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CONTRIBUTIONS TO GENERAL GEOLOGY

SURFACE GEOLOGY OF THE NASH DRAW QUADRANGLE,
EDDY COUNTY, NEW MEXICO

By Jamrs D. ViNg

ABSTRACT

Outcropping rocks and surficial deposits of the Nash Draw quadrangle were
mapped to provide geologic information for the U.S8. Atomic Energy Commission’s
Plowshare program. The quadrangle is near the north margin of the Delaware
basin and about 15 miles east of Carlsbad, N. Mex. The region is sparsely
inhabited and has an arid elimate.

As much as 4,000 feet of salt and anhydrite of Permian age is present below
the surface, but does not crop out in normal thickness in this area or elsewhere
because of their high solubility. These rocks have been divided into the Castile
formation below and the Salado formation above. Rocks exposed at the surface
overlie these soluble rocks and include the Rustler formation of Late Permian
age, the P’lerce Canyon redbeds of Permian or Triassic age, the Santa Rosa
sandstone of Late Triassic age, and the Gatuna formation, caliche, and a
variety of unconsolidated deposits of late Cenozoic age.

The Rustler formation of Late Permian age is subdivided into four easily
distinguishable members, excluding about 120 feet of the lower part, which is
not exposed at the surface in this area. The oldest member exposed is the
Culebra dolomite member, about 30 feet thick, identified only in erratically dis-
tributed outerops in collapse areas. The Culebra consists of microcrystalline
gray dolomite or dolomitic limestone characterized by numerous spherical cavities
1 to 10 mm in diameter. 1t is conformably overlain by the Tamarisk member,
named herein for exposures directly east of Tamarisk Flat. It consists of about
115 feet of massive gypsum at the surface, changing to anhydrite in the sub-
surface, and a bed, 5 feet thick, of siltstone near the base. Surficial deformation
cansed by hydration and solution are characteristic of all the outcrops. The
Tamarisk member is conformably overlain by the Magenta member, about 20
feet thick and consisting of alternating wavy laminae of pale-red dolomite and
pale yellowish-green anhydrite or gypsum. The top member of the Rustler
formation conformably overlies the Magenta and is here named the Forty-niner
member after Forty-niner Ridge, where it crops out. In surface exposures it
consists of about 40 to 65 feet of broken and stumped massive gypsum and a bed
of siltstone in the lower part. The siltstone beds in the Tamarisk and Forty-
niner members probably represent the insoluble residue of salt beds reported
from the subsurface to the east.

B1




B2 CONTRIBUTIONS TO GENERAL GEOLOGY

Overlying the Rustler formation with apparent conformity are the Pierce
Canyon redbeds of Permian or Triassic age. These rocks consist of about 200
to 230 feet of laminated or minutely cross-laminated moderate reddish-brown
siltstone. The contact between the Pierce Canyon redbeds and the overlying
Santa Roxa sandstone is a disconformity, at least locally,

The Santa Rosa sandstone of Late Triassic age consists of pale-red sandstone
and couglomerate lenses crosshedded in sets 3 to 15 feet thick separated locally

by moderate reddish-brown siltstone and claystone.
feet of Santa Rosa was recognized in the area.

Only the lower 50 to 70

The Gatuna formation of Pleistocene (?) age unconformably overlies all older
rocks. In much of the area it consists of 3 to 5 feet of moderate reddish-orange
sandstone, siltstone, and conglomerate. Tocally, in karst depressions, the Gatuna
attaing a thickness of at least 100 feet. In some areas the lithology closely
resembles the ’ierce Canyon redbeds or the Santa Rosa sandstone.

Caliche forms a resistant layver at the ground surface, 5 to 10 feet thick, that
protects older rocks from erosion in many areas. The caliche consists of cal-
careous material with a variable amount of imbedded sand grains, pebbles, and
rock fragments. Caliche monnds and broken flexture ridges., 10 to 15 feet high,
have formed narrow zones 50 to several hundred feet long.

Quaternary alluvinm has been deposited along the sides of depressions. It is
overlain by playa lake deposits, which are in turn overlain by conspicuous sand

dunes as mueh as 100 feet high.

The regional structure is relatively simple and consists of a dip of a few feet

per mile to the east and southeast.

Normally flat-lving strata are tilted, warped, and locally distorted at the
surface by hydration and solution of the evaporite rocks in the subsurface. Nash
Draw, a depression 4 to 6 wiles wide and about 18 miles long, has resulted from
the solution of salt in the Rustler and Salado formations and collapse of the
overlying relatively insoluble rocks. Topography and surface structure conform
in some areas with the configuration of the underlying solution surface at the
top of the massive salt in the Salado formation: however, locally there is an
inverse correspondence. Many circular karst features 149 to 3% mile in diameter
are in the area. Some of these features are structural domes, but they contain
a core of tilted or breeeciated rock. These karst features result from the forma-
tion and collapse of sinkholes, differential solution at the top of the massive salt,

and hydration of the anhydrite beds.

INTRODUCTION

The surface geology of the Nash Draw quadrangle, New Mexico
(pl. 1), was mapped between October 1958 and March 1959 to pro-
vide the U.S. Atomic Energy Commission with geologic data on
the area surronnding the site of the proposed Gmome experiment,
part of the Plowshare program for the development of peaceful nses
of atomic energy. Selection of the Gnome site in sec. 34, T. 23 S..
R. 30 E., was based in part on geologic requirements relating to thick-
ness of overbnrden and of the salt bed in which the detonation of a
nuclear device is planned.  Adeqguate geologic data on the snrround-

ing area are essential to the success of the experiment.
=

The investiga-
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tion was on behalf of the Office of Test Operations, Albuquerque Op-
erations Ollice, U.S. Atomic Energy (Clommission.

This report describes the surface geologic features of the area.
An intensive investigation of the subsurface geology over a period of
about 10 years wus completed by (. I.. Jones and others in connection
with the U.S. Geological Survey’s commodity study of the potash
deposits, and preliminary reports have been prepared by Jones (1954,
1959, and 1960}, Jones and Madsen (1959), and Jones, Bowles, and
Bell (1960).

The Nash Draw guadrangle is located in southeastern New Mexico
in eastern Itddy County (fig. 1). The city of Carlsbad lies about
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F1¢URE 1.—Southeastern New Mexico and adjacent part of Texas showing location of the
Nash Draw quadrangle (heavy line). Hachures show position of scarp.

14 miles due west of the northern part of the quadrangle. The only
dwellings within the quadrangle are three ranchhouses. Nash Draw
is o topographic depression 4 to 6 miles wide, and extends the entire
length of the quadrangle. An escarpment on the north side of Nash
Draw is called Maroon Cliffs; one on the east is called Livingston
Ridge, and one on the west is Quahada Ridge. An escarpment on the
south side is not named. Nash Draw has no external surface drainage.
Several lakes, including Salt Lake in the southwestern part of the
depression, have no surface outlet. A semiarid to arid climate and
infertile, saline, rocky, or sandy soils combine to make agriculture
impractical.  Grazing is the ouly use made of the land surface. In
eontrast to poor agricultural conditions, a great wealth of potash lies
underground ; it is localized chiefly in the northwestern part of the
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quadrangle and extends beyond the quadrangle to the north and
northeast. Within the quadrangle the U.S. Potash Co.’s principal
mine entry is located in sec, 12, T. 21 S, R. 29 E., and the International
Minerals and Chemical Corp.’s principal mine entry and refinery
are Jocated in secs. 1 and 12, T. 22 S, R. 29 E. The U.S. Potash Co.’s
refinery is located on the west side of Salt Lake about 2 miles west
of the quadrangle (fig. 2). Together these potash mines and four
others a few miles north of the quadrangle comprise the principal
source of potash available within the United States and represent the
principal industrial employment and income within the Carlsbad
region.
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FIGURE 2.—Map showing geographie features in the Nash Draw quadrangle and adjacent
areas. Hachures show position of scarp.

Access to the Nash Draw quadrangle is provided by two improved
roads. New Mexico State Route 31 crosses the northwestern part of
the area. Tt joins U.S. Highway 285 about 8 miles west of the
quadrangle and about 2 miles northwest of Loving, N. Mex. About
2 miles beyond the north boundary New Mexico State Route 31 joins
U.S. Highway 62 and 180.  An unnumbered highway from Jal,
N. Mex., in the extreme southeast corner of the State, crosses the
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southern part of the Nash Draw quadrangle and joins New Mexico
State Route 31 about an eighth of a mile west of the quadrangle
boundary. An access road, 5 miles long, to the Gnome site was con-
structed from a point on the Jal road about Tl4 miles east of the
junction with New Mexico State Route. 31.

The writer was aided in the fieldwork and the interpretation of the
field relations by other geologists and engineers in the area, especially
George W. Moore and Charles B. Read, who accompained the writer
in the field on several occasions. Robert Fulton and Bruno R. Alto
cooperated by making available the records of wells drilled on Gov-
ernment lands. The writer is especially indebted to Mr. William H.
Atkinson, work unit conservationist U.S. Soil Conservation Service in
Carlsbad, for the loan of large-scale aerial photographs of the Nash
Draw quadrangle and adjacent areas. Robert . Miller, U.S. Atomic
Energy Commission, Albuquerque Operations Office, provided office
space and vehicles for field use. Ray Harbert, Phillip D. Pack, and
Michael S. Bickers, Holmes and Narver, Inc.; Thomas Pearce, the
U.S. Coast and Geodetic Survey; Charles . Violet, Lawrence Radia-
tion Laboratory, Livermore, Calif.; and William R. Perret, Sandia
Corp., Albuquerqne, N. Mex., provided technical discussion of spe-
cific geologic features that might be of interest in connection with the
Gnome experiment. E.G. Patton, Reynolds Electrical & Engineering
Co., Inc., provided necessary administrative services.

REGIONAL STRATIGRAPHIC SETTING

The Nash Draw quadrangle lies in the Delaware basin, a region
of sedimentary rocks that is well known to geologists from exposures
in the Guadalupe Mountains southwest of the quadrangle and from
exploratory bore holes drilled for petroleum and potash. A summary
of the Late Permian and younger strata and surficial deposits is pre-
sented in the table below. Tn addition to the rocks that have been
studied in surface exposures as a part of the present investigation,
two older rock formations, the Castile and the Salado, are listed in
the table and briefly described below because of their importance in
understanding the outcropping rocks. As much as 10,000 feet of
still older Paleozoic strata has been penetrated by drilling but is not
described in this report.

The eastern escarpmeut of the Guadalupe Ridge southwest of the
Nash Draw quadrangle is formed by a massive limestone, the Capitan
limestone, which has long been considered to be an ancient barrier
reef (Lloyd, 1929; Crandall, 1929). The limestone is as much as 2,000
feet thick and can be traced for many miles; but it is very narrow, as
it is generally only a few thousand feet to a few miles wide. The reef

6848712 0—63——2
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Summary of Late Permian and younger strata and deposits, Nash Draw quad-
rangle, New Mexico

Formation

Quaternary

|

Triassic '

Permian
or
Triassic

Permian

Reeent

Member or zonc

Playa lake
deposits.

Deseription

Windblown sand deposits and conspicuous dunes as
much as 100 ft high,

Sand and silt; includes gypsum sand deposited in

shallow intermittent lakes,

Alluviam_______ i

Caliche___._____

Sand and silt, locally conglomeratic, deposited on slopes
and in depressions.

Limestone, ranging from dense to travertinelike;

includes sand grains and rock fragments; 2 to 15 ft
thick.

Pleisto-
cene(?)

Late
'Triassic

Santa Rosa
sandstone.

Late Permian

Pierce Canyon
redbceds.

Gravel, sand, silt, clay, and locally gypsum, deposited
as alluvium; poorly consolidated; dominantly reddish
orange, grading to pink, gray, or yellow; as much as
100 ft thick.

Sandstone, conglomeratic, pale-red, very poorly sorted;

crossbedded in sets 3 to 15 ft thick; interbedded
locally with moderate reddish-brown eclaystone and
siltstone; 50 to 70 ft thick.

Siltstone, moderate reddish-orange; conspicuous lami-
nae 1 to 5 mm thick; poorly sorted; locally sandy or
clayey; 200 to 250 it thick.

Rustler- -.._____|

Forty-niner_.____

Magenta.._..___

Tamarisk____.__

Gypsum, white, massive, and siltstone; 115 {t thick,

Gypsum, white, massive, and siltstone; 40 to 65 ft thick.

Dolomite, pink, interlaminated with pale-green anhy-
drite; 20 ft thick.

Culebra
dolomite,

Unnamed.._____

Dolomite, light-gray, silty, thin-bedded to massive;
contains spherical vugs 1 to 10 mm in diameter; 30 ft
thick.

Siltstone, gypsum, and very fine graincd gray sandstone

120 ft thick,

Salado_ ...

Upper leached
zone,

Zone of massive

salt,

Gypsum, siltstone, and anhydrite, breceiated; 50 to 200
ft thick.

Halite, anhydrite, siltstone, and polyhalite; soluble
potash minerals locally; as much as 2,000 ft thick.

Castile ..o | ___.

Anhydrite, halite, anhydrite interlaminated with
limestone; as much as 2,000 ft thick,

passes underground in the vicinity of Carisbad and from there it has
been traced eastward in the subsurface to the vicinity of ITobbs and

from Ilobbs southward into Texas.
shaped like a Lorseshoe more than 60 miles wide (fig. 1).

In plan, the Capitan limestone is
The area

within the horseshoe-shaped outline is known as the Delaware basin
and the area north of the reef as the Northwest shelf. The Nash
Draw quadrangle lies at the north margin of the Delaware basin.  Ac-
cording to the barrier reef hypothesis as it hag been deseribed in more
recent years (Adams, 1944, p. 1598; King, 1942, p. 617-622; King,
1948: Newell and others, 1953), the Capitan limestone reef enclosed a
deep basin of water and was surronnded by a shallow shelf. The deep
basin was separated from the open sea, and presumably facilitated the
accumulation and gravity separation of heavy brines and the chemical
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precipitation of the evaporite rocks that comprise the Castile forma-
tion. The basin eventually filled, but the deposition of evaporites
continued and spread across the shelf area, at least to the north and
east, where the Salado formation is still preserved under cover of less
soluble rocks.  Rocks of the Rustler formation represent continued
deposition of evaporite rocks with some interruptions. The interval
of evaporite deposition was terminated finally when the clastic rocks of
the Pierce Canyon redbeds were laid down.

The term Castile, as fivst used by Richardson (1904, p. 43) was
applied to the several hundred feet of cracked and cavernous gypsum
that underlies the Rustler formation and overlies the Delaware Moun-
tain gronp at the surface in west Texas and southeastern New Mexico.
Drilling indicates that the interval represented by gypsim at the sur-
face consists of a thick sequence of highly soluble evaporite rocks in
the snbsnrface, including mostly anhydrite, CaSQ,, in the lower part
of the sequence and mostly halite, NaCl, in the upper part. Wells
that have penetrated the evaporite rocks in the Nash Draw quadrangle
are listed in the table below. Tang (1935) restricted the term Castile
to the lower part of this thick evaporite sequence and applied the name
Salado halite to the npper part.  Each of the two formations is abont
2,000 feet thick.

The Castile formation, as mnch as 2,000 feet thick in the subsurface
in the vicinity of the Nash Draw quadrangle, is composed chiefly of
massive anhydrite, limestone interlaminated with anhydrite, and halite
in heds as much as several hundred feet thick. The Castile formation
overlies the Lamar limestone member of the Bell Canyon formation
of the Delaware Mountain group, also of Permian age. KExposures
of the less soluble portions of the Castile formation may be viewed
in roadents on U.S. Tlighway 62 and 180 south of Carlshad (faverns
near the Texas border. The Cuastile formation is laterally bounded
by the reef of Capitan lTimestone, which is generally interpreted as
being largely older than the Castile.

The Salado formation consists of thick beds of halite and anhydrite
and thin beds of siltstone and polyhalite, K.MgCa, (SO,),-2H.0.
Beds locally vieh in sylvite, KCL and other soluble potassium minerals
constitute the valuable potash ores. The upper part of the Salado is
characterized by a leached zone that consists largely of unconsolidated
reddish-gray to brown silt and clay with varying amounts of brecciated
gray or red gypsum. Tt is estimated that the thickness of the leached
zone is ronghly one-third to one-tenth the thickness of the original
rock that was present. Because the halite has been removed, some
geologists have included the leached zone with the Rustler formation
for convenience: but the zone is most appropriately included with the
Salado formation, if not regarded as a separate unit. The zone has
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variable thickness and lithology, and is of significance because it may
be saturated with brine and is locally a prolific aquifer. Because it is
incompetent and has a tendency to slump or flow into cavities, special
precautions are advisable where this zone is encountered in shaft
sinking or other engineering works.

Wells drilled below Permian evaporite rocks

[Elevations from various sources, inciuding Government records and industry reports. A query following
an elevation indicates that it is not consistent with the form contours on pl. 1]

Elevation (feet}

Total
Name of operator and lease Location Permian depth
Ground massive salt | drilled
surface (feet)
Top Base
Ralph Nix, No. L Hall_..__.._...__.. C SEYSEY sec. 21, T. 21 S, 3,420 | 2,870 1345 3,334
R.29 K.
Richardson and Bass, No. 1 Fidel- | C SW14{SW4 sec. 27, T.21 8., 3,433 | 2,943? 2180 10, 425
Fedecral (oil well). R.29 E.
Stanolind Oil & Gas Co.,, No. 1| C SE%SWI/ sec. 30, T. 21 8., 3,320 | 2,977 3—139 3,658
Duncan.
1. W. Bosworth, No. 1._.__.___.____. SE}/SF} sec. 8, T. 218, R. 3,407 | 2,672?7 ) 2—531 4,505

M. D. Bryant, and others, No.1 | C NWVNW see. 10, T. 21 3,615 | 2,665 | 2—320 4,287
Williamson. S, R.3
Richardson and Bass, No. 1 Legg (oil NW}4NW sec. 27, T. 22 8., 3,309 ) 2,779 3—443 | 15,854

well). R. 30 E.

Ohio Oj) Co., No. 1 Workman_______ quVAgWéASW 4sec. 13, T.22 3,050 | 2,730 |3 —105 3,260

2

H and W Drilling Co,, No. 1 Dan- | C SE£ SEl4sce.9, T.228, R. 3,246 | 2,957 3124 3,322
ford. 9 K.

Shell 0il Co., No. 1 James Ranch SW V%‘SE% sce. 36'T.22 S, R, 3,326 | 2,596? | 2—504 | 17,555
(gas well). 30

Tlall and Wills Drilling Co., No.1-X ) CSW1{SW14 sec. 14,1.23 8, 3,003 | 2,731 3—52 3,144
Fogarty. R. 29 E.

Wills, and others, No. 1 Montgo- | SW4SW1l4 NE 14 sec. 10 T. 3,129 | 2,769 3-444 3,715
mery. 238, R.30

Continental Oil Co., No. 1 Gardner. NEl/SNE} SW}& sec. 34, T. 3,455 | 2,500 3865 4,410

23 8., R.31 E.

1'Top of the ‘“Delaware sand.””
2 Top of the ‘‘Delaware lime.”
3 Top of the ““Bell Canyon.”

DESCRIPTION OF OUTCROPPING ROCKS AND DEPOSITS

Rock exposnres in the Nash Draw quadrangle are relatively abun-
dant, but contrary to what might be expected, they are poor for strati-
graphic study. This is partly because of the low relief, partly because
of the slumping and warping that has accompanied the formation
of a karst topography, and partly because of the widespread nature
of the late Cenozoic deposits. For these reasons it is nearly impossible
to piece together suitable stratieraplic sections from surface ex-
posures alone. Drill data are therefore an important supplement to
a study of these outcropping rocks.

In connection with the selection of a site for the Gnome project,
the U.S. Atomic Energy Commission drilled a test hole to a depth of
1,500 feet near the center of sec. 34, T. 23 8., R. 30 E. The core re-
covered from this hole was described by Moore, 1958. The description
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of the upper 725 feet of this core was used as a standard of reference
for many of the stratigraphic units as they were mapped in the field.
The core log is therefore reproduced below with minor modifications
and shown graphically in figure 3.

o
Dune sand with patches o
of caliche E x
< <
S5z
Gatuna formation o
100"
Q
n
[))
<
[
[
Pierce Canyon redbeds @
= x
200': - ~
= z
=
a4
[¢1)
— o,
300" A /
EROSOISNNNNNY - Forty-niner member
p s - g4
AR NN Magenta member
400’ 4
% 5
Tamarisk member 2
7 :
8
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NN N\ 2 <
S AN WA Culebra dolomite 3 z
N ANNEA member « w
—
. Unnamed part
600"
== == Salado formation
700" YL LY
22 LT rre
WV NN

Total depth drilled 1500 feet. Lowest formation

found was the Salado formation

EXPLANATION

Sandstone

Siltstone

Limestone
Dolomite
Gypsum
2
Anhydrite

Halite

'16URE 3.—Lithologic log of core from AEC drill hole 1, sec. 34, T. 23 8., R. 30 E.
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Log of the upper part of the core from U.S. Atomic Encrgy Commigsion drill

hole 1, center see. 34, T. 23 8., R. 30 E., Eddy County, N. Mex.

[Description modified after G. W. Moore. See complete log in Moore (1958),

Only 3 ft

of core were recovered from the top 85 ft of hole. Descriptions of that part are inter-

preted mostly from cuttings and drilling speeds]

Surficial sand and caliche:

Sand, fine-grained, light-brown, well-rounded, unconsolidated______

Limestone, white; contains fine-grained quartz sand; well in-
durated-

Sand, fine-grained, light-brown, fairly well rounded, very friable___

Gatuna formation of Pleistocene (?) age:

Sandstone, medium-grained, pale reddish-brown ; scattered pebbles
3 mm long; calcite cement: yields water_—________ ______________

Conglomerate, pebble, pale-red ; pebbles 5 min long of limestone, silt-
stone, quartzite: matrix of coarse-grained well-indurated sand-
stone; calcite cement___ ___ ___ __ . __ L __

Sandstone, medium- to coarse-grained, pale-red ; scattered pebbles 3
mm long ; friable; yields water__.______________________________

Sandstone, mediun- to coarse-grained, moderate-brown, friable____

Pierce Canyon redbeds of Permian or Triassic age:

Sandstone, very fine grained, moderate reddish-brown; has light
greenish-gray spots 2 mm long and about 1 ¢cut apart ; calcite veins
0.5 mm thick ; poorly indurated except basal 0.5 ft, which is fairly
well indurated: calcareous cement_.____.______________________

Siitstone, sandy, moderate reddish-brown ; light greenish-gray spots
1 to 5 mm long and about 1 ¢ apart; rare calcite veing 0.5 mm
thick; fairly well indurated, slightly fissile, some calcare-
ous cement____._____ o .___

Claystone, silty, moderate reddish-brown ; light greenish-gray spots
2 mm long; poorly indurated: plastie_____._____________________

Siltstoue, sandy, moderate reddish-brown ; light greenish-gray spots
1 to 5 mm long and about 1 em apart, several light-green layers
0.1 ft thick; rare calcite veins 0.5 mun thick; fairly well indu-
rated; slightly fissile: some calcareous cement________________

Sandstone, medium-grained, moderate reddish-brown with light
greenish-gray patches 5 cm long: sand grains are well rounded,
well sorted: a few caleite veins 0.5 mm thick; fairly well
indurated to very friable: yields water______________________

Siltstone, sandy. moderate reddish-brown; light greenish-gray
spots 1 to 16 mm long and about 5 ¢m apart: some calcite veins
1 mm thick: fairly well indurated, slightly fissile, ealcite eement ;
below 217 ft are blebs, 0.5 to 1 mm long, of gvpsum about 5
wmapart_____________ o _____

Rustler formation of Permian age:

Forty-niner member :

Gypsum, olive-gray, crystals 1 cm long; massively bedded :
nmasses of anhydrite, 5 ¢m thick in basal 2 ft; upper contact
irregular because of solution___ _________________________

Anhydrite, olive-gray; crystals 1 mm long: some gypsuin
crystals throughout especially near top and bottom ; massively
bedded ; contacts are gradational ._________________________

Depth
(feet)

7.

10.
43.

53.
80.

84. ¢

120.

159.

166. ¢

201. 5

318.

0

[

-1

=2

-l
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Log of the upper part of the core from U.S. Atomic Energy Commission drill
hole 1—Continued

Rustler formation of Perniian age—Continued

Forty-niner member—Continued Depth
Gypsum, olive-gray; crystals 1 cm long; masses, 5 cm thick, (o9

of anhydrite in top foot; massive__._______________________ 327.5
Siltstone, greenish-gray, friable..___________________________ 327.6

Siltstone, sandy, moderate reddish-brown, brecciated ; contains

breccia fragments of gypsum rock 5 mm long; fairly

well indurated_______________ _______ o __ 328.0
Siltstone, sandy, moderate reddish-brown with light greenish-

gray spots 1 nun long and 5 mm apart ; upper 3 ft fairly well

indurated, basal part very friable; somne calcareous cement__  337.5
Siltstone breccia, moderate reddish-brown with irregular light

greenish-gray spots 3 mm long ; fragments of siltstone 10 mm

long, some gypsum fragments; fairly well indurated; cal-

careous cement_ . _____________ . 338.4
Gypsuin breceia, grayish-purple ; fragments of gypsum and clay-

stone laminae 1 to 2 ¢m long; well indurated; calcareous

cement _________ e 339. 8
Gypsum, grayish-red; crystals 5 cin long; abundant patches

of anhydrite 5 ¢m long ; grayish-red stylolites with amplitudes

of 1 mm about 1 em apart . _____________ 350. 0
Anhydrite, olive-gray; gradational with unit above; lower 6 ft

has thick 1 em fibrous veins of gypsum, approximately

parallel to the bedding and 5 ¢m apart; lower 6 ft hag alter-

nating grayish-red and greenish-gray bands d e¢m thick ; grada-

tional with unit below______________________ R 360. 2

Magenta meniber :

Dolonmite, greenish-gray with some grayish red-purple layers 1

em thick; very fine grained; basal part has wavy lenticular

or crossbedded texture; basal 1.5 ft porous with solution

cavities 1 mm long_ . _____ ___ o ____ . ____ 367.7
Siltstone, dolomitic: upper 0.6 ft greenish gray, lower part
grayish red-purple; «lightly fissile._______ . _____________ 369. 5

Dolomniite, silty, grayish red-purple with some greenish-gray lay-
ers 1 cm thick; has wavy lenticular bedding ; fibrous gypsum
veins, 1 cm thick, parallel to bedding, average 10 em apart__  380.3
Tamarisk member :
Anhydrite, grayish-red to greenish-gray; has a few veins of
gypsum, 1 ¢m thick, parallel to bedding and some masses of
gypsumn, 5 cm thick: solution cavity 1 em long at 432.9 ft;

massive, microcrystalline. - . ________ __________ 441.5
(Maystone, brownish-black: some fragments of gypsum 5 mm

long : plastic: slickensided . ______________________ 441.7
Anhydrite, greenish-gray: masses of gypsum, 5 cm thick,

abundant in upper 2 ft and lower 9 ft : massive______________ 472.0

Siltstone, greenish-gray ; contains breceia fragments of gypsum
and claystone 1 to 5 c¢m long: fairly well indurated; some
caleareons cement_____ . ___ 473. 4

Siltstone. grayish-red ; has brecciated gypsum beds, 1 em thick,
about 5 cm apart; poorly indurated; plastico.____________ 477.

o
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Log of the upper part of the core from U.8. Atomic Energy Commission drill

hole 1—Continued

Rustler forniation of Permian age—Continued
Forty-niner member—Continued

Gypsum, greenish-gray ; crystals mostly 2 mm long; some clay-
filled fractures; massive._______________________________._

Claystone, olive-gray, slickensided ; contains breccia fragments
of gypsum 2 mm long_________________ __

Gypsuni, olive-gray; crystals 1 mm long; massive; some an-
hydrite layers 10 c¢m thick; basal 0.4 ft. has clay-filled
solution eavities___._______ ______ .

Culebra dolomite member :

Dolomite, light olive-gray, microcrystalline; cavities 3 mm long

and 5 mm apart ; solution cavities; brecciated ; yields water__
Unnamed lower member :

Siltstone, clayey; upper 0.9 ft. dark greenish gray, lower part
grayish red; abundant breccia fragments of gypsum 1 c¢m
loug ; poorly consolidated; plastie_________________________

Gypsuin, olive-gray ; miostly c¢rystals 1 mimn long but some patches
have crystals 10 ¢n1 long; massive_ ________ _______________

Gypsunl breccia, olive-gray; angular fragments of gypsum 2
cm long in a matrix of greenish-gray clay-_______________

Siltstone, clayey, noderate reddish-brown ; a few light greenish-
gray spots 1 cm long ; abundant gypsum and siltstone breccia
fragments 2 ¢ long; poorly consolidated ; plastico.________

Gypsum, olive-gray; crystals 0.5 mm long: a few stylolites;
massive e _

Siltstone, clayey, moderate reddish-brown ; fragments of gypsum
1 cin long; poorly consolidated; plastie____.________________

Gypsum, silty: alternating layers of olive-gray gypsum and
grayish-red siltstone 5 em thick ; fairly well indurated_______

Siltstone, sandy, grayish-red to greenish-gray; fairly well indu-
rated in part; some dolomite cement; gradational with unit
below o

Sandstone, very fine grained, silty, greenish-gray, brecciated ;
fragments average 5 ¢m long, friable; basal 3 ft. well indu-
rated with dolomite cement_______________________________

Salado formation of Permian age:
Upper leached zone:

Siltstone, grayish-red : abundant breccia fragments of gypsum 1
cm long; gypsum veins 1 min thick: poorly consolidated;
plastic ___

Gypsum, olive-gray ; crystals 2 mm long; massive. .. __________

Siltstone, grayish-red; abundant gypsum fragments 2 mm long

Gypsum, pale reddish-brown; crystals 1 mm long; massive;
probably altered from polyhalite.__________________________

Siltstone, grayish-red: some pale reddish-brown gypsum frag-
ments 2cm long__

Gypsum, pale reddish-brown___________ _____________________

Siltstone, clayey, grayish-red; abundant gypsum fragments 1

Depth
(feet)

482. 6

482. 8

497. 4

529.0

n37.2

550. 4

H86. 0

649. 9

652,

652.
652,

o W

[0 d]

653. 4

654. 1
654. 3

660. 1
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Log of the upper part of the core from U.S. Atomic Fnergy Commission drill
hole 1—Continued

Depth
Salado formation of Permian age—Continued (feet)
Upper leached zone—Continued

Gypsum, pale reddish-brown; crystals 1 em long._____.______ 660. 4
Siltstone, grayish-red: abundant fragments of gypsum and

sandstone 1 to 5 cm long; poorly indurated ; plastic________ 664. 2

Gypsum, moderate-red ; bedding dips 30° in core_____________ 664. 4
Siltstone, clayey, grayish-red ; scattered fragments of moderate-

red gypsum 1 c¢m long; poorly indurated ; plastic.__________ 667.7

Gypsum, moderate-red ; crystals 1 em long, brecciated in part__  668.5
Siltstone, clayey, grayish-red; some fragments of moderatered

gypsum 3 em long; plastie. . ____ 670. 2

Sandstone, very fine grained, pale reddish-brown to greenish-

gray, massive; friable except basal 0.4 ft, which is fairly

well indurated___ .. _____ o o ____ 672.6
Siltstone, clayey, grayish-red; abundant fragments of gypsum

and sandstone 1 to 5 em long; highly contorted; poorly

indurated; plastie.____________________________ . ___ 684. 5
Gypsum, olive-gray; ecrystals 2 mm long; bedding contorted;

altered from anhydrite_______ ______ ____________________ 685. 2
Gypsum, moderate-red; crystals 1 mm long; probably altered

from polyhalite-________________ . ________ . ____ 685. 8
Siltstone, clayey, grayish-red____.___ . _____ _______ __________ 686. 0
Gypsum, olive-gray with grayish-red stains__________________ 687.3
Siltstone, clayey, grayish-red; contacts contorted 687.8
Gypsum, olive-gray, massive________________________________ 688. 6
Siltstone, clayey, grayish-red; fragments 1 to 5 cm long and

broken beds of sandstone and gypsum; poorly indurated;

plastiec e 694. 0
Gypsuny, olive-gray ; crystals 1 min long; massive___________ 604. 9
Anhydrite, greenish-grey, microcrystalline ; basal 0.6 ft gilty;

MASSive - 706. 8
Siltstone, clayey, dark greenish-grey, poorly indurated,

plastic; basal 0.2 ft grayish-red__________ _____ ________ 708.1
Anhydrite ; upper 0.4 ft grayish red-purple, lower part green-

ish-gray; massive._____________________________________ T09.7

Massive salt and sulphate zone, unleached :

Halite, pale yellowish-brown; crystals 1 em long; 2 percent

polyhalite in blebs 1 to 10 mm long______________________ 725.0
Interbedded halite, anhydrite, polyhalite, and siltstone. See

detailed description in Moore (1958)___________________ 1, 500

RUSTLER FORMATION OF PERMIAN AGE

The Rustler formation was named by Richardson (1904, p. 44) for
exposures on the Rustler Hills in eastern Culberson County, Tex.,
and it was described as consisting of 150 to 200 feet of caleareous buff
sandstone overlain by fine-textured white magnesian limestone. These

648712 0—63—3
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units are thought to represent only the lower part of the formation
as the name is now used in southeastern New Mexico. In the Nash
Draw quadrangle, the Rustler formation probably ranges from about
200 to 400 feet, thick, depending in large part on how much of the for-
mation has been removed by solution at depth and by erosion at the
surface. Tt consists chiefly of gypsum (or anhydrite in the subsurface)
interbedded with dolomitic limestone, interlaminated dolomite and
anhydrite, siltstone, and, in the subsurface, halite. The base of the
Rustler as it was originally deposited is now separated from the top
of the massive salt in the Salado formation by a leached zone (about
60 ft thick in AEC drill hole 1) that represents the insoluble residue
Jeft after removal of halite in the Salado by ground water.

The lower part of the Rustler formation, consisting of about 120
feet of siltstone and very fine grained sandstone with several interbeds
of gypsum or anhydrite, was not recognized in outcrops of the Nash
Draw area but was penetrated in the AKC drill hole 1. Overlying
the lower part is the Culebra dolomite member, consisting of about 30
feet of umiformly fine textured microcrystalline gray dolomite or
dolomitic limestone. Adams (1944, p. 1614) credits W. B. Lang with
naming the Culebra for Culebra Bluif on the east side of the Pecos
River, about 4 miles northeast of Loving. The rock is characterized
by numerous small nearly spherical cavities that range from about 1
to 10 mm in diameter. These cavities are present both in surface
exposures of the Culebra and in core taken from the AEC drill hole 1
and therefore are presumed to be either a primary or a diagenetic
plienomenon and not related to surface weathering. Some of the
eavities are parly filled with secondary gypsum and caleite, but most
are open. There seems to be little or no tendency for the cavities to
be connected, as might be expected if they were formed by solution in
a homogeneous rock. These features suggest that they were formed
by the solution of a highly soluble mineral aggregate or by the in-
clusion of a gas or liquid at the time the sediment was soft. Locally,
the Culebra is finely oolitie, and the individual oolites are less than 0.5
mm in diameter.

Exposures of the Culebra dolomite member are in the southern part
of the Nash Draw quadrangle, east of Salt Liake where the rocks are
locally deformed by solution collapse, which has ecaused the outerop
pattern to be irregular. The Culebra outerops are breceiated locally.
Ior this reason the Culebra was not seen in normal stratigraphic se-
quence with the underlying and overlying rocks in the Nash Draw
quadrangle.

Overlying the Culebra dolomite member is the Tamarisk member
of the Rustler formation. The Tamarisk consists of about 115 feet of
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nmssive gypsum in exposures but is chiefly anhydrite and locally
gypsum in the subsurface, except for a bed 5 feet thick, of siltstone
about 20 feet above the base. The siltstone is thought to represent the
insoluble residue from a halite bed in the subsurface (Jones and
others, 1960, fig. 1).  This member forms a broad expanse of barren
outcrop 2 to 3 miles wide and about 7 miles long east of Tamarisk
Flat, from which the name is here taken.

Typically the Tamarisk member is massive and coarsely crystalline
in outerop.  Massive beds consist of gypsumn crystals that are 0.5 to 1.5
em wide and are n whitish-gray color locally tinted reddish or green-
ish.  Tlowever, in many exposures where the slope is gentle, massive
gypsum has been altered at the surlace to a softer textured light-gray
gypsum rock composed of loosely packed gypsum grains about 1 mim
across. This surficially altered gypsum grades almost imperceptibly
into alluvial gypsum or gypsite in which the individual grains have
been reworked by wind and runoff water into an alluvial sand com-
posed chiefly of gypsum.  No surface sections of the Tamarisk member
were measured because of the universal distortion in outerop.  Surfi-
cial deformation has caused the member to be draped into large ir-
regular folds and tilted blocks with dips as great as 45°.  (See fig. 4.)
I general, the dips are toward smurface depressions or dry lakes.
Locally, the member has been removed by solution, and the overlying
and underlying parts of the formation are in contact. Hollow blisters

Fi1eUuRe 4.—Steeply tilted Tamarisk member of the Rustler formation. View looking south
from & point on the ridge in the SW14 sec. 6, T. 23 S., R. 30 E.
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2 to 10 feet in diameter with a shell as much as 1 foot thick have
formed loeally, perhaps the result of the volume increase that acecom-
panies the hydration of anhydrite to gypsum.

Overlying the Tamarisk member of the Rustler formation is the
Magenta member, about 20 feet thick. Adams (1944, p. 1614) states
that Lang named the Magenta member after Magenta Point, which is
the blult nortlt of Salt Lake. One of the Dest exposures in this area
is 1 a small canyon that has eut back into the bluif about 1 mile south
of the plant site of the luternational Mineral and Chemical Corp.
The Magenta is characrerized by alternating laminae of dolomite and
anhydrite (or gypsum) arranged in wavy or lenticular laminae 0.2
to 5 em thick (fig. 5). Bedding surfaces have a botryoidal appear-
unce.  Laminae of dolomite ave pale red to grayish orange pink, and
laminae of anhydrite or gypsum are pale yellowish green. Micro-
scoplc examination shows dolomite and auliydrite erystals intergrown
u varying proportions. The dolomite being more resistant to weath-
ering than the anhydrite or gypsum, stands out i high velief. The
Ithology is so distinetive that it 1s possible to recognize the Magenta
member from weathered fragments in the soil. Where subjected to
intense leaching as in some collapse areas, the rock has become brecci-

FIGURE 5.—Magenta member of the Rustler formation showing characteristic wavy lami-
nafion of dolomite and gvpsum., View in narrow canyon in sec, 13, T. 22 S,, R. 29 E.



