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PETROLOGY OF PIERCE CANYON REDBEDS
DELAWARE BASIN, TEXAS AND NEW MEXICO

Daniel N. Miller, Jr.
ABSTRACT

The Pierce Canyon formation of the Delaware Basin is a red silte
stone sequence about 350 feet thick that overlies the Permian Rustler
evaporites and underlies the Upper Triassic Santa Rosa sandstone. It
consists of crosslaminated, gypsiferous, slightly sandy and slightly
clayey siltstone and ranks as submature to mature arkose or sub- )
arkose containing 20 to 30 per cent feldspar. Petrographic and tex-_
tural analyses show that there is little variation in composition or
texture either vertically or horizontally. These redbeds typically
contain hollow sanidine g}ains which may prove useful as a stratigra-
phic marker. Authigenic biotite was detected in a few of the reduction
spots.

The Pierce Canyon redbeds were probably derived predominantly

from a granitic source in northern Coahuila, Mexico, under the in-

v

fluence of an arid climate, transported by the wind, and deposited in
a shallow saline sea in west Texas and southeastern New Mexico.
Comparison with other redbeds shows that the Dewey Lake fomati:;h
of the Midland Basin, and the Quartermaster formation of the Texas Pan=
handle, have compositions that are essentially identical with that of

iii




the Pierce Canyon redbeds,

The Pierce Canyon differs mineralogically from the Yates,
Rustler, Tecovas, Santa Rosa, Chinle, and Gatuna formations. If the
Pierce Canyon is assigned to the Permian system, then there are eight

mineralogic differences to distinguish Permian from Triassic redbeds,
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INTRODUCTION

Underlying the vast expanse of desert and prairie land of west
Texas and southeastern New Mexico is a broad, shallow, structural basin
filled with lithified Permian sediments. Although it represents only
a small part of the widespread area once covered by the Permian sea,
the Delaware Basin provides the most nearly complete sequence of
Permian rocks‘on the North American continent. The standard Permian
section of North America was established here (Adams et al.) in 1939;
it consists of four stratigraphic series, in ascending order, Wolf-
camp, Leonard, Guadalupe, and Ochoa. The position of the Permian-

Triassic boundary has been and is a matter of disagreement among

geologists. A considerable thickness of redbeds overlies the younéést

proven Permian, the Rustler formation, and underlies the Upper-Triassic
Santa Rosa sandstone. Since 1935, when Walter B. Lang designated
these redbeds as the Pierce Canyon formation, placing the type local=-
ity in the subsurface of-central-eastern Loving County, Texas, their
age has been in question. |

The writer has endeavored to bring together all the geological
information that bears on the origin and history:bf the Pierce Canyon

redbeds, including new data obtained by him. In order to study the

Pierce Canyon formation, the outcrops were examined. More than 50
surface and subsurface samples, from widely scattered geographical
locations were critically studied. Eighty thin sections provided a fairly
1
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complete assay of the detrital minerals and chemical cements, and their
relationship to the entire rock unit. Heavy-mineral studies combined
with textural, chemical, and X-ray analyses were also made. Many of the
samples and all the thin sections have been deposited in the stratig-
raphic petrography collection of the Department of Geology, The Univer-
sity of Texas in Austin.

Conclusions, describing the probable source of the detritus, means
of transport, depositional enviromment, and the paragenetic history of
the strata, follow the description of the rocks. Outcrop and subsurface
samples of the Rustler and Santa Rosa formations of the Delaware Basin,
and the Dewey Lake, Tecovas, and Quartermaster formations of the Midland
Basin and the Texas Panhandle were similarly investigated. The differ-
ences and similarities of detrital constituents in these formations have
been described. ‘

The striking similarity in texture, detrital minerals and chemical
cements of the Pierce Canyon and Dewey Lake formations, which heretofore

had been presumed by some geologists, has been verified.
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Evaporites and Redbeds in Delaware Basin

Ochoa deposition.~ The final stage of Permian deposition in the

deepest part of the Delaware Basin is represented by more than 5,000
feet of saline residues and redbeds. These deposits belong to the
Ochoa series which includes the following formations in ascending order:

Castile gypsum, anhydrite and salt; Salado salt and anhydrite; and thé

o

Rustler gypsum, anhydrite, dolomite, limestone, red claystone, silt-

stone, and sandstone. Since 1924, the drilling of thousands of deep
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tests for petrol;um and many core tests for potash, and the working of
the potash mines near Carlsbad, New iexico, have revealed the wide-
spread occurrence of these sedimentary units in southeastern New Mexico
and west Texas. They have been described in numerous publications.
When originally deposited from the Permian sea these sediments
" covered vast areas outside the Delaware Basin. There were many trans—
gressions of the sea northward and eastward beyond the rim of the basin
and undoubtedly just as many regressions southward when little or no
material was deposited. Extensive accumulations of gypsum and salt and
local deposits of potash minerals in the Salado indicate regional des-
iccation during Castile and Salado time, Clay and silt, interbedded
with the evaporites, evince a terrain of low relief. Where the retreat-
ing sea had only recently exposed the surrounding land, surface drain-
age was probably restricted to slowly moving streams with wide channels,
which were constantly being clogged by flood plain deposits. The vir-
tual absence of organic remains suggests the desolate condition of the
entire region. Salt, interbedded with clay and silt in the Rustler
formation, indicates that these conditions persisted until almost the
end of the Permian period. T
The Rustler formation oversteps the Salado salt to the north and
east and records a transgression of the sea beyond the Delaware Basin. ~

It consists of red claystone, siltstone, fine sandstone, interbedded

with evaporites which by their repeated occurrence suggest slowly but
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continually changing conditions. Thin beds of fossiliferous limestone
indicate a greater abundance of marine life during periodic intervals.
The uppermost Rustler beds are sulphate, which prove that the region

was still beneath sea level at the end of Rustler time.

Intervening redbeds.— Overlying the Rustler evaporites is a sequence

of redbeds (the Pierce Canyon formation) which have not been studied in
detail heretofore, although several writers (Lang, 1935, p. 264 and 1947,
' p. 1673; DeFord and Wahlstrom, 1932, p. 59; DeFord, in P. B. King, 1942,
fn. 151, p. 613; P. B. King, 1942, p. 612; Adams, 1929, p. 1052 and 1935,
p. 1021; Page and Adams, 1940, p. 62) have described them. These redbeds,
like the Rustler evaporites, are widespread in west Texas and southeast-
ern New Mexico, but unlike the Rustler, are lithologically homogeneous}
they consist of very thinly and evenly bedded, clayey and sandy feld-
spathic siltstone cemented with gypsum and calcite. Most of the beds are
crosslaminated, a few are ripple-marked and crossbedded. A few scattered
bits of calcitic or phosphatic fossil fragments have been recovered from

these beds, but all are too worn to permit identification. Within the

Delaware Basin the thickness of this redbed sequence ranges from zero to

450 fest,

Upper-Triassic redbeds.~ The Upper Triassic Santa Rosa sandstone,

the lowest formation of the Dockum Group in the Delaware Basin, overiiés
the post—Rustler redbeds and is separated from them, at least in Eddy

County, New Mexico, by an erosional wnconformity. Although variable in




texture in diffeéent areas, the Santa Rosa is predominantly a reddish
brown, silty, medium-grained sandstone cemented with calcite and some
quartz. The sandstone is typically crossbedded. Adams (1929, p. 1047)
has described sand dunes and other characteristics of the Santa Rosa
that suggest continental deposition. Pebble conglomerate and siltstone

with parallel bedding are associated with tye crossbedded sandstone in

most places. In general, the Santa Rosa sandstone becomes finer west-
ward. The.source of part of the detritus may have been to the south and
east (Adams, 1929, p. 1049); another part was probably derived from
southeastern Colorado. In the Delaware Basin, near the southern limit
of the Santa Rosa sandstone, the total thickness ranges from 100 to 300
feet. -

The Chinle shale (Upper-Triassic) overlies the Santa Rosa sand-
stone in the Delaware Basin; the centact is gradational and conformable.
Adams (1929, p. 1052) and Dickey (1940, p. 50) have described the Chinle
shale in this region as a thick sequence of red and green chale, sand-
stone, limestone, and conglomerate. The Chinle shale is believed to be
a terrestrial flood-plain or alluvial deposit laid down on a west- and

northwest-sloping, post-Permian terrain (Adams, 1929, i. 1052).

Cenozoic redbeds.~ Overlying the Permian and Triassic formations

of the Delaware Basin is a heterogeneous mixture of pale red detritus “
that closely resembles the Pierce Canyon redbeds but is Cenozoic and

probably Pleistocene in age; it was designated the Gatufia formation by
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Lang (1938, p. 84) as follows:

The name Gatufia is here given to an assemblage
of rocks of various kinds that were laid down in
the Pecos Valley in post-High Plains time and
apparently after the completion of the maximum
cycle of erosion in this valley. . . . The dom-
inant material of which they are composed is fine
red sand. However the material is largely of
local derivation and therefore the character of
the source of the material has had a controlling
influence on the composition and color of the re-
sulting deposits. Conglomerates, stream gravels,
gypsum, and limestone, as well as bedded and un-
consolidated sands and silts, comprise this forma- -
tion.

The Gatuha sandstone crops out along the Pecos River Valley in south-
eastern Eddy County, New Hexico and extends southward over the eastern
half of the Delaware Basin as indicated by Maley and Huffington (1953, -

p. 541). The thickness ranges from zero to 1,500 feet.
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Figs 1. Brecciated limestone and
gypsvm in the upper part of
the Rustler formation in
west face of Culebra Bluff
northeast of Loving, Eddy
County, New Mexico. Notice
void spaces in this brine-

aquifer.
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STRATIGRAPHY OF PERMIAN-TRIASSIC FORMATIONS

Rustler Formation

The Rustler formation was described by G. B. Richardson in 1904

in the southwestern extension of thne Rustler Hills, between Cottonwood

and Hurds Pass draws,keastern Culberson County, Texas. Subsequent re-
ports of Rustler outcrops in this area by P. B. King, R. K. DeFord, J.
E. Adams, W. B. Lang, and numerous University of Texas students (unpub-
lished Master's Theses) have resulted in a more accurate description
than that originally published by Richardson.

The Rustler formation consists at the outcrop of limestone and

dolomite separated by shale, sandstone, and local lenses of gypsum.
A maximum thickness of 375 feet, exclusive of the upper anhydrite,

was reported by Adams (1944, p. 1613). This thickness is 70 feet

greater than a section measured in the north half of Salt Draw Quad-
rangle, Culberson County, by Hughston (1950, p. 13). Local lensing
and interbedding of the rock types on scattered outcrops make correla-

tion of individual units difficult. The approximate eastern limit of

A )

Rustler outcrop is shown on Plate 4.
The Culebra limestone member is exposed at Culebra Biuff along
the east bank of the Pecos River, 3} miles northeast of Loving,
Eddy County, New Mexico (SEZ Sec. 2, T.V 23 S., R. 28 E,), Be-
cause of local brecciation énd solution channels, this part of the

12
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Rustler formation is permeable to ground water. Void sp#ces up to 8
inches in diameter are common as indicated in Figure 1. The potash
mining companies, whose shafts are situated a few miles northeast of
Culebra Bluff, report almost uncontrolleble quantities of water pouring
into their shafts from the lower part of this permeable zone during the
excavation process. The water is highly mineralized and of no economic
value.

Red clay, anhydrite, and salt overlie the aquifer and are in tum
overlain by gray dolomite banded witp gypsuz. A small roadcut on New
Mexico State Highway 31, half a mile due west of the Intermational
Minerals and Chemical Corporation mine in eastern Eddy County, exposes
about 7 feet of the banded dolomite. }

In the subsurface the Rustler consists of dolomite, anhydrite,
gypsum, limestone, salt, and polyhalite irregularly interbedded with
lenses of red clay, siltstone, and sandstone. The thickness of the
Rustler formation ranges from 400 to 500 feet in the center of the
basine.

Pierce Canyon Redkeds ~
Overlying the Rustler evaporites‘'is a sequence of red siltstons,
the Pierce Canyon formation. W. B. Lang (1935, p. 264) described the
red siltstone from the subsurface as

A series of fine sandy to earthy recd beds, polka-
dotted with green reduction spots and usually




irregularly veined with thin secondary selenite

fillings.
Lang described the redbeds from 350 feet of cuttings recovered from the
Eldridge core test (Sec. 22), drilled in 1926 as an offset to the Pinal
Dome 0il Companyts Means No. 1 dry hole, drilled in 1921, to supplement
the upper part of the section absent in the Means tests The cuttings
from both bere holes provide the type material for the formation. The
Means test is in the SE corner of Sec. 23, Blk., C-26, PSL, in central-
eastern Loving County, Texas, 31 miles due north of the city of Pecos
and 8 miles south of the Texas-New lexico state line. The name Pierce
Canyon was derived from a small canyon on the east side of the Pecos

River, 7 miles east-southeast of the towm of lialaga in Eddy County, New

Mexico (Secs. 23 and 26, T. 24 S., R. 29 E.) and 35 miles northwest of
the Eldridge and Means tests. The sowrce of the geographic name is not
the type locality of the formation, for the redbed outcrop is what R. W.
Richards (in Adams, 1944, p. 1601) described as pre-Gatuna redbeds, and
what DeFord (oral communication, Feb. 1955) calls Gatuia. For all that,
the subsurface redbeds described by Lang form a lithologically distinct
and continuous stratigraphic unit between the Rnstlé; and the Santa Rosa
formations. They blanket the eastern two-thirds of the Delaware Basin
and extend northward to the Loco Hills, Eddy County, New Mexico. Their
occurrence to the north and east in Texas has been cited by DeFord

(1941, p. 56), and described by Adems (1944, p.-1501) as follows:
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The outeropoing Piecrce Canyon redbeds of the Pecos
tnolezic2lly to the post-

Valley are similaor 1if

Dc rey Lalze redbede of the southern Permian basin
and to the Quartcrmaster of the Panhandle. They

occupy the =same position with recpect to the upper

1r;3501~ Santa Roca sand

1ds of intervening wells,

wi
tone ond, judged by sec-
can
-raphic unit ...

Within the Delaware Basin there are only a few scattered exposures
of the Pierce Canyon redbeds. These are limited to a narrow, sinuous,
and intermittent belt which extends frem Red Point, 10 miles north of
Kent in southeastern Culberson County, Texas, through Red Bluff Lake,
Texas, to Maroon Cliffs, 18 miles east-northeast of Carlsbad in Eddy

County, New lMexico.

Maroon Cliffs and vicinity.- The thickest single exposure of the

Pierce Canyocn redbeds is in Maroon Cliffs along the northern escarpment
of Nash Draw in eastern Eddy County, New Mexico (DeFord, 1940, p. 2).
Approximately 120 feet of section is exposed 0.5 mile south of U. S.
Highway 62 (Carlsbad-Hobbs) and 3.9 miles east of the most easterly
intersection of U. S. Highway 62 and State Highwey 31 (Secs. 5 and 9,
T. 21 S., R. 30 E.). The outcrop is accessible by automobile both on
the high road, which follows the eastern escarpment, or by the low road
through Nash Draw (topographic sheets, Nach Draw and Clayton Basin Quad=-
rangles, 1943 ed., U. S. Geol. Surv.).

Nash Draw is an elongate, slumped depression approximately 12

miles long and 3.5 to 4.5 miles wide. It has been described (Theis




Fige 2.

West scarp of Pierce Canyon redbeds at Maroon Cliffs
(Sec- 9, Tc 2.1 S., Ro 30 Eo)’ Eddy County, NBW }'ieXiCO.
The 6-foot "blocky" sandstone extends across the
aiddle of the 120-~foot escarpament.
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.et al., 1942, p. 64-75) as an unfilled solution valley and is part of
the vast interior drainage system resulting from the removal of salt
from the subsurface by ground water. Maximum relief occurs along the
northern end of the draw where more than 120 feet of exposed redbeds
have given rise to the name Maroon Cliffs. Except for a truncated
wedge of overlying Santa Rosa sandstone at the northernmost end of
Maroon Cliffs, these redbeds belong to the Pierce Canyon formation.
The red or maroon color of the Pierce Canyon formation ranges
from pale to moderate reddish brown (10R5/L to 10R4/6). The most prom-
inent stratigraphic marker in the cliffs (Fig. 2) is a 3- to 6-foot,
hard, '"blocky’™, fine- to very fine-grained sandstone ledge approximately
130 feet below the contact with the Santa Rosa sandstone. The rocks

beneath the "klocky' sandstone are thin, evenly bedded siltstone with

the exception of a 10-foot section near the base of the outcrop, which

- contains from 2 to 5 per cent rounded and frosted sand grains greater

than 0.4 mm. in diameter. Above the "blocky" sandstone differential
weathering of thin-bedded clayey siltstone and very fine sandstone gives
the outcrop a ragged appearance in contrast to the smooth slope below
the "blocky" sandstone. A few light greenish gray L§GY8/1) zones less

\
than one inch thick parallel the uniformly thin-bedded siltstone at
irregular intervals giving the escarpment a faint banded appearance.

These leached zones underlie and include thin laninae permeable enough

to permit the infiltration of water from the closely spaced joints.
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Some of these greenish gray zones result from the chemical reduction of
hematite by weak humic acids. The sandy beds are lightef colored than
the more impermeable zones and typically display a mottled gray and

orange (N8, 10YR7/4) appearance.

Lriskin > . w2

g 3 Current ripple-marks and low-atplitude crossbedding (Figs. 3 and

4) are common in some beds both above and below the hard "blocky" sand-
stone. The ripple marks have an average height from trough to crest of
0.15 inches and show a transport direction from northwest to southeast.
Crossbeds above the tblocky" sandstone have an amplitude of 1 to 2 inches

and a foreset dip (measured in sets) of about 13° south, indicating a
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direction of transport from nofth to south; the beds below the ¥blocky®

AT S AN e T AT SN 5 AP IOl S € bt M

sandstone have an average dip of 13° north, indicating a direction of _

transport from south to north. The dip direction, within individual

. s

sets of crossbeds in the same 2- to 3-foot section, ranges within an
arc of 55°.

The local dip of the strata on the east side of laroon Cliffs is
2° northwest. There are two sets of joints in Nash Draw: one set
strikes S. 60° E. and has a dip of 70° northeast; the other set strikes
5. 55° W. and dips 80° northwest. The joint system-intersects all the
formations in this area up through the Chinle shale (Upper Triassic)

_ which overlies the Santa Rosa sandstone. lMost of the joints are open

and straight-sided (Fig. 9). The majority of open joints are clogged

at depth with vegetal debris. During one brief but intense rain shower
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Fig. 3. Ripple marks with retouched cross-
laminations from the Pierce Canyon
formation, Maroon Cliffs, Eddy
County, New Mexico.
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Fig. 4+ Thin section of sample shown in Figure
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the writer observed run-off water transporting large gquantities of/fine
grass, leaves and mesquite pods into the open joints of the Santa Rosa
sandstone. During the dry seasons of the year, sand and silt are blown
into the joints, filling most of them within an inch of the surface.
Subseéﬁent rains flush the sand‘and silt from the upper portion of the
joints leaving them open once again. The walls of most of the joints
have a thin white crust of gypsum and calcite and some have crystals of
these minerals up to 0.25 inches long. Seven miles south of Maroon
Cliffs, along Livingston Ridge, the same joint pattern is present; but
there the joints are completely filled with fibrous gypsum. A few of
the fibrous crystals in the veins are warped, indicating fairly recent
moveﬁent. -
Two types of gypsum veins are illustrated in Figures 5, 6, and 7:
gypsum-filled joints that cut the strata at angles from 40° to 60° and
gypsun-filled fractures that parallel the bedding. Similar gypsum
veins up to 1l.25 inches wide are abundant in the lower part of the Pierce
Canyon redbeds in eastern Eddy County. Many of the veins separate beds
that have been displaced as indicated in Figure 6. The maximum dis-
placement detected at any one vein (fault) is one inch. A few geologists
have misinterpreted the gypsum veins parallel to the bedding as bedded
gypsum in the Pierce Canyon redbeds, The direct association with the
gypsum=filled joints, and the elongate, near-vertical crystal habit,

prove that these fractures were opened after consolidation of the sediment.
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Fige 5e

North view of two sets of gypsum-filled joints in
the lower part of the Pierce Canyon redbeds on
Livingston Ridge, SW% Sece 14, T. 22 S., R. 30 E.,
Eddy County, New Mexdico.
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There is a direct relationship between the éypsum-veins.in the
Pierce Canyon and the slump features induced during the Cenozoic. At
Maroon Cliffs the beds are not displaced vertically along the joints
near the top of the Pierce Canyon outcrop; they are displaced along the
gypsum—-filled joints in the lower part of the outcrop. Post-Chinle
jointing, resulting from local and regional subsidence in and around the
Delaware Basin, was probably accompanied by basinward slump as evidenc;d
by erratic local dips at the surface and the displaced beds along joints
and plastic clayey zones in the subsurface. Lateral as well as vertical
displacement on the Rustler-Pierce Canyon contact is indicated by ver-
tical dips, and steeply dipping strata with slickensides as described
in L. P. Corbin's field notes (p. 35). Calcium- and sulphate-rich -
ground water probably passed upward along some of the joints because
of the displacement of the rocks. As the underlying gypsum was dis-
solved, small blocks of the Pierce Canyon redbeds pulled loose, opening
fractures along the bedding planes in the lower part of the formation.
These near-horizontal fractures provided new avenues of escape for the
water moving up the joints from below. Subsidence stopped at some
later time and gypsum was precipitated from the grouad water, filling
the open joints and fractures with fibrous gypsum crystals.

Approximately 210 feet of section was measured on Maroon Cliffs
below the Santa Rosa contact; an additional 30 feet was measured on

Livingston Ridge, 150 feet northeast of the road connecting the Crawford
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Fig. 6. Gypsum veins in 2} inch core separating
displaced beds. Notice concentration of
reduction zones (NE: SEZ Sec. 13, T. 20
S., Ro 30 E., Eddy County, New He.}d.co).
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Fig. 7. Gypsum filled fractures parallel to the
bedding in 2} inch core. HNotice that the
veins cut the reduction zones, indicating
that the reduction zones formed before
the veins (same location as Fig. 6).




Ranch headquarters and Hill Tank (Vi Sec. 14, T. 22 S., R. 30 E.).

The total thickness of the Piérce Canyon redbeds at Maroon Cliffs
is 318 feet as measured in Snowden and HcSweeney's McNutt No. 1 dry
hole, 0.5 miles east of the cliff (center Si Sec. 4, T. 21 S., R. 30

E.).

Pierce Canyon-Sznta Rosa contact.- The Pierce Canyon redbeds are

overlain unconformably by the Santa Rosa sandstone. The unconformable
contact is well exposed throughout the N} of Sec. 5, T. 21 S., R. 30 E.
at Maroon Cliffs. An excellent exposure, shown in Figures 8, 9, and 10,
occurs on the east side of a small ravine about 50 feet deep, one mile
due south of U. S. Highway 62, in the east-central portion of the Ny
SEZ Sec. 5. Thin, nearly horizontal beds of Pierce Canyon are overléin .
by-the sweeping crossbeds of the Santa Rosa sandstone at this locality,
the exact contact being the base of a gray, plastic, clayey pebble-
conglomerate or coarse-sandstone containing rounded gray and red pebbles
of reworked Pierce Canyon siltstone (Fig. 1l). The thickness of the
conglomerate is less than 9 inches. |

There is no significant difference in the overall. color of the
Pierce Canyon and Santa Rosa formation, but without ;;éeption the con-
tact is marked by a leached greenish gray zone where vadose water has
accunulated on top of the impermeable Pierce Canyon, or the clayey con-
glomerate overlying it. Differential weathering has accentuated the

textural differences of the two formations; the contact is marked by a
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Fig. 9.
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Northeast view of prominent lower Santa
Rosa sandstone cliff immediately above

Pierce Canyon-Sznta Rosa contact at

Maroon Cliffs, NWiSEi Sec. 5, T. 21 S.,

R. 30 E., Eddy County, New Mexico.
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Fig. 10. Closeup of Figure 8 showing bedding

relationships and reworked Pierce
Canyon pebbles in the basal Santa
Rosae.

Thin section No. 23 of Pierce Canyon-
Santa Rosa contact, at lMaroon Cliffs,
Eddy County, Neiw lMexico, showing re-
worked Pierce Canyon shale pebbles in
the overlying Santa Hosa sandstone, and
the contrast in average grain size.
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small undercut ledge of Santa Rosa sandstone,
The Pierce Canyon-Santa Rosa contact was traced by the writer
over a distance of 1.25 miles along lfaroon Cliffs in which there is no

evidence of a gradational contact between the two formations.

Other outcroos in Texas and Hew lexico.- West of Maroon Cliffs

the Pierce Canyon redbeds are exposed in numerous excavated hillsides
in the vicinity of the U. S. Potash Company mine. Other small exposures
were reported along the east side of the Pecos River valley in southern
Eddy County, 2 miles north of the Texas state line. Measured sections
compiled by Leve (1952, p. 20) show a maximum thickness at this locality
(Sec. 22, T. 26 S., R. 29 E.) of 30 feet, but neither the upper nor
lower contact is exposed. East of the Pecos River, and 1 to 3 miles
north of the Red Bluff Lake bed the Pierce Canyon redbeds are exposed

at numerous scattered localities in Secs. 2, 3, 11, 12, 13, and 14,

Blk. 57, T. 1, T&P RR Co.; all these outcrops occur in sinkholes. The
maximum thickness measured by Komie (1952, p. 16) in this locality was
110 feet. ‘

Fifteen miles south~southwest of Red Bluff Lakesgam the Pierce
Canyon redbeds are exposed in sinkholes scattered throﬁéh Secs. 3, 10,
23, 26, and 35, Blk. 45, PSL, along the Culberson and Reeves County line.
Low relief in this area helps protect the redbeds from further erosion.
These exposures are dark reddish brown (10R3/4), much darker than any

of the other outcrops. The writer offers the following explanatioﬂ for
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this deceptive outcrop color. The Pierce Canyon redbeds in this area

form low, evenly rounded hills which are surrounded by loose gypsiferous
soils. During weathering, grains on the surface of the redbeds are
loosened and dislodged from their original position. The individual
grains or small rock fragments are moved by the wind which immediately
introduces a sorting action. Shifting winds cause local.deflation of
the larger, lighter-weight material. The most abundant heavy mineral
in the Pierce Canyon formation is fresh subspherical magnetite, averag-
ing 0.03 millimeter in diameter, which is locally concentrated in
placers less than 1 millimeter thick. Because the magnetite is more
spherical and heavier than the lightweight quartz and feldspar fraction,
it is the last to be deflated. The dislodged magnetite tends to con- -
centrate in the cracks and open bedding planes of the parent rock while
the lighter material is winnowed away. As there is little relief except
for small shallow depressions cut into flat-lying siltstone, the rain-
water run-off moves at a slow rate until it collects in the larger draws
through the gypsiferous soils; hence, it does not remove the concentrated
magnetite from the surface layer and the result is an abnormally dark
red outcrop. ™

Red Point, the southermmost outcrop of the Pierce Canyon formation,
is the north end of a steeply dissected northwest-trending escarpment in
southeastern Culberson County, 10 miles north of Kent, Texas, 5 miles

west of the Culberson-Reeves County line (M} Sec. 20, Blk. 59, T. 7,
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T&P RR Co.). Approximately 140 feet of Pierce Canyon redbeds are ex-
posed at Red Point in the escarpment beneath a vertical cliff of Creta-
ceous conglomerate. The base of the outcrop is covered by talus, but
the upper contact with the Cretaceous rocks is well exposed. Fitz-
patrick (1950, p. 60, Measured Section 2) reported 143 feet of Pierce
Canyon redbeds at Red Point. Samples from Deep Rock 0il Company?'s

Seay No. 1 dr& hole (Se;. 21, Blk. 59, T. 7, T&P RR Co.) 0.75 miles
east of Red Point, indicate a Rustler top 130 feet below the surface.
If 130 feet is added to the 143 feet, the figure of 273 feet so obtained
may be a fair estimate of the thickness of the Pierce Canyon redbeds in
this vicinity.

The lowest 90 feet of section on the outcrop is dull moderate -
reddish brown (10R4/6), thin-bedded siltstone and fine-grained sand-
stone with intercalated dark red clay laminae. The bedding planes are
‘persistent and slightly undulose, A 10-foot ledge of silty, fine-
grained sandstone is the only prominent change in the otherwise uniform
slope below the Cretaceous contact zone. The uppermost 53 feet of
section is lighter—colored; light brown to pale red (5YR6/4, 10R6/2),
thin- to thick-bedded, silty, fine sandstone. The coLor change betwsen
the reddish brown and the light brown zones is gradational, but the con-
trast is most conspicuous immediately above a hard, clayey, very fine

sandstone. All the beds included in the upper, light-colored zone are

soft and crumpled. The only lithologic change is immediately beneath




the Cretaceous c;ntact where 5 feet of light greenish gray (5GY8/1)
clay caps the Pierce Canyon redbeds. There is a topographic break at
the base of the vertical S-foot clay zone that coincides with the brown
to gray color change. The clay is not bedded, and there is no indica-
tion of structure other than vertical fissures which extend downward
into the underlying brown siltstone. The fissures cross through the
Pierce Canyon-Cretaceous contact immediately above the clay, but are
hidden from view by the conglomeratic texture of the Cretaceous rocks.

The unconformable contact between the Pierce Canyon and the over-
lying Cretaceous is an irregular undulobe surface with a maximum relief
of 1.5 feet; it is marked by a distinct textural change from siltstone
(Pierce Canyon) to sandy pebble~conglomerate (Cretaceous).

About 35 feet of Cretaceous rocks crop out above the contact
along a dissected near-vertical cliff., Calcareous, silty clay forms the
matrix of the pebble conglomerate in the lower part of the section;
bedding is erratic and numerous thick-bedded silty-limestone lenses are
interspersed with the conglomerate.

The westernmost exposure of the Pierce Canyon formation observed
by the writer is 18 miles west of the Culberson—Reev;E%County line, 25
miles northwest of Kent, Texas, where 45 feet of Pierce Canyon redbeds .
(Travis, 1951, p. 37) occur in the trough of a no¥thwest-trending
syncline in the NW%. Nv2 Sec. 5, Blk. 91, PSL. DeFord (oral communica=

tion) has reported one other small exposure in the SWi NEX, Blk. 87, PSL,




Culberson County, Texas.
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A1l the Pierce Canyon outcrops in Culberson County are small and

isolated; stratigraphic correlation between outcrops was not practicable
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since no common horizon was recognized. Nevertheless, identification of

the Pierce Canyon formation at these outcrops is verified by: (1) sub-

L ST e  arT

surface relationships to the top of the Rustler formation, and (2) nearly

identical mineral assemblages with only slight textural variation.

Bustler-Pierce Canyon contact.- The Rustler-Pierce Canyon contact

is not exposed at the surface as far as the writer knows. R. K. DeFord
(oral communication) states that he has never seen the contact exposed.
Other geologists have suggested orally that the gypsiferous limestone
overlain by red siltstone along the east side of the Pecos River vallq;
in Eddy County, New Mexico, represents the Rustler-Pierce Canyon contact.
The gypsiferous limestone referred to here is, in fact, a thick indurated
caliche deposit on an eroded Rustler surface and may be one of the cali-
ches referred to by Bretz and Horberg (19493 p. 492). The overlying red
siltstone (Gatuna formation) is part of the Cenozoic fill, described by
Maley and Huffington (1953,'p. 541), that can be traced throughout most
of the Delaware Basin. An excellent example of this‘Rustler-caliche-

red siltstone sequence is present in the subsurface 12 miles north-
northwest of Maroon Cliffs. At this location, the Southwest Potash-
Company mine (SEf Sec. 9, T. 19 S., R. 30 E.), cores from two pilot-holes

54 and 6A clearly show the reason for the misidentification of the




Fig. 12.

Thin section No. 17 of core from

Southwest Potash Company's pilot-hole
64, SEX Sec. 9, T. 19 S., R. 30 E.,
Eddy County, New Mexico, showing re=-
worked Pierce Canyon pebbles in the

Gatufia sandstone (Cenozoic).
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Rustler-Pierce Canyon contact. At 5A the contact betwesen the Rustler
dolomite and the overlying Pierce Canyon siltstone is a distinct, un-
disturbed, non-transitional contact 207 feet belﬁw the surface and
3,153 feet above sea level. In pilot-hole 64, 450 feet north of 3A,
the Rustler dolomite is overlain by 16 feet of caliche containing clay
and silt and topped by 2 feet of caliche and reworked red siltstone
from the Pierce Canyon formation (Fig. 12). The top of the Rustler
dolomite in pilot-hole 64 is 3,130 feet above sea level or 23 feet
higher than in pilot-hole.SA. Five thin sections representing 18 feet
of core across the contact in pilot-hole 6A show that the lowest L feet
of caliche contains about 4 per cent clay; the overlying 12 feet of
caliche contains a few red rock fragments of siltstone and claystone .
that increase in abundance into the~uppermost 2 feet of reworked Pierce
Canyon pebbles and calcite cement. This upper 2-foot zone is the basal
part of the Gatuna formation.

The caliche rests on an erosion surface. In some places where the
caliche is absent the Gatufla sandstone, which is iargely composed at
this locality of reworked Pierce Canyon and Santa Rosa detritus, rests
on the erosion surface; for example, in the Fletcher-Potash Core Test
(lot 4, Secs 1, T. 21 S., R. 28 E.) 12 miles northeast of Carlsbad, New
Mexico, it is described by Lang (1942, p. 63) as follows:

The 55 feet of material immediately beneath the

surface sands and caliche are logged as gray sand-
stone, This may be interpreted as representing
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1 the basal part of the Sznta Rosa sandstone which
E 3 in surface exposures can be sezn to grade into
s 4 the underlying Pierce Canyon redbeds, The Pierce
1§ Canyon redoeds are 5C5 feet thick in this well,
I8 This thickness is exceptionally great for the
' formation and is especially surprising in view
f' of the fact that the Rustler formation which
X underlies it is exvosed at the surface less than
- | a mile to the north. The Rustler section 320 fest
35 thick in this well lacks about 1C0 feet of the
? | top beds but otherwise it represents a normal
\ ¢ thickness and succession of beds.
33 These samples were not available to the writer in 1953; nevertheless it

seems evident that the redbeds are Gatufia rather than Pierce Canyon.
The coarse texture of the Gatufia sandstone is illustrated in

Figure 12. This thin section was cut from a 2i-inch core that was

almost indistinguishable in hand specimen from a typical sample of the ~

Pierce Canyon redbeds. Differentiation of the Pierce Canyon redbeds

from their reworked counterpart in the Gatufa sandstone in rotary drill
cuttings is difficult because the size of the reworked pebbles is greater
than the largest cuttings. Unless the Rustler or the Santa Rosa con-
tacts can be verified, hand-specimen or binocular identification of
these red siltstones (Pierce Canyon, Gatufia) is unreliable.

The Rustler-Pierce Canyon contact was observed i cores at u. S.
Potash Company's No. 3 shaft (SEi Sec. 13, T. 20 S., R. 30 E.), 7 miles

southeast of the Southwest Potash Company mine. Thin sections prepared

A e P i e i

I B from cores and representative of the lithology across the Rustler~Pierce
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Canyon contact show an abrupt textural and lithologic change from gray

it
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anhydrite, containing a trace of red'clay, to tﬁin, evenly bedded,
reddish brown siltstone. There are no reworked Rustler fragments in
the Pierce Canyon, neither is there disturbed bedding to indicate the
presence of reworked material in the past. A similar Rustler-Pierce
Canyon contact was observed in pilot-hole cores at U. S. Potash Com-
pany's shaft No. 1 (center of S} Sec. 12, T. 21 S., R. 29 E.) 5 miles
south of shaft No. 3. |

Distorted bedding and erratic Rustler "™tops" have also been used
as an argument in favor of a post-Rustler and pre-Pierce Canyon erosion
surface. A surface of this type was described by L. P, Corbin, dJr.
(Chief Geologist, Potash Company of America) during the sinking of Potash
Company of America's shaft No. 4 (SEL Sec. 4, T. 20 N., R. 30 E.). -

Corbin's field note description of the subsurface contact is as follows:

to 90 feet; soft, red gritty mudstone (fine sand).

P

to 91 feet; very nearly pure shale with gypsum, very
irregular pitching and sharp vertical dips,
irregularities average 2 to 3 inches in
width and depth.

£
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to 97 feet; gypsum, on southwest side is a large zone,
slickensided, dipping contact (dips north-
wgst) between gypsum and shall_ contact
/Rustler-Pierce Canyog7 very sharp no
gradation. Contact 2 feet lower on south-

west side than on northwest side.
to 101 feet; gypsum with red clay and granular gyp.
to 112 feet; at 107 feet horizontal fissures with black

organic material, 3 inches above this
fissure is a fine grained dolomite.
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It is important to note once again, separately, the description
of the exact contact as, ".,.. very sﬁarp no gradation" whi§h>has been
the same in three widely separated cores previously discussed. There
is evidence of movement along this surface, but cores of the Pierce
Canyon redbeds typically show slickensided clay zones because of slump,
and similar features at the contact have probably resulted from the same
cause. In conjunction with the slickensided clay, the cores also show
small-scale displacement, fawlting, along the gypsum-filled joints
(Fig. 6).

Slump and sinkhole features are common in the Rustler outcrops
of Culberson County, Texas. Why then, should similar features be con-
sidered unusual when encountered in the subsurface of Nash Draw, Monu- .
ment Draw, Clayton Basin, and the Pecos River valley where interior

drainage is the rule rather than the exception? Ground water studies

by Theis et al. (1942, p. 64) show that most of this region is lacking .;;‘

in surface drainage and that these surface depressions (Nash Draw, Monu-

ment Draw, Clayton Basin) were probably formed by the integration of

chains of sinks. They have also stated that, in the vicinity of the i

potash mines where closely spaced potash test holes pé.muit detailed
correlation, there is a striking similarity between slumped beds in the
Rustler and depressions in the underlying salt. Their correlations
indicate that thin individual beds of the upper Rustler follow the

undulations of the salt surface with little or no variation in thickness.
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The erratic relief of the Rustler-Pierce Canyon contact has re-
sulted from post-depositional slumping and/or Cenozoic erosion. Wher-
ever the Rustleeriercé Canyon cpntact was observed, either in shafts or
cores, wherever thin sections and samples conclusively prove the Pierce

Canyon to be in place, the contact is marked by an abrupt lithologic

change from dense dolomite or anhydrite to thin-bedded siltstone.

Thickness of section.~ At the subsurface type section in Loving

County, near the center of the Delaware Basin, the Pierce Canyon forma-
tion is about 350 feet thick. Other oil tests in eastern Loving County
have -also encountered about the same thickness of red siltstone at the
same stratigraphic position. Similarly, on the north rim of the basin
at Nash Draw the formation habt a thickness of 317 feet in Snowden and
McSweeneyts McNutt No. 1 dry hole. In U. S. Potash Company*s shaft No.

3, 4 miles north of the McNutt No, 1, the Pierce Canyon is 320 feet

\ thick and the upper contact is overlain by a medium—~grained sand which
is believed to be Gatufia. DeFord (1942, p. 216) has stated that about
470 feet of "Dewey Lake™ redbeds is present between 395 and 873 feet

in the Halfway pool, Lea County, New Mexico, 30 miles east-northeast of
Carlsbad. DeFord and Wahlstrom (1932, p. 59) have stated that 193 feet
of post-Rustler—-pre-Triassic redbeds is present in Hobbs Field (Sec. 9,
T. 19 S., R. 38 E.) Lea County, New Mexico. At Red Point, in south~
eastern Culberson County, Texas, 273 feet of Pierce Canyon can be

accounted for by combining the outcrop and subsurface thicknesses.
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Elsewhere in the basin, reliable data are either not available or there
is evidence that the sediments have been reworked during the Cenozoic.

Hundreds of deep oil tests have penetrated the Pierce Canyon red-
beds in and around the Delaware Basin, but, before crediting thickness
measurements derived from poorly preserved rotary-drill cuttings, one
should consider the late-Cenozoic history.

The Pierce Canyon redbeds covered a structural basin that has dur-
ing the Cenozoic Era undergone slow subsidence induced by solution and
subsequent displacement of the underlying salt and gypsum. Stream

~erosion accbmpanied the subsidence and a maze of channels were cut and
filled in the Piercs Canjon strata. A few of these channels are evi-
denced by the erratic thicknesses of the post-Rustler deposits. These .

formations were truncated along the northern and western margins of the

basin. Synclines and sink holes protected all that remains of the
Pierce Canyon redbeds in these regions. lost of the sediment resulting
from this erosion was transported into the basin, Basinward slump along
the reef-front, as indicated by the synclines on Plate 4, resulted in
structural depressions that wers filled with almost 2,000 feet of Ceno=-
zoic detritus. The thickness of this detritus has b¢en discussed by
//Male§ and Huffington (1953, p. 541);. they recognize three separate major
accumulations. HRed siltstone, resulting in part from the reworked Pierce
Canyon redbeds, is a common constituent of this detritus. Thus it appears

that without more cores, we shall never be able accurately to measure and
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separate the Pierce Canyon formation from its reworked counterpart in
the Cenozoic fill, although the two could be distinguished in cuttings

from the cable-tool wells of the preceding generation.

Santa Rosa Sandstone

N. H. Darton (1921, p. 183) applied the name Santa Rosa to a prom-
inent sandstone-and-shale sequence, about 350 feet thick, near the base
of the Dockum Group in the mesas of Guadalupe County near Santa Rosa,
New Mexico. On the basis of its vertebrate fossils and its position
beneath the Chinle shale, the Santa Rosa is considered to be Upper
Triassic in age and equivalent to the Shinarump conglomerate farther
northwest. In the Delaware Basin the Santa Rosa formation consists of _
moderately well-sorted medium sandstone with large crossbeds and well~
sorted, uniformly thin-bedded siltstone. The sandstone and siltstone
are typically moderate reddish brown (10R4/6) and for all practical pur-
poses identical in color to the Pierce Canyon redbeds.,

No comprehensive description of the Santa Rosa sandstone in Texas

\ has been published, although numerous writers (Sidwell and Gibson, 1940,
and Sidwell, 1945; Lang, 1947; Adams, 1929; and Green, 1954) have men-
tioned its occurrence or described its mineral content at isolated local-
ities. In the northern half of the Delaware Basin the Santa Rosa sand-
stone overlies the Pierce Canyon redbeds and underlies the Chinle shale.

Approximately 50 feet of the Santa Rosa sandstone is exposed at
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Maroon Cliffs, bounded at the base by a well exposed unconformable cone
tact (Fig. 10) with the Pierce Canyon redbeds and truncated at the top
by a Pleistocene (Breiz and Horbgrg, 1949% p. 493) erosion surface now
marked by caliche. The Chinle formation, also of Upper Triassic age,
is exposed in Sec., 4, T. 21 S., R. 30 E. about a mile east of Maroon
Cliffs. |

In the central part of the Delaware Basin the Santa Rosa sandstone
is locally referred to as the Barstow (Adams, 1929, p. 1052). It forms
a low, red, southward-trending escarpment that intersects U. S. Highway
80 (Pecos to Odessa) east of Barstow, Texas. A smaller, less prominent
part of this same trend crops out 12 miles south of Barstow on U, S.
Highway 285, approximately 13 miles southeast of Pecos in the NE% Sec. .
12, Blk., 51, T. 7, T&P RR Co. The latter location is the most southerly
outcrop of Santa Rosa sandstone known to the writer, although the Bissett
sandstone crops out south of the Delaware Basin. The escarpment is the
result of Cenozoic slump and truncation and is the western limit of
Santa Rosa outcrops.

Triassic sandstone, presumably Santa Rosa, has been described in
oii tests in the southern part of the Delaware Basin,‘bgneath Cretaceous
conglomerate.

At Maroon Cliffs in Eddy County, New Mexico, the Santa Rosa forma=-
tion is composed of reworked Pierce Canyon pebbles in coarse sand

which grades upward into medium-to-fine sand and silt. The lowermost

Tt e
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10~15 feet of the Santa Rosa sandstone contains large crossbeds, a few
of which are foreset beds up to 15 feet long (Fig. 8); the crossbeds
have a mean dip of 9° northwest and.an amplitude of 2 to 3 feet. Lesser
crossbeds, which terminate within a few inches, are common.

Interstratified with the crossbedded sandstone are thin layers of
evenly bedded siltstone. The mineral assemblages of the sandstone and
the siltstone are about the same, the most conspicuous difference being
the abundance of platy minerals associated with the finer grain-sizes.
Thin pebble~conglomerates, although not typical of any particular horizon,
are common. Sidwell and Gibson (1940, p. 5) have reported two thin layers
of conglomerate, one 15 feet above the base of the formation and the other
20 feet below the top in Guadalupe County, New Mexico.

In the vicinity of Roswell, New Mexico, the Santa Rosa sandstone
is a persistent aquifer (Theis et al., 1942, p. 65; Sayre et al., 1942,

p. 77). Little information is available concerning the quality of
the water in Texas but it is useful for stock purposes near Pecos
and farther east (Sayre et 2l., 1942, p. 77, 82, 97). Farther south,
along the escarpment at Barstow, Texas, where the Santa Rosa sandstone
is well cemented by calcite, vertical jointing has resulted in
rectangular blocks; it was formerly quarried as a building stone.
Quarrying operations were restricted to the Barstow vicinity.
Exploration for radioactive minerals in the Santa Rosa formation

of Texas and southeastern New Mexico is currently active. Lignitized
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and mineralized wood in the basal conglomerate of the Santa Rosa is

slightly radioactive.

Stratigraphic Equivalents of Pierce Canyon Redbeds

Hany of the formations in the Delaware Basin, Salado, Rustler,
Pierce Canyon, Santa Rosa, and Chinle, have counterparts in the Mid=

land Basin, east of the Central Basin Platform., The Pierce Canyon

counterpart is currently referred to as the Dewey Lake formation. In
brief chronological order the history of these two formations is as
follows.

Adams (1929, p. 1045) was among the first to recognize the
Permian-Triassic redbed problem as one of considerable importance. He _
described (p. 1052-53) ten criteria for differentiating Permian and
.Triassic redbeds in west Texas.

Cartwright (1930, Pl. 2, p. 970) originally correlated‘the red-
beds, now assigned to the Pierce Canyon and Dewey Lake formations, with
the Quartermaster redbeds of central Texas.

In 1932, DeFord and Wahlstrom (1932, p. 59) described the stratig-

2 raphic position of the redbeds from Hobbs field, Lea County, New Mexico

as follows:

«ss these beds beneath the Santa Rosa sandstone
and above the Rustler anhydrite are readily corre-
lated with Red-beds in similar position elsewhere
in Lea and Eddy counties that contain small amounts
of anhydrite or gypsum which relate them to the
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underlying Rustler and distinguish them from the
overlying Dockum. In short they have many of the
characteristics of Permian Red-beds, which are well
described by Adams (1929).

Welter B. Lang (1935, p. 264) described and named these redbeds
the Pierce Canyon formation from the subsurface of the‘Delaware Basin
in east-central Loving County, Texas. He described the Pierce Canyon
as 350 feet of red siltstone above the Rustler and below the Santa Rosa
formations and assigned it to the Permian,

The same year, John E. Adams (1935, p. 1021-22) reported the
Pierce Canyon formation in the Midland Basin as Y... the uppermost
Permian clastics of the southern basin." Adams discussed the lithology
in detail and his description is almost identical to Lang's original
description. Adams described the lower contact of the Pierce Canyon
formation as "... a sharp change from red clastics of the basal Pierce
Canyon and the white evaporites of the upper Rustler." He stated that
the Rustler itself grades into redbeds on the southern margin and that
the two formations, Rustler and Pierce Canyon, are separated by a zone
of frosted quartz grains. The upper contact was described by Adams as

~

follows:

The Pierce Canyon Red-beds are separated from the
overlying Triassic by a marked erosional unconformity
and a decided change in lithologic character.

The age was stated to be Permian.




The Pierce Canyon forms a distinct subsurface unit
over the centrzl portion of the Permian basin. No v
outcrops are knoim and no fossils have been reported §

from the cuttings and cores. Unlike the older Per- T

mian beds, the Pisrce Canyon clastics do not grade

into Permian dolomites and limestones. But the close

similarity of lithologic character and structure

links these beds firmly with the underlying formations

which are definitely of Permian age. Apparently,

these Red~beds were the fineal decposits of the retreat—

ing Permian sea and they are, therefore, the youngest .n

known Permian deposits in the southern United States. !h
i

Two years later Lang (1937, p. 876, fn. 38), having changed his
ideas concerning the age of the Pierce Canyon, stated, "The Pierce

Canyon redbeds are now placed in the Triassic and may be related to the

Bissett Zfriassic o4 This change was made because he had found evidence
of a gradational contact between the Piefce Canyon and the overlying
Santa Rosa in northern Eddy County, New Mexico.

Page and Adams (1940, p. 62) redescribed the redbeds of the Midland
Basin, previously named the Pierce Canyon formation, and after reviewing
their lithology and stratigraphic position called them the Dewey Lake
formation. They stated that the Dewey Lake redbeds have a conformable

contact with the underlying Rustler formation and an unconformable con-

tact, marked by a bleached zone, with the overlying Tecovas (pre-Santa

Rosa, Triassic) formation. They described the Dewey Lake redbeds from

cable-tool cuttings and designated a type subsurface stratigraphic

section in R. R. Penn's Habenstreit No. 1 (dry hole) located near the

_ center of Sec. 47, Blk. 36, T. 3 S., T&P RR Co., Glasscock County,
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Texas, drilled in 1932 and abandoned at a tota; depth of 3,810 feet.
The general lithology 5r the Dewey Lake formation was described from a
261-foot red siltstone sequence with gypsum cement and sporadic con-
centrations of rounded, frosted, quartz grains. The overlying Tecovas

formation is described by Page and adams (1940, p. 63) as 30 to 200 feet

of rock that closely resembles the underlying, undisturbed Permian.

With reference to the lithologic difference between the Tecovas and

Dewey Lake formations Page and Adams described the Tecovas as having a
",.. rich crop of new heavy minerals", increased biotite content, and
less induration. They further stated that the upper beds of the Tecovas
grade into the overlying Santa Rosa formation,

Also during 1940 Dickey (1940, p. 50, fn. 22) concluded as the

result of a regional subsurface study in the vicinity of Lea County, New

Mexico, that

««o the top of the Rustler is an erosion surface
on which ths Dewey Lake sands were deposited.
A few years later, Adams (1944, p. 1601) stated that the Pierce
Canyon redbeds of the Pecos Valley were similar lithologically to the
post-Dewey Lake redbeds of the southern Permian Basin énd to the Quarter-

master redbeds of the Texas Panhandle.

lLater, Lang (1947, p. 1673) described some of the rocks exposed

| on the east side of the Pecos River.valley in southeastern New Mexico.

He identified two types of redbeds at this location: "(l) coarse to
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fine-grained arkosic grits, sandstones and siltstone, ..." which he

refers to as the Santa fosa sandstone of the Dockum group, and
#(2) another sequence of fine-grained, evenly
bedded sandstones and siltstones described as the
Pierce Canyon redbeds of the Dockum group and alse
considered to be Upper (?) Triassic in age, though
no critical fossil evidence has ever been found in
them. Field investigations, however, have dis-
closed that the Santa Rosa sandstone grades into
the Pierce Canyon redbeds and that they are, in
part, contemporaneous in origin."

Whether or not the Dewsy Lake redbeds in the Midland Basin are
stratigraphic equivalents of the Pierce Canyon redbeds, as originally
described in 1935 by Lang, in the Delaware Basin, has remained a dis-
puted gquestion. In effect, no correlation has been completely accept-
able, largely because of the lack of identifiable characteristics in

these redbeds. The present investigation has shown that the Pierce

Canyon, Dewey Lake, and Quartermaster formations have almost identical

mineral assemblages.
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Texture

The Pierce Canyon redbeds, which rest upon the Rustler evaporites,
consist of 350 to 450 feet of siltstone, devoid of chemically deposited

beds. Gypsum, calcite, and hematite cement constitute the only impor-

P b At

tant chemical precipitates in the Pierce Canyon redbeds. There is no

consistent textural difference within the redbeds either vertically or

e SR

horizontally. Nearly all the material is classified as medium or coarse

siltstone, and the extreme textural range is from claystone to clay-

pebble conglomerate. Neither the claystone nor the pebble conglomerate

forms persistent beds that extend more than 0,25 mile., Two 1l0-foot
zones contain large, rounded, frosted quartz and orthoclase grains at
Maroon Cliffs, Eddy County, New Mexico; one zone 265 feet above and the
other 115 feet above the top of the Rustler, both contain 3 to 5 per
cent well-rounded and frosted grains larger than 0.4 mm., in diameter.
The two zones were not detected in U. S. Potash Company!s shaft No. 3,
4, miles north-northwest of Maroon Cliffs, although DEFord states (oral
communication) that he has made use of one of them iﬁ'éubsurface corre—
lation as far as Monument, in eastern Lea County, New Mexico, 35 miles
east of Maroon Cliffs.,

Fifteen samples were selected from a pilot-hole core (U. S. Potash

Company shaft No. 3, SEX Sec. 13, T. 20 S., R. 30 E.) to represent the




entire textural variation in the section. Thirteen of the fifteen
samples used in the textural aznalyses were thin—sectioned in order to
provide an optical check on the size distribution of the grains. The:-
13 thin sections exhibit the typ;cal size variation observed in the
Pierce Canyon samples throughout the area studied.

From 20 to 30 grams of rock were crushed with a rubber pestle and
leached in warm dilute (1:10) hydrochloric acid until all of the hematite
stain and cementing minerals were removed. The wet sample was then rubbed
with the fingers on rubber sheeting until disaggregation was complete.
The samples were air dried and sieved at an interval of 1 ¢ (2 Wentworth
grade) and the silt and clay were analyzed by means of the piﬁette pro-
cedure described by Krumbein and Pettijohn (1938, p. 167). A 0.002 -
molar solution of sodium pyrophosphate (Na2P207) was used as a dispersing

agent during pipette analyses. Resulis from these analyses are shown in

Figure 14 and Table 1. Parameters used in this table are from Folk’

(1954.6).

Mean Size My = 416 + 450 + 484
3

Sorting (Inclusive Graphic Standard Deviaiion) 01

Op = #84 = 416 , 495 - ¢5
‘ L 6.6

Skewness (Inclusive Graphic Skewness) Sk1

Skp = g16 + deL - 2450 . 45 + 495 - 2450
2(gs4 ~ $16) 2(95 - #5)

Kurtosis Kz = 495 ~ &5
- 2.44(475 - g25)
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TABLE 1

TEXTURAL ANALYSIS OF PIERCE CANYOHW DETRITUS

Phi Median Mean size § Mean size mm. Sorting Skewness Kurtosis

Hdg My ly o Skg X,

5.0 5.3 .02, 0.95 +453 1.30

L3 4.3 <049 1.22 + .16 1.64

L7 L7 .038 0.68 + .30 2.82

5.2 5.5 .022 0.97 + 459 1.63

5.0 5.4 .023 0.91 + .58 1.32

5.0 5.4 .023 0.78 + .68 0.69

4.8 5.2 .027 1.3 + W47 0.86

L7 4.9 .035 0.93 + .73 1.60

5.1 5.2 027 0.92 + .38 2.80

A 42 .052 1.35 - .16 3.08

5.5 5.8 .018 1.56 + 50 1.37

; L6 5.0 .031 0.83 + .57 1.23
5.0 5.3 .02% 0.83 + 2 0.92

2 5.0 5.3 .024 0.89 + 39 1.18
| 5.0 5.6 .021 1.47 + 75 2.54
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Fig. 13. Summation of textural data from 15 samples, representa-
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These analyses show that none of the samples contained more than

U DRI .

10 per cent clay and that only 4 of the 15 samples contained more than
10 per cent sand. Summing the results of all the grain-size analyses

yields a total size~distribution in this typical Pierce Canyon section

of 9 per cent sand, 87 per cent silt, and only 4 per ceat clay, as

shown in the cumwlative curve, Figure 13. The dominant type of sediment

K \ . X
/m'imamﬁ-.’n R T

is a medium-to-coarse silt having a mode of 4.8¢ (.036 mm.) a median
diameter of 5.0 (.031 mm.) and a mean of 5.2¢ (.029 mm.). The grain-
size analyses are illustrated in Figure 1. where the data have been
plotted on phi-~probability paper to accentuate tﬁe tails of the curves.
Such a uniform grain-size distribution throughout the stratigraphic
section suggests that the mechanics of transport and the size of the -
material contributed to the basin remained almost unchanged throughout
Pierce Canyon time.

Optimum sorting occurred in the coarse-silt class where the
standard deviation (Op) was 0.7 phi units (0.7 Wentworth grades), and
values for Oy ranged up to 1l.56. A sorting value (standard deviation)
of 0.7 means that 68 per cent of the sample lies within 0.7 Wentworth
units on either side of the mean grain-size. ™.

The sorting value Gi was plotted against mean grain-size (Fig. 15)
to show sorting as a function of the mean grain-diameter. The linear
relationship between the two variables is expressed by the equation

0} = 0.60 +|M; - 4.9¢| £ 0.20, which indicates that optimum sorting
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occurred at a ﬁean grain-size of 4.9¢ (0.032 mm.), that is, both finer
and coarser sediments are more poorly sorted. The definitions used
here are: very well sorted sed;ments have a 0; less than 0.35; well
sorted sediments, 0.35-0.50; moderately sorted, 0.50-1.00; poorly
sorted, 1,00-2,00; and very poorly sorted sediments have a Oi larger
than 2.00. These samples as a whole are poorly-to-moderately sorted
because the sorting measure includes nearly all (90%: i.e. g95 to ¢#5)
of the curve. Consequently small amounts of clay and sand increase the
sorting value. If O were computed as the spread between g16 and #50,
basing the sorting only on the coarse-silt mode, the standard deviation
would then be between O.4 and 0.7 (well to moderately sorted). In
these samples, sediment with a mean diameter corresponding with the -
modal diameter of the predominant silt is also the best sorted. When
weaker currents contributed finer silt and a little clay to this pre-
dominant silt grade they worsen the sorting. Stronger currents that
contributed sand also worsened the sorting, because they added coarser
grains to the dominant silt grade.

Notice that all but one of the 14 samples are fine-skewed, most
of them markedly so, as shown by the open circles on *he right side or
fine wing of the size-vs.-sorting diagram (Fig. 15). This skewness was
also caused by the depositional mechanism, i.e., samples having only the
silt mode are symmetrical but the addition of subordinate amounts of

finer materials to the unchanging silt grade causes the curves to have a
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tail to the riggt and become fine skewed. Thus skewness is, like sort-
ing, a function of mean grain-size as shown in Figure 16.

In most sedimentary distributions it has been found (Griffths,
1951, p. 237) that optimum sorting occurs at a mean size of about 2.5 ¢
(fine sand); for this reason, it is unusual that in the Pierce Canyon

optimum sorting corresponds with a mean value of 4.9 g. Most samples

" of sedimentary rocks that have a similar mean grain-size show a standard

deviation of 1.5 to 3.0, representing much poorer sorting. The Pierce
Canyon silt is much better sorted than other seaiments of this mean
grain size.

The equations for skewmess and kurtosis may be new to many
geologists. They are adapted from the mathematicians® standard, the
Gaussian curve, and employ relationships utilized by statisticians for
many years in the analysis of all types of data. The kurtosis measure
as used here considers the grain-size spread from ¢95 (95%) to g5 (5%).
In the normal Gaussian or probability curve the spread from #95 to g5
is exactly 2.44 times the spread from g75 to g25. Therefore, a curve
more peaked than the normal Gaussian curve has a value of K; greater
than 1.0, indicating an excessive concentration of graihs about the mode
and a deficiency of grains in the coarse and fine wings. Pierce Canyon
redbeds are nearly all leptokurtic with K; greater than 1.00, again be-
cause of the uniform silt-mode with an abnormally large concentration

of grains of silt size. Thers appears to be a relationship between




56

L ]

[

SIZE
a
o

MEARN
o
e

-t -05 o t0.5 -
SKEWNESS Si,

Fig. 16. Skewness vs. mzan grain size: open circles rcpresent samples
that are excessively fine-skewed, colid circles represent
samples with nearly symmetrical frequency curves.

3
i

}

i,
s
it




57

SRZ

SKEWNESS

~N
Nl X
x|+
o o o o)
9 N © o s =

1 -

L \.4

. ) \6\

A °o
4 P
& °

) o ° °

1 ™

°

(@)

1 °
L2}
l
|-. T T ] i T T T

9 g o o o 0 3 &

n v 2] o -~ = o o o

Y 4
A SISoLYNA

Skevness vs, kurtosis for 15 samples of the Pierce Canyon

redbeds from Eddy County, New Mexico.

Fig. 17.




58

skewness and kurtosis as indicated by the scatter diagram in Figure 17.
Folk (oral communication) has found that plots of skewness versus

kurtosis are of considerable help in differentiating sedimentary en-

7

vironments. ‘ o . joo T PR

The coarsest material in the Pierce Canyon redbeds is pebble con-
glomerate, which consists of well rounded, slightly indurated mud-balls
less than 2 cm. long, that were locally derived from partly consolidated
sediment as the result of wave or current action, for their composition
resembles that of the subjacent rock. Iiud-balls and clay-balls of
granule size (Fig. 18) are believed to have a similar origin., Neither
the pebbles nor the granules form persistent beds.

The sand-size material consists of quartz and orthoclase and
traces of microcline, chert, and sanidine., Grains larger than 0.1 mm.
are typically moderately-to-well rcunded with moderate sphericity, be-
coming progressively more angular in the smaller sizes. Grains larger
than 0,1 mm. have frosted surfaces, uniformly roughened with shallow
cresentic~shaped pits, probably by impact abrasion during wind trans-
port, whereas the finer grains typically exhibit smoo?? irregular
surfaces. -

From 80 to 90 per cent of the Pierce Canyon formation is silt.

With two minor exceptions (sanidine and illite), all detrital minerals
listed under the heading "{ineralogy™ are represented in the silt

{raction. Except for chert, most of.the grains in the coarse silt
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fraction (0.0jl‘to 0.062 mn.) are subangular to subrounded. Grains
finer than 0,031 mm. are subangular to engular. Grain surfaces are
typically fresh and shiny regardless of their angularity.
The silt fraction is composed of 75 to 85 per cent quartz, 20 to
36 per cent orthoclase, 1 to 5 per cent microcline, traces of plagio—-
clase, chert and detrital calcite, 1 to 3 per cent muscovite, biotite,
chlorite, and 1 per cent metamorphic rock fragments, and 1 to 5 per cent
magnetite~ilmenite, tourmaline, zircon, leucoxene, apatite, and garnet.
Clay, identified by X-ray diffraction patterns as illite by Carl

Linden, Department of Ceramic Engineering, The University of Texas, is
widely but sparsely distributed throughout the formation. Claystone

is restricted in the formation to occasional laminae or beds less than -
2 inches thick. Those who have seen the Pierce Canyon formation in the
field or examined its cuttings under the low-power binocular microscope
will question the small (less than 10 per cent) amount of clay reported
herein, because outcrop and subsurface samples appear to contain a higher
percentage of clay. Over-estimation is attributed to the smooth surface
of the hematite stain, which connects the grains and masks their true
size. What appears to be clay is actually very fine-glﬁined quartz
silt having a diameter of about 0.007 to 0.015 mm. The small amount of
clay is significant, because it suggests the scarcity of clay at the
source and winnowing during transport.

The predominant coarse silt mode in these samples is attributed to
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eolian transport of the material., This hypothesis is partly verified
: by comparing the median grain-size of 4.2 ¢ to 5.8 ¢, with the grain-
size of wind-blown loess deposits in Kansas and elsewvhere, 4.3 ¢ to
5.6 ¢ (Swineford and Frye, 1951, p. 309). Eolian transport is also
evinced by the uniform size and the lateral distribution of this uni-
- formly sorted sediment over more than 15,000 sgquare miles of a flat
terrane, which is now in western Texas and southeastern New MHexico.
The vertical grain-size distribution is equally uniform; other than an
occasional local accumulation of rounded and frosted sand grains, no
textural difference shows any significant change in the mechanism or
competency of transport during Pierce Canyon time.
Like loess, the Pierce Canyon siltstone contains a small amount of
clay, which probably resulted largely from scarcity at the source and
to a lesser extent from the ineffectiveness of wind alone to erode clay.
Most clays originate from the chemical decomposition of feldspar or
other aluminum silicates. The feldspar in this detritus is fresh (p. 71)
and, except for minor sericitization, the grains show no evidence of
chemical decay. Inasmuch as chemical decomposition rqu?res water, this

evidence suggests that the source was under thse influence of an arid or

semiarid climate, and probably little c¢lay developed at the source dur-

ing weathering.

Sedimentary Structures

Outerop and thin-section examination shows that most of the detritus
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was deposited as an intricate maze of very fine cross-laminae. Most of
the crosslaminations are not apparent in hand specimen or on the out-
crop and are visible only in thin sectien. The larger crossbeds are
more obvious, for the length of their foreset beds ranges from a few
millimeters to 4 to 5 feet. The smaller, more common, type of very
fine crosslamination is illustrated in Figure 4 where the individual
sets have resulted from formation as a rippled surface. This type is
the result of gentle current eddies or small waves that heap the loose

detritus, then spread it evenly as the turbulence recedes. Such waves

and eddies are common in very shallow water where a light breeze ripples

the surface and imparts to it a slight forward motion. A single wave

S8l B - - T
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while the following wave or eddy destroys or at least modifies it. The :

larger, more prominent crossbeds were measured on the outcrop. At

. e

Maroon Cliffs the crossbeds have a mean dip of 13° northwest, below the

"blocky! sandstone, indicating a transport direction frem south to

2y

north. The detritus must have been continually shifted by uniform and
gentle currents, for elongate and platy minerals (inq}uding even quartz,
some tourmaline and zircon and nearly all the mica) afé well oriented
with their longest dimension parallel to the bedding planes. Similarly,
heavy mineral placers of magnetite-ilmenite, leucoxene, apatite, tour-
maline, zircon, and hematite-stained mud balls are arranged in perfect

laminae, one or two grains thick, parallel to the crosslaminations.
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Grain orientation is especially evident in the clayey zones where the
mica flakes are concentrated. Similar orientation of elongate minerals
occurs in the parallel beds, but parallel bedding is rare in the Piercs
Canyon formation.‘ Graded bedding, which might indicate different
settling rates, is lacking.

The small amount of clay in the detritus is believed to have been
flocculated by the salt water previous tq deposition, and the floccu-
lated clay was probably transported along the sea bottom together with
the silt but was only rarely deposited with it because of its different
hydraulic behavior. Some of the clay became aggregated by rolling dur-
ing transport to form minute balls (Fig. 18), which were deposited with
the heavy minerals in placers. At othér brief intervals wave or cur- -
rent action was more intense as evidenced by the local distribution of
rounded, granule- or pebble-size mud- or clay-balls in a matrix of silt
mﬁsam.

Two major transporting agents carried the Pierce Canyon detritus
to the final depositional site. The first was the wind, which deflated
the loess-size silt and sand as dust clouds from a relatively arid,
nearly clay-free source, carrying the silt and roundirg and frosting the
sand, and deposited them in shallow saline water. The second transpor-
tation agent was the water, which received the wind-blown detritus, re-
sorted it by means of gentle currents and small waves, and finally de-

posited it almost grain by grain in finely laminated crossbeds.
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Fig. 19. Southward view of preconsolidation slump folds in
the Dewey Lake redceds along Champion Creek, in
Mitchell County, Texas; L.2 miles south of Colorado
City, 0.8 miles south-southeast of Seven Wells
School and 1.1 miles west of Texas State Highway 208.
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Fig. 20. Southward view of muchroom shaped slump structure in
the Dewey Lake redbedcs z2long Champion Creek, Mitchell

County, Texas; same location as Figure 19.
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Following deposition in thz shallow saline sea the sediments
were buried by the influx of more detritus. Differential settling and
compaction resulted in local slump features in some zones. In a few
places, such as the Dewey Lake outcrops near Colorado City, Texas,
slumping has distorted the bedding into small folds and even mushroom-
shaped domes as illustrated in Figures 19 and 20.

Much later, during the Cenozoic Era, the Pierce Canyon redbeds
slumped as huge blocks into karst depressions that resulted from the
removal of the underlying salt and gypsum. More or less contemporane-
ously with subsidence gypsum veins intruded permeable and fractured
zones parallel to the bedding planesj and, as the crystals of gypsum
grew, they spread the grains apart by the force of crystallization, and

disrupted the bedding as shown in Figures 21 and 22.
Detrital Minerals

The detrital minerals of the Pierce Canyon red arkosic siltstone
constitute a distinct and nearly homogeneous assemblage, which is sim-
ilar to the detrital mineral assemblage of the Rustler formation below
and unlike that of the Santa Rosa formation above. Tﬁe areal extentlof
the formation is not fully knowmn (¥ap 3.), but outcrop and subsurface
samples from the Delaware and Midland Basins (including the Dewey Lake

formation), more than 200 miles apart, have almost identical composition

and texture.




0
s}

anc disglazin.s whe

New Mexico,

FEFN

e vteadl

+

Y
Al - . e
Soanuy,

rupting
iy

o

Ji

P T L

Ve N

Lol
"

T

B ¥

48




66

-

T TP L

ey £, ¢

Fig. 21. Thin section No. 54 (X 12 plain light) of gypsum
vein disrupting the bedding and displacing the
grains, Eddy County, New Mexico.

Fig. 22. Thin section MNo. 54 (X 30 plain light) of detrital
sand grains displaced by gypsun veins, Eddy County,
New HMexico.
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Quartz.~ Quartz constitutes 60 to 80 per cent of the detrital
mineral content in the Pierce Canyon formation. The grains range in
size from 0.005 to 0.7 mm. and have a mean diameter of 0.04 mm. Grains
less than 0.1 mm. in diameter, comprising the great bulk of the quarts,
are typically subangular to angular (Fig. 24) with smooth surfaces.
They are only moderately spherical because of their slightly elongate
habit. Grains larger than O.l mm. but less than 0.4 mm. (fine and
medium sand size) are typically subrounded with moderate to high
sphericity; their surface is characteristically frosted by abrasion.

A grain-size diameter of 0.4 mm. appears to mark the lower limit of well
rounded quartz. Larger grains (Figs. 21 and 22) are well rounded and
moderately to highly spherical with uniformly frosted surfaces; the -
frosted surfaces (caused by crescentic chatter marks) and high spheric-
ities are the result of abrasion by impact with other grains during
saltation while undergoing eolian transportation. Smaller grains, less
than 0.1 mm. in diameter, lack frosted surfaces, because they were
carried chiefly in suspension. No ov-erzrowths were observed on any
quartz grains in the Pierce Canyon detritus.

There are three types of quartz in the Pierce Tanyon redbeds:
grains consisting of a single crystal with straight or slightly undulose
extinction (normal igneous or end-phase quartz of Krynine, 1940, p. 15)
hereinafter referred to as plutonic quartz (Fig. 23); grains of grossly

composite crystals with strongly undulose extinction (idem, p. 17)
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Fig. 23. Thin section No. 54 (X 75) with nicols
crossed: Plutonic igneous quartz (left),
a single crystal with straipght extinction
and a small number of vacuoles and micro-
lites; metamorphic quartz (right), grossly
composite with strongly undulose*extinction,
cemented with calcite. '
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hereinafter ref;rred to as metamorphic quartz; and euhedral, dipyra-
midal quartz with embayed surfaces hereinafter referred to as volcanic
quartz. More than 99 per cent of the quartz is monotonously uniform and
classed as plutonic; and nearly all the grains have straight as opposed
to slightly undulose extinction. This indicates that the source of the
sediment was a granite with but few stressed portions, and that gneiss
was either lacking or quite subordinate.

Most of the quartz grains contain a few vacuoles which are typ—
ically grouped in discontinuous subparallel lines or less commonly
randomly distributed. Only a few grains contain abundant vacuoles
such as are present in "milky" or vein quartz, and their occufrence
does not appear to be related to grain size; thus there was little con= _
tribution from hydrothermal veins to this sediment.

Only about 20 per cent of the quartz grains contain mineral in-
clusions of euhedral apatite, tourmaline, zircon, and rutile needles,
and these occur in different amounts. Pale blue tourmaline, the most
conspicuous microlite, occurs in about 10 per cent of the grains as
individual euhedral crystals. Colorless euhedral zircon occurs in 5 to
10 per cent of the grains in different amounts. Only~a few grains con-
tain an abundance of rutile needles; most of these grains have only a
fow randomly scattered needles. There is no patent relationship between
microlite types and grain size.

The diameter of every metamorphic quartz grain is smaller than
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0.07 mm. These grains were probably derived from minor stressed !;
gneissic or schistose zones within the granite. Metamorphic quartz _ é;
occurs only as traces although it is randomly distributed throughout i:
the entire formation. 2?

Volcanic quartz occurs only as traces and ranges in size from {g
0.03 to 0.09 mm. The _grains are typically euhedral with slightly ?13

rounded corners and straight smooth surfaces many of which are embayed.

Vacuoles and euhedral apatite are the only inclusions.

A
Orthoclase.~ Orthoclase grains range from 0.009 to 0.6 mm. with a E
=t 2

mean grain size of 0.04 mm. They typically constitute from 20 to 30 per

e

cent of the detritus. Like the quartz, orthoclase in the very fine sand
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and silt classes is typically subangular with moderate to low sphericity.
The larger grains have a higher sphericity and are better rounded. Un- |

like the quartz, the frosted surfaces of the grains of medium- and

coarse-sand-size orthoclase are lined by cleavage traces. Orthoclase

constitutes about 5 per cent of the total sand coarser than 0.4 mm.;

thus there is a weak tendency for orthoclase to be concentrated in the

——

finer sizes, yet its rounding is no better than the guartz. Authigeniec

ot

overgrowths of orthoclase, which formed in the Pierce Canyon redbeds,

are rare but these may account, at least in part, for the fresh surface

H:
M

on the larger grains.
Rare microlites of euhedral tourmaline, zircon, apatite, and

rutile needles are present in the orthoclase and are smaller but otherwise
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S

similar to the microlites in the cguartz.

Nearly all the orthoclase is clear and unaltered, less than 5 per
cent showing a few vacuoles in parallel lines along cleavage planes,
No surface alteration was detected. The absence of altered orthoclase
and the abundance of fresh orthoclase is indicative of a granitic
source in an arid or semiarid climate; the small amount of clay in the
Pierce Canyon redbeds is in accord with this hypothesis., The modal
silt size of this detritus and the flat-lying beds suggest that eclian
distribution was assisted by low relief. The small amount of clay is
probably due to mild weathering at the granitic source. It may have

been altered to illite during marine diagenesis.

Microcline.~ The diameters of most of the microcline grains are

smaller than 0.09 mm.; hence their abundance is a function of texture.
Microcline constitutes less than 5 per cent of the total detritus and
is similar in its size distribution to orthoclase; it typically ocecurs
as subrounded to well-rounded grains with moderate to high sphericity.
The surfaces of the larger grains are frosted and like the orthoclase
their interior is unéltered. Thin overgrowths ha;é been detected. MNost
of the rare vacuoles are along the cleavage planes. Microlites of

euhedral tourmaline, zircon, and apatite are rare. The similarity be-

tween the inclusions in the microcline and the orthoclase suggests that
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both minerals were derived from the same source.

Sanidine.~ Sanidine grains range in size from 0.07 to 0.3 mm.,
the majority of the grains having a long dimension of 0.12 to 0.l mm.
The grains are subrounded with moderate to high sphericity and their
surfaces are corroded., Sanidine is sporadically distributed in the
section. In some siltstone lenses it may constitute as much as 35
per cent of the detritus; in most of the samples it occurs only as
traces. >

Some of the sanidine is hollow. The cavities range in size from

minute, slightly altered patches in the center of the grain to large

holes that occupy more than 80 per cent of the grain volume. The
cavities have irregular shapes and seem to be controlled by solution
along cleavage planes rather than by solution within a crystal zons.
The cavity typically occurs in the center of the grain and has a

pattern similar-to that shown in Figure 24. Some grains that do not

contain a hole or cavity exhibit a faint, elusive central zone that
has an optical orientation different from that of the outer crystal.
Crystal zonation is more evident in the vicinity of the decomposed
central cavity. Hsu (1954) has found that the cores of zoned sanidine
from a dacite intrusién in the San Gabriel Hountains, California, are
more potassic whereas the shells are more sodic., A similar composition

may be the cause of solution of the sanidine cores in the Pierce Canyon

redbeds.
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Thin section No. 29 (X 150, plain light) of two hollow
sanidine grains in the Pierce Canyon detritus, Eddy
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These holes or cavities in the sanidine grains from the Pierce
Canyon redbeds are believed to have been formed after deposition, be-
cause many of the grains now are.only fragile shells that would havé
been destroyed during ﬁransport, and because none of the holes is
stained with hematite around the edges although a few do contain calcite
or gypsum. Hence the holes in the sanidine must have formed after the
hematite precipitation. The only connecting channels between the hollow
interior and the fresh exterior are rare cleavage planes. It is be-
lieved that fluids penetrated the grain along similar planes and dis-
solved the less stable central zone which was probably of slightly
different composition. Some of the cavities were later filled with
gypsum or calcite, while others remained empty.

The small range in the modal size of the sanidine grains (0.l12 to
0.l4 mm.) plus the central location of the hole in most of the grains
suggest that they were only slightly abraded during transport and that
they are about the same size as the original crystals at the source.

The hollow sanidine grains probably were deposited in a shower of vol-
canic ash, but may have come from erosion of a trachyte, or possibly
some other eruptive or extruded rock. =

So far as the writer knows, neither the Santa Rosa sandstone
above, nor the Rustler evaporites and redbeds below the Pierce Canyon
contain hollow sanidine; therefore it may be useful as a stratigraphic

marker.




preservation of the sanidine.

" less than 0.13 mm. They constitute less than one per cent of the total
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The presence of hollow sanidine grains in the Pierce Canyon red-
beds of the Delaware Basin, the Dewey Lake redbeds of the Midland Basin,
and the Quartermaster redbeds farther north suggests that they received
detritus from the same source. A& more detailed description of these
hollow sanidine grains is currently in press (Miller, 1955).

To check the relative abundance of sanidine, random samples were
selected and 100 grains were examined in refractive index oils. The
sanidine content ranged from traces to as much as 35 per cent of the
material. In one particular set of samples from a fresh core (U. S.
Potash Company shaft No. 3, SEX Sec. 13, T. 20 S., R. 30 E., Eddy County,
New Mexico) there is a marked éhange in sanidine content 140 feet below
the surface which corresponds to a change in the cement in the Pierce

Canyon redbeds. Below 140 feet, sanidine constitutes less than one per

STy i o . . .
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cent of the detritus in which the dominant cement is gypsum. Above 140

2l

feet the sanidine content increases sharply to about 30 or 35 per cent

TV,
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and the dominant cement is calcite. Other than the change in the
abundance of sanidine and the cement, there is no change in the texture

or in the mineral assemblage. This change was not detected in any of

the other cores or outcrop samples from nearby. 4 pé:sible explanation

may be that conditions favoring calcite cementation also favored better

Plapgioclase.- Plagioclase grains are restricted to diameters of
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detritus and are typically subangular to subrounded and about 0.04 mm,
long. Both the exterior and interior of the grains are unaltered, but
corroded edges and small embayments are comron. The grains are typically

elongate, irregularly-shaped laths; hence their sphericity is somewhat

less than that of the other feldspar grains. Vacuoles are abundant;

although most of them are grouped along cleavage planes, more randomly

scattered vacuoles are present in plagioclase than in either microcline

or orthoclase. Microlites appear to be common in all the grains, but

none could be identified because of their small size.

Chert.- Chert is restricted almost entirely to the silt-size
detritus, where it occurs as well-rounded, slightly elongate (elliptic)
grains sparsely and randomly distributed through the entire formation.
The length of the grains ranges from 0.03 to 0.06 mm. The surfaces of
the grains are pitted by randomly shaped, shallow depressions, as the
result of impact with other grains during transportation.

Chert constitutes much less than one per cent of the total
detritus but is significant because it indicates that at least a part

of this material was derived from some pre-existing sedimentary source,

Calcite.~ Detrital calcite is not a common constituent of the

formation, but in a few places it constitutes as much as 3 per cent of

the detritus. Most of the calecite is sparry; the grains, composed of

tlear crystals about 0.0l mm. long, are moderately-rounded and have a
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moderate to high sphericity with a medien diameter of about 0.03 mnm.
Detrital sparry calcite is rare in most sedimentary rocks be-
cause of its chemical instability. Its occurrence here suggests that
it originated from the disaggregation of previously cemented material
or chemically precipiteted beds and was transported only a short dis-
tance to the depositional site. Reworking of the material probably
occurred as the result of a periodically lowered water level, which ex-
posed the newly deposited carbonate beds to wave action. The source of
sparry calcite is discussed in more detail under the heading "Mineral

Cement!.

Muscovite.~ Muscovite, its grain length averaging 0.07 mm., is
a widespread constituent in the formation but comprises less than one
per cent of the detritus. Flakes of ruscovite up to 0.8 mm. long are
twisted and bent between sand grains even in the coarsest detritus, but
in most places the muscovite is much more concentrated in fine-silt and
clay laminae. In the finer grain-sizes the flakes are typically so
oriented that their long diameters almost perfectly parallel the bedding
planes. The flakes are elliptical with well rounded edges, which may
have resulted from eolian transport or from abrasion in the gentle

currents of the Pierce Canyon sea.

Biotite.-~ The biotite content of this formation exceeds the

muscovite content about two to one. Brown, pale green, and colorless




(leached) biotite altogether constitutes about one per cent of the

detritus. Brown biotite is much more abundant than the green or color-

less variety. . Dark brown euhedral biotite (pseudo-hexagonal flakes)

with a long diameter of 0.06 mm. was detected in a few samples and is

probably of volcanic origin. Host of the biotite is at least slightly

rounded and a few flakes are elliptical with rounded edges similar to

the muscovite; some of them occur as rather thick packets.

Chlorite.- Traces of chlorite are randomly dispersed in the fine
detritus as pale blue green flakes about 0.08 mm. long. A few flakes
have rounded edges as the result of abrasion. They may have been de-

rived from a minor area of schist or gneiss associated with the granite,

but more probably result from alteration of other ferromagnesian minerals.

Metamorphic-rock frasments.- Irregularly shaped rock-fragments

with schistose or slaty structure constitute less than one per cent of

the detritus. The fragments are smell, about 0.04 mm. in diameter, and

are randomly dispersed with the other detritus. Although their mineral

content was not determined, most of them contain badly warped sericite

and fine quartz. These fragments probably originated from small out—

4
crops of shistose rock within the igneous source.

Glauconite.~ Rare glauconite occurs as well-rounded grains with

moderate sphericity. They are randomly distributed in the formation as

silt-size grains 0.03 to 0.04 mm. long. In thin section the grains
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appear pale Mapple" green.

Magnetite-ilmenite.— Magnetite and ilmenite are the most abundant

heavy minerals in the Pierce Canyon redbeds. Heavy-mineral separation
shows that about half the grains are magnetite, because they are strongly
magnetic, and half are ilmenite. Magnetite-ilmenite constitutes from

1 to 3 per cent of thé total detritus, occurring as well rounded, shiny
black grains, with a moderate to high sphericity. The mean grain size

is about 0.03 mm.

Magnetite~ilmenite is abundant in the heavy-mineral placers
throughout the red oxidized parts of the rock; it occurs only as traces
in the gray-green reduced spots or beds. Iany heavy-mineral placers
have been traced from the red portion of the rock on one side of a gray-
green zone, across the zone, and into the red portion of the rock on
the opposite side. Both red ends of the placer contain about the same
amount of magnetite-ilmenite, leucdxene, tourmaline, zircon, and apatite;
but, within the reduced gray-green zone the magnetite-ilmenite content
drops to zero or a trace, whereas the other heavy minerals maintain

about their same relative abundance. The abrupt decrease coincides with

‘the color change. The magnetite-ilmenite originally present has been

dissolved by the influence of reducing conditions and weak acids.
Where chemical reduction has resulted from leaching by ground
water, the gray-green zones may contain magnetite-ilmenite partly altered

to hematite; in these zones, the grains appear to be channeled by solution




or fragmented and the surrounding matrix is dark red because of
authigenic hematite. In a few places where the leaching is incomplete,
as indicated by the dark (red) patches in Figure 4, magnetite-ilmenite
is still abundant. In the vicinity of the magnetite-ilmenite grains,
in most of the gray-green zones,>there is no evidence of alteratiocn
such as leucoxene or limonite rims or halos; neither is there any dé-
crease in the size of the magnetite-ilmenite grains_close to the re-
duction spots.

The presence of detrital magnetite-ilmenite in the red, oxidized
parts of the rock indicates cnly that the source rock was rich in these
minerals. The absence of detrital magnetite-ilmenite in the gray-green,
reduced spots and beds indicates that these minerals have been dissolved.
The causes of reduction and solution are discussed under the heading
"Gray-green reduction zones'".

The preceding remarks concerning the presence and absence of
detrital magnetite are true of more than a hundred samples from widely
separated geographical areas examined by Folk and the writer. The samples
are from beds ranging in age from Cambrian to Tertiary, including most
of the famous redbeds on the North American continent.’ Beds which have
been enriched with hematite such as residual clays and coils are not
represented. Abundant detrital magnetite-ilmenite in every red sample

indicates that the source of the detritus was rich in these minerals.

The significance of source rocks rich in magnetite~ilmenite, and their
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relationship to the origin of redbeds has been discussed by Miller and .
Folk (1955), who concluded that the great sequences of redbeds in the
geological column were derived predominantly from igneous or metamorphic
sources and were not ngcessarily formed in a marine or nonmarine environ-

ment or under any specific climatic conditions.,

Leucoxene.— Leucoxene, one of the most abundant heavy minerals,
constitutes about one per cent of the detritus. It occurs as well-
% rounded, slightly elongate grains with high sphericity, which are read-—
| ily detectable under reflected light because of their dull white color,.
‘i The grains range in diameter from 0.05 mm. to 0.02 mu. and have a mean

long diameter of 0.03 mm.

Leucoxene is a stable heavy mineral which results from the altera-

i

tion of ilmenite. There are no partially altered ilmenite grains with
leucoxene rims. There was hardly time for alteration after deposition
and before burial. Alteration by ground water should have left rims.
Hence, if the leucoxene grains are still in their first sedimentary cycls,
the alteration from ilmenite probably took place at the source or during

transport, not in the Pierce Canyon redbeds.

~

Tourmaline.- Subhedral and euhedral tourmaline gréins are less
common than leucoxene, composing less than one per cent of this detritus.
Most oféthe grains are pale blue and may be indicative of pegmatites
s within the granitic source. Blue tourmaline ranges in size up to a

maximum of about 0.6 mm., but typically its longest dimension is 0.03
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to 0.04 mm. Most of these crystals are slightly rounded at the corners,
and a few broken crystals are well-rounded. Elongate rectangular
vacuoles and scattered rutile needes are the only inclusions. Pale pink
and colorless tourmaline, which are much less abundant, contain the same
inclusions anc are about the same size as the blue variety. The largest
tourmaline grain encountered was of the colorless variety and had a long
dimension of 0.8 mm.

The euhedral toﬁrmaline crystals are believed to have been de-
rived from the same source as the quartz because of the similarity be-
tween these grains and the tourmaline inclusions in the quartz. The

well-rounded, broken crystalsrof tourmaline suggest a different source

or a reworked material from older sediments.

~Zircon.- Zircon, slightly less abundant than tourmaline, is one of
the common heavy minerals. Most of it occurs as euhedral crystals with
slightly rounded corners and an average grain diameter of about 0.03 mm.
The scarce grains, 0.2 to 0.4 mm. long with well-rounded edges, were,
like the tourmaline, probatly derived from some other source or suffered

longer abrasion. All the zircon is colorless.

Apatite.- The fact that sibhedral apatite grains are abnormally
abundant suggests that the apatite, the abundant biotite, and the vol-
canic quartz may have been derived from the same volcanic source. The

erystals are slightly rounded on the corners and most of the grains are
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about 0.03 mm. long. In a few samples the apatite content equals that

of the tourmaline or zircon.

Garnet.—~ The diameter of the garnet ranges frem 0.02 to 0.03 mm.
The grains are typically well rounded and have corroded or pitted sur-
faces. Most of the grains are colorless or pale pink. Garnet is a

rare constituent in the heavy-mineral placers.

Rutile.~ The scarce rutile grains occur as pale yellow, near

perfect squares with slightly rounded corners about 0.02 mm. long.

Fossils.~ Only two fossils were recovered from this detritus,
both of which were unidentifiable broken fragments about 0.03 mm. long
and consist of a simple, perforate calcite or phosphatic plate. The
perforations are abundant, randomly but closely spaced, and circular.

The intervening lattice is featureless.

Illite.~ Ten fresh clay samples from cores believed to be repre-
sentative of the vertical clay distribution at U. S. Potash Company?'s
mine shaft No. 3, SEi Sec. 13, T. 20 S., R. 30 E., Eddy County, New

Mexico, were analyzed by X-ray diffraction. All the samples were

identified as illite.

The illite content is homogeneously distributed in thin beds
throughout the Pierce Canyon section and constitutes only 4 per cent of

the detritus. There are only a few beds of claystone, and these are
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only a few inches thick. The lateral distribution is similarly homo-
geneous. Most of the illite is completely stained with hematite, so
that it is darker red than the coarse-grained material. All the illite
is absorbent; it tends to swell to the point of dissaggregation when

water 1is added.

Authigenic Minerals

Gypsum.- Clear fibrous gypsum is the predeminant cement in the
Pierce Canyon redbeds. It composes 10 to 20 per cent of the rock,
occurring as subparallel, mosaic patches of fibrous erystals 0.01 to
0.03 mm. long. Some of the beds contain much larger crystals, which,
as the result of their growth up to 0.7 or 0.8 mm., have slightly dis-
placed the grains. The fact that nearly all the gypsum is clear and
free of inclusions suggests that the crystals were precipitated in the
interstices of the sediment after burial in highly saline sea water.

in a few places the fibrous crystals of gypsum enclose small
patches of calcite, which may indicate that the gypsum was deposited
around the edge of the interstice and that calcite later filled the -
central void space. In other parts of the same specimen the calcite is
in contact with the hematite-stained grains. Hence there is no patent
order of precipitation for calcite and gypsum, but both of them were
deposited after the hematite. This is clearly showm by the fact that all

the quartz silt-grains are coated with hematite, but the gypsum and
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calcite ovgrlie the hematite and are not themselves stained with it.
Veins of gypsum, which penetrated the formation during the Ceno-

zoic Era as the result of slump in the basin, contributed additional

cement to the lower half of the Pierce Canyon redbeds. These zones are

discussed in more detail on page 20.

Calcite.—~ Sparry calcite cement constitutes approximately 5 per
cent of the volume of the rock. In most of the beds the calcite con~
tent is less than one per cent, but in a few it may be as high as 30
per cent. Sparry cement occurs as individual crystalline patches 0.01
to 0.02 mm. long, many of which are surrounded by fibrous gypsum, but
in many places the calcite is in direct contact with the hematite-
stained grain. All the calcite patches are clear; none contain in-
clusions of hematite or gypsum.

Calcite crystals enlarged perhaps by precipitation from ground
water are most abundant in the upper part of the Pierce Canyon section.
They are also prevalent in the gray-green beds where ground water has
permeated a stratum dissolving hematite and precipitating calcite. A
few of these enriched zones contain small calcite moigics in which the
individual crystals, 0.02 mm. long, are in optical orientation with
adjacent crystals.

Sand-crystal calcite is present in a few localized zones on the
outcrops. These zones are completely cemented with a mosaic of patchy

calcite whose individual crystals are in optical orientation over an
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area of about 1 square centimeter and each crystal encloses hundreds of

sand grains. Little of the boundary between the large crystal zones is
straight, and in most places the.zones seem to grade or feather into

each other. There is no difference in the size of the individual calcite
crystals within the larger sand-crystals and those in other parts of -
the rock. Smaller calcite mosaics, similar to sand-crystal calcite,

were observed in one core sample only. None of the sand-crystal zones
contains gypsum.

Sand-crystal calcite 1s most abundant in the Dewey Lake outcrops
on the banks of Champion Creek near Colorado City, Texas; it is less
abundant on the higher outcrops such as Marcon Cliffs; and only one
core sample of sand-crystal calcite was obtained. Sand crystals are
possibly the result of recrystallization that takes place in regions
where ground or surface water dissolves and reprecipitates the calcite
at about the same slow rate — remo#ing it from one part of the crystal
and precipitating it at another. Since rocks containing sand-crystals
have more calcite than the adjacent rock, it is assured that the addi-
tion of calcite is a necessary prerequisite to its formation. Hence,
the ‘added calcite must have come from a source outside the arei enclosed
by sand crystals. The reason for the concentration of calcite into
erystals of nearly uniform size is not evident.

The occurrence of calcite is random in tho lower part of the

Pierce Canyon redbeds, where it is much less abundant than gypsum.
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There is a marked change, however, in the uppermost 100 feet of sec-
tion at the U. S. Potash Company mine shaft No. 3, SE: Sec. 13, T. 20
S., R. 30 E., Eddy County, New Mexico, where calcite is the predom=
inant cement between the depths 6f 40 feet (the upper contact) and
140 feet. This increase in calcite corresponds to an abrupt increase
in the sanidine content in this core, but the increase of neither the
calcite cement nor the sanidine was detected in other stratigraphic

sections in the vicinity.

Anhydrite.~ Anhydrite constitutes less than one per cent of
this formation and in most places occurs only as traces. It occurs
most frequently as rectangular crystals about 0.02 mm. long in mosaic
patches 0.05 mm. square, adjacent to or completely surrounded by
fibrous gypsum. The clear crystals are in direct contact with the
hematite=stained grains in a few places but none contain hematite.

The anhydrite is considered to be a chemical precipitate.

Dolomite.~ Dolomite occurs only as traces in a few of the samples.
The crystals are typically 0.02 to 0.03 mm. long; in most places they

exhibit a rhombic zonation.

~

Hematite.~ The red color of this formation results from a thin

hematite coating on the surface of the sand and silt grains and from dis-

seminated hematite-—stained clay. Hematite, which constitutes less than
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5 per cent of the rock, was deposited as a chemical (hydrosol) precipi-
tate that formed at or near the site of deposition prior to cementation
of the detritus Ey calcite and gypsum. The hematite stain is about the
same thickness on all parts of the grains, including the sharp corners.
Even the well-rounded and frosted quartz and orthoclase grains have
hematite-stained surfaces indicating that precipitation of hematite
occurred after transport. The hematite stain is thickest in the corners
between two or more grains where it accumulated on the greater surface
area and thinnest along the mutual boundary between two touching grains.

This type of hematite accumulation is described as post-
depositional but essentially penecontemporaneous with deposition by
Krynine (1950, p. 143); this description assumes that the source of the
iron lies outside the basin of deposition and that the iron was trans-
ported to the basin and precipitated during br immediately following the
deposition of the detritus.

The predominant occurrence of quartz and orthoclase, the abundance
of magnetite~ilmenite, and the other accessory minerals strongly suggest
that this is a first-cycle sediment derived from a granitic source in an
arid climate. As evidenced by the abundance of magnetjte-ilmenite and

probably part of the abnormally high biotite content, the granitic source

was rich in iron-bearing minerals. An igneous source that contains large

amounts of magnetite-ilmenite and biotite normally contains other iron-

bearing minerals such as hornblende and pyroxene, but these are not pres-

rd

ent in the Pierce Canyon redbeds. Hence, a large part of the iron that
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now ocgurs as hemﬁtite probably originated from the destruction of all
the hornblende and pyroxene and part of the magnetite-ilmenite. As
both hornblende and pyroxene are.unstable in oxidizing environments, it
is not unlikely that they should have been destroyed at or near the
source. Magnetite and ilmenite, which are more stable in an'oxidizing
environment, survived the erosicn and transport.

The iron was probably transported by water to the site of deposi-
tion in several forms, the most important of which was as a ferric-
oxide hydrosol. A much smaller amount was probably transported in solu-
tion as ferrous-bicarbonate. After reaching the Pierce Canyon sea these
materials were slowly precipitated.over a period of several days (loore
and Maynard, 1929, p. 278) in the gently agitated saline water which was
winnowing and distributing the detritus. Then, as is characteristic of
nearly all colloids and most chemical precipitates, the iron oxdide was
precipitated on the largest and most available surfaces, the grains.
This process probably continued for a short time after burial. The
minor amounts of flocculated clay received more iron proportionately
than the silt and sand grains as the result of its larger surface area.

The Pierce Canyon detritus was buried and compaéked predominantly
as red sediment, although there may have been a few local gray or green
gones or beds resulting from local reducing conditions caused by accumnu-
lations of organic matter or bacteria, but there is no direct evidence

of this in the slides. Many of the reduced gray-green zones that are







Fig. 25.

Thin section No. 12 (X 1.5) of sub-
spherical reduction spot with dark
central sphere of authigenic biotite,

St} Sec. 14, T. 22 S., R. 30 E.,
Eddy County, New Mexico.
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present today, however, are the result of post-depositional processes.

Biotite.~ Dark brown biotite occurs as an authigenic mineral in

a few of the spheroidal, reduction spots. The flakes are concentrated

in a spheroidal zone between the crystals of fibrous gypsum cement near

the center of the reduced spot (Fig. 25). The dark-brown flakes are
extremely thin and have a maximum length of about 0.05 mm. The origin
of this mineral is discussed under the paragraph heading "Gray-green

reduction zones",

Biotite does not ordinarily form authigenically in sedimentary

rock, although Curry and Curry (1954, p. 2141) have reported concentra-
tions of authigenic biotite from the Cretaceous Muddy formation of
Wyoming. The first identification of authigenic biotite in the Pierce
Canyon redbeds was made with the petrographic microscope by Folk.

E. J. Weiss, Department of Ceramic Engineering, The University of Texas,

confirmed Folk's identification by X-ray.

Post-Depositional Alteration

In the preceding section the minerals were discussed separately

.for'the purpose of easy reference. In order to set forth a probable

paragenetic order here, it will be necessary to refer to the section on
"Mineralogy" for details.
The sediments that now compose: the Pierce Canyon formation were

deposited in a saline environment (pe 84) which is believed to have been
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mildly oxidizing and slightly basic, similar to normal marine water
(James, 1954, p. 240). Hematite was the first chemical precipitate to
form at the depositional site (p. 89) and probably accumulated on the
grains during and immediately after deposition. In some places the
hematite has been dissolved along with the magnetite-ilmenite. 4 few

of these reduction zones may have formed immediately after or during
deposition, others ére the result of vadose or groundwater leaching.
Subsequent deposition buried the loosely packed hematite-stained detritus
which was still saturated with sea water. The interior of the sanidine
grains was then dissolved after the precipitation of the hematite (p. 74)
and before the precipitation of the gypsum and calcite. There is no
manifest order of crystallization for the predominant gypsum (p. 84) and
the lesser amount of calcite (p. 85) cement; yet, inasmuch as none of

the hollow sanidine grains contains hematite and a few do contain calcite

* or gypsum, both calcite and gypsum must have been precipitated after the

cavities had formed in the sanidine. In most specimens the gypsum is
in contact with the hematite-stained grains, and in a few it surrounds
patches of sparry calcite. In a few places sparry calcite is in direct
contact with the hematite-stained grains (p. 85), but calcite has never
been detected completely surrounding gypsum; this may indicate that the
gypsum was precipitated before calcite. In one set of core samples

(p. 87), the uppermost 100 feet of section is completely cemented with

sparry calcite. Both the relative order and relative abundance of gypsum and
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calcite presumably depend on fluctuations in the composition of the

water saturating the sediment, with gypsum indicating more evaporitic
conditions. Traces of anhydrite‘have been detected (p. 87) in a few
samples, its local and sporadic distribution and its association with

the hematite-stained grains suggests that it formed as a chemical pre-
cipitate at about the same time as the gypsum. Traces of dolomite (p. 87)

have also been detected in a few places. Every dolomite rhomb is sur—

. rounded by a sparry calcite mosaic. Since consolidation the redbeds have

been fractured and jointed (p. 20); some of these fractures and joints

have been filled with fibrous gypsum.

Gray-green reduction zones.~ There are numerous gray-green re-

duction spots and zones in the Pierce Canyon redbeds. They range in
size from microscopic specks to entire beds an inch or two thick that
extend for more than a quarter of a mile. The gray-green color in
similar beds has been attributed by Keller (1953, p. 5) to the illite
content. |

The presence in general, of more gray-green reduction zones on the
outcrop than in the subsurface, shows that at least part of the reduction
is the result of surface leaching. There are more gray-green reduction
gzones in the sandy beds than in the clayey beds. Some of these reduction
zones are the result of groundwater leaching; other smaller, nearly
spherical, reduction spots may have resulted from the oxidation of local

accunulations of organic matter. Many of these reduced spots have been
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cut and separated by gypsum veins (Fig. 7), indicating that the hematite
was dissolved before veining. Most of the reduction spots and zones
are devoid of detrital magnetite-ilmenite, because these minerals have
been dissolved aiong with the hematite (p. 89).

A few of the reduction spots are spheroidal and have sharply
defined, smoothly rounded borders and contain a dark central nucleus or
core (Fig. 25). They typically range from 3 to 10 mm. in diameter, al-
though a few are as large as 2.5 cm. in diameter. The following descrip—
tion is that of a typical spheroidal, gray-green, reduction spot which
contains a dark gray nucleus.

(1) The center of the spot (Fig. 25) consists of typical Pierce
Canyon detritus — aquartz, feldspar, and mica cexented with pale gray
fibrous gypsum; this central core shows on the illustration as a small,
light colored circle, inside the dark circle. (2) The next spherical
zone consists of the same detrital minerals and gypsum cement as the

core, but it also contains abundant dark-brown flakes of authigenic
biotite about 0.05 mm. long, disseminated between the fibers of the
gypsum. All the biotite flzkes are neatly arranged in a near perfect
sphere around the core, parallel to the gypsum crystals. Most of the
feldspar grains in this ring have corroded surfaces and show more
internal alteration along the cleavage planes than is normal in the red
part of the rock. In many places authigenic biotite is disseminated in

the corroded cleavage planes of the feldspar. - The detrital biotite in
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this ring is fre;h. (3) The next larger sphere is just slightly darker
than (4) the gray-green outer part of the reduced spot. All the previ-
ously mentionad detrital minerals are present here, in about their same
relative abundance and gypsua is the dominant cement. The slightly
darker color of this zone (3), which does not show in Figure 25, is
caused by a little disseminated authigenic biotite between the gypsum
crystals. (5) The outer boundary of the reduction spot is an abrupt
color.change from gray-green to red.

The biotite is known to be authigenic because of its (1) concentra~
tion in a small sphere and (2) different size and shape from that of the
detrital biotite, and because (3) bedding planes pass through the sphere
of concentrated biotite; hence it could not be a coprolite.

Most of the gray-green reduction spots are marikedly deficient in
detrital magnetite-ilmenite (p. 79). There is one other difference be-

tween the detrital minerals in the red.. and gray-green zones. Only a
| small percentage of the orthoclase grains in this formation have over-
growths; where present they are extremely thin and barsly cover the edges
and corners of the grains. Within these reduced spots, however, there
are characteristically a small number of orthoclase grains which have
thick overgrowths. The thickness of the overgrowths in many places is
about half the width of the detrital grains.

Any attempt on the part of the writer to explain the origin of the
3 authigenic biotite would undoubtedly have many shortcomings. Any explana-

tion concerning this type of chemical reduction must also explain: 1)
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the spheroidal shape of the spots, 2) the abrupt color change along the

smoothly rounded border, 3) the alteration of the feldspar grains in-

side the reduced zone, 4) the abnormally large overgrowths on a few
feldspar grains, 5) the dissolving of hematite and the magnetite-
ilmenite, and 6) the precipitation of authigenic biotite.

The origin of the red color in redbeds has been aptly discussed

by Von Houten (1948), Krynine (1937, 1949, and 1950), James (1954) and
a host of others mentioned in the reference lists of these recent
articles. Krumbein and Garrells (1952), Zobell (1946) and others have
studied the stability limits of iron oxides and provided additional
references on the chemisiry of oxidation-reduction in Recent sediments.
None of these investigations provide information which can be readily
applied to the removal ¢f hematite, magnetite-ilmenits, and the forma-
tion of authigenic biotite and authigenic feldspar. Présumably the spot
contained potassium=~ and silica-rich solutions which caused the ferric
iron oxide (hematite, magnetite, and ilmenite) to be reduced and then

dissolved, A small part of the iron recombined with the potassium and

silica to form biotite.
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Geological Interpretation of Pierce Canyon Redbeds

Modern methods of sedimentary petrology show that a great amount

of geological information which can help to solve many stratigraphic

problems has been neglected in the past. Geology, like all other phy-

sical sciences, will continue to progress as fast as new parameters T

can be found to permit the comparison of data. The fundamental approach

to comparative study depends almost exclusively upon observation and
measurements, hence fhe trend in sedimentary petrology teoday is toward

more detailed examination of the physical differences in minerals., "
¥ineral descriptions alone are not sufficient until they have been com-
pared to similar studies and incorporated into a broad, overall geological
interpretation. The step from pure descriptive matter to its geological
significance calls for conclusions on the part of the writer and, in
sedimentary petrology, calls for answers to four fundamental questions: 8
1) Vhat was the source rock and where was it located? 2) How was the
sediment transported? 3) What were the climatic conditions at that
time and how did the& influence the source rock and the transportation : t ?
of the sediment? and 4) What were the environmental conditions of the
basin of deposition? The answers to these questions depend to a large o ?‘_
extent on the presence or absence of some physical character of the N\
mineral assemblage. Therefore, before proposing the conclusions it is
necessary to review briefly the general character of the Pierce Canyon

redbeds.
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Litholomy.~ A typical sample of the Pierce Canyon redbeds is a

moderate reddish browvn (10R4/6) slightly sandy or slightly clayey silt-
stone. Small gray-green reduction zones or spots are common, but are
:é i most abundant in the coarser grained part of the rock. The rare sand
& grains greater than 0.4 mm. in diameter are well rounded and frosted,
but the rest of the detritus is subangular or subrounded. Host of the
detri£us is arranged in thin, parallel sets of very fine crosslamina-
tions less than one inch thick. Dark gray or black heavy-mineral placers,
a grain or two thick, parallel the bedding. Dry samples are moderately
well indurated but wet samples tend to disaggregate. This material is
classed as a submature to mzture arkose or subarkose (Folk, 1954, p.
354) because of the high quartz and feldspar content and the deficiency
in metamorphic constituents. The detrital minerals are ccmposed of 70
to 80 per cent plutonic (igzneous) quartz with straight extinction.
Almost all the quartz contains a few liquid and gas-filled vacuoles,
and about 10 per cent of the quartz contains inclusions of pale blue
tourmaline and colorless zircon. Approximately 25 to 30 per cent of
the detritus is fresh feldspar, which consists predominantly of ortho-
clase with lesser amounts of microcline, sanidine, and plagioclase.

The abnormally high biotite content exceeds the muscovite content about
two to one. Both these micas are more abundant than chlorite. Schist
and phyllite fragments, considered here as undifferentiated metamorphic-

rock fragments, constitute less than one per cent of the detritus,
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Chert is rare and occurs as well rounded, slightly elongate grains. The

heavy-mineral placers are rich in black magnetite-ilmenite, dull white
leucoxene, pale blue tourmaline, pink garnet, colorless zircon, and
apatite. Rutile and glauconite are rare. There 1s little or no magnetite-
ilmenite in the gray-green reduced zones and spots. The predominant min-
eral cement is fibrous gypsum; sparry calcite is also present but is much
less abundant, and hematite occurs as a coating on the grains. Gypsum

veins both cut and parallel the bedding. B

Location and composition of source.- The uniform distribution, B
monotonous uniformity, and relative abundance of the quartz, feldspar,

- . and accessory minerals in the Pierce Canyon redbeds suggests that almost ‘ ¢

all the detritus was derived from the same source, The fact that two min-

eralé, quartz and orthoclase, constitute more than 90 per cent of the

LR T

! : ‘{ detritus indicates that these minerals were abundant at the source. This
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material is predominantly a first-cycle sediment, which was probably de-
rived from an igneous source., Evidence of this granitic source is shown !&
by the persistence and abundance of colorless, plutonic (strain-free)

quartz, and the virtual lack of any strained or composite grains which

might indicate derivation from some other, perhaps metamorphic, source.

AMmost all the quartz contains the same type and amount of vacuoles,
some of which contain liquid, and microlites; this predominance could
not have been obtained if the detritus had been derived from a mixture of

reworked older sediments. The absence of milky or smoky vein quartz and
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the low microcline content further suggest that the detritus was de-
rived from a granitic core or basexzent rock and not from part of the
outer peripheral zone of an igneous body where hydrothermal veins and
pegmatites are more abundant. The fresh and unaltered feldspar grains
indicate that there was little chemical alteration of the feldspar at
the source and further suggest a first-cycle sediment. lMost of the
accessory minerals were also derived from the same source. Magnetite~
ilmenite and leucoxene, for example, probably came from the same source
-as did the quartz and orthoclase, because their relative abundance is
about the same throughout the formation. Pale blue tourmaline is another
exanple of an accessory mineral with a uniform distribution that suggests
a single mutual source.

In most sediments that have been reworked from older sedimentary
rock one can expect to find an assortment or mixture of mineral types:
i.e., mixtures of quartz types; various types and stages of alteration
in the feldspar; and erratic and possibly localized heterogeneous mix-
tures of accessory minerals such as chert, tourmaline, zircon, garnet,
rutile, kyanite, hornblende, and many others. For example Krynine (1950,

P 24) reported many varieties of tourmaline and other minerals from the
Triassic sediments of Connecticut which indicated a multiple source.
Swineford and Frye (1951, p. 3l4) reported all stages of alteration in
the feldspar, in all the samples from the Kansas loess deposits, which

were indicative of reworked sedimentary material and probably multiple
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source-areas. In the Pierce Canyon redbeds, only a few minerals like
sanidine range in abundance from plentiful to scarce independently of
the persistent;quartz and feldspar; these few will be discussed at the
'close of this section. Furthermore, the uniform angularity and lack of
rounded grains in the silt sizes favors a primary source,

In order for basement rocks to become exposed over a large region,
there must have been an uplift followed by a prolonged period of erosion.
There was such an uplift (King, 1942, p. 731) south of the Delaware
Basin where pre-Permian mountains and the Marathon folded belt were
progressively eroded during the Permian period. King referred to Wolf-
cazp and Leonard clastic beds in the Glass Hountains, which contain
fragments that can be matched with rocks from the folded belt to the
south. Horeover middle and upper Guadalupe beds in the Midland Basin
contain thin layers of bentonite and volcanic ash which thicken south-
ward, indicaiing a volcanic source to the south. From this we can gather
three important facts which have to do with the location of a possible
source: 1) that there probably was a structural complex south of the
Permian Basin, in northern Mexico; 2) that there was volcanic activity
south of the basin; and 3) that the wind was from the south, during at
least part of Permian time.

The Pierce Canyon redbeds are believed to have been derived from
a granitic source in northern Mexico, south of the Marathon folded belt.

The source was probably a granitic mass that was subjected to prolonged
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erosion.

Plutonic igneous rocks of Permian age have been reported from
northern Mexico, 250 miles south of the Delaware Basin, by Kellum et
al. (1936), Kelly (1936), BBse (1923), R. King (1934) and others. They
all agree that granite or granodiorite was intruded into Permian sedi-
mentary rocks that are now overlain by unmetamorphosed Cretaceous rocks.
Kelly (1936, p. 1021) has stated that the granodiorite at Las Delicias
and Coyote Ranch in northern Coahuila has caused “exomorphism' of the
Permian rocks, whereas the Cretaceous rocks which overlie the igneous
body are separated from it by "red gritty material™ and are not meta-

morphosed. He suggested (p. 1021) that the intrusion followed shortly
after folding as part of an orogeny in the late Paleozoic.

Kellum et
al. (1936, Table 1) have listed the Permian igneous rocks at Las Delicias

as lavas and fine-grained granite. They have stated that hornblende

granite, quartz porphyry, and fine-grained diorite are unconformably

overlain by Cretaceous rocks. They have also stated that the porphyry

complex probably represents the marginal phase of a granite batholith.
A.MF. Buddington identified the igneous rock at Coyote Ranch for Kellum
et al. (1936, p. 1020) and from thin sections, described it as a biotite,
hornblende granodiorite composed of andesine, quartz, orthoclase, horne
blende, and biotite, with magnetite and apatite as accessory minerals.,
Whether these rocks antedate the deposition of the Pierce Canyon redbeds,

or vice-versa, is hardly a question that can be settled until more ex-

tensive work has been done in northern Mexico.,

Pre-Cretaceous arkose has been described (Imlay, 1944, p. 1111) from

the subsurface of northern Coahuila. Kellum et al. (1936, p. 978-979)
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and R. King (1934, p. 103-104) have also mentioned post-Permian arkose

south of Cuatro Ciengas, 70 miles northeast of Las Delicias. At least

the upper part of this arkose is thought (Kellum, et al., 1936, p. 978)

to be of Jurassic age. Probably the arkose is younger than the Pierce

Canyon redbeds, but it may have been derived from the same source area.
By Pierce Canyon time the source was probably denuded to low,

barren hills of fresh granite. As erosion continued, the detritus was

swept northward by the southerly winds {p. 101). Northwest-dipping

crossbeds in the Pierce Canyon formation show that the water currents,

probably wind-driven, transported the material northward within the

basin of deposition. The prevailing wind of this region would have been

from sea to northern shore much as it is today along the preseat Gulf
of Mexico.

Less than 2 per cent of the Pierce Canyon detritus was derived

from eruptive or extruded volcanic rocks. This source is proven by the

sanidine and supported, in part, by the abnormally high apatite and bio~

tite content and the traces of volcanic quartz. The volcanic source was

probably nearer the site of deposition than the granitic source because

these chemically unstable volcanic minerals have undergone little altera=-

tion or abrasion. The sanidine especially suggests a nearby trachyte or

dacite source or contributions from ash falls. All this material was

probably derived from a source south of the basin of deposition.

Metamorphic rocks contributed about 2 per cent of this detritus, and

sedimentary rocks less than one per cent that is surely identifiable. The
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metamorphic contributions include strained composite quartz and schist
and phyllite fragments. Sedimentary contributions include a trace of

chert from outside the basin and reworked sparry calcite from inside

the basin of deposition. Older arkosic sediments may have contributed

material to the Pierce Canyon detritus but these contributions were

probably small as evidenced by the homogeneity of the composition, as

previously discussed.

Climate.,~ Climatic conditions at the site of deposition were prob-
ably warm, arid, and windy. Evidence of the warm climate is the great

thickness and wide distribution of s2lt, gypswn, anhydrite, and other

evaporites of the underlying Rustler formation as well as the gypsum and

calcite cement of the Pierce Canyon redteds.

Aridity at the source is evidenced by the lack of chemical altera-
tion of the less stable minerals plagioclase, microcline, and orthoclase.
Nearly all the orthoclase, regardless of size, is brilliantly fresh.

Less than 5 per cent of the orthoclase shows alteration and most of this
is the result of illitization along cieavage planes. Bubbly alteration
(Folk, 1955, p. 356=357) is even less common and there is no indication

of kaolinization. The other feldspars are equally fresh, even the large

(0«5 mm.) rounded and frosted grains. . If there had been even moderate

rainfall and a little vegetation, part of the feldspars would show some
sign of decay (Krynine, 1950, p. 20). Hence, the freshness and abundance

of the feldspars and the low clay content, as previously described, were
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probably brought about by an arid or semiarid climate. This is confirmed

by grain size, surface features of large sand greins, and gypsum cement,

In an arid or semiarid climate chemical weathering of crystalline

rocks is accomplished mostly by hydrolysis. Hydrolysis loosens the

crystals at or near the surface leaving them suséeptible to transport.

Transvort.~ Most of the detritus that was weathered from the

granitic source was transported to the basin of deposition byAthe wind,

A lesser portion was carried by water. Eolian transportation is evi-

denced by the uniform grain-size distribution throughout the Pierce
Canyon section over more than 15,000 square miles in west Texas and
southeastern New Mexico. If it were not for its intricate:crossbedding
and crosslaminations, i.e. had this material not been deposited under
water, this siltstone might well be a loess deposit, because like loess,
these grains have a sm#ll range in size around a median of 4.55 (0.035
mm.). Almost all the material is coarse-silt, indicating that the trans-

portation agents were competent to move material of this median grain-

size. At times the competency of the wind was greater than that necessary

to transport silt, times when fine, medium, and even a little coarse sand

were transported; but these periods occurred rarely because less than 10

per cent of the detritus is of sand size. The small amount of medium

and coarse sand is well rounded and has frosted surfaces as the result

of the greater impact, and lack of protective water film, that are

characteristic of wind abrasion. Most of the detritus is fine-skewed.
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Fine-skewness here, indicates that when the wind was competent to sort
and move coarse silt, it was also competent to transport a_little finer
material.

A1l the detritus could not have been transported by the wind alone.
These sediments are coated with hematite, which is also believed to have
been derived from a granitic source with a normal iron content. The
abundance of magnetite~ilmenite, and probably part of the biotite, sug-
gests the presence of other iron-bearing minerals like pyroxene and
hornblende at the source, but pyroxene and hornblende are lacking in the

thin sections and heavy-mineral slides. Chemical decomposition of un-

stable minerals like pyroxene and hornblende was probably induced by an
oxidizing environment and a small amount of water which later flowed
into the basin.

Judged from the extent of pre-Pierce Canyon deposits, the relief
of the region must have been low; hence, it does not seem out of place
to conclude that the streams which carried the dissolved and suspended

material were probably broad and shallow, with possibly braided and silt-

choked channels.

Environment of deposition.- The Pierce Canyon sediments were de~

posited in a broad, shallow, almost landlocked arm of the sea which
covered at least the eastern part of the Delaware Basin (Pl. 3). The
sea extended north at least to Loco Hills in northeastern Eddy County,

New Mexico, and eastward across the Central Basin Platform into the south
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half of the Midl;nd Basin.

The basin of deposition was almost flat by the end of Rustler time;
the marginal land to the north apd east probably sloped gently upward
from the shallow saline sea. Small changes in sea level probably re-
sulted in the submergence or emergence of this vast region around the

!‘fl basin. As the youngest Rustler deposits in the basin are gypsiferous
§ 3 dolomite and anhydrite, it is probable that the basin was not completely
isolated from the sea at the beginning of Pierce Canyon time.

The contact between the highest Rustler évaporites and the over-

i ?% lying Pierce Canyon siltstone is an abrupt lithologic change; there is
no evidence of lithologic gradation. Hence, the oldest Pierce Canyon
detritus could not have accumulated at the same place in the basin while

the youngest Rustler beds were being precipitated. The contact between

L

N the two formations is possibly a disconformity or diastem, a hiatus when

| j
t? virtual cessation of chemical precipitation may have been caused by an !
P influx of sea water from the south. The addition of sea water would

have diluted the highly saline Rustler sea, and caused a minor trans-
gression to the north. Such an influx of water could have resulted from
a slight subsidence of the regioﬁ between the basin and the open sea,

and may have been the indirect cause of the prevailing south wind which

transported Pierce Canyon detritus northward as the shore line moved
northward in this embayment. Inasmuch as most of the Rustler formation

is composed of chemical rocks and not silt or other windblown detritus,
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some change of this sort was necessary before the Pierce Canyon detritus
began to accumulate. Hence, as a working hypothesis, we can assgme that
as the plutonic igneous rocks in northern Mexico becams eprsed to
erosion, part of the silt was swept out over the shallow sea while more
of the material was being blown across the flat, marginal lands south of
the basin. Wind-driven waves and gentle uniform currents sorted thé silt
and deposited it in broad, crosslaminated sheets as the detritus slowly
filled the basin. The volume of water was slowly reduced again by evap-
oration just as it had been reduced at irregular intervals all through
Rustler time, and as the basin filled with sediment, the water was
forced back to the southeast and into the open sea. As the result of
desiccation the mineral concentration of the water increased, but its
rate of concentration was never rapid enough to exceed the influx of
sediment and no beds of gypsum, anhydrite, limestone, or salt were
formed. The salinity was high enough, however, to cause the flocculation
and precipitation of the iron-oxide hydrosol on the surfaces of the grains,
and to cause precipitation of gypsum and calcite after burial.
The saline environment of the Pierce Canyon sea and the land ad-

joining it was probably not well suited to the preservation of organic

remains., Only two fossils were found by the writer, neither of which were,

complete enough to permit identification. No other fossils have been re-

ported from this formation.




COMPARISON WITH OTHER PERMIAN AND TRIASSIC FORMATIONS

Redbeds in Rustler Formation

The evaporites of the Rustler formation are interbedded with red
sandy claystone which is similar mineralogically to the Pierce Canyon
redbeds. In most places the primary fabric of the claystone has been
destroyed during Cenozoic slumping but the detrital minerals have under-
gone little or no change.

The detfitus of the Rustler redbeds consists of 60 to 95 per cent
clay-size materiai and 5 to 40 per cent silt and sand. The silt-and-
sand fraction ranks as a subarkose or orthoquartzite (Folk, 1954, p.
354). Quartz constitutes about 90 per cent of the silt and sand inAthe
Rustler redbeds. About 10 per cent of the quartz is probably of plutonic
igneous origin because it occurs as single crystals with straight ex-
tinction and has a few vacuoles in train. Approximately 5 per cent of
these grains contain microlites of tourmaline, zircon and rutile needles.
The mean grain-size of the plutonic quartz is about 0.05 mm. Nearly all
of the sand size quartz is moderately rounded; grains larger than 0.4
mn. are typically well-rounded and frosted as the result of abrasion.

The size, optical character, and inclusions of the plutonic quartz grains
in the Rustler redbeds matches the plutonic quartz grains in the Pierce
Canyon redbeds. Approximately 90 per cent of the quartz consists of re-
worked euhedral, dipyramidal crystals about 0.22 mm. long (Fig. 26).
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Fig. 25.

Thin section No. 30 (X 450) with nicols
crossed: HReworked, euhedral, dipyramidal,
quartz grains in the Rustler redrteds of
~ddy County, New Mexico. Notice the

large void (black) spaces, and the shaps
of tne hematite-stained clay and vacuoles.
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Fig. 26.

Thin section No. 30 (X 450) with nicols
crossed: Reworked, euhedral, dipyramidal,
quartz grains in the Rustler redbeds of
Eddy County, New Mexico. Notice the
large void (black) spaces, and the shape
of the hematite-stained clay and vacuoles.
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The crystals are‘typically colorless although a few contain pale red
cloudy inclusions of hematite-stained clay; they also contain a few
randomly dispersed colorless vacucles. The surfaces of these crystals
have an adamantine luster and the corners and edges are sharp.

None of

the quartz crystals shows abrasion. If they had been transported far

they should be abraded. Because the plutonic quartz grainé do not
have overgrowths of silica and because they are concentrated with the
.sand-size detritué, these crystals probably formed authigenically in
the vicinity and were reworked and transported over the clayey bottom
to this site of deposition without undergoing abrasion.
Orthoclase constitutes about 5 per cent of the silt and sand
as subrounded grains with moderate sphericity; its median grain size
is 0.04 to 0.05 mm. About 99 per cent of the orthoclase has been
slightly decomposed by illitization or sericitization along the
cleavage planes; only about one per cent is completely fresh. These
grains are more altered than the orthoclase in the Pierce Canyon red-
beds and have probably been reworked within the basin of depecsition.
| Microcline makes up less than one per cent of the detritus
and has the same physical characteristics as the orthoclase.
Plagioclase occurs only as traces and has a mean grain-size of about

0.01 mm.

Muscovite and biotite, common in these redbeds, occur most fre-

quently as fresh elongate flakes about 0.04 mm. long. Muscovite is more
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abundant than biotite and together they form about one per cent of the

detritus.

Detrital calcite is present as traces in a few places just as it

is in the Pierce Canyon redbeds. The particles have a mean grain-size

of about 0.03 mm, and consist of a mosaic of clear crystals about 0.005

mm, in diameter. Detrital sparry calcite is rare in sediments because

of its instability during transport; its presence here indicates that
it was reworked contemporaneously from carbonate deposits in the vicinity.

Fibrous gypsum is also a rare detrital constituent in these red-

beds. In most places it occurs only as traces of well rounded grains

about 0.07 mm. long. Like the sparry calcite, detrital gypsum is un-

stable during transport, hence it was probably derived along with the

calcite from a nearby source under the influence of an arid or semiarid

climate.

The only heavy minerals in the red claystone of the Rustler forma-
tion are an occasional rounded zircon or tourmaline.

Most of these redbeds are cemented and veined with colerless,

fibrous gypsum. Sparry calcite cement is much less abundant than gypsum

and together they make up less than 5 per cent of the rock. The calcite

occurs as small clear crystals about 0.003 mm: long and is most abundant

in the silt-and-sand-size detritus. Gypsum and calcite also occur as

pseudomorphs after halite.

The lower part of the Rustler formation contains a few silty and
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sandy beds of limestone, which are not directly associated with redbeds.
The limestone contains 20 to 4O per cent silt and fine sand and 60 to
70 per cent sparry calcite. The detrital mineral assemblage consists
of 80 to 90 per cent colorless, plutonic igneous quartz, 2 to 4 per
cent orthoclase, one per cent microcline, traces of plagioclase, and 2
per cent muscovite and biotite, and is, with the exception of a few un-
stable minerals like calcite and gypsum, almost identical with the
mineral assemblage of the redbeds.
The silt-and-sand-size detritus is the same in both the redbeds

and the limestone; with the exception of the authigeﬁic quartz, it
originated in an igneous source, although it may have been reworked

many times in the basin of deposition before it was deposited as part

of the Rustler formation.

Comparison with Yates Sandstone

Mineralogical differences show that the rounded and frosted sand
grains of the Pierce Canyon redbeds and the Yates sandstone were prob-
ably from different sources.

Practically all detrital quartz, whether it is of igneous, meta-
morphic, or sedimentary origin, has about the same specific gravity and
durability during transportation. Approximately 50 to 60 per cent of |

the Yates sandstone is detrital quartz; of this, about 80 per cent is

" colorless with straight extinction and is believed to be of plutonic
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igneous origin., lost of the grains contain a moderate amount of vac~

uoles, part of which are filled with liquid. Rutile needles are the

most abundant microlites and occur in about 10 per cent of the quartz

grains, Towrmaline microlites are rare. About 15 per cent of the

quartz grains consist of multiple (2 to 4) crystals with sweeping ex=

tinction; almost all are devoid of microlites. About 5 per cent of the

quartz grains are grossly composite similar to Figure 23. These grains

are made up of a mosaic of smaller crystals which have parallel elonga-

tion and sweeping (undulose) extinction. If the quartz grains from the

Yates sandstone had been reworked and deposited with the Pierce Canyon

sediments, a considerable amount of the quartz in the Pierce Canyon

detritus would be composite with undulose extinction. Only a very few

grains of this type are present in the Pierce Canyon redbeds. These
quartz types cannot be differentiated with the binocular microscope.
. Both quartz and chert have about the same specific gravity and
durability; hence if the quartz was reworked from the Yates sandstons

the chert would have been reworked with it. The Yates sandstone con-

tains 5 to 7 per cent chert whereas only traces of chert occur in the
Pierce Canyon redbeds.

Approximately 20 per cent of the Yates sandstone is made up of
feldspar grains (orthoclase, microcline, and plagioclase); practically
all of it has been ét least partly decomposed. Almost all the feldspar

in the Pierce Canyon redbeds is brilliantly fresh; it could not have
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been derived from the altered feldspar of the Yates sandstone.
Judged from the differences in quartz types, chert content, and
degree of alteration of the feldspars as just described, the Yates sand-

stone probably did not contribute any significant material to the Pierce

Canyon redbeds.

Upper Triassic Redbeds

That the redbeds of the Upper Triassic were not derived from the
same source as the Pierce Canyon redbeds is evidenced by the difference
in“their detrital minerals. Moreover differences suggest that the climate
was more humid during Upper Triassic than in Pierce Canyon time. These
differences are conspicuous in thin section; hence they provide a practical

means for differentiating the Upper Triassic redbeds from the Pierce Canyon

redbeds or older Permian rocks.

Santa Rosa sandstone.-~ The Santa Rosa sandstone is a feldspathic

subgraywacke (Folk, 1954, p. 354) consisting of 50 to 70 per cent quartz.
About 10 per cent of the quartz is composite (Fig. 27) with strongly
undulose extinction; it was probably derived from a metamorphic source.
.About 5 per cent of the quartz is milky or white because it contains
abundant vacuoles some of which are filled with liquid; it probably was
derived from pegmatites or veins. Colorless, plutonic igneous quartz
grains containing a moderate amount of vacuoles, abundant rutile needles,

and sparse tourmaline and zircon microlites, make up the other 85 per
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T Fig. 27, Thin section No. 28 (X 120) with nicols
o crossad: netamorphic quartz grain,
grossly composite with streng undulcse
extinction, from the Santa Hosa sani-
stone of Eddy County, New Mexico.
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Fig. 27. Thin section No. 28 (X 120) with nicols
rossed: metamorphic quartz grain,
grossly composite with strong undulose
extinction, from the Santa Rosa sand-
stone of Eddy County, New Mexico.
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.

cent. Commonly the metamorphic-quartz grains are smaller than the
plutonic-igneous and vein-gquartz grains, suggesting derivation from
different sources. Almost all the quartz of sand size was severely
 abraded during prolonged transportation, as indicated by the moderate-
to-well-rounded shapes and frosted surfaces of the grains.
Approximately 10 per ceat of the detritus is orthoclase, 50 per
cent of which is colorless and fresh. The rest of the orthoclase shows
various stages of bubbly alteration (Folk, 1955, p. 356-357) and slight
to intense sericitization. Microcline, which constitutes about 2 per
cent of the detritus, has the same degree of alteration as the ortho-
clase, The microcline grains are slightly larger than the orthoclase
grains; the microcline may have been derived from pegmatites or from a
more coarsely crystalline part of the granite, About one per cent of
the detritus is plagioclase which occurs only as small grains approxi-
mately half the size of the orthoclase grains. Almost all the plagio-
clase is altered by sericitization. Green (1954, p. 119, 143) has re-

ported that most of the feldspar in the Santa Rosa is altered or

weathered.

Chert is a common constituent in the Santa Rosa sandstone and
makes up from 5 to 25 per cent of the detritus. The grains are typically
well rounded and elongate because of abrasion; they were probably de-
rived from older sedimentary rocks. As there is only a meager amount of
chert in the Pierce Canyon redbeds, the chert in the Santa Rosa sand-

.stone must have been derived from some other sedimentary source,
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Muscovité, biotite, and chlorite are all abundant in the Santa
Rosa sandstone, but altogether they constitute only about one per cent
of the detritus. The mica is mo;t abundant in the silty beds, wherein
the majority of the flakes are oriented parallel to the bedding planes.
This type of grain orientation suggests deposition in water by gentle
currents. Muscovite and biotite are equally abundant in the Santa Rosa
sandstone, whereas in the Pierce Canyon redbeds the biotite content ex-
ceeds that of the muscovite about two to one. Most of the Santa Rosa
mica is fresh, but many ofEthe flakes have been rounded by abrasion.
Approximately 10 per cent of the detritus consists of metamorphic=-
rock fragments, which include metaquartzites and mineral aggregates with
schistose or slaty structure. In most of the rock fragments the minerals
are elongate and subparallel. These fragments were probably derived from
the same metamorphic source as the composite (metamorphic) quartz; to-
gether they show that at least 10 to 15 per cent, and possibly much mors,
of the sediment was derived from a source rich in metamorphic material.
Magnetite-ilmenite is the most abundant heavy mineral in the red,
hematite-stained part of the Santa Rosa sandstone. Light-gray or gray-
green beds are practically devoid of magnetite-ilmenite, because it was
dissolved during the leaching. Almost all the grains are well rounded
and fresh, although a few have been partly altered to a red iron-oxide,
probably hematite, when leaching is not complete. Leucoxene is abundant

and occurs as slightly elongate, rounded grains presumably as an alteration
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product of ilmenite. Zircon and tourmaline are also common. Garnet
~and rutile are the least abundant of all the heavy minerals. Sidwell
(1945, p. 50-54) has reported essentially the same heavy mineral

assemblage in the Santa Rosa sandstone from northeastern New Mexico

and the Texas Panhandle.

In most places the Santa Rosa sandstone is cemented with sparry

calcite. In a few places the calcite cement was precipitated after the

hematite had been leached. Authigenic quartz is also common but is much

less abundant than calcite. In most places the silica was precipitated

as thin, colorless overgrowths on the quartz grains. The overgrowths

are separated from the detrital grains by bubbles and flakes of hematite

which define the old abraded surface. Mosaics of interlocking quartz

crystals have resulted from the merger of overgrowths wherever the silica

was more abundant. No quartz overgrowths were detected in the Pierce

Canyon redbeds.
The chief mineralogic differences between the Santa Rosa sandstone
and the Pierce Canyon redbeds that may be observed in practically any

sample containing silt and sand-sized material are:

1) The Santa Rosa sandstone contains 10 to 15 per cent metamorphic-
rock fragments and metamorphic (composite) quartz whereas the Pierce Canyon
contains less than 2 per cent.

2) White or milky vein-quartz constitutes about 5 per cent of the

Santa Rosa detritus; this type of quartz occurs only as trace - in the
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Pierce Canyon redbeds.

3) The Santa Rosa sandstone contains 5 to 25 per cent chert.
The Pierce Canyon redbeds contain only trace of chert.

L) The feldspar content of the Santa Rosa sandstone makes up
about 10 per cent of the detritus, whereas it typically ranges from 25
to 30 per cent in the Pierce Canyon redbeds.

5) Practically all the feldspar in the Pierce Canyon redbeds is
fresh (unaltered); about half of the feldspar in the Santa Rosa sandstone
shows a moderate amount of alteration.

6) Almost all the Pierce Canyon redbeds contain at least a small
amount of sanidine; no sanidine has been detected in the Santa Rosa sand-
stone.

7) Quartz grains with overgrowths of authigenic silica are common
in the Santa Rosa sandstone in contrast to the quartz grains in the Pierce
Canyon redbeds which do not have overgrowths.

8) . The Pierce Canyon redbeds are predominantly cemented with
gypsum with lesser amounts of calcite and rarely anhydrite. The pre-
dominant mineral cement in the Santa Rosa sandstone is calcite with lesser

amounts of quartz.

These mineralogic differences show that the Pierce Canyon and Santa
Rosa sediments were derived from different sources. Adams (1929, p. 1050)
has suggested that the Santa Rosa sandstone, like the other sediments in

the Dockum group, were probably derived from older sediments. This
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analysis sugges£s that about a third of the detritus was reworked from
older sediments, a third was derived from a metamorphic source because
of the high percentage-of metamqrphic constituents, and a third was de-
rived from plutonic rocks. The alteration of the feldspar in the Santa
Rosa sandstone suggests a moderately humid climate; Adams (1929, p.
1050) also reached this conclusion after studying the sedimentary
structures, pebbleg and mineralized wood at the outcrop and Green (1954)
has postulated humid and semiarid conditions after studying the petrog-

raphy and paleontology of the Dockum Group.

Chinle shale.~ No attempt was made to conduct a complete mineral
study of the Chinle formation. Nevertheless, from the few samples avail-
able it is evident t?at the Chinle shale and the Santa Rosa sandstone |
have much in common. The Chinle shale ranks as a feldspathic subgray-
wacke (Folk, 1954, p. 354) in southeastern New Mexico. It contains
about 80 to 85 per cent quartz of which all but about 5 per cent is of'
plutonic origin. About 2 per cent of the plutonic~quartz grains contain
rutile needles or more rarely small tourmaline or zircon microlites.
Vacuoles, some of which are liquid filled, are randomly arranged in
most of the grains. About 5 per cent of the guartz is composite with
strongly undulose extinction and is believed to be of metamorphic origin.
Almost all the quartz grains have thick silica overgrowths and in some

places the grains and cement form a solid mosaic of interlocking crystals.

Feldspar makes up about 5 per cent of the detritus. Orthoclase is far
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nore abundant than either plagioclase or microcline, Less than 5 per
cent of the feldspar is fresh; the remaining 95 per cent is moderately

to intensely altered by sericitization, probably owing to a humid climate

at the source. Thus, the feldspar in the Chinle shale shows even more

alteration than the feldspar in the Santa Rosa formation. Chert is less

abundant here than in the Santa Hosa sandstone and makes up only about
5 per cent of the detritus, possibly in part because of the grain-size

difference in the two formations. Metamorphic-rock fragments composed

of strained composite quartz, clay, and mica, constitute 10 to 15 per
cent of the material and in this respect indicate that the Chinle shale,

like the Santa Rosa sandstone, received sediments from a source rich in

metamorphic material. Sidwell (1945, p. 53) has stated that the same

heavy minerals are present in both the Santa HRosa sandstone and the

Chinle shale. He has suggested (p. 54) that both of these formations

are similar lithologically to the other Upper Triassic sediments and
may have been derived from the Pre-Cambrian ocutcrops to the northwest.

The similarity between the altered feldspar, chert content, and meta-—

~

morphic constituents in the Santa Rosa and Chinle formations shows that

their sources were lithologically similar. Together they indicate that

in contrast with the Pierce Canyon redbeds the Upper Triassic sediments
were derived from an entirely different source containing metamorphic
materials and sedimentary rocks and that the climate of the Upper Triassic

source area was probably more humid during Upper Triassic time than the




climate of the Pierce Canyon source area.

Dewey Lake Redbeds of Midland Basin

* In order to study the lithology of the Dewey lLake redbeds for
comparative purposes, thin sections were prepared from cable-tool cuttings
of the subsurface type section in R. R, Penn's Habenstreit No. 1 (dry
hole) in Glasscock County, Texas. Surface samples were also obtained
from a thin-bedded red-and-white gypsiferous siltstone that crops out
beneath the Santa Rosa sandstone along Champion Creek, 4.2 miles south
of Colorado City (0.8 miles south-southeast of Seven Wells School and

1.1 miles west of Texas State Highway 208) in Mitchell County, Texas

(DeFord, 1941, p. 56). Aipproximately 50 feet of red siltstone is ex—
7%{ posed along Champion Creek from the single span wooden bridge wsstward.
DeFord has stated that the lithology of the red siltstone which under-
:}; lies the Santa Rosa sandstone at this outcrop is identical with that
Y? of the Dewey Lake redbeds.
' Detailed petrographic analysis of these samples shows that the
i:;' red siltistone at the Dewey Lake type section and the red siltstone at
the Champion Creek ocutcrop are essentially identical in texture and

mineral composition. Because they occupy the same stratigraphic position

beneath the Santa Rosa sandstone they are believed to be part of the
] Dewey Lake formation. Furthermore, the texture and composition of the

Dewey Lake redbeds are essentially identical to the Pierce Canyon redbeds
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of the Delaware Basin. Bo@h the Dewey Lake redbeds and the red silt-

stone along Champion Creek contain hollow sanidine grains which are

characteristic of the Pierce Canyon redbeds. The Tecovas formation is

not present at the outcrop on Champion Creek although Page and Adams
(1940, p. 63) have described a light-colored zone, referred to as

"Tecovast, from the subsurface. This light-colored zone may be the

upper leached part of the Pierce Canyon redbeds similar to the 50-foot

leached zone beneath the Cretaceous rocks described from Red Point,

Texas.

Quartermaster and Tecovas shalzs of Palo Duro Cenyon.- In order

to justify the use of the name “Tecovas" in this work the writer sampled
the Tecovas formation in Palo Duro Canyon (now Palo Duro Canyon State
Park), 13 miies east of Canyon in Randall County, Texas. Gould (1907,
p. 26) described and named the Tecovas formation from outcrops aleng
Tecovas Creek but mentioned that good exposures are to be found all
along the Canadian River and in Palo Duroc Canyon.

The lowest beds exposed in the canyon are the red shale and silt=-

stone of the Permian Quartermaster formation. Above the Quartermaster

shale, separated from it by an unconformity, is a pebble-conglomerate
that grades upward into sand and multicolored shale that are parts of the’

Tecovas formation (Upper Triassic). The contact between the Quartermaster

and Tecovas shales is very conspicuous along the west wall of the canyon

where the more resistant conglomerate forms a nearly vertical cliff 6 to
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15 feet high abéve the uniformly sloping shales of the Quartermaster.
The Tecovas formation is about 200 feet thick (Gould, 1907, p. 23) at
Palo Duro Canyon and is overlaiq by the red sandstone and shale of the
Trujillo formation, believed by Sidwell (1945, p. 50), Green (1954, p.
118), and others to be the stratigraphic equivalent of the Santa Rosa
sandstone farther south.

Petrographic analysis of the rocks at Palo Duro Canyon shows that
the Quartermaster shale is lithologically similar to the Pierce Canyon
redbeds of the Delaware Basin and to the Dewey Lake redbeds of the Mid-
land Basin. The Quartermaster shale is composed of about 80 per cent
silt and very fine sand, 10 per cent clay, and 10 per cent gypsum and
hematite cement. The detritus consists of 70 to 75 per cent plutonic
quartz with tourmaline, zircon, and occasionally apatite microlites,
and a moderate amouﬁt of vacucles some of which are filled with liquid.
Feldspar, chiefly orthoclase, makes up about 20 per cent of the detritus;
microcline, plagioclase, and sanidine are also present and altogether
make up about 2 per cent of the detritus. Almost all the feldspar is
fresh or only slightly altered suggesting that this material, like the
Pierce Canyon redbeds, was derived from an igneous source as a first-
cycle sediment. The freshness of thg feldspar also suggests an arid or
semiarid climate., Sanidine is especially significant here because the
grains are hollow just as they are in the Pierce Canyon formation to the

south. The holes in the sanidine are the result of selective intermal
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decomposition in zoned crystals originally derived from a volcanic
source., Of the Upper Permian and Upper Triassic sediments investigated
by the writer, the Quartermaster shale is the only formation, other
than the Pierce Canyon and Dewey Lake redbeds, that contains hollow
sanidine grains. Only traces of chert were detected. Muscovite and
biotite constitute less than one per cent of the detritus; both minerals
are equally abundant. Chlorite occurs only as traces.

The heavy minerals of the Quartermaster shale include fresh,
black magnetite-ilmenite, tourmaline, zircon, and traces of apatite and
garnet. Hematite-stained clay balls containing aggregates of mica are
the only detrital rock fragments.

About 10 per cent of the Quartermaster shale is mineral cement.
Fibrous gypsum makes up 85 to 90 per cent of the cement and occurs here
as colorless crystals and as microscopic veins, Sparry calcite and
hematite constitute the remaining 10 to 15 per cent.

The mineralogic similarity between the Quartermaster and Pierce
Canyon formations —- specifically the preponderance of plutonic quartsz,
the freshness of the feldspar, the presence of hollow sanidine, the
virtgal absence of metamorphic constituents and the low chert content —
strongly suggests that these two formations were derived from the same
or similar sources, under the influence of an arid or semiarid climate
and deposited in a similar environment rich in calcium sulphate. Whether -

or not the two formations are stratigraphically equivalent remains an
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open question unéil more detailed correlations become available.
Samples of the Tecovas shale from the outcrop at Palo Duro
Canyon are mineralogically similar to the other Upper Triassic redbeds
farther south. The predominant grain size of the Tecovas shale ranges
from silt to fine sand although the extremes range from pebbles in the
basal conglomerate to clay in other beds. About 80 per cent of the
detritus is quartz, 90 to 95 per cent of which is plutonic; the other
5 to 10 per cent is metamorphic. Ortb;clase and traces of microcline
constitute about 10 to 15 per cent of the detritus. About 30 per cent
of the feldspar is.fresh, 15 per cent is intensely altered, and the re-
mzining 55 per cent ranges from slightly to moderately altered. Chert
is less abundant here than in the Santa Rosa sandstone and makes up only
about 2 per cent of the detritus. About 5 per cent of the grains are
metamorphic-rock fragments composed of metamorphic quartz and sericite.
Sidwell (1945, p. 52) has described the heavy mineral content of the
Tecovas formation from this locality; his findings agree essentially
with those of the writer that magnetite-ilmenite, tourmaline, zircon,

garnet and rutile are all present.
Permian Versus Triassic Lithology

Throughout the foregoing descriptive matter an effort was made to
delineate the lithologic differences between uppermost Permian and Upper

Triassic rocks at three widely spaced localities. The fundamental
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(Quartz 8 chert)

Orthoquartzire

25% FORMATIONS

+ Chinle

X Santa Rose

N\ Tecovos

* Pierce Conyon
# Quortermoster
= Rustler
{ Yotes

Feldapothie
Groywache

Imgure Arkoss

10% 1=l 10%
(Feldspor ond oll igneous-rock (Mica, metomorphic=rock frogments,
frocgments) and metcquartzite)

Fig. 28, Rock composition diagram (Folk, 1954): each vertex represents
100%, the corresponding base represents 0%. Double circles
indicate 2 samples with that composition.

/

NN T T

. s e,

—

A Vuakaaye



;ﬁgﬁﬁ:i; FQ:

‘.,Jir

#

- O ‘
P I o LT L R T I

130

differences in },he minerals of the formations are sufficient to dis-
tinguish between the Pierce Canyon redbeds and the Santa Rosa sandstone
in the Delaware Basin, between the Dewey Lake redbeds and the Santa
Rosa sandstone in the Midland B:;_Lsin, and between the Quartermaster and
Tecovas shales of Palo Duro Canyon in the north end of the Texas Pan-
handle. The eight mineralogic differences described on page 120 as a
practical means of differentiating the Pierce Canyon redbeds from the
Santa Rosa sandstone are applicable to all the Upper Permian and
Upper Triassic formations described under ™Petrology' in this report.
They show that the Upper Permian sediments-were composed of minerals
derived from an igheous source, deposited in sulphate-rich water under
the influence of an arid or semiarid climate., They also show that the
Upper Triassic sediments contained a significant amount of minerals
derived from reworked sedimentary rocks and metamorphic rocks under
the influence of a moderately humid climate in the source area and were
deposited in carbonate~ and silica-rich water.

These eight mineralogic differences prove ghat the Pierce Canyon
redbedsvare more nearly like the Rustler formation below than like the
Santa Rosa or Tecovas formations above.

The Permian~Triassic boundary is a time horizon. Its position
in the Permian Basin will depend on its position in a type locality,

a matter that is not yet entirely settled. Its identification in the

Permian Basin will then depend on correlation, which is subject to error.
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.

Meanwhile the tentative assignment of the Pierce Canyon redbeds to the
Permian relates them to genetically similar underlying formations and

separates them from genetically dissimilar overlying strata.
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INDEX TO THIN SECTIONS

Stratigraphic Petrosraphy Collection, Department of Geology
‘ The University of Texas

D. N, Miller, Jr., 1955

Sand-crystal calcite in Pierce Canyon float boulder, 30 ft. below
Santa Rosa contact, NE: Sec. 5, T. 21 S., R. 30 E., Maroon Cliffs,
Eddy County, New Mexico.

Anhydrite from the Rustler formation, shaft sample 365-373 ft. U,
S. Potash Co., shaft No. 3, NEX SE: Sec. 13, T. 20 S., R. 30 E.,
Eddy County, New Mexico, ~ ‘

Same locality as thin section 2, depth 357-358 ft.

Vertical section, base of Pierce Canyon redbeds, 1 inch above
Rustler contact, depth 357 ft., U. S. Potash Co. shaft No. 3, (same
locality as thin section 2).

Vertical section, calcitized zone of Dewey Lake redbeds from creek
bed, 200 ft. west of single span bridge on Champion Creek, L.2 miles
south of Colorado City, Mitchell County, Texas.

Horizontal section, same locality as thin section 5.
Pierce Canyon sample, 30 ft. below Santa Rosa contact, NE} SE% Sec,
5, T. 21 S., R. 30 E., Maroon Cliffs, Eddy County, New Mexico.
Reduced zone in Pierce Canyon redbeds, sampled 7 ft. below thin

section 7.

(a) Ocotillo redbeds, from base of road-cut (U. S. Hwy. 285) 4.5

‘miles north of Carlsbad city limits, SWi SWi Sec. 22, T. 21 S.,

R. 26 E., Ocotillo Hills, Eddy County, New Mexico.
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9) (b) Gypsum vein, Fierce Canyon redbeds, 100 yards north of road, )
SWi: SW: Sec. 1z~,-, T. 22 S., R. 20 E., Livingstone Ridze, Eddy
County; New Mexico.

10) Reduced zone with black nucieus, Pierce Canyon redbeds, Living=
stone Ridge, same locality as thin section 9b. (a&b)
11) (a) and (b) same locality as thin section 9b.
12) Same locality as thin-section 9b.
13) Same locality as thin section 9b.
14) Vertiéal section, calcitized Pierce Canyon redbeds from the gypsum
vein zone, Livingstone Ridge, same locality as thin section 9b.
15) Vertical section, ripple marks, Pierce Canyon redbeds, from Red
Point, 35 ft. above valley floor, NWi Sec. 20, Blk. 59, T. 7,
T&P RR Co. Surv., Culberson County, Texas.
16) Vertical section, Santa Rosa sandstone from Barstow Quarry, 4 ft.
above base of quarry, Barstow, Ward County, Texas.
17) Samples 17 to 21 across Rustler - caliche - Gatufia boundary from
Southwest Potash Company pilot hole No. 6A, SEf SEZ Sec. 9, T. 19
S., R. 30 E., Eddy County, New lexd.co. Sample‘l7 from 214-216 ft.
18) Same locality as thin--section 17, depth 216-218 ft.
19) Same locality as thin section 17, depth 218-221 ft.
20) Same locality as thin-section 17, depth 221-228 ft, from lower part
of this interval.

21) Same locality as thin -section 17, depth 221-228 ft. from upper part

of this interval.
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23)

24)

25)

26)

27)

28)

29)

30)

31)
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Vertical section, leached_zone in Pierce Canyon redbeds, 2 ft. be-
low Santa Rosa contact MNW: SEX Sec. 5, T. 21 S., R. 30 E., Maroon
Cliffs, Eddy County, New ﬁexiéo.

Vertical section, Pierce Caﬁyon-Santa Rosa contact (gray coarse
grained zone is Santa Rosa) NE: NE: Sec. 5, T. 21 S., R. 30 E.,
Maroon Cliffs, Eddy County, Neﬁ Meﬁico.

Horizontal section, basal Santa Rosa, 1 inch above Pierce Canyon
contact, Maroon Cliffs, same locality as thin--section 23.
Vertical section, same as thin--section 24.

Vertical section, Santa Hosa sandstone, 1 ft. above Pierce Canyon
contact, same locality as thin--section 24.

Pierce Canyon or Santa Rosa from the contact zone, east side of
single span bridge on Champion Creek, 4.2 miles south of Colorado
City, Mitchell County, Texas.

Vertical section, Santa Rosa conglomerate, at bridge, sams locality
as thin -section 27. '

Horizontal section, base of blocky sandstone and about 130 ft. be-
low Santa Rosa contact in PierceICanyon redbeds, SEL SE} Sac. 5,
T. 21 S., RH. 30 E., Maroon Cliffs, Eddy County, NewkMexico.
Vertical section, red clay from the Rustler formation, depth 205-
206 ft., shaft sample, U. S. Potash Co. shaft No. 1, NWL SEX Sec.
12, T. 21 S., R. 29 E., Eddy County, New Mexico. ' |

Vertical section, Pierce Canyon redbeds in weathered zone, 2 ft.
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below Cretaceous conglomerate at Red Point, Culberson County,

Texas - same locality as thin -section 15.

32) Vertical section, "Boracho® (Cretaceous) conglomerate float at Red
Point, same location as thin-section 15,

33) (a) Vertical section, Pierce Canyon redbads, random sample, Sec.
26, Blk. 53, PSL Culberson County, Texas, (See University of |
Texas M.A. thesis, W, L. Hall, 1952, for exact location).

33) (b) Same location and rock type as thin-section 33a.

34) Same location and rock tyre as thin -section 33a.

35) Vertical section, random sample, “China" Cretaceous float boulder,
(See University of Texas M.A. thesis by W. L. Hall, 1952).

36) Vertical section, "Screwbean" lower part of Rustler formation

Sec. 16, 1000 ft. southeast of Willbanks Ranch, Culberson County,
Texas, (See University of Texas‘M.A. thesis, W. W. Stein, 1952).

37) Same as thin-section 36.

38) Vertical section, Santa Rosa outcrop, NE: Sec. 12, Blk. 51, T&P
RR Co., 30 miles south of Pecos, Texas, (See University of Texas
M.A. thesis, Dincel, 1952).

39) Vertical section, Pierce Canyon redbeds, NEX Blk. 91, PSL, Culber-
son County, Texas, (See University of Texas'M.A. thesis, Seely,
1952).

40) Vertical section, Yates sandstone, 1 ft. below Tansill contact,

NEL Nwt Sec. 16, T. 22 S., R. 26 E., Eddy County, New Mexico.
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L1) Samples 41-54 are from a complete core, U, S. Potash Company
shaft No. 3 (pilot hole) NE: SE: Sec. 13, T. 20 S., R. 30 E.,
Eddy County, New Mexico. Sample 41 is from 26-28% ft.

42) Vertical section, 31~ 36 ft.

D s L

43) Vertical section, 57- 62 ft.

Vg e,

4l) Vertical section, 97-102 ft.
45) Vertical section, 117-122 ft.

46) Vertical section, 137-142 ft.
47) Vertical section, 167-168 ft.
48) Vertical section, 212-217 ft.

49) Vertical section, 242-247 ft.

50) Vertical section, 272-277 ft.

- i
. e MTT A g Ay

51) Vertical section, 312-317 ft.
52) Vertical section, 332-337 ft.
53) Horizontal section, 262-267 ft.

54) Vertical section, 252-257 ft.
55) Tecovas formation, 15 ft. below Trujillo contact at north end of

:;i< Palo Duro Canyon, Randall County, Texas.
gé 56) Tecovas formation, 30 ft. below Trujillo contact at north end of
i.. Palo Duro Canyon, Randall County, Texas.

‘ii; 57) Tecovas formation, 10 ft. above Quartermaster contact at north end

8 of Palo Duro Canyon, Randall County, Texas.

58) Quartermaster formation, 6 ft. below Tecovas contact at north end
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of Palo Duro Canyon, Randell Couniy, Texas.

59) Quartermaster formation, 20 ft. belcw Tecovas contact, at north

end of Palo Duro Canyon, Randall County, Texas,

Rty

60) Pierce Canyon redbeds, 2 ft, below Cretaceous contact at Red Point,

Culberson County, Texas. (Same location as thin -section 15).

61) Cutting of Pierce Canyon redoeds from the type locality, Pinal
Dome 0il Co. No. 1 Means, dry hole, SE: Sec. 23, Blk. C-26, PSL,
Loving County, Texas; depth 240 ft. ‘

62) Same as thin -section 61; depth 540 ft.

63) Sample of Pierce Canyon redbeds from Pinal Dome Oil Co. No. 1 Fee

| (Wear the type locality) Sec. 15, Blk. C-26, P3L, Loving County,
Texas; depth 295-310 ft.

64) Cutting from type section of the Dewey Lake redbeds from the Penn

sy Tt

et al. No. 1 Habenstreit, dry hole, Glasscock County, Texas; depth
1225 ft.

65) Same as thin section 64.

66) Gatufia (Cenozoic) sandstone from Lea County, New Mexico from cutting
in Potash Company of America No. 148 test hole, SWi SWi Sec. 2, T. B
22 S., R. 33 E.; depth 510-540 ft. ‘ .

67) Same as thin-section 66; depth 540-600 ft.

68) Pierce Canyon claystone from U, S. Potash Company No. 3 shaft (same

location as thin -section 2) Eddy County, New Mexico; depth 26-28% ft.

69) Same as thir section 68; depth 57-62 ft.

Same as thin -section £8; depth 92-97 ft.
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Same as thin section 68; depth 182-187 ft.

Same as thin section 68; depth 207-212 ft.

Santa Rosa siltstone, from Maroon Cliffs, NEf SEf Sec. 5, T. 21 S.,
R. 30 E., Eddy County, New Mexico. - -

Rustler silty clay, from shaft sample, U. S. Potash Company shaft
No. 1, depth 420-427 ft., S} Sec. 12, T. 29 S., R. 21 E., Eddy

County, New Mexico.




OUTCROPS OF PIERCE CANYON REDBEDS

Maroon Cliffs: 22 miles northeast of Carlsbad, Secs. 5, 6,

9, 11, 14, 15, 16, T. 2L S., R. 30 E., Eddy County, New Mexico.

The uppermost 210 feet of Pierce Canyon section is exposed at
this locality frem the bottom of Nash Draw (alluvium) to the upper
contact with the Santa Rosa sandstone (NE: SE: Sec. 5, T. 21 S., R,

30 E.). Throughout Maroon Cliffs the Piefce éanyon formation is a
reddish brown, gypsiferous and calcareous siltstone with parallel
bedding planes. The unconformable contact with the Santa Rosa is

at the base of a l-foot gray (leached), clay zone containing reworked
pebbles from the Pierce Canyon redbeds. The Santa Rosa can be read-
ily identified by its sandy texture and calcite cement. Approximately
80 feet of Santa Rosa sandstone overlies the Pierce Canyon redbeds.

in Secs. 5 and 6, T. 21 S., R. 30 E.

Livingstone Ridge: 7 miles southeast of Maroon Cliffs, Secs.

11, 1, 15, 22, T. 22 S., R. 30 E., Eddy County, New Mexico.

About 30 to 4O feet of Pierce Canyon section are exposed along
the dissected escarpment shown on topographic sheet Nash Draw Quad-
rangle (1943 ed. U. S. Geol. Surv.). Neither the upper nor lower
contact is exposed at this locality. Gypsum filled joints cut the

parallel bedded Pierce Canyon redbeds approximately 100 yards northeast

139
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of the road connecting the Crawford Ranch headquarters and Hill Tank

at the escarpment.

Southeastern Eddy County, New Mexico: 2 miles north of the

Texas state line, along the east side of the Pecos River valley,

Sec., 22, T. 26 S., R. 29 E.

About 30 feet of Pierce Canyon section was reported from this

locality by Leve (1952) as red gypsiferous siltstone.

Red Bluff Lake, Texas: Northwest corner of Loving and north-

ern end of Heeves Counties, Texas, Secs. 2, 3, 11, 12, 13, and 14,

Blk. 57, T. 1, T&P RR Co.

Komie (1952) has reported a maximum thickness of 110 feet for
the Pierce Canyon redbeds and described them as thin~bedded gypsi=-

ferous, red siltstone, Neither the upper nor lower contact is ex=—

posed.

Eastern Culberson and northwestern Reeves Counties: 15 miles

south~southwest of Red Bluff Lake dam, Secs. 3, 10, 23, 26, and 35,

Blk. 45, PSL.

The Pierce Canyon redbeds are exposed at these localities as
small, low (10- to l5-foot), hills that consist of thin-bedded, dark

red, gypsiferous and calcareous, sandy siltstone. Neither the upper




nor lower contacts are exposed. The location and accessibility of

these outcrops has been illustrated by Hall (1952).

Red Point: 10 miles north of Kent, Culberson County, Texas,

MW Sec. 20, Blk. 59, T. 7, T&P RR Co.

About 140 feet of Pierce Canyon section is exposed from the
valley floor (talus) to the base of the Cretaceous conglomerate, 30
feet below the top of the cliff. The lowermost 90 feet of section is
dull, moderate reddish brown, thin-bedded sandstone. The uppermost-
50 feet of Pierce Canyon redbeds is light brown to pale red, thin-

to thick-bedded, silty fine grained sandstone. The contact with the

overlying Cretaceous is about 5 feet above the base of a nearly vertical,

gray cliff 30 feet below the top of Red Point.

Southeastern Culberson County, Texas: Southeastern Culberson

County, Texas, NWi NWk: Sec. 5, Blk. 91, PSL.

About 45 feet of Pierce Canyon section crops out at this local-
ity on the south side of a large hill, along the north bank of a
large drawe. The exposure is moderate brownish red, thin-bedded,
gypsiferous, silty sandstone. The exact location of this outcrop has

been illustrated by Travis (1951).

Near Seven Heart Gap: In the SWi NE{ Blk. 87, PSL, Culberson

County, Texas, approximately 25 miles northwest of Kent, DeFord (oral
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CHEMICAL ANALYSES
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U. S. Potash Co. shaft No. 3, NEL SEf Sec. 13, T. 20 S.,
R. 30 E., Eddy County, New Mexico:-depth 47 - 52 ft.

510,
Fe203
Ca0
MgO
Na20

K0

Cco
A1205

Ti0s

Sample No. 1

(red)
59.01
5.84
4.57
5.19
1.14
5.32
0.0x

5.22

Sample No, 2

" (white)
76.52
1.87
0.36
0.76
1.33
6.52

13.40
0.81
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versity of Texas in September, 1952, as the recipient of the Stanolind
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Permanent Address: 7 Kings Court, Ferguson, Missouri.
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