Farther east, however, where the Capi-
tan and Castile formations pass beneath the surface,
the evidence 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 Delatare Basin {as suggested in sec. &, pl. 7, B).™

FOSSILS

The upper part of the Guadalupe series contains
abundant fossils at many places. Its faunas were, in
fact, the ones best known in the Guadalupe Mountains
before the present investigation, because they furnished
a large part of the material previously described by
Girty ™ in his Guadalupian fauna. In addition, collec-
tions of this fauna made later by Darton and Beeside,™
have been reviewed by Girty.

Tn 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

= Cartwright, L. 1., Transverse section of Permian basin: Am.
Asgoe. Petrolenm Gealogists Bull., vol. 14, pp. 979-980, 1830. Eroen-
lein, A. A., Salt potash and anbydrite in the Castile formation of south-
east New Mexico: Am, Assoc. Petroleum Geologists Bull., vol. 23, figs.
2 and 2, pp. 1685 and 1587, 193,

= Girty, G. H., The Guadalupian feuna: U, 5. Geol. Survey Prof.
Paper 58, pp. 15-20, 1008, -

™ Darton, N. H., and Reeside, J. B., Jr., Guadalupe group: Geol. Soe.
America Bull., vol. 37, pp. $14-416, 424, 427-428, 1926,

GUADALUPE SERIES, UPPER PART

69

Skinner,® Miller, and Furnish,® and G. H. Girty. In
addition, some information ijs taken from the recent
work of Pia® and Johnson ™ on algae, of Edwin Kirk
on erinoids, of L. G. Henbest on Foraminifera, and of
N. D. Newell ® on pelecypods.

In the upper part of the Guadalupe series, fossils
oceur 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 common, and in many beds are
absent entirely. Like the rocks that contain them, the
faunas differ markedly in facies from one part of the
area to another, even in contenmporaneous beds. The
first group of faunas, described below from the limestone
members of the Bell 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 LIMESTOKE LIEIII?ZR

The Hegler limestone 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 rather 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 distinet litho-
logic types, but the faunal characters are much the same
and the differences do not seem to be stgnificant.”

Collections were 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
avea to the west. They were made also from the lumpy
facies along the Reef Escarpment, on the southeast side
of the Guadalupe Mountaing, and from the light-gray,
bedded facies in McKittrick Canyon.

5 Dunbar, C. 0., end Skinner, T. w., Permian Fusulinidae of Texas :
Texag Univ. Bull. 3701, pp. 504580, 727-781, 1937,

7 priller, A. K., and Furnish, W. M., Permian ammonoids of the Guad-
atupe Mountains region and adjacent areas: Geol. Soc. Amerlca Special
Paper 26, pp- 11-12, 1940.

n pia, J. V., Die wichtigsten kalkalgen des Tungpalaoczoikums and
ihre geologische bedentung: Compte rendu du deuxitme congress pour
lavancement des &tudes Carbonifére. pp- 813-837, Heerlen, 1937;
Torldufize iibersicht der kalkaigen des Perms von Nordamerika : Aked.
Wiss., Wien, Math-Natuurwiss, K1., Anz. 9, preprint, June 13, 1940.

s Jolnson, J. H., Caleareous algae from the Carlsbad limestone of
wew Mexico [abstraet] : Geol. Soc. America Bull, vol. 49, p. 1889, 1938
Ecologic distribution of lime-geereting algae of the Permian Carlshad
reef, Guadalupe Mountains, N. Mex. [abstract]: Geol Koe, America
Bull.,, vol. 50, p. 1915, 1930 ; Permian lime-secreting algae from the
Gunadalupe Mountains, XN. Mex, ! Geol. Soc. America Bull., vol. 53, PP.
105226, 1942,

W Newell, K. D., Invertebrate fauna of the late Perminn Whitehorse
sandstone : Geol. Soc. America Bull., vol. &1, pp. 279-280, 1239.
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Fusulinids are rare in the Hegler member, but at a
few localities, as at 7622 in McKittrick Canyon, there
are specimens of Polydiexoding shumardi 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. Ammonoids
are 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, Miller and Furnish have identified Aedlicottia
girty: Miller and Furnish, Paraceltites altudensis
{Bise), Pseudogastrioceras altudense (Bése), P. beeded
{Plummer and Scott), Xenaspis skinneri Miller and
Furnish, C'ibolites uddeni Plummer and Scott, Waags-
noceras guadalupense Girty, and Timorites schuchert
Miller and Furnish.

By far the most abundant type is the W aagenoceras,
which oceurs in great numbers at ail colleetion localities.
Considerably less abundant, but still eommon, is the
genus Pseudogastrioceras. The Timorites occurs at
only a single locadity (7694), but, is of some significance,
because Miller and Furnish ® have uszed it to name the
Permian ammonoid zone next above the zone of
Waagenoceras. ere and elsewhere, however, Timor-
ttes and Waagenoceras occur in assoeiation in the lower
part of the zone of Timorites. That the Hegler member
is of Jater Permian age is suggested by Yenaspis which
oceurs high in the Permian sequences of the island of
Timor (Netherlands East Indies), and of the Salt
Range of India.

Regarding the remainder of the fauna, Dr. (Firvty re-
ports:

The corals are somewhat more diversified than is common
in the Guadalupian faunas, although they cannot at this tinie
be sately identified even generieally. A few speciinens may be-
long to the form cited in the coliections from lower bheds as
Lophophylium sp. There seems to be a second species con-
structed along similar lines, but forming long, slender coralites
resembling dmplerus. Cyathazonis appears to be present in one
collection, and in another the small compound eoral described as
Cludopora spinulete Girty is not rare.

Bryozoans are fairly well represented and abundant in one
collection, but not in the others. In this one collection {No.
T622) Fistulipore is as usual the most abundant genus, The
specimens have the form of rather slender eylindrical stems and
belong fo the species described as F. grandis guadalupensis Glrty.
A few slender branches are provisionally referred to Batosto-
melly, but a more definite assignment must await study by menns
of thin sections. Bome coarsely silicified fronds belong to
Fenestelle or Polypora, or both. Acanthocladio puadalicpensis
Girty is falrly abundant, as are some slender stems belonging to
the species deseribed as Domopory ovellufy Girty.

*Aer. A, K., and Furnish, W. ML, op. cil., p. 20,

Turning now to the brachiopods, we find that the orthoids are
distingnished by their absence. The Ortlhotetinae are repre-
sented by a few small and poor specimens whose identification
would hardly be profitable. Only one is a ventral valve: It
probably belongs to the genus Orthotefes. Chonetes is repre
sented by two species, . subliratus Girty, and C. permianus
Shumard, which iz here encountered for the Arst time.

The productids are much reduced in numbers and variety, and
half the specles are represented by but a single specimen. Aside
from several species that, in the present state of my investiga-
tions, are indetermninable, we have here Productus capitancnsis
Girty, P. popel opimus Girty, Productus aff, P. occidentalis New-
berry, and two species which in Professional Paper 58 were dis-
tinguished as Productus sp. a and Productus sp. d, and Gnally I
would judge, the species that King deseribed as Awonia walcot-
tiana costata.

0f Aulosteges, there are apparently two species, each repre-
sented by a single specimen. One of them, which is frognen-
tary, may belong to A. guedalupensis Shumard. The other be-
gins with an ornamentation of large, elongated nodes, which
farther forward develop into coarse, irregular costae; the
specles is apparently new.

Prorichthofenia is present at two localities and is fairly abun-
dant at one of them. Pending detailed study, the spevies may be
included under P. permiang (Shumard). Camarophorie is rep-
resented, if at all, by a mere fragment. It might belong to €.
venuste QGirty.

The rhynchonellids of the Hegler limestone are rather abun-
dant and diversified, always remembering that this member is not
highly fossiliferous. I recognize Leiorhynchus? bisulcatum
(Shumard), L.? bisuleatum seminuloides (Girty), Leéorhynchusl?
n, sp., Wellerella? shumardiana (Girty), Wellerella? swalloiwi-
anag (Shumard), and Wellerella? indentete (Shumard).

Only two terebratuloids are present, one an indeterminable
species of Dielasmua, the other Dielusming guadalupensiz Girty.

The spiriferoids are represented by rather numerous species,
but by few individuals. I may name Spirifer mezicanus Sllnf-
mard, 8. suleifer Shumard?, 8. sulcifer var., Spirifer o, sp.. SP"’f‘
ferine billings! Shuward, and Spirifering pyramidalis GirtyL
This group seems to show marked Capitan affinities. _

Composite is numerous at one locality, but few of the speci-
mens are well preserved. Two species can be distillglﬂ!‘h‘-“{'
which may be called Composite aft. €. subtilite (Hall) and €.
emarginete affinis Girty. Some of the lstter ave very large.
Hustedie is represented by few specimens, but they appeur to
belong to three species, H. meekana (Shomard), Hustedid aft.
H. mormoni (Marcou), and Husfedia aff, H. bipartite Girf)‘. -

The pelecypods, tollowing the general paucity of fossils in this
unit, nre scantily represented, and many of the specimet_xs are
not identifiable. Theve is a doubttul species of Sedyicickic and
a doubtful speeies of Parallcliodon. As in the faunas already
dizcussed, the pectencids are more plentiful and varied th:lfl ﬂ-‘f
other groups, I may reeord Pernipecten? obliquus GIrLY =
Girtypecten sublayueatus (Girty)?, Deltopecien . sp. Cumplo-
nectes seulptilis Girty ?, and Cumptonites? n. sp.

01 the gnastropods, the collections atford a single fragment
specinen, which might belong either to Biomphalus or Omphd-
Intinehus,  Lastly, the trilobites are represented by 2 f'i:;
fragments, probably belouging to  Anisopyge perannuld
(Shumurd ) —Girty manuseript.

ary

In comparison with the fauna of the preceding Sollt_h
Wells member, Dr. Girty notes the reappealailce 13
the Hegler member of bryozoans and Epfl'lferm i
brachiopods, which were absent in the South Wells allf
common in still lower hovizons; the absence in both ©




seletes: plthough it was present in the Goat Seep
T tone; and the absence in the Hegler of M. eckella
o ESC.,. ptocanthifl, which were present in the South
snd " Chonetes permianis Shumard, which occurs
Hegler, has not been found at lower horizons,
w o Productids seem to differ considerably from those
Ththe older faunas. Both they and the spiriferoids
° el resemble those of the Capitan limestone.
cic,_.ofding to Girty, “like the South Wells fauna, the
Hegler faund shows an abundance and diversity of
rln-lldlﬁndlid5= but the specific representation is d?f—
fez‘-enf-- The South Wells fauna is conspicuo_us for its
jarge forms, such as Liorhynchus weeksi (G_lrty), and
L. wecksi nobilis (Girty), neither of which occurs

wells:
- the

PIRFRY LIMESTOKRE MEMBER

The Pipery member contains the assemblage de-
ccribed by Shumard and Girty as the “upper dark
limestone” gauna. Most of the material on which the
pavlier descriptions were based came from the hillside
above Pine Spring, the type gection of the member
(Girty's locality 2030). Subsequent collections were
made at the same locality by Darton and Reeside ™
(No. 5515) and during the present investigation (Nos.
7400, 7477, and T 708).  (See pl. 2.)

Collections made here and elsewhere along the base
of the Reef Escarpment reveal abundant and diverse
fossils, constituting a fauna of relatively constant
character. Similar fossils, but with a considerable
admixture of Capitan species, oceur in the lighter-
colored limestones of the member farther northwest.
{as at locality 7412), where the member begins to
change over into the Capitan facies. Southeast of the
Reef Escarpment, in the Delaware Mountains, how-
ever, large numbers of the characteristic elements of the
gauna disappear. A collection from this last named
region (locality 704%) contained abundant fusnlinids,
ammonoids, and rhynehonellid brachiopods, a few
productids and pelecypods, and nothing else.

F}lsulinids occur in nearly all exposures of the
member, regardless of facies. According to Duubar

and Skinner, they belong to the large species Polydi-

eroding shumardi Dunbar and Skinner and P. capitan-
ensis Dunbar and Skinner, and to the small species
Lilla bellule Dunbar and Skinner and Codonvfusiclla
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 Waagenoceras guadalupense
Girty, Xenaspis shinneri Miller and Furnish, and
Pseudogastrioceras sp.  No nautiloids have been found,
either in recent or earlier collections.

At several localities along the base of the Reef
Escarpment, as at Pine Spring, several minute crinoids

& Darton, N. H., and Reeside, I. B, Jr., op. cit., p. 416.
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have been collected. They may possibly prove to be
index fossils of the horizon, for they have been found
at mo other bed in the section. According to Edwin
Kirk, they include Coenoeystis richardsoni Girty and
Allegecrinus sp. The genus Coenocystis and its species
were established by Girty ® on the basis of material
from o locality in the southern Delaware Mountains
(No. 2069). 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 Guadalu