RIDGE
GASEOUS
DIFFUSION
PLANT

UNION
CARBIDE

OPERATED BY

UNION CARBIDE CORPORATION
FOR THE UNITED STATES
DEPARTMENT OF ENERGY

e
wl

JBX- 81

o)

K/UR-29
Part5

HYDROGEOCHEMICAL AND STREAM SEDIMENT
DETAILED GEOCHEMICAL SURVEY
FOR TRANS-PECOS, TEXAS

CHINATI MOUNTAINS PROJECT AREA

T. R. Butz, M. E. Wagner, J. G. Grimes,
C. S. Bard, R. N. Helgerson, and P. M. Pritz

Uranium Resource Evaluation Project

CAUTION <
This is a time release report. '
Do not release any part of this
publication before

U il

BEDLOGICAL SUPVTY 0T VVOHING

October 31, 1980

GEOLOGY

metadc1202582



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal ligbility or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark, manu-
facturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency thereof.

A computer readable magnetic tape containing measurement, analysis, and location data
may be purchased from the GJOIS Project, UCC-ND Computer Applications Dept., 4500
North Building, Oak Ridge National Laboratory, P. O. Box X, Oak Ridge, Tennessee 37830.



Date of Issue: October 31, 1980 Report Number: K/UR-29
Part b
Subject Category: UC-51, Nuclear Raw Materials

HYDROGEOCHEMICAL AND STREAM SEDIMENT
DETAILED GEOCHEMICAL SURVEY
FOR TRANS-PECOS, TEXAS

CHINATI MOUNTAINS PROJECT AREA

T. R. Butz, M. E. Wagner, J. G. Grimes,
C. §S. Bard, R. N. Helgerson, and P. M. Pritz

Uranium Resource Evaluation Project

Union Carbide Corporation, Nuclear Division
Oak Ridge Gaseous Diffusion Plant
Oak Ridge, Tennessee

Prepared for the U. §. Department of Energy
Assistant Secretary for Resource Applications
Grand Junction Office, Colorado
under U. S. Government Contract W-7405 eng 26



Uranium Resource Evaluation Project
J. W, Arendt, Project Manager
T. R. Butz, Assistant Project Manager

Geology and Geochemistry
T. R. Buiz, Project Geologist/Geochemist
P. M. Pritz, Field Geology Program Director
M. E. Wagner, Field Geology Supervisor

J. H. French, 8. A. Roberts, C. J. Stannard,
C. 8. Lide, and D. J. Tieman, Field Geologists

Analytical Chemistry, Detailed Survey Geochemistry, and Report Preparation
4. D. Joyner, Data Management and Information Processing
R. N. Helgerson, Analytical Chemistry
J. G. Grimes and C. S. Bard, Detailed Geochemical Reporting

Uranium Resource Evaluation Project
Qak Ridge Gaseous Diffusion Plant
P. Q. Box P, Mai Stop 246
Oak Ridge, Tennessee 37830
Telephone: (615) 574-8882

FTS 624-8882



CONTENTS

ABSTRACT.
INTRODUCTION. . . . . . . . . ..

Location and Phy51ography ... : : : : : : : : :

Climate . . . e e e e e

Related Stud1es e e .. : : : : : : : : : ::

GEOLOGY . . . . . . . . . . . . .. ..
Stratigraphy. . . . . . . . . . . ..
Structure . . . . . . . . . . . .. . .
Hydrology . . . . e e e e e e e e e
Uranium Occurrences e e e e e e e e

SAMPLE COLLECTION . . . . . . . . . . .
Chronology of the Survey e e e e e
Field Procedures. . . . e e e e e
Contamination . . .

CHEMICAL ANALYSES . . . . . . . . . . . . ..
QUALITY CONTROL . . . . . . .

Measurements Control. e e
Principal Component Error Ana1ys1s .....

GEOCHEMICAL RESULTS . . . . . . . . . . . . . ..

Geochemical D1str1but10n5 in Groundwater

Summary of Groundwater Data . . . . . . . . . .
Geochemical Distributions in Stream Sed1ments ..

Uranium .

Thorium . . e e e e
Related Var1ab1es e e e e .
Summary of Stream Sediment Data . .

BIBLIOGRAPHY. . . . . . . . . « . « « .« v v o o ..

APPENDIX A. GROUNDWATER.
APPENDIX B. STREAM SEDIMENT.
APPENDIX C. COMPUTER CODE LIST AND FIELD FORM.

APPENDIX D. MICROFICHE OF FIELD AND LABORATORY DATA.

B-1
C-1

D-1






No.

LIST OF TABLES

Title

Page

No.

Detection Limits of Variables Determined in Water
and Sediment Samples .

Summary of Measurements Control Results Obtained
From Groundwater Samples From the Chinati
Mountains Project Area, Trans-Pecos Detailed
Geochemical Survey, Texas.

Summary of Measurements Control Results Obtained
With Stream Sediment Samples From the Chinati
Mountains Project Area, Trans-Pecos Detailed
Geochemical Survey, Texas.

Distribution of Samples by Geologic Unit Code From

the Chinati Mountains Project Area, Trans-Pecos
Detailed Geochemical Survey, Texas .

LIST OF FIGURES

Title

26

28

29

31

Page

Index Map Showing the Map Boundaries for the Chinati
Mountains Project Area, Trans-Pecos Detailed
Geochemical Survey, Texas.

Generalized Geologic Map of Texas with Location of
the Chinati Mountains Project Area, Trans-Pecos
Detailed Geochemical Survey, Texas .

Generalized Geologic Map of the Chinati Mountains
Project Area, Trans-Pecos Detailed Geochemical
Survey, Texas.

Producing Horizon Map for Groundwater of the
Chinati Mountains Project Area, Trans-Pecos
Detailed Geochemical Survey, Texas .

13

15

17

30



No.

LIST OF PLATES

{In Back Pocket)

Title

Chinati Mountains Project Area, Trans-Pecos Detailed
Geochemical! Survey, Groundwater Sample Location Map

Chinati Mountains Project Area, Trans-Pecos Detailed
Geochemical Survey, Symbol Plot, Groundwater, Uranium

Chinati Mountains Project Area, Trans-Pecos Detailed
Geochemical Survey, Symbal Plot, Groundwater,
Specific Conductance

Chinati Mountains Project Area, Trans-Pecos Detailed
Geochemical Survey, Stream Sediment Sampte Location Map

Chinati Mountains Project Area, Trans-Pecos Detailed
Geochemical Survey, Symbol Plot, Stream Sediment, Uranium

Chinati Mountains Project Area, Trans-Pecos Detailed
Geochemical Survey, Symbol Plot, Stream Sediment, Thorium

Generalized Geologic Map of the Chinati Mountains Project
Area, Trans-Pecos Detailed Geochemical Survey, Texas

Chinati Mountains Project Area, Trans-Pecos Detailed
Gecchemical Survey, Radiometric Sample Location Map



ABSTRACT

Results of the Chinati Mountains project area of the detailed geochemi-
cal survey for Trans-Pecos, Texas are reported. Field and laboratory
data are presented for 24 groundwater and 121 siream sediment sampies.
Statistical and areal distributions of uranium and possible uranium-
related variables are given. A generalized geologic map of the project
area is provided, and pertinent geologic factors which may be of signi-
ficance 1in evaluating the potential for uranium mineralization are
briefly discussed.

The five highest and five lowest uranium values for groundwater samples
in the Chinati Mountains project area are described. Variables asso-
ciated with these samples and their producing horizons are delineated.
Results indicate that groundwater samples collected from the Chinati
Mountains Group display lower uranium values than samples collected from
other volcanic units.

Stream sediments containing significant amounts of soluble and total
uranium occur in four areas: the Shely prospect, Woods Ranch, the Red
Hi1l prospect, and Cienega Mountain. Elements associated with soluble
and 1insoluble uranium are discussed for the four areas. Insoluble
uranium is associated with the elements zirconium, yttrium, niobium,
titanium, and cerium; white soluble uranium is associated with the
elements iron, manganese, beryllium, lithium, phosphorus, and vanadium.
The Allen Intrusive Complex, in the Shely prospect area, has been cited
as a definite source for uranium, however source rocks cannot be
determined for the other areas.
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CHINATI MOUNTAINS PROJECT AREA

INTRODUCTION

The National Uranium Resource Evaluation (NURE) Program was established
by the U. 5. Atomic Energy Commission, now the U. S. Department of
Energy (DOE), in the spring of 1973 to assess uranium resources and to
identify favorable areas for detailed uranium exploration throughout the
United States. The principal objectives of the NURE Program are: (1)
to provide a comprehensive in-depth assessment of the nation's uranium
resources for national energy planning, and (2) to identify areas
favorable for uranium resources. A NURE Program report covering uranium
resource assessment in 116 National Topographic Map Series (NTMS) 1° x
2° quadrangles, which contain 100% of the currently estimated uranium
resources, is targeted for 1980. The complete resource assessment of
the 272 highest-priority gquadrangles is scheduled for completion in
1985, and the first comprehensive assessment report of the entire United
States 1is scheduled for completion in 1988. This program, which is
being administered by DOE, 1is expected to increase the activity of
commercial exploration for uranium in the United States.

The NURE Program consists of five parts:

1. Hydrogeochemical and Stream Sediment Reconnaissance (HSSR)
Program,

Aerial Radiometric and Magnetic Survey,

Surface Geologic Investigations,

Drilling for Geologic Information, and

Geophysical Technology Development.

U o N

The objective of the HSSR Program is to provide information to be used
in accomplishing the overall NURE Program objectives. This is accom-
plished by a reconnaissance of surface water, groundwater, stream sedi-
ment, and lake sediment. The survey is being conducted by three
Government-owned laborataries. Union Carbide Corporation, Nuclear
Division (UCC-ND), under contract with DOE, is conducting its survey in
154 NTMS 1° x 2° quadrangles which cover approximately 2,500,000 km#?
(1,000,000 mi%2) of the central United States. This area includes most
of the states of Texas, Oklahoma, Kansas, Nebraska, South Dakota, North
Dakota, Minnesota, Wisconsin, Michigan, Indiana, Illinois, and Iowa, as
well as parts of Arkansas, Missouri, New Mexico, and Ohio.

As a part of the HSSR Program, detailed geochemical surveys were
initiated in the fall of 1978 to supply comprehensive detailed geo-
chemical data from specific areas. These surveys are designed to
characterize the hydrogeochemistry, stream sediment geochemistry, and/or
radiometric patterns of known or potential uranium occurrences. The
information can be used to interpret data from the 1° x 2% NTMS quad-
rangle basic data surveys.
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This report on the Chinati Mountains project area represents the fifth
volume of geochemical data which describe seven select areas in the
Trans-Pecos region, Texas (see Figure 1 for the location and names of
the last three of the seven project areas).

LOCATION AND PHYSIOGRAPHY

The Chinati Mountains project area of the Trans-Pecos detailed geo-
chemical survey is located between lat. 29°30' to 30°15' N. and long.
104°00' to 104°45' W. The project area covers approximately 5,973 kmZ
(2,307 mi?), while the area of detailed sampling within the project area
encompasses 986 km? (381 mi2). The area described is outlined on the
generalized geologic map of Texas (Figure 2) and lies within Presidio
County in the Marfa and Presidio 1° x 2° NTMS Quadrangles. A genera-
lized geologic map, with a stratigraphic column listing geologic codes
used in this report, is presented in Figure 3 and Plate 7.

Physiographically, the Chinati Mountains project area borders the Rio
Grande and is located south of the Rim Rock Country. The project area
lies within the Mexican Highland section of the Basin and Range
Province, which is characterized by Late Oligocene fault block mountain
ranges and alluvium-filled basins. The highstanding, tilted mountain
blocks are cut by arroyos and steep canyons with numerous alluvial fans
splaying out onto the adjacent bolson areas along the Rio Grande.
Chinati Peak is the highest point in the area, with an elevation of
2,35 m (7,730 ft) above sea level.

CLIMATE

The climate of the Trans-Pecos region of west Texas is classified as
arid, subtropical. Western Trans-Pecos receives sunshine 80% of the
time and maintains a normal average annua) temperature of 18°C (64°F).
Average potential evapotranspiration exceeds the annual average
rainfall, which is about 29.5 cm/yr (11.6 in./yr). Rains tend to occur
in the fall and spring with the greatest peak in September and a minor
one in May. The more mcuntainous areas receive intense, short-Tived,
and sporadic afternogn thundershowers accounting for most of the annual
precipitation (National Oceanic and Atmospheric Administration, 1974).
The Chinati Mountains have been known to be snow-covered for short
periods during the winter months.

RELATED STUDIES

In recent years, emphasis has been placed on resurgent caldera systems
as favorable sites for uranium mineralization. Recent studies on
uranium ore formation have focused on rhyolitic domes and plugs, intra-
caldera and extra-caldera ash-flows and ash falls, and volcanic derived
sediments.



5 CHINATI MOUNTAINS PROJECT AREA
6 STILLWELL MOUNTAINS PROJECT AREA

7 DRYDEN PROJECT AREA
3
W 1.
' MARFA| FT-STOCKTON
N\
\ SONORA
I “ NAN
2 5 \ lé k
== PRESIDIO N l DEL RIO
' 29 N\-eMORY/PEAK
oy
SN o 5 3

Figure 1

INDEX MAP SHOWING THE BOUNDARIES FOR THE CHINATI MOUNTAINS PROJECT AREA,(S)
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS

el






15

E &g i

ik | Bl
o
A, I!u14|$“ s
’"?ﬂ;iam :w'affi'

| ﬂlqwlw v T
{ll || 1il~ P;l‘jﬁ " |' :6’)? : "“‘ by
p. IvJ Pl el

SR 'I1-| et i - 5 B
| |J||JﬂE! 'i % ' J}@{?wﬂ A
LEGEND %Tﬁ

=] QUATERNARY Y.
TERTIARY
[JcreTAceous
ZALIT
PERMIAN

[~] PENNSYLVANIAN
MISSISSIPPIAN
ORDOVICIAN
CAMBRIAN 5 CHINATI MOUNTAINS PROJECT AREA
fEE] PRECAMBRIAN 6 STILLWELL MOUNTAINS PROJECT AREA

7 DRYDEN PROJECT AREA

Figure 2

GENERALIZED GEOLOGIC MAP OF TEXAS WITH LOCATION
OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
(AFTER KING, ET AL, 1974)



16

CHINATI MOUNTAINS PROJECT AREA, TRANS-PECOS DETAILED GEQCHEMICAL SURVEY

ERA SYSTEM SERIES MAP CODE GEOLOGIC UNIT
CENOZOIC QUATERNARY RECENT ap ALLUVIUM AND OTHER QUATERNARY
DEPOSITS
TERTIARY Tl INTRUSIVE IGNEOUS ROCKS )
o e i — — —— i ———— — S ———— ——— ————— A ——
OLIGOGENE TERL RAWLS FORMATION
FRESNO FORMATION
TEPC PERDIZ CONGLOMERATE
TETT PETAN BASALT
TASCOTAL FORMATION
MITCHELL MESA WELDED TUFF
DUFF-PRUETT FORMATIONS
TECA CHINATI MOUNTAINS GROUP
TECI SHELY GROUP
TEDP BRITE 1GNIMBRITE
TCA CAPOTE MOUNTAIN TUEF
TCBH BRACHS RHYOLITE
CHAMBERS TUFF
EQOCENE TGCB COLMENA TUFF
GILL BRECCIA
BUCKSHOT IGNIMBRITE
™) VIEJA GROQUP {UNDIVIDED}
TEMR MORITA RANCH FORMATION
MESOZOIC CRETACEOUS UPPER UKPO PIGACHCO FORMATION
CRETACEOUS OJINAGA FORMATION
SAN CARLOS FORMATION
LOWER LKSE SANTA ELENA LIMESTONE
CRETACECQUS LKSP SUE PEAKS FORMATION
DEL CARMEN LIMESTONE
TELEPHONE CANYON FORMATION
LKT SHAFTER FORMATION
PRESIDIO FORMATION
PALEOZOIC CPUD MINA GRANDE FORMATION

ROSS MINE FORMATION
PINTO CANYON FORMATION
CIBOLO FORMATION

ALTA FORMATION

SOURCE OF GEOLOGY:
1. BARNES, V. E.; GEOLOGIC ATLAS OF TEXAS, EMORY PEAK-PRESIDIO SHEET (PRELIMINARY SHEET, 1977},

2. BARNES, V. E.; GEOLOGIC ATLAS OF TEXAS, MARFA SHEET {PRELIMINARY SHEET, 1978).

3.CEPEDA, J.C, “THE CHINATI MOUNTAINS CALDERA, PRESIDIO COUNTY, TEXAS, " IN CENOZOIC GEOLOGY OF THE

TRANS-PECOS VOLCANIC FIELD OF TEXAS, pp. 65-84 {1978),

LEGEND FOR FIGURE 3
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Henry and Tyner (1978), utilizing previous studies by Cepeda (1978),
describe the alteration and release of uranium from formations within
the Chinati Mountains Group (TECA) and its associated volcanic ash
flows. The primary concentration of uranium is highest in the upper
rhyolite of the Chinati Mountains Group. They calculate that approxi-
mately fifty percent of the unit's total uranium content was relteased
during granophyric-Tike devitrification, either as volatiles in vapor
phase or dispersed into adjacent wall rock. The remaining concentration
of upper rhyolite uranium is insoluble, requiring total rock breakdown
before wuranium liberation can occur. Henry and Tynmer also concluded
that the Mitchell Mesa Rhyolite (included in TETT and referred to as the
Mitchell Mesa Welded Tuff in Figure 3), an ash-flow genetically related
to the Chinati Mountains caldera, is a poor uranium-source rock. As
with the Chinati Mountains Group, devitrification has resulted in the
release of most uranium, leaving only insoluble forms (i.e., uranium
within zircons, sphene, and apatite}.

Cofer (1980) and Henry, et al (1980) have described mineralization
within the Allen Intrusive Complex. These rhyolitic porphyry domes are
genetically related to the Shely Cauldron, predating the Chinati
volcanic center. The central Shely Cauldron block was known previously
as the Loma Plata Anticline (Cofer, 1980). Henry, et al, (1980)
describes the known uranium mineralization as secondary in nature,
caused by supergene weathering of amorphous hydroxides which released
primary uranium to be reprecipitated as autunite, metatorbernite, and
tyuyamunite.

The Perdiz Conglomerate (TEPC) had also been considered favorable for
uranium mineralization. The unit contains highly permeable alluvial
fans, evidenced by a large amount of groundwater movement and uranium-
rich lithologic constituents (Jordan, 1978). However, the Perdiz Con-
glomerate does not exhibit reduced zones which would provide the trap-
ping mechanism required for mineralization.

Additional NURE research of the Chinati Mountains project area includes
the HSSR report on the Presidio 1° x 2° NTMS Quadrangle (Uranium
Resource Evaluation Project, 1978) and the Union Carbide Trans-Pecos
detailed geochemical survey report of the Sierra Vieja, Tascotal, and
Solitario project areas (Butz, et al, 1979).

GEOLOGY
STRATIGRAPHY

Sedimentary units representing the Paleozoic and Cretaceous are limited
in areal extent in the project area and are exposed only to the north
and southeast of the Tertiary Chinati Mountains. The Paleozoic Pinto
Canyon, Ciboto, and Alta Formations are visible in the deep stream
canyons for which they are named and consist of "dirty" marine Time-
stones with dolomite, chert, and bituminous laminations with calcareous
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sandstone Tlayers and lenses (Barnes, 1978). These units are combined
with the Mina Grande and Ross Mine Formations and are shown as CPUD on
the geologic map (Figure 3 and Plate 7).

The Lower Cretaceous Presidio and Shafter Formations are combined and
are shown as LKT, and the Del Carmen Limestone and Telephone Canyon
Formation are combined with the Sue Peaks Formation and shown as LKSP on
Figure 3. These unconformably overlie the Paleozoic units. The Creta-
ceous (Trinitian), Presidio, and Shafter (Etholen-Cox; after Baker,
1929) Formations are exposed on the north side of Pinto Canyon and
around the mining community of Shafter. These units are argillaceous
limestones with interbedded sandy shaltes and conglomerates (Baker,
1929). Total thickness of the Paleozoic and Lower Cretaceous units is
approximately 300 m (984 ft) in the Chinati Peak Northeast 7-1/2 Minute
Quadrangle.

The Del Carmen Limestone and Telephone Canyon Formation are areally
lTimited to the southern portion of the project area. These massive,
nodular, gray limestone units are exposed near Shafter (lat. 29°49' N.
and long. 104°18' W.) and attain a maximum thickness of 107 m (350 ft)
(Barnes, 1977).

The units of Tertiary age are ash-flow and ash-fall tuffs, lavas, and
intrusive igneous rocks. Minor outcrops of Tertiary sandstones and
conglomerates also exist.

The Tertiary units within the area sampled are associated with three
proposed calderas (Cepeda, 1978). The areal extent of each of the
calderas are indicated by the outcrop pattern of their respective
cauldron facies: the Morita Ranch Formation (TEMR}, the Shely Group
(TECI)}, and the Chinati Mountains Group (TECA). The Morita Ranch and
Shely calderas are considered to be roughly contemporaneous (Cepeda,
1978), although the age of the cauldron facies is considered to be
Eocene and Oligocene, respectively (Barnes, 1977 and 1978).

Filling the most southern of the three caulderas, the Morita Ranch
Formation (TEMR), exposed west of the Cienega Mountains (lat. 29°46' N.
and long. 104°17' W.), consists of interbedded flows, tuffs, and con-
glomerates. In contrast to the Shely and Chinati Mountains Groups, the
Morita Ranch Formation is basaltic in composition. Rix (1953) divides
this formation into four wunits consisting of an olivine basalt, a
porphyritic ash-flow tuff, a basalt porphyry, and flow breccias
(Maxwell, 1970).

Filling the northern most caldera, the Shely Group (TECI), exposed north
of the Chinati Mountains, is made up of rhyolites, trachytes, ignim-
brites, tuffs, and conglomerates (Maxwell, 1970). Amsbury (1958)
divides the Shely Group into 8 units occurring in and around the Pinto
Canyon area. Associated igneous intrusives include the Allen Intrusive
Complex (lat. 30°00'25" N. and long. 104"18'58" W.) and the 3¥ntrusive
rocks in the Organ Pipe Hills (lat. 30°02' N. and long. 104°29' W.)
(site of the Shely uranium prospect).
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The Mitchell Mesa Welded Tuff (TETT) is a high-silica, Tow-aluminum
ash-flow tuff. Phenocrysts within the glass matrix are composed of
alkali feldspars, quartz, magnetite, and occasionally hiotite. The
formation ranges from a densely welded to a nonwelded tuff (Henry and
Tyner, 1978). The Mitchell Mesa Welded Tuff is considered to have heen
erupted from the Chinati Mountains. Potassium-argon dates indicate that
the tuff is older than the cauldron facies (31.5 and 31.2 mybp, respec-
tively). Stratigraphic evidence suggests that the eruptiocn of the tuff
may have produced the Chinati Mountains caldera (Cepeda, 1978).

The Shely Group is separated from the Chinati Mountains Group (TECA) by
a fault (the presumed Chinati Mountains caldera wall) with movement to
the south, placing the younger Chinati Mountains Group against the older
Shely Group. Cepeda (1978) has divided the Chinati Mountains Group into
seven distinct units: a basal conglomerate composed of rocks of Lower
Cretaceous (Comanchean) age, lower trachyte, middle trachyte, lower
rhyolite, upper trachyte, upper rhyolite, and non-porphyritic domes and
flows. Cepeda (1978), described these units as follows:

The lower and middle trachytes located near the presumed caldera
walls underilie the lower rhyolite facies. The trachytes are por-
phyritic with plagioclase and anorthoctiase phenocrysts and a fine-
grained groundmass of feldspar and clinopyroxene. Their total
thickness measures approximately 20 m (65 ft).

The lower rhyolite is the dominant facies of the volcanic series.
The thickness varies from 20 m (65 ft) in the north to 390 m (1280
ft) in the Tinaja Prieta Canyon (lat, 29°52' N. and long. 104°26'
W.). It forms the fairly flat areas to the east of the mountains,
partially obscuring some of the non-porphyritic flows. The
rhyolite is prophyritic with anorthoclase and quartz as pheno-
crysts.

The upper trachyte is much like the middle trachyte facies except
that it occupies a different stratigraphic position as it forms the
highest peaks. It has two distinct textural layers consisting of a
lower fine-grained and an upper phenocryst zone. Some basal vitro-
phyres exist with phenocrysts of plagioclase and anorthoclase.
Thickness of the unit varies from 20 to 390 m (65 ft to 1,280 ft).

The upper rhyolite is restricted to the central portion of the
mountains. It is a grayish-green porphyritic tuff with anortho-
clase and resorbed quartz phenocrysts and a clinopyroxene ground-
mass. Its thickness is approximately 175 m (575 ft). The upper
rhyolite filled secondary collapse zones (shown on the generalized
geologic map) produced by its own eruption.

Four major domes of non-porphyritic texture are exposed south of
the Wood Ranch headguarters (1at. 29°56' N. and long. 104°26' W.).
These rhyolitic units follow an arcuate pattern suggesting develop-
ment from a ring fracture zone. Blue flow-banded dikes and plugs
intrude the upper trachyte north of the Wood Ranch headquarters.
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The West Chinati Stock (TI) (lat. 29°55' N. and long. 104°30' W.) is a
porphyritic  hornblende granite. Phenocrysts are  predominantly
K-feldspar with a K-feldspar-hornblende-guartz groundmass. The stock
itself is cut by dikes and plutons which are suggested as sources for
uranium mineralization (McAnulty, 1975). Zinc, 1lead, and fluorite
mineralization 1is present 1in shear zones within the stock (Cepeda,
1978).

The Perdiz Conglomerate (TEPC), consisting of erosional debris derived
from the Chinati Mountains, has three main facies: proximal, mid, and
distal fans (Jordan, 1978). The amount and size of sand, silt, and
gravel differ with each facies.

Quaternary deposits of the Presidic Bolson are clay, silt, and gypsi-
ferous sandstone deposits accumulating around the margin of the moun-
tains and cut by the Rio Grande (Barnes, 1977). These units are com-
bined with alluvium and other Quaternary deposits and are shown as QD
(Figure 3 and Plate 7).

STRUCTURE

The Paleozoic structural framework of western Trans-Pecos is complicated
due to orogenic events and thick Mesozoic sequences masking the under-
lying deformed basement rocks. During the Paleozoic, the Chinati
Mountains project area existed within the northern limits of the
OQuachita geosynclinal system, locally defined as the Marathon foldbelt.
Deposition of limey, cherty clastic material along with carbonate shelf
build-up characterized the Early Paleozoic geosynclinal environment.
The Mississippian-Early Pennsylvanian age was marked by regional uplift
of the area creating the Aldama Platform of Chihuahua, Mexico (lat.
29%00' N. and long. 106°15' W.) and restructured the southern margin of
the Sierra Diablo Platform of the extreme western Trans-Pecos region
{Tat. 30°15' N. and Tong. 104°25' W.) (Greenwood, 1970). Differential
subsidence and tectonic uplift created the Marfa Basin into which the
Permian Cibolo, Alta, and Pinto Canyon Formations were deposited
(McAnulty, 1975). The Diablo Platform shelf-margin at this time period
existed just south of present-day Valentine, Texas (lat. 30°39' N. and
long. 104°30' W.). An inter-basinal shelf existed at the south end of
the present-day Chinati Mountains and extended south te Presidio, Texas
(lat. 29°35' N. and long. 104°23' W.). Post Permian uplift and erosion
has left Cretaceous units in direct contact with the Paleozoic basement.
Transgression of Late Jurassic-Early Cretaceous seas moved the shelf
margin to the west of the Chinati Mountains (lat. 29°50' N. and Tong
104°45"' W.).

Two positive Tlandmass projections into the Mexican geosynclinal sea
(Chihuahua Trough and Sabinas Gulf) were the Coahuila and Tamaulipas
Peninsutas {(Smith, 1970). The Coahuila Peninsula jumction with the
Diablo Platform is the site of the Chinati Mountains (McAnulty, 1975).
Sedimentation and trough subsidence continued in the Cretaceous with the
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Diablo Platform remaining relatively stable. Sea transgression partial-
ly inundated the Coahuila Peninsula giving rise to the shallow shelf
deposition of the Shafter and Presidio Formations (Muehlberger and
Wiley, 1970).

The Late Cretaceous to Oligocene Laramide Orogeny caused folding and
overthrusting of Mexican geosynclinal deposits against the stable Diablo
Platform (Maxwell, 1970). Middle Tertiary volcanic activity occurred
along the Chihuahua tectonic belt (lat. 30° N. and Tong. 105° W.),
giving rise to an elevated volcanic plateau (McAnulty, 1975). The Shely
Group, the shallow Allen Intrusive Complex, and the Morita Ranch
Formation are presumed earlier members of this volcanic plateau (Henry
and Tyner, 1978).

The Chinati cauldron (lat. 29°58' N. and Tong. 104°30' W.) is one of six
known aligned volcanic centers present in the Chihuahua Tectonic Belt.
This unstable zone trending N. 50° W. is approximately 325 km (202 mi)
long and 30 km (19 mi) wide (McAnulty, 1976). The Chinati Mountains
caldera exemplifies Smith and Bailey's (1968) criteria for a resurgent
cauldron (McAnulty, 1976 and Files, 1978). The probable sequence of
events in the Chinati Mountains from Oligocene to present is as follows:

1. Development of fracture zones in the unstable tectonic region
acting as conduits for magma and subsequent ash-flow eruptions.

2. Caldera formation.

3 Magma resurgence with eruption of the lower and middle trachytes

onto the Caldera floor (Amsbury, 1958 and Cepeda, 1978).

4. Emplacement of non-porphyritic domes and plugs, south of Wood Ranch
headquarters on Osa Creek (Tat. 29°55' N. and long. 104°24' W.},
representing a ring fracture zone on the boundary of a secondary
collapse zone {Cepeda, 1978).

5. Development of a secondary collapse zone and eruptive emplacement
of the Tlower rhyolite near Cibolo Creek and Wood's Ranch access
road {lat. 29°56' N. and long. 104°20' W.).

6. Trachytic volcanism of upper unit north of Wood Ranch headquarters
(Tat. 29°55' N. and long. 104°26' W.).

7. Eruptive emplacement of upper rhyolite flows in the collapse zone
1.9 km (1.2 mi) northeast of Cerro Orona (lat. 29°51' N. and long.
104°26"' W.).

8. Caldera floor fracturing led to the intrusion of peralkaline dikes

and plugs west of the Aguja Peak (lat. 29°57'30" N. and long.
104°23*30" W.).

9. Emplacement of major intrusives [West Chinati Stock of San Antonio
Canyon {lat. 29°55' N. and long. 104°30' W.) and the South Chinati
Laccolith (Tat. 29°50' N. and long. 104°23' W.)] deformed Permian
and Cretaceous units and caused doming of the overlying Chinati
Mountains volcanics creating Tertiary synclines and anticlines
(McAnulty, 1975). Late stage hydrothermal fluids moved through
faults and fractures in the Permian and Cretaceous strata forming
mineral deposits (McAnulty, 1975).
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10. The end of volcanic activity led to erosion and the formation of
Perdiz Conglomerate (TEPC) accumulations to the north and east of
the .cauldron system (Jordan, 1978).

11. Basin and Range-type faulting occurred in the Chinati Mountains
between 18 and 23 mybp. South-southeast trending enechlon faults,
reverse to the direction of geosynclinal overthrusting, broke up
the volcanic series leaving Chinati Peak as an elevated structure.
Some faults of this time period are visible in the upper Cibolo
Creek area (lat. 29°57' N. and long. 104°20' W.) {(Baker, 1929).

12. Bolson material derived from fault block erosion accumulated in
areas to the west and south of the raised Chinati Mountain block,
i.e., the Presidioc Bolson.

13. The bolson material was then dissected when the Lower Rio Grande-
Conchos River System merged with the Upper Rio Grande System in
late Pleistocene (Strain, 1970).

There have been arguments as to the sequence of emplacement of major
intrusives and Basin and Range-type faulting. The Sierra Vieja Rim Rock
Fault (lat. 30°07' N. and Tong. 104°35' W.) has been the central focus
as it has been called both a Cenozoic block fault structure and an
earlier Texas Lineament feature responsible for the West Chinati Stock
(Twiss, 1970 and McAnulty, 1975). It has been proposed that the Rim
Rock Fault (Texas Lineament ?) 1is a continental suggestion of the
Pacific Murray Fracture Zone (Cebull, et al, 1976).

HYDROLOGY

A very limited amount of information is available on groundwater
resources of the Chinati Mountains area. Well and spring samples
collected were derived from three dominant rock types: (1) volcanics,
(2) marine sediments, and (3) bolson deposits.

Run-off accumulations may exist beneath arroyo deposits cutting through
volcanic regions.

URANIUM OCCURRENCES

Within the boundaries of the Chinati Mountains project area, the Shely
Ranch prospect (lat. 29°58' N. and long. 104°31' W.)} is the only known
radioactive anomaly related to uranium mineralization. The minerali-
zation occurs in the white rhyolite porphyry of the Allen Intrusive
Complex. The Shely prospect is considered to be an authigenic uranium
occurrence (Class 360 of Mathews, 1978). This deposit is formed ... "by
post magmatic redistribution and concentration of uranium within the
parent pluton. Uranium minerals occur in veins along shears, fractures,
and microfractures adjacent to major shear zones" (Mathews, 1978).
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Amsbury (1958) reports that the mineralized fracture zone was bulldozed
and ore with an average grade of 0.34% U303 was stockpiled. Further
studies showed that the mineralized zone did not extend beyond 27 m (90
ft) in depth. This abrupt termination is explained by Matthews (1978)
as a function of the groundwater table location. Background radiometric
readings over the volcanic rocks range from 900 to 1,300 cps (Reeves, et
al, 1978). The wuranium minerals identified include autunite, meta-
torbernite, and tyuyamunite.

Numerous radioactive anomalies are incidental to locations of base and
precious metal exploration. Within the Shafter Mining District (Tat.
29°48' N. and long. 104°17' W.), thirteen anomalous sites are reported
in fractures within limestones adjacent to igneous rocks of the Chinati
Mountains caldera (Southern Interstate Nuclear Board, 1969). During the
detailed sampling period of this project, renewed private exploration
for uranium mineralization was on-going in the West Chinati Stock area
(lat. 29°55' N. and long. 104°32' W.).

SAMPLE COLLECTION
CHRONOLOGY OF THE SURVEY

Sampling in the Chinati Mountains project area began in January 1980 and
was completed in February 1980. Laboratory analysis and compilation and
verification of all field and laboratory data were completed in May
1980. The final field and laboratory data base used to prepare the
statistical and areal distribution of wranium and other related vari-
ables for this report was completed in June 1980,

FIELD PROCEDURES

A total of 24 groundwater and 121 stream sediment samples was collected
during the detailed sampling of the Chinati Mountains project area.
Spring water and well water samples are combined and reported as ground-
water. Plates 1 and 4 show sample locations for groundwater and stream
sediment sites, respectively. Radiometric sample locations are shown on
Plate 8.

Sampling density for groundwater in the Chinati Mountains project area
was less than optimal for several reasons. The scarcity of groundwater
samples is a result of the lack of wells in the sparsely populated area.
In addition, permission to sample was denied in several locations within
the boundaries of the project area.

Detailed information regarding techniques in sample collection, record-
ing site data, field equipment, and field measurements can be found in
the following reports: '"Hydrogeochemical and Stream Sediment Recon-
naissance Procedures for the Uranium Resource Evaluation Project"
(Arendt, et al, December 1979); "Procedures Manual for Groundwater
Reconnaissance Sampling" (Uranium Resource Evaluation Project, March
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1978); and “Procedures Manual for Stream Sediment Reconnaissance
Sampling" (Uranium Resource Evaluation Project, May 1978). Field
observations were recorded on the field form shown in Table C-2 and are
included on microfiche in Appendix D.

Radiometric data were obtained using a GR-410 Exploranium Geometrics
gamma-ray spectrometer and BGS-1SL Scintrex scintillator counters. The
readings obtained were used in directing sampling towards geologic units
with positive anomalous radioactivity.

CONTAMINATION

Precautions were taken to avoid the possibility of collecting contami-
nated samples. Wells which were affected by any chlorination, water-
softening, or filtering devices were not sampled if a sample could not
be taken before the water passed through such devices. Any well that
had not been pumped recently was allowed to run as long as possible to
flush the system. Any wells that the samplers considered might be con-
taminated were checked as such on the field forms.

Sediment samples were collected upstream from road crossings and rail-
road tracks, except where this was not feasible.

CHEMICAL ANALYSIS

A1l samples collected were returned to the URE Project Taboratory in Oak
Ridge, Tennessee for preparation and analysis. The elements determined
and the analytical techniques used along with the appropriate detection
limits are given in Table 1. These detection timits are considered the
best average during normal operation; however, some variables have
values reported below these Timits. A1l water samples were received in
250-m1 polyethylene bottles and were filtered through 0.45-pm cellulose
acetate paper. Stream sediment samples were dried overnight at 85°C and
sieved to collect the <150-pm fraction. Part of the sediment sample was
dissolved in 10 ml of 1:1 nitric-hydrofluoric acid. The analytical
procedures which were used have been described by Cagle (1977) and
Arendt, et al (December 1979). A1l observed data from all samples are
inctuded on microfiche in Appendix D.

QUALITY CONTROL
MEASUREMENTS CONTROL
The procedures used to analyze URE Project samples require that cali-
bration standards, check samples, and blanks be analyzed along with

normal samples to ensure the validity of the reported results. A
measurements control program provides information concerning precision
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able 1

DETECTION LIMITS OF VARIABLES DETERMINED IN WATER AND SEDIMENT SAMPLES

Detection Limits

Sediment Water

Variable Method (ppm) (ppb)

U Fluorometry 0.25 0.2

U-MS Mass Spectrometry-Isotope Dilution -- 0.02

U-NT Neutron Activation-Delayed Neutron Count 0.02 --

As Atomic Absorption 0.1 0.5

Se Atomic Absorption 0.1 0.2

Ag Ptasma Source Emission Spectrometry 2 2

Al Plasma Source Emission Spectrometry 0.05(a) 10

B Plasma Source Emission Spectrometry 10 4

Ba Plasma Source Emission Spectrometry 2 2

Be Plasma Source Emission Spectrometry ] 1

Ca Plasma Source Emission Spectrometry 0.05(a)} 0.1(b)

Ce Plasma Source Emission Spectrometry 10 30

Co Plasma Source Emission Spectrometry 4 2

Cr Plasma Source Emission Spectrometry ] 4

Cu Plasma Source Emission Spectrometry 2 2

Fe Plasma Source Emission Spectrometry 0.05(a} 10

Hf Plasma Source Emission Spectrometry 15 --

K Plasma Source Emission Spectrometry 0.05(a) 0.1(b)

La Plasma Source Emission Spectrometry 2 --

Li Plasma Source Emission Spectrometry 1 2

Mg Plasma Source Emission Spectrometry 0.05(a) 0.1{b)

Mn Plasma Source Emission Spectrometry 4 2

Mo PTasma Source Emission Spectrometry 4 4

Na Plasma Source Emission Spectrometry 0.05(a) 0.1(b)

Nb Plasma Source Emission Spectrometry 4 --

Ni Plasma Source Emission Spectrometry 2 4

P Plasma Source Emission Spectrometry 5 40

Pb Plasma Source Emission Spectrometry 10 --

S¢ Plasma Source Emission Spectrometry 1 1

Si Plasma Source Emission Spectrometry -- 0.1(b)

Sr Plasma Source Emission Spectrometry 1 2

Th Plasma Source Emission Spectrometry 2 --

Ti Plasma Source Emission Spectrometry 10 2

v Plasma Source Emission Spectrometry 2 4

Y Plasma Source Emission Spectrometry ] 1

Zn Plasma Source Emission Spectrometry 2 4

ir Plasma Source Emission Spectrometry 2 2

S0, Spectrophotometry -—- 5(b)

1 Spectrophotometyry -- 10(b)

(a)petection Timits expressed in percent.
b)Detection 1imits expressed in ppm.
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and reliability of these measurements. On a daily basis, control
samples of two water batches and three sediment batches are submitted
anonymously along with routine samples. Statistical summaries of
results reported on control samples, which were analyzed along with the
samples included in this survey, are given in Tables 2 and 3. Results
of uranium analysis of water and sediment control samples obtained from
the Ames Laboratory as part of the Multilaborataory Analytical Quality
Control for the HSSR Program are reported by D'Silva, et al (1980).

PRINCIPAL COMPONENT ERROR ANALYSIS

A principal component analysis of data from groundwater and stream
sediment samples was used to produce an ordered list of samples using
the eigenvalue statistics as described by Kane, et al (1977}, where the
most extreme samples were listed first. Additional samples were identi-
fied if single-element measurements were outside a three standard devia-
tion confidence interval around the mean. The laboratory and field data
from the samples identified by this procedure were reviewed. Three
groundwater samples (027319, 027331, and 029241) and three stream
sediment samples (027420, 027433, and 029250) were submitted for
reanalysis. The original results were compared to the results from
reanalysis. 0f the more than 175 individual analyses that were com-
pared, the only results which were considered to be in error in the
original analysis and thus require corrections were the multielement
values for Groundwater Samples 027331 and 029241, and Sediment Samples
027420, 027433, and 029250. This jow error rate for the samples indi-
cates a high level of reliability for the Tlaboratory measurements.

GEOCHEMICAL RESULTS
GEOCHEMICAL DISTRIBUTIONS IN GROUNDWATER

Sample Jlocations for groundwater collected in the Chinati Mountains
project area are shown on Plate 1. Areal distribution plots for uranium
and specific conductance are presented on Plates 2 and 3, and Figures
A-1b and A-2b, respectively. A map showing the units from which samples
are produced is presented in Figure 4,

Groundwater data used to generate tables and figures in Appendix A in-
clude all groundwater samples collected within the project area. The
number of groundwater samples collected from each of the stratigraphic
units is given in Table 4.

Observed data for the variables uranium, specific conductance, the
uranium: specific conductance ratio, boron, barium, calcium, 1ithium,
magnesium, molybdenum, strontium, and sulfate are listed in Table A-3.
The figures in Appendix A present log frequency, lognormal probability,
percentile, and areal distribution plots for these same variables and
the wuranium:boron ratio, the uranium:sulfate ratio, silver, aluminum,



Table 2

SUMMARY OF THE MEASUREMENTS CONTROL RESULTS OBTAINED FROM GROUNDWATER SAMPLES
FROM THE CHINATI MOUNTAINS PROJECT AREA, TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS

Batch L-4 Batch H-4
Standard Coefficient Standard Coefficient
No. of Mean Deviation of No. of Mean Deviation of
Element Method Samples (ppb) (ppb) Variation Samples (ppb) (ppb) Variation
U FL(a) 17 0.75 0.351 0.47 1 10.87 0.897 0.08
AS AA(D) 20 3.3 1.1 0.33 17 0.6 0.31 0.55
SE AA 20 b 0.31 0.26 17 0.8 0.24 0.29
AL ps(c) 13 92.0 20.2 0.22 18 330.0 25.0 0.08
B PS 13 1,570.0 62.2 0.04 19 69.0 4.6 0.07
BA PS 12 140.0 3.3 0.02 19 31.0 1.4 0.05
CA PS 14 10,000.0 850.0 0.08 18 91,400.0 6,190.0 0.07
co PS 14 20.0 4.1 0.20 17 90.0 2.9 0.03
CR PS 14 93.0 5.6 0.06 18 18.0 1.8 0.10
Cu PS 8 45.0 1.8 0.04 18 202.0 23.3 0.11
FE PS 3 103.0 L 0.07 18 960.0 50.7 0.05
K PS 14 1,800.0 229.0 0.13 17 19,490.0 937.0 0.05
LI PS 14 16.0 1.1 0.07 18 100.0 5.6 0.06
MG PS 14 9,200.0 420.0 0.05 18 67,900.0 2,710.0 0.04
MN PS 14 20.0 23 6 0 16 96.0 4.1 0.04
MO PS 13 24.0 10.1 0.41 13 11.0 6.3 0.57
NA PS 14 1,600.0 150.0 0.10 18 43,800.0 2,120.0 0.05
NI PS 13 195.0 10.7 0.05 18 37.0 6.2 0.16
P PS 13 90.0 23.8 0.26 17 4,498.0 134.3 0.03
SC PS 13 63.0 2.8 0.04 17 11.0 0.5 0.05
SI PS 14 870.0 164.0 0.19 18 7,940.0 371.0 0.05
SR PS 14 56.29 2.644 0.05 18 5,012.55 170.85 0.03
TI PS 13 118.0 8.2 0.07 18 38.0 4.4 0.11
V PS 12 9.0 1.5 0.15 18 41.0 3.5 0.08
Y PS 14 9.0 1.4 0.14 18 45.0 2.4 0.05
IN PS 14 498.0 42.7 0.09 18 45.0 24.3 0.54

{a Fluorometric analysis.
b)JAtomic absorption.
c)Plasma source emission spectroscopy.

8¢
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Table 3

SUMMARY OF THE MEASUREMENTS CONTROL RESULTS OBTAINED WITH STREAM SEDIMENT SAMPLES
FROM THE CHINATI MOUNTAINS PROJECT AREA, TRANS-PECOS DETAILED GEOCHEMICAL SURVEY. TEXAS

Batch Q-1 Batch R-3 Batch S-3
Standard Coefficient Standard Coefficient Standard Coefficient
No. of Mean Deviation of No. of Mean Deviation of No. of Mean Deviation 0
Element Method Samples (ppm) (ppm) Variation  Samples (ppm) (ppm) Variation Samples {ppm) (ppm) Variation
u FLla) 40 0.79 0.268 0.34 37 4.26 0.469 0.1 38 28,52 2.674 0.09
U ntib) 39 0.67 0.160 0.24 50 4.9] 0.102 0.02 35 26.25 0.797 0.03
as oaaled g 1.8 0.25 0.14 27 3.6 0.64 0.18 19 26.4 3.1 0.12
SE AA 12 0.5 0.31 0.57 28 n.2 0.43 2.02 20 1.4 0.62 0.45
AL psid) 36 9,700.0 490.0 0.05 39 34,100.0 2,730.0 0.08 30 48,700.0 3,430.0 0.07
B PS 38 7.0 3.5 0.46 34 20.0 1.1 0.34 30 61.0 10.3 0.17
BA PS 38 130.0 14.6 0.1 39 454 .0 51.0 0.11 32 314.0 3.1 0.10
BE Ps 37 <l1.0 40 <1.0 32 2.0 4.0 1.74
CA PS 38 1,200.0 100.0 0.08 40 3,100.0 300.0 0.10 31 16,900.0 80.0 0.06
CE PS 37 19.08 3.677 0.19 39 68.82 7.196 0.10 29 55.59 4,968 0.09
ca PS 38 4.0 2.7 0.59 a0 10.0 2.2 0.20 N 330 3:1 0.09
CR PS 38 14.0 2.1 0.14 39 28.0 3.2 0.11 32 65.0 6.6 0.10
cu PS 35 3.0 0.8 0.22 38 20.0 j L] 0.97 30 69.0 2.9 0.04
FE PS 37 9,700.0 350.0 0.04 40 18,000.0 1,070.0 0.06 30 40,800.0 2,070.0 0.05
K PS 37 1,900.0 190.0 0.10 38 9,900.0 930.0 0.09 3 17,200.0 2,000.0 0.12
LI PS 37 9.0 0.8 0.08 39 23.0 1.8 0.08 32 35.0 3.6 0.10
MG PS5 3B 1,100.0 50.0 0.05 39 2,200.0 110.0 0.05 32 5,600.0 260.0 0.05
MN PS 37 37.0 9.9 0.03 40 1,909.0 B7.8 0.05 30 404.0 15.9 0.04
M0 PS 1 <4.0 40 2.0 0.9 0.4 29 43.0 qa7 0.08
NA PS 1 <500.0 40 1,600.0 180.0 0.13 3 1,600.0 220.0 0.14
NB P35 37 2.0 0.7 0.32 41 8.0 4.3 0.49 33 2.0 1.6 0,58
NI PS 37 6.0 el 0.16 41 20.0 3.3 0.15 30 108.0 6.3 0.06
P PS 36 70.0 6.0 0.09 35 2,149.0 217.3 0.10 28 1,441.0 B3.8 0.06
PB PS 28 5.0 3.0 0.50 27 38.0 5.6 0.14 28 21:8 3.6 0.16
SC PS 38 1.0 0.5 0.3 41 5.0 0.8 0.15 32 10.9 0.8 0.08
SR PS 36 19.17 1.320 0.07 39 55.33 4.054 0.07 32 85.56 6.133 0.07
TH Ps 38 -8 1.7 0.74 41 3.0 2.8 0.34 a3 8.0 2.5 0.30
T1 PS 38 572.0 54.8 0.10 39 3,3121.0 369.9 0.1 32 231230 174.9 0.08
v Ps 35 20.0 0.9 0.04 38 b%5.0 4.4 0.08 30 166.0 6.7 0.04
¥ PS 37 4.0 0:3 0.08 39 20.0 [ 0.08 30 330 1.6 0.05
N PS 36 13.0 2.1 0.16 35 93.0 7.5 0.08 29 185.0 12.0 0.06
IR PS 38 30.0 2.9 0.10 38 136.0 10.9 0.08 31 83.0 6.0 D.07
HF PS 27 & 1.577 0.75 27 3.83 2.685 0.70 28 1.95 1.455 0.75
LA PS 28 20.89 3.023 0.14 2l 78.00 15.056 0.19 28 90.61 4.787 0.05

{a)Fluorometric analysis.

b)Neutron activation delayed neutron count
CJAtomic absorption.

d)Plasma source emission spectroscopy.
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Table 4

DISTRIBUTION OF SAMPLES BY GEOLOGIC UNIT CODE
FROM THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEQOCHEMICAL SURVEY, TEXAS

Geologic No. of No. of No. of
Uni%a) Groundwater Sediment Radiometric
Code Samples Samples Samples
QD 8 41 4
TI 1 9 21
TEPC 0 15 0
TECA 7 19 17
TECI 0 6 &
TEMR 1 11 8
TETT 1 0 5
LKSP 1 4 3
LKT 2 10 9
CPUD 1 6 4
UNKN 2 _ 9 1
Total 24 121 78

(a)see Figure 3 for unit names.
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arsenic, potassium, sodium, nickel, selenium, silicon, vanadium,
chloride, pH, total alkalinity, and the sodium:chloride ratio.

The correlation matrix for groundwater geochemistry of the Chinati Moun-
tains project area is presented in Tabile A-2. However, due to the
lTimited number of groundwater samples, Table A-2 has not been used to
interpret the hydrogeochemistry. Discussion of the groundwater geo-
chemistry is given on a sample by sample basis, using the areal distri-
bution plots as a guide to interpretation. The following discussion
will be restricted to ten samples, five which display the highest
uranium values and five which display the lowest values.

Groundwater samples with the highest uranium values are 029189, 027303,
027279, 027331, and 029241.

A spring, represented by Sample 029189 (lat. 29°54'43" N. and Tlong.
104°26'53" W.), flowing from a Tertiary intrusive unit (TI) has a
uranium concentration of 7.34 ppb and a specific conductance of 554
pmhos/cm. This sample also displays relatively high values for the
following variables: the uranium:specific conductance ratio (Figure
A-3b), the uranium:boron ratic (Figure A-4b), silver (Figure A-6b),
magnesium (Figure A-14b), and molybdenum (Figure A-15b). Of all samples
cotlected in the area, this sample displays the highest uranium:boron
ratio (431.76) and molybdenum (100 ppb} vaiue. The areal distribution
plot for boron (Figure A-9b) indicates that concentrations of this
element in this sample are relatively low. The elements silver and
molybdenum are commonly found in nature as sulfides. The presence of
sulfide mineralization together with high uranium:specific conductance
and uranium:boron ratios may indicate a favorable environment for
uranium mineralization.

Sampie 027303 (Jat. 29°59'24" N. and Tlong. 104°32'06" W.) from Quater-
nary deposits (QD) has a uranium concentration of 8.42 ppb and a
specific conductance of 1,421 pmhos/cm. This sample also displays
relatively high values for the following variables: the uranium:boron
ratio (Figure A-4b), silver (Figure A-6b), calcium {(Figure A-11b),
magnesium {Figure A-14b), strontium (Figure A-20b), total alkalinity
(Figure A-25b), and sulfate (Figure A-24b). Of the samples observed,
sulfate (412 ppm) and calcium (199.9 ppm) concentrations in this sample
are the highest. The variables calcium, magnesium, strontium, and total
alkalinity reflect a carbonate influence in the geochemical environment
of the sample. Paleozoic carbonate sequences (CPUD) represent the major
rock type within the area from which the sample was collected.

Sample 027279 (lat. 30°03'25" N. and long. 104°29'53" W.) from Lower
Cretaceous (Trinitian) limestones (LKT) exhibits a uranium value of B8.52
ppb and a specific conductance of 1,279 umhos/cm. This sample also
displays relatively high values for the following wuariables: calcium
(Figure A-11b), selenium (Figure A-18b), strontium (Figure A-20b), and
sulfate (Figure A-24b). The variables calcium and strontium reflect a
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carbonate influence in the geochemical environment. Of the samples
observed, selenium (0.8 ppb) (Figure A-18b) and strontium (1,095 ppb)
(Figure A-20b) concentrations were highest in this sample. High values
for sulfate and selenium in this sample may indicate a sulfide occur-
rence favorable for uranium mineralization.

Sample 027331 (lat. 29°47'17" N. and long. 104°28'01" W.) from Quater-
nary deposits (QD) exhibits a uranium value of 9.64 ppb and a specific
conductance of 2,123 pmhos/cm. This sample also displays relatively
high values for the following variables: aluminum (Figure A-7b), boron
(Figure A-9b), 1ithium (Figure A-13b), sodium (Figure A-16b), nickel
(Figure A-17b), total alkalinity (Figure A-25b), and chloride (Figure
A-22b). The variables boron, lithium, sodium, and chloride may reflect
a saline-type influence on the geochemistry of the groundwater repre-
sented by this sample. Of the samples observed, aluminum (92 ppb},
boron (758 ppb), 1ithium (225 ppb}, sodium (332.2 ppm), total alkalinity
(540 ppm}, chloride (248 ppm), and specific conductance (2,123 pumhos/cm)
concentrations were the highest in this sample. The areal distribution
plots for calcium (Figure A-11b) and magnesium (Figure A-14b) indicate
that concentrations of these elements are relatively Jlow, suggesting
that there is 1little or no carbonate influence upon the geochemistry of
this sample. A white precipitate was observed surrounding the sampling
site. The presence of this precipitate together with the relatively
high concentrations of elements associated with saline environments
suggests significant amounts of sotids in solution. The high sulfate
vajue (149 ppm) may indicate sulfide occurrences possibly faverable for
uranium mineralization. This sample 1s Tlocated near the Red Hills
prospect area where galena, malachite, and pyrite mineralization occur.

Sample 029241 (lat. 29°48'07" N. and Tong. 104°12'32" W.) from the
Morita Ranch Formation (TEMR) displays the highest uranium value (18.34
ppb). The specific conductance is 1,061 pmhos/cm. This sample also
displays relatively high values for the following variables: the
uranium: specific conductance ratio (Figure A-3b), the uranjum:sulfate
ratio (Figure A-5b), sodium (Figure A-16b), and the sodium:chloride
ratio (Figure A-26b). O0Of the samples observed, the uranium:specific
conductance ratio (17.27) is the highest in this sample. The relatively
high values for sodium and the sodium:chloride ratio are interpreted to
be caused by the presence of feldspars and clays within the producing
unit {TEMR).

The five lTowest observed uranium concentrations are found in groundwater
samples from the Chinati Mountains Group (TECA) (Samples 029283, 029257,
029246, 029190, and 029191). These samples also exhibit Tow values for
sulfate (Figure A-24b).

Sample 029283 (lat. 29°57'47" N. and long. 204°24'43" W.) exhibits a
uranium value of 0.75 ppb and a specific conductance of 459 pmhos/cm.
This sample displays relatively high values for aluminum (Figure A-7b),



34

and the sodium:chloride ratio (Figure A-26b). These values are inter-
preted to be caused by the presence of feldspars and clays, major con-
stituents of this volcanic group. The areal distribution plots for
Tithium (Figure A-13b), strontium (Figure A-20b), calcium (Figure
A-11b), and total alkalinity (Figure A-25b) indicate that values for
these variables are relatively low, signifying 1ittle or no carbonate
influence on the geochemistry of this sample.

Sample 029257 (lat. 29°55'51" N. and long. 104°23'25" W.) has a uranium
value of 0.98 ppb and a specific conductance of 619 pmhos/cm. This
sample displays relatively high values for arsenic (Figure A-8b),
selenium (Figure A-18b), silicon (Figure A-19b), vanadium (Figure
A-21b), and the sodium: chloride ratio (Figure A-26b). The variables
arsenic, selenium, and vanadium are considered pathfinder elements for
dranium mineralization.

Sample 029246 (lat. 29°55'59" N. and long. 104°27'07" W.) has 1.01 ppb
uranium and a specific conductance of 677 pmhos/cm. The areal distri-
bution plots for potassium (Figure A-12b), sodium (Figure A-16b), stron-
tium (Figure A-20b), boron (Figure A-9b), and calcium (Figure A-11b)
indicate that values for these variables are relatively low for the
sample.

Sample 029190 (lat. 29°56'17" N. and long. 104°25'33" W.) has 1.29 ppb
uranium and a specific conductance of 818 pmhos/cm. This sample
displays the highest value for silver (16 ppb) (Figure A-6b) and has
high values for aluminum (Figure A-7b), molybdenum (Figure A-15b), and
silicon (Figure A-19b). The areal distribution plots for strantium
(Figure A-20b), barium (Figure A-10b), and sulfate (Figure A-24b) indi-
cate that values for these variables are relatively low.

Sample 029191 (lat. 29°57'14" N. and long. 104°26'09" W.) has 1.83 ppb
uranium and a specific conductance of 767 pumhos/cm. This sample
displays relatively high values for aluminum {(Figure A-7b), barium
(Figure A-10b), and pH (Figure A-23b). The areal distribution plots for
Tithium (Figure A-13b), calcium (Figure A-11b), and silicon (Figure
A-19b) indicate that the values for these elements in this sample are
relatively low.

Summary of Groundwater Data

Samples collected from wells and springs within the Chinati Mountains
Group (TECA) display Tlower wuranium values than samples derived from
other volcanic units (TEMR, TECI, and TI). This agrees with the data
from the HSSR Presidic 1° x 2° NTMS Quadrangle (Uranium Resource Eval-
vation Project, 1978).

Samples which display the highest uranium values are from the Morita
Ranch Formation (TEMR), Lower Cretaceous limestones (LKT), and Quater-
nary deposits (QD}. Samples from the Presidio reconnaissance survey
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from the Morita Ranch Formation (TEMR) have a similar range of con-
centrations as Sample 029241 from the Chinati Mountains project. Sample
027331, producing from QD, occurs within the vicinity of the Red Hills
prospect area where sulfide mineralization occurs.

GEOCHEMICAL DISTRIBUTIONS IN STREAM SEDIMENTS

Sample locations from which stream sediment samples were collected in
the Chinati Mountains project area are shown on Plate 4. Areal distri-
bution maps for hot-acid-soluble uranium (U) as determined by fluoro-
metric analysis and thorium are presented on Plates 5 and 6, and Figures
B-1b and B-4b, respectively. Stream sediment data used to generate the
tables and figures in Appendix B include all sediment samples collected
from each of the geologic units in the project area and are presented in
Table 4.

Observed data for hot-acid-soluble uranium determined by fluorometric
analtysis (U), total uranium determined by neutron activation (U-NT),
thorium, the thorium:U-NT ratio, arsenic, lithium, molybdenum, nickel,
phosphorus, titanium, and vanadium are given in Table B-3. The figures
in Appendix B present log frequency, lognormal probability, percentile
and areal distribution plots for these variables and U:U-NT ratio,
boron, barium, beryllium, cerium, cobalt, chromium, iron, potassium,
manganese, sodium, niobium, scandium, selenium, strontium, yttrium, and
zirconium. Al1 data for the sediment samples are included on microfiche
in Appendix D.

Uranium

The areal distribution plot of soluble uranium values (Plate 5 and
Figure B-1b) shows that the highest concentrations (22.70 ppm.) occur in
the following areas: (1) western Cienega Mountain area {lat. 29°46' N.
and long 104°12' W.) where the dominant geologic formations are the
Perdiz Conglomerate (TEPC), Morita Ranch Formation (TEMR), Tertiary
intrusives (TI), and Quaternary deposits (QD); (2) the Red Hill prospect
area (lat. 29°45' N. and long. 104°28' W.) where bedrock is the Chinati
Mountain Group (TECA), Tertiary intrusives {TI), Cretacecus limestones
(LKT), and Paleozoic marine sediments (CPUD); (3) Wood's Ranch area
(Tat. 29°56' N. and Tong. 104°27' W.) where the units present are the
Chinati Mountains Group (TECA) and Tertiary intrusives (TI); and (4) the
Shely prospect area (lat. 30°00' N. and long. 104°29' W.) where bedrock
is primarily the Shely Group (TECI), assoctated Tertiary intrusives
(TI), Lower Cretaceous marine units (LKT), and Paleozoic marine sedi-
ments (CPUD).

The percentile plot in Figure B-la indicates that the highest soluble
uranium values are from sediments representing Tertiary intrusive rocks
(TI) from all four of the anomatous areas. These intrusives are asso-
ciated with the three calderas present in the project area.
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The areal distribution plot for total uranium [analyzed by neutron
activation (U-NT)] (Figure B-2b) illustrates that the high U-NT values
are generally within the same areas as the high soluble uranium values.
However, the Woods Ranch area has much higher total uranium than soluble
uranium values, suggesting that uranium in the Woods Ranch area 1is
predominantly in an insoluble (resistate) form. The percentile plot
(Figure B-2a) indicates that the highest U-NT values are from sediments
of predominantly Tertiary intrusive origin (TI).

The U:U-NT ratio indicates the percentage of total uranium in sediments
which is present in hot-acid-soluble form. A sample with a high U:U-NT
ratio and a high U-NT value may indicate anomalous accumulations of
uranium in a hot-acid-soluble form. Low U:U-NT ratios in samples with
high U-NT values indicate that the uranium present is probably within
relatively insoluble (resistate) minerals [i.e., zircon, allanite, pyro-
chlore, monazite, and xenotime {(Levinson, 1980)]. The areal distri-
bution plot for the U:U-NT ratio (Figure B-3b) indicates that the
majority of anomalously high uranium values for the Chinati Mountains
project area are indicative of soluble (mobile) uranium. Those sediment
samples with high U-NT values and Tow U:U-NT ratio values are derived
from areas dominated by the Chinati Mountains Group (TECA) and the
associated Tertiary intrusives (TI) (Woods Ranch area}.

The correlation matrix, Table B-2, indicates a significant positive
correlation (20.24), for both Pearson and Spearman correlations, between
the natural log of U and the natural Togs of U-NT, lithium, thorium,
zinc, manganese, the U:U-NT ratio {shown as LUTU), beryllium, niobium,
potassium, cerium, and yttrium. Significant positive Pearson and
Spearman correlations (20.24) are indicated between the natural log of
U-NT and the natural Tlogs of U, 1ithium, zirconium, thorium, iron,
titanium, zinc, manganese, phosphorus, beryllium, niobium, aluminum,
sodium, potassium, cerium, and yttrium. Significant negative Pearson
and Spearson correlations (2£-0.24) are indicated between the natural log
of U and the natural log of calcium. Significant negative Pearson and
Spearman correlation is also indicated between the natural log of U-NT
and the natural Togs of the U:U-NT ratio and calcium.

Thorium

The areal distribution plot for thorium in stream sediments (Plate 6 and
Figure B-4b) indicates that thorium concentrations 28.0 ppm generally
occur in the same area as the Shely and Woods Ranch uranium anomalies,
but they do not generally occur in the Red Hill prospect area or the
Cienega Mountain area.

The percentile plot for thorium in Figure B-4a indicates that the
highest thorium concentrations are located in sediment derived from the
Shely intra-caltdera units (TECI).
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The correlation matrix (Table B-2) indicates a significant positive
Pearson and Spearman corvelation (20.24) between the natural Tlog of
thorium and the natural Togs of U, U-NT, the thorium:U-NT ratio,
beryl11ium and niobium. Significant negative Pearson and Spearman
correlations (£-0.24) are indicated between the natural log of thorium
and the natural log of calcium.

Figure B-5b, an areal distribution plot of the thorium:U-NT ratio, can
be used to delineate those areas which have been depleted or enriched in
uranium with respect to thorium. The thorium:uranium ratio generally
remains about 3.5 throughout differentiation of igneous rocks, however,
hydrothermal veins tend to have lower thorium:uranium ratios suggesting
that thorium is Tless efficiently separated into late stage fluids
(Levinson, 1980). Assuming normal thorium:uranium ratio values of
between 3 and 7, a low value (£2.10) may indicate uranium enrichment
with respect to thorium. The sites of low thorium:uranium ratios are
the Woods Ranch and the Red Hill prospect areas. Samples representing
the Shely prospect and Cienega Mountain areas exhibit normal values for
the thorium:U-NT ratio (2.5 to 4.7).

Related Variables

In addition to U, U-NT, the U:U-NT ratio, thorium and the thorium:U-NT
ratio, other variables which may be useful in identifying areas of
potential wuranium mineralization include arsenic, boron, barium,
beryllium, cerium, cobalt, chromium, iron, potassium, lithium, man-
ganese, molybdenum, sodium, niobium, nickel, phosphorus, scandium,
selenium, strontium, titanium, vanadium, yttrium, and zirconium. The
association of these variables with uranium is based cn areal distri-
bution plots, percentile plots, and the correlation matrix presented in
Appendix B. A discussion of these related variables for each of the
four designated anomalous areas within the Chinati Mountains project
area follows.

Shely prospect area (lat. 30°00' N. and Tong. 104°29' W.). Samples
which exhibit high values for urantum and were collected from catchments
draining the Tertiary Allen Intrusive Complex in the Shely prospect area
also exhibit relatively high values for the elements boron (Figure
B-7b), beryllium (Figure B-9b), cerium (Figure B-10b), Tithium (Figure
B-15b), manganese (Figure B-16b), niobium (Figure B-19b), nickel (Figure
B-20b), and yttrium (Figure B-27b). Samples collected from catchments
draining the Paleozoic marine sediments (CPUD} in the Shely prospect
area which exhibit high uranium values also exhibit high concentraticns
of the elements boron (Figure B-7b), barium (Figure B-8b), beryilium
(Figure B-9b), cerium (Figure B-10b), chromium (Figure B-12b), iron
(Figure B-13b), nickel (Figure B-20b), phosphorus (Figure B-21b),
scandium (Figure B-22b), selenium (Figure B-23b), titanium (Figure
B-25b), vanadium (Figure B-26b), yttrium (Figure B-27b), and zirconium
(Figure B-28b).
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The U:U-NT ratios for samples from both the Tertiary intrusives and the
Paleozoic marine sediments are high (20.86), while the thorium:U-NT
ratios decrease westward from the Tertiary intrusives to Paleozoic
marine sediments (4.0 to 1.1). The area of anomalous uranium concen-
trations (lat. 30°01' N. and long. 104°30' W.) (southwestern section of
the Organ Pipe Hills) represents the contact between Tertiary intrusives
and Paleozoic marine sediments. The elements beryllium, 1ithium, iron,
manganese, vanadium and sodium are noted constituents of oxides and
clays (Levinson, 1980). According to Cofer (1980) and Henry (1980), the
known uranium mineralization present is derived from the Tertiary intru-
sives. The rhyolite porphyries have been weathered to oxides and clays
with which the uranium has been adsorbed. The formation of the Shely
prospect is a result of supergene weathering and precipitation of
uranium in a fracture zone within the Tertiary intrusive. It is
possible, therefore, that groundwater could also have transported
uranium {derived from TI) to the older, fractured, marly marine sedi-
ments (CPUD) where the presence of carbonates and phosphates would have
allowed precipitation of uranium. Therefore, the contact between the
source rock (TI) and the Paleozoic marine sediments (CPUD) may be a
favorable site for uranium mineralization as urano-phosphates or uran-
iferous Fe-Mn oxyhydroxides.

Woods Ranch area (lat. 29°56' N. and long. 104°27' W.). Samples which
exhibit high values of urantum in the Woods Ranch area also exhibit high
values for the variables barium (Figure B-8b), beryllium (Figure B-9b),
cerium (Figure B8-10b), iron (Figure B-13b), potassium (Figure B-14b),
manganese (Figure B-16b), sodium {Figure B-18b), niohium (Figure B-19b),
phosphorus (Figure B-21b), scandium (Figure B-22b), strontium (Figure
B-24b}, titanium (Figure B-25b), yttrium (Figure B-27b), and zirconium
(Figure B-28b). High values for the U:U-NT ratio (20.71) indicate that
the samples representing basins draining the higher areas of the Chinati
Mountains have a high percentage of soluble uranium. Low thorium:U=NT
ratios in this same area signify uranium enrichment with respect to
thorium. This enrichment may be associated in part with the presence of
manganese and phosphorus, perhaps as Fe-Mn oxyhydroxides and/or urano-
phosphates. However, high concentrations of elements such as zirconium,
yttrium, and cerium aiso indicate an association of uranium with resis-
tate minerals such as zircon, allanite, pyrochlore, monazite and xeno-
time. The correlation matrix (Tabte B-2) also suggests an association
between wuranium and elements commonly found in resistate minerals.

Red Hill prospect area (fat. 29°45' N. and long. 104°28' W.). Samples
which exhihit high values of uranium in the Red Hill prospect area also
exhibit relatively high values for the variables arsenic (Figure B-6b),
barium (Figure B-8b), beryllium (Figure B-9b), cobalt (Figure B-11b),
iron (Figure B-13b), lithium (Figure B-15b), manganese (Figure B-16b),
molybdenum (Figure B-17b), nicbium (Figure B-19b), sodium (Figure
B-18b), nickel (Figure B-20b), phosphorus (Figure B-21b), scandium
(Figure B-22b), strontium (Figure B-24b), titanium (Figure B-25b),
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yttrium (Figure B-27b), and zirconium (Figure B-28b). The high con-
centrations of elements such as zirconium, yttrium, niobium, and
titanium indicate an association of uranium with resistate minerals.
The correlation matrix (Table B-2) also suggests an association between
uranium and elements commonly found in resistate minerals. The portion
of uranium that is soluble (mobile) may be associated with clays and
oxides (supported by high values for iron, manganese, beryllium, and
Tithium) or with phosphates as urano-phosphate complexes in the marly
interbeds within the Cretaceous and Permian carbonate units.

The source rock for the soluble uranium is unknown. However, mineral-
jzation within the Red Hi1l1 and Shafter mining districts is attributed
to hydrothermal fluid migration from the South Chinati Laccolith
intrusive into brecciated, faulted, and fractured zones of the Creta-
ceous and Permian limestones.

Cienega Mountain area (lat. 29°46' N. and Jong. 104°12' W.). Samples
which exhibit high values of uranium in the Cienega Mountain area also
exhibit relatively high values for the variables barium (Figure B-8b),
beryllium (Figure B-9b), cerium (Figure B~10b), chromium (Figure B-12b),
iron (Figure B-13b), l1ithium (Figure B~15b), manganese (Figure B-16b},
sodium (Figure B-18b), niobium (Figure B-19b), phosphorus (Figure
B-21b), strontium (Figure B-24b), titanium (Figure B-25b), vanadium
(Figure B-26b), yttrium (Figure B-27b), and zirconium (Figure B-28b).

Once again, the high concentrations for elements such as zirconium,
yttrium, niobium, titanium, and cerium indicate an association of
uranium with resistate minerals. The soluble (mobile) uranium present
may be associated with oxides and clays since high values for the
elements 1iron, manganese, beryllium, and 1lithium {(common 1lithophile
elements) are also exhibited.

Summary of Stream Sediment Data

Anomalous values for U, U-NT, and thorium are concentrated in four areas
designated as: the Shely prospect, the Woods Ranch, the Red Hill
prospect, and Cienega Mountain. In the project area, values for the
U:U-NT ratio indicate the existence of soluble uranium in the Sheley
prospect, Red Hill prospect, and Cienega Mountain areas, whereas insol-
uble uranium is apparently present in the Woods Ranch area.

In each area, insoluble uranium is interpreted to be associated with the
elements zirconium, yttrium, niobium, titanium, and cerium. Soluble
uranium 1is interpreted to be associated with the elements iron, man-
ganese, beryltium, Tithium, phosphorus, and vanadium.

Within the Shely prospect area, the soluble uranium probably originated
from the Allen Intrusive Complex. However, sources for the soluble
uranium in the other areas are unknown.
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are not present, they are unavailable
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Table A-1

STATISTICAL SUMMARY FOR GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS

NQa SAMPLES ANALYZED
BELOW COEFFICIENT ____ LN TRANSFORMATION
MEASURABLE DETECTION DETECTION MINIMUM MAX[MUM STANDARD OF ROBYST
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uss> 24 011 1T.27 4,22 3.17 1.51 4.010 0951 1.00 109 L.06 1«12
us3 23 0.37 43176 62.64 4l1.02 41.91 BT 047 1390 343 149 351 le&7
urssd 24 1-08 826.00 165.16 91.69 119.94 L9T-T24 1197 4.32 1.56 4.40 1=61
AG 13 10 <2 <2 16 8 3 <2 4.2 De5S 201 0.57
AL 10 13 <10 <10 92 32 <10 <10 263 D=8 3.25 069
AS 16 -] €05 €05 113 24 0.7 <05 2.69 le13 D=48 0«85 -0.18 130
8 23 L3 758 128 60 4T L6l .8 la3 4.33 1.03 4.30 106
BA 22 1 <2 <2 216 30 14 13 44,1 1«5 289 098 2.82 099
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CA 23 21.8 199.9 63.9 55.3 63.5 3T 20 0«58 4.04 Q.48 4.02 D486
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cJ 5 18 <2 <2 3 i <2 <2 0.5 0.2 0.94 0.22
FE 16 T <10 <10 111 19 12 15 24.6 13 2069 0«56 248 027
4 23 D7 142 4.8 2.8 2«9 4.50 D94 116 0.91 1«17 la11
LI 23 2 225 4s i3 T 603 1% 2296 1«31 295 134
MG 23 1.8 59.6 18.4 8.3 Ba.5 184.30 099 2+32 0.82 2.31 0. 82
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NOTE: Refer to Table 1, Page 26 and Table C-1, Page C-4 for concentration units and symbol defintions.
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Table A-2

CORRELATION MATRIX FOR GROUNDWATER

OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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NOTE:
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(1) Pearson correlation/Spearman correlation/(sample size).
If either element has a concentration below the labora-
tory detection limits, it is omitted from the pairwise
computations.

(2) Significance levels:
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IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-1b

GEOCHEMICAL DISTRIBUTION OF URANIUM (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-2b

GEOCHEMICAL DISTRIBUTION OF SPECIFIC CONDUCTANCE (uMHOS/CM)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-3b

GEOCHEMICAL DISTRIBUTION OF 1,000+URANIUM/SPECIFIC CONDUCTANCE
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-4b

GEOCHEMICAL DISTRIBUTION OF 1,000-URANIUM/BORON
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-5b

GEOCHEMICAL DISTRIBUTION OF 1,000-URANIUM/SULFATE
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-6b

GEOCHEMICAL DISTRIBUTION OF SILVER (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-7b

GEOCHEMICAL DISTRIBUTION OF ALUMINUM (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-8b

GEOCHEMICAL DISTRIBUTION OF ARSENIC (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR BORON (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-9b

GEOCHEMICAL DISTRIBUTION OF BORON (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-10a

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR BARIUM (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-10b

GEOCHEMICAL DISTRIBUTION OF BARIUM (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR CALCIUM (PPM)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-11b

GEOCHEMICAL DISTRIBUTION OF CALCIUM (PPM)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,

TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-12b

GEOCHEMICAL DISTRIBUTION OF POTASSIUM (PPM)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-13b

GEOCHEMICAL DISTRIBUTION OF LITHIUM (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-14a

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR MAGNESIUM
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-14b

GEOCHEMICAL DISTRIBUTION OF MAGNESIUM (PPM)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS



Lognormal Probability

A-42

s

T
Z3 Samples 23 Samples
s r—
x d
4
® 1
LR A
x 1
4
x
* ¥
x x z. 41 ¥
x E ¥
‘: 3
x g q
x = 34 4
o
- %
L 4
2 "
x
21 V1
X
A
A
14
9
¥
11
Y Y - v 0 T >y v—
L] 100 1000 1 0 100
Molybdenum(ppb) Molybdenum(ppb)
‘Hax imum 2o no nzo
L B
- 670
®-
-
-
o - B4ORwroemille
t* 00 Perceniils
454 1 TSth Percentile
40 4
Z
& =
<
7o 240
o
= ;-
n3
Bth Percentile
154
w0 rfpna
(1]
54 88 Lo
20 ﬁi"i Winimum
o
Geologic
Codes ALL QD Tl KEY
TETT
TECA
TEMR
Sample 23 8 9
Size

Figure A-15a

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR MOLYBDENUM (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-15b

GEOCHEMICAL DISTRIBUTION OF MOLYBDENUM (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR SODIUM (PPM)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
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Figure A-16b

GEOCHEMICAL DISTRIBUTION OF SODIUM (PPM)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-17a

PERCENTILE PLOT FOR NICKEL (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-17b

GEOCHEMICAL DISTRIBUTION OF NICKEL (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-18a

PERCENTILE PLOT FOR SELENIUM (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-18b

GEOCHEMICAL DISTRIBUTION OF SELENIUM (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-19b

GEOCHEMICAL DISTRIBUTION OF SILICON (PPM)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR STRONTIUM (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-20b

GEQOCHEMICAL DISTRIBUTION OF STRONTIUM (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-21a

PERCENTILE PLOT FOR VANADIUM (PPB)
IN GROUNDWATER OF THE CHINTATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-21b

GEOCHEMICAL DISTRIBUTION OF VANADIUM (PPB)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR CHLORIDE (PPM)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-22b

GEOCHEMICAL DISTRIBUTION OF CHLORIDE (PPM)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-23b

GEOCHEMICAL DISTRIBUTION OF pH
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-24b

GEOCHEMICAL DISTRIBUTION OF SULFATE (PPM)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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GEOCHEMICAL DISTRIBUTION OF TOTAL ALKALINITY (PPM)
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure A-26a

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR SODIUM/CHLORIDE
IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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GEOCHEMICAL DISTRIBUTION OF SODIUM/CHLORIDE

IN GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
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PARTIAL DATA LISTING FOR GROUNDWATER OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS

OR SAMPLE D« Oa

NUMBER
27279
27280
27289
27303
27307
27313
27319
27323
273z2s
27331
27413
27428
27432
27440
25154
291886
29189
29190
29191
29241
29246
29257
29275
29283

5T LAT

48-30.057
48-30.046
48-29.,696
48-29.990
48-30.009
48-30.012
48-30.038
48-29.713
48-29.997
45-29.788
48-30.022
48-29.732
48-29.973
48-29.822
48-29.735
48-29.921
48-29.912
48-29,938
48-29.954
48-29.802
43-29.933
48-29.931
48-29.966
48-29.563

E« SAMPLE
LCNG
—-104.438
—104.-514
-104,327
=-108.535
=104.59%
-1084.55%
~—104.558
=104.218
=104.575
—104.467
—=104.462
—-104.294
-104.544
=104a442
—104.24¢&
-108.372
—104.448
=104.42¢
=104 .436
—104.206%
—104.452
=104.3%3
=104.425
-104.412

NUMBEER u sp
L TY REP (PPB) UMHOS/CM
-3—03 Bas5 1300
-3=-03 441 920
=3=03~ 241 720
=-3=03~ Bad 1400
=3=03~ Q.81 1100
=-3=03= 1.8 1300
=3-01- <020 930
=3-03- 2.1 660
=3-03- 0.52 1200
=3-01- Feb 2100
-3-03- 1-9 470
-3=01- 4.3 1200
-3-01- Sad 1000
=3=01— 4al 1200
=3=03= 4.1 500
-3-01- La7 50
-3-01- Ta3 550
=JuQl= 1«3 azo
=3-01- 1.8 770
-3~03 18« 1100
=-3-01- 1.0 680
=-3-03- 0.98 620
=-3-01- D=84 490
=3-01- 075 460

Table A-3

ussp

6.7
4.5
3.0
Sab
Q«Ts
1.5
0«11
a2
0«45
4.5
40
4.2
5«3
3.3
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13.
1«6
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l«5
le7
L6
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(PPM)
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40.
72,

200.
46.
S56a
37.
b8
40a
22
E3.
H2a
T7s

120
39.
49
69,
46.
30.
T9.
55«
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LI

L2PB}

MG
(PPM)
28
60.

Se6
48

Be3
1Te

MO

(PPB)

&
7
<4

SR

{PPB)
1100

580
340
as50
680
740
520
290
560
560
aso
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480
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560
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270

93
230
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91
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160

ENTY
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140
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76
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a2
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APPENDIX B

STREAM SEDIMENT

*Where probability and frequency plots
are not present, they are unavailable
because of the small number of samples.
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Table B-1

STATISTICAL SUMMARY FOR STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS

Hs SAMPLES ANALXZIED
BEL Ow COEFFLCLENT LN_YRANSFORMAY ION
MEASURABLE DETECTICN DETECTION MIN{MUM MAXIMUM STANDARD oF o _ROBUST__
ELEMENT VALUES LINIT LiwrT VALUE  VALUE  MEAN  MEJIAN  MODE  DEVIATICN VARIATION  MEAN Se O MEAN 5. D.
U-FL 121 1:13 12,11 2.46 2426 247 1.284 6.523 0.E2 9.35 0.80 0.30
U=NT 121 130 11410 3.15 2.99 1.89 1.527 0.485 1.07 0.37 105 0.37
TH 17 a <2 <2 21 & 5 a 3.5 0.6 1.67 D.56 1.65 0.50
usTU 121 Da2l la2a 0.80 0.79 0.75 04175 0.2t8 -0.24 0.25 -D.23 0.21
TH/U 121 D.33 7465 2.02 Lay2 1.56 1e126 0.558 055 0.59 056 0.61
AG 2 119 <2 <2 3 2 <2 <z 0.7 0.3 0.90 0.29
A 121 1440 Te?1 4,92 5.47 S.64 1,444 0.301 1.53 0.3a 1.57 0.36
AS 120 i <0.1 <0.1 9.8 2ot FIN) 1.7 lada 0.60 .74 0.55 0.73 0.6l
a 17 104 <10 <10 40 15 <o <10 Tat @5 2 .EE 0.38
BA 121 118 1326 688 720 793 274.0 Oa.8 6odd 0.48 Y [y
BE 119 2 < <1 & 2 2 1 1.2 0.5 .79 Oe51 D.E6 0,43
cA 121 0.98 22.54 6.65 5449 4.10 44254 0.540 1.€8 0.69 1.70 0.71
CE 121 12 208 67 sl S5 35.9 0.5 4407 0.54 4.08 0,56
co ?7 44 <4 < 19 5 <4 <4 207 0.5 1.€9 0.34
R 121 6 118 27 23 1s 177 0.6 3.1E 0.52 3.17 0.83
cu 120 1 <2 <2 40 9 9 9 Se0 0.5 2.20 c.a2 2.19 0 .40
FE 121 Q.78 17.18 3.69 3.36 276 Zaa1a 6.e56 1.13 0.59 1.13 .61
« 121 0.28 2.99 1eda Lake 1.29 U306 0.352 0.28 0.a2 o.32 D.a3
LI 121 11 a3 23 22 19 6.2 D.3 3.13 0.25 3e13 @25
NG 121 0e31 2461 .72 D.00 C.52 0.383 0.5348 —Oaa4 0.43 ~0.46 Daa?
MN 121 198 2901 asa 750 538 441.8 D.6 Ge62 0,52 6461 0.55
] 15 106 < <& 5 4 < <4 0.5 0.1 149 0.12
NA 121 006 2.69 1.30 182 1.80 U606 0.468 0.06 D.77 0.15 0.73
NB 121 s 134 21 L8 17 15.3 0.7 291 0.Sa 2.90 0.58
NI 121 a 101 26 12 1o 26.3 te0 2.87 0.89 2.85 0.80
P 121 59 4358 1104 H55 756 839.1 O.P 6.T1 0.8l 6.73 C .86
sC 121 2 12 6 5 5 2.7 0.5 1.70 C.44 1.70 0.48
SE a5 76 <0.1 <0a1 A4l 0.5 <Dl <Oal V.80 1.58 -1.16 0.83
SR 121 50 a0s 292 Fr-Y ] aze 139.2 G5 S5.57 0,49 5457 09
L 121 843 aress 73867 5975 LTLS 647641 6.9 8.60 0.80 8.60 0.82
v 121 19 520 102 B a3 8543 0.8 4.39 0.67 4,37 0.86%
¥ 121 7 as 25 24 20 10.7 o.a deid a.a2 3.1 0.43
N 121 2t agr 116 126 117 63.4 0.5 A.€4 Q.49 4.54 0.54
zA 121 3o 485 159 156 162 Blet 0.5 4493 0.58 4.95 0.58

NOTE: Refer to Table 1, Page 26 and Table C-1, Page C-4 for concentration units and symbol definitions.
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B-12

Table B-2

CORRELATION MATRIX FOR STREAM SEDIMENT
OF THE CHINATI MOUNTAINS PROJECT AREA,

L=y
sl TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
1y 2
LT
108
€ 121
[T
B.zAse
B340 88 108
(3| €« 1z
—8.280%  -0.10
—0.03 B.228
« ™ t« T
—8.07 o8
-0.14 .06
€1z € 1213
L.
—B.22e8 9.0 B.zane (TSR A1)
=P.2a0ne L L] O.2808 e ITRkd 1.80
(SR E1R] €z « ™ 1213 1z
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NOTE: (1) Pearson correlation/Spearman correlation/(sample size).
If either element has a concentration below the labora-
tory detection 1imits, it is omitted from the pairwise
computations.

(2) Significance levels:
(3) No correlation computed because of insufficient number
of pairs; *wkkky,
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Figure B-la

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR SOLUBLE URANIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-1b

GEOCHEMICAL DISTRIBUTION OF SOLUBLE URANIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR URANIUM BY NEUTRON ACTIVATION
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Figure B-2b

GEOCHEMICAL DISTRIBUTION OF URANIUM BY NEUTRON ACTIVATION
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,

TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR URANIUM FLUOROMETRIC/
URANIUM NEUTRON ACTIVATION IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-3b

GEOCHEMICAL DISTRIBUTION OF URANIUM FLUOROMETRIC/URANIUM NEUTRON ACTIVATION
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR THORIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-4b

GEOCHEMICAL DISTRIBUTION OF THORIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-5a

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR THORIUM/URANIUM
NEUTRON ACTIVATION IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-5b

GEOCHEMICAL DISTRIBUTION OF THORIUM/URANIUM NEUTRON ACTIVATION
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-6a

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR ARSENIC (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-6b

GEOCHEMICAL DISTRIBUTION OF ARSENIC (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-7a

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR BORON (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-7b

GEOCHEMICAL DISTRIBUTION OF BORON (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR BARIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-8b

GEOCHEMICAL DISTRIBUTION OF BARIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-9a

PERCENTILE PLOT FOR BERYLLIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-9b

GEOCHEMICAL DISTRIBUTION OF BERYLLIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-10a

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR CERIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-10b

GEOCHEMICAL DISTRIBUTION OF CERIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS



Lognormal Probability

H s
Cobalt(ppm)

Max imum g L] o0
o=

— 83
E
o
Q.
T 3 58
z
8
40
34
|
| |
| {
|
2l JJzo 20
Geologic
es ALL QD TI
Sample 121 41 8
Size

B 10 12 14 16 1820

no
- 100

L sp

B-34

8¢

42

TECA

48
i 121 Samples
.w-
4 f
/
= %
'}
w58
o
=
S y
g U
& 201 g
L] —
16 4 1 A1
12 4
Y
81 q L] 'l
4 / a4
14
‘- i ; j
8 Z PJ‘I il
1 0 100
Cobalt(ppm)
20 "o (] @
T
|
-+ B4 OPsrrentile
- F D Perrenlie
~THh Percentile
—lln ’
G:u
lbadian
a0
- am
45 |
40 %40 | |
| < Mk Percentile
"
0o e Lﬂ 1I'l--u--
TECI TEMR LKSP CPUD KEY
[ 1] 14 8

Figure B-11a

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR COBALT (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-11b

GEOCHEMICAL DISTRIBUTION OF COBALT (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR CHROMIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-12b

GEOCHEMICAL DISTRIBUTION OF CHROMIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-13a

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR IRON (%)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-13b

GEOCHEMICAL DISTRIBUTION OF IRON (%)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-14a

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR POTASSIUM (%)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-14b

GEOCHEMICAL DISTRIBUTION OF POTASSIUM (%)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,

TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-15a

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR LITHIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-15b

GEOCHEMICAL DISTRIBUTION OF LITHIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-16a

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR MANGANESE (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-16b

GEOCHEMICAL DISTRIBUTION OF MANGANESE (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-17a

PERCENTILE PLOT FOR MOLYBDENUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-17b

GEOCHEMICAL DISTRIBUTION OF MOLYBDENUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-18a

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR SODIUM (%)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-18b

GEOCHEMICAL DISTRIBUTION OF SODIUM (%)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-19a

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR NIOBIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-19b

GEOCHEMICAL DISTRIBUTION OF NIOBIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR NICKEL (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-20b

GEOCHEMICAL DISTRIBUTION OF NICKEL (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR PHOSPHORUS (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-21b

GEOCHEMICAL DISTRIBUTION OF PHOSPHORUS (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR SCANDIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-22b

GEOCHEMICAL DISTRIBUTION OF SCANDIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-23a

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR SELENIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-23b

GEOCHEMICAL DISTRIBUTION OF SELENIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR STRONTIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-24b

GEOCHEMICAL DISTRIBUTION OF STRONTIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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Figure B-25b

GEOCHEMICAL DISTRIBUTION OF TITANIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,

TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS
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GEOCHEMICAL DISTRIBUTION OF VANADIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
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GEOCHEMICAL DISTRIBUTION OF YTTRIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
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Lognormal Probability

B-68

NN

Py 0
121 Samples x
4
» o
- x
* bt
o
0 214
0 4
e
e
“ §
S 154
w g
|9
12 4
20
0 )
5 x
b 8-
2
1
x e
— +r - 0
10 100 1000 10
Zirconium (ppm)
Manimum 4860 T =20 10 a0 1840
280 4
— 3m
00 4 L
2me8
;|0
20 4
- Zua - Mz
L zmp
200 - 190 190 [
i me - m2
& | s L1840 a0z |
E 104 i " 1485 ree
= J 1360 i
&
E !f n4n J
= o
ma
‘ Ei i
| s4n
g 1
|
Geologic
Codes ALL QD Tl TEPC TECA TECI
Sample 121 41 ] 15 19 ]
Size

Figure B-28a

R0

=07
a3
Ll
ma

TEMR

-

boriorte
Zirconium (pom)

Heo

b

i

o

Tm

CPUD

T MDPeroeniile
W0 Percentile
TMh Percentile

Madian

KEY

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR ZIRCONIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS




B-69

b {:]/
L
¥ S &
// l.-
L i -
) .
L . !
LT '\|,‘I St

o ——

]
]!_

Figure B-28b

GEOCHEMICAL DISTRIBUTION OF ZIRCONIUM (PPM)
IN STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS



Table B-3

PARTIAL DATA LISTING FOR STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,

OR SAMFLE De O« E« SANFLE

NUMB ER
27270
27271
27272
27273
27274
2r2vs
2T276
27277
27278
27281
27282
27284
27285
27286
27290
27291
27292
27293
27294
27300
27302
27304
27308
27309
27310
27311
27312
27315
273156
27317
27318
27320
27321
27322
273248
27326
27333
2733
27336
27337
27339
27340
27342
27344
27345
2T 411
2T412
27414
27415
27418
274193
27420
27421
2T 422
2T 423

ST LAT LONG

48-29,728 —104.362
48-29,739 -104,372
48-29,739 —-104,392
4B-29.745 -104.390
48-29.743 —104.405
48-29.747 —104.414
48-25,.747 -104.418
48-29.7T46 -104.427
48-304043 ~104.490
48-30.046 —104.518
48-30.046 —104.517
48-30.053 —104,525
48-30.055 —104,526
4B-30.056 —104,53%
48-29.697 -104.326
48-29,702 -104,.328
48-29.700 -104,3211
4B-29.700 -1044311
48-29.685 -104,314
48-30.001 —-104.505
48-29.791 -104,468
48-29.991 —104.528
48-30,017 —-104,.588
48-30.010 —108,598
48-30,007 -108,596
48-304021 -104,566
48-30.022 ~104.570
4B8-294991 -104.590
48-29.990 1044590
48-29.991 —104.592
48-29.998 -104,.595
48-29.726 -104,351
48-29.724 - 104,348
4B-29.706 —104.324
48-29.712 -104.320
48-29.974 —104.543
48-29.792 - 104,468
48-29.780 —104.473
4B-29.757 —-104,439
B48=29.763 —104.444
48-29.799 -104,483
48-30.011 —-104.485
48-30.003 -104.476
48-29.,999 -104.,493
48-29,.,987 -104,.495
48-29,.,988 -104.528
48-29.993 -104.514
48-30.022 -104.461
48-30.034 -104.459
48-30.025 —-104.476
48-30.021 -104.455
48-30.006 -104.489E
48-29.993 —-104.508
48-29.,991 —104,.507
48-29.990 -104.513

TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS

NUMBER
L TY REP
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
-3—§ 8-
—3-15-
-3-15-
~3-15-
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
=3-15~
-3-15-
-3-15-
-3-15-
_]_lﬁ‘
-3-15-
-3-15-
-3-15- "
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
—3-15-
-3-12-
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
-3-12-
-3-15-
-3-12-
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-
-3-15-

U
(PPM)

2.0
2.9
14
15
2«3
2.3
2.0
2.8
1.7
15
1«5
1.3
1«6
11
Le6
2e7
25
1«9
1.8
240
3.1
2.8
19
17
2.0
2al
2.0
2.6
2ed
2.0

lLeb
2ad
2a2
2«5
1«5
25
2eb
2«8
2«6
1.8
3.8
246
69
2a1

3.2
2.2
27
26
3.1

17

12.

249
2.4
2.2

U=NT
(PPM)
3.6
3.0
2.3
24
3.3
3.1
2e8
3.6
19
20
|
L7
1.9
1.8
2.8
3.3
2a6
2.5
2«5
2a
3.2
2.9
19
19
2.0
23
242
2.4
2.8

25
25
2%
2a9
J.3
2.9
3.0
3.0
27
4.0
a4
4.7
3.5
6.8
2«3
3.9
2a7
3.5
27
3.2
la4
9.8
3.7
25
247

TH
(PPM)

A

A

M

WNONNNOWURWONDON DL ONNIIONDPNDPUNNOOOU RN UNEPFPNNWWNWEWES®EDWLND

THsU

2.2
Qa67
1.3
1.3
2.4
1.3
1.5
0.83
L&
0.50
1.6
1.8
0«53
Lel
led
1.2
2.7
2.0
0.40
1.8
1.6
2.8
4.2
4.2
2+5
0.87

1.7
2.1
3.2
2ab
2a8
3.1
2.8
1.8
0«69
D67
1.7
1«5
2.0
a2
26
1«7
1«8
26
077
22
3.7
3.7
2.2
1«4
L7
2.4
080
1«1

A5
(=M}
2.4
Leb
1.3
LaT
2.0
2ud
Z2ah
23
Je8
1s6
Va3
0«5
lal
1«3
2.8
2«8
2a6
2.0
2.2
la2
3.9
2«3
1.9
2.7
4.2
Ja2
3.8
1.8
2w
2a 8
440
la7
2.8
3.0
3s5
243
4.8
4.2
S5al
6.9
2.4
15
Se3
1.7
2«0
1.7
L«
2a7
1.7
3.9
J«8
2e5
1.7
1eb
el

LI

MO
(2PM}

L3 §
(PPM)
10
L]
7
g
9
10
a8
11
s

11
10
13

20

8
18
17
L1
sa
10
11
12

€2
58
10

P
(PPM)
T30
460
430
400
640
670
Tao

T30
940
B60
TEO
470
650
730
920
3100
1500
1800

TI
{PPM)
13000
11000
2900
2000
7700
8000
5300
14000
1500
1200
1400
1600
3600
3100
6200
11000
10000
6500
6000
950
5900
35000
1800
1700
2800
1100
1400
4800
11000
12000
4200
5300
4400
5500
7700
7600
5800
6700
3200
22000
38000
2100
2500
1600
8600
12000
16000
2400
6400
2100
840
1600
2900
14000
7000

Ll
(PPM)

250
140
47
130
100
120

GL-4



Table B-3, Continued

PARTIAL DATA LISTING FOR STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS

OR SAMPLE D« O« E« SAMPLE NUMBER ¥ U=NT TH TH Y AS LI MO NI Tl v
NUMBER ST LAT LONG L TY RE®™ (PPM) (PPM) {PpPM) (PPM) (Pa2u) {2PM) {PPM) (PPM) (PPM) (PPN}
27424 A4B-29.T714 -104.308 -3-15— 1.9 3.0 S 1.7 4.1 22 <4 €2 aso 12000 200
27425 A48-29.720 —-104.298 —-3—-15—- 1.5 17 13 Tab <0.1 18 <4 76 as0 5200 o7
27426 AB-29.727 —-104.297 -3—-15- la7 2.0 & 3.0 2.4 22 <4 9 620 3200 68
27427 A4B8-29.T732 —104.29€ —3-15- 1«9 2.0 2 1.0 2.9 17 <4 10 600 4300 75
27429 4B-29.739 -104,.283 -3-15— 1.5 1.9 3 L« 4.1 19 <4 13 650 3900 as
27430 48-29.741 —-104.284 -3-15— 2el 1.8 5 2+ 8 1.6 11 <4 71 1800 13000 220
27431 48-29.747 -104.284 -3-15- 1.3 13 4 3.1 4.8 16 <4 75 1100 11000 260
27433 48-29.969 -104.545 -3-15- TS 11 21 1.9 7«2 15 <4 71 4400 33000 450
2Taa1 48-29.822 - 104.437 -3-15- 2.7 3.3 6 la8 Ba2 28 5 10 2700 a100 1o
27443 A4B8-29.822 -104.435 -3—-15- 2.3 3.2 3 0«4 4.8 31 5 a 2500 6000 84
27446 48-29.835 -104.414 -3-15- 4.2 5.0 -] 1«6 4.7 31 5 & 1500 6500 82
27447 48-29.,837 -104,416 -3~-15- 3.6 3.9 7 1.8 240 3z “ L-1:} 1700 7100 99
27452 48-30.009 -104.483 -3-15- 30 249 10 Jus 1«3 25 <4 59 180 1300 27
27453 48-30.008 -104.487 -3-15~ 3.0 4l a 2+0 L8 22 <4 55 230 1600 30
27455 48-30.006 -104.475 -3-15- Lea 1.9 7 3.7 1.0 20 <4 b 210 1700 30
27459 48-29.995 -104,492 -3-15- 2«1 2.5 2 Q.80 2.4 40 <4 16 570 3700 83
27460 48-29.985 —-104.495 —-3-12- 2.5 241 2 0.95 Det 21 <4 -] 3700 7300 a2
29152 48-29.735 -104.240 -3-15~ 2.0 3.6 a 2e2 2ab 28 <& 10 1500 7300 76
29153 48-29.725 -104.219 -3-15~ 1.8 L8 <2 0«56 1.9 23 <a 28 1100 5400 a3
29155 4B8-29.746 —104.213 -3-15- 2.0 2.7 -] 2e2 2.7 25 <& 13 1400 a3oo 100
29158 4B8-29.749 —104.207 -3-15- 248 2.9 2 0.69 1.9 24 <4 14 70 5600 76
29160 4B-29.684 -104.234 —-3—-15 L8 2e1 9 4.3 2.0 20 <& 11 460 7o00 120
29162 4B8-29.651 —-104,223 —3-15- L7 1.9 T 3.7 1«7 21 <a 12 630 5100 90
29172 A48-29.690 -104.221 -3-15- 1«5 1.9 L] 3.2 2.0 27 <a 13 470 2700 62
29174 A4B-29.,706 -104,197 -3- - 1«5 2.0 -] 3.0 1e5 27 <4 25 1000 4000 61
29176 4B-29.696 -104.195 -3— - 1«4 1.8 3 a7 1a7 139 L 28 1300 7600 120
29177 4B8-29.704 -104.191 =-3-12- 3.1 3.0 4 1.3 1.8 22 <4 14 1000 3300 49
29178 48-29.722 -104.196 -3-15- 2«5 3.2 4 1.3 2.2 23 <a 11 1600 8900 100
29179 48-29.723 -104.197 -3-15~ 29 3.3 T 2el 2a2 34 <4 a8 10400 4100 48
29182 48-29.T26 —108.190 -3-15- 2T S5«3 4 075 4 a0 28 <8 10 la00 L2000 140
29183 48-29.726 -104.191 -3-15- 1.9 2.6 B 3.1 2.3 23 <a 1l 1600 6200 Ta
29223 4B-29.758 —-104.210 —-3—-15- 25 3.4 9 2a6 La7 25 <a &7 770 4800 T2
29225 4B8-29.758 -104.213 -3-15- 1.8 2.2 1o 4.5 2et 15 <4 €aq 820 4800 66
29226 48-29.758 -104.244 —3-15- 1«6 2.8 10 3.6 Lad 25 <a &0 910 7100 93
29227 A48-29.768 —104,205 -3-15— 3.3 39 9 243 1+5 43 <a 56 380 3600 50
29223 A4B-29.811 —104,203 =-3-15- 17 2.0 4 2+0 18 18 <a 100 1500 11000 160
29230 A8-29.779 —-104,20% —-3-15- 2.2 3.8 B 2e1 1.8 LE <4 10 580 aToo0 53
29231 A4B-29.775 -104,207 -3-15- 2.0 3.0 - 1.7 Lot 28 <4 15 930 5100 70
29232 A48-29.774 -1084,206 =3-15- 1.9 246 -] 243 2.0 26 <4 14 760 5500 a1
29234 A4B-29.784 -104.208 —-3-15- 5.5 Sef T 1.3 1.7 40 <a L2} 610 4200 63
29238 48-29.683 -104.283 —3—-15- 1.5 247 3 1.1 17 24 <a 13 1400 6900 a3
29239 48-29.686 —104,25€ —-3—-|5~ 1«5 2.3 5 2.2 27 2e <4 10 510 4700 76
29240 48-29.698 -104.2%58 -3-15- 1«7 2.7 7 2e6 2al 24 4 10 1300 6500 75
29242 48-29.801 ~-104.208 —=3-15- 2.5 3.4 3 O.88 2.1 22 <4 14 L6000 900 120
29243 48-29.801 -104.206 -3-15- 2.5 3l -] 1«9 2.0 23 <a 17 aro 4700 66
29244 48-2%.919 -104.421 -3-15- 2e86 4.7 9 La3 Oa7 13 <4 ] 37co 199000 170
29245 48-29.918 -104.421 -3-15- 3.2 S5e3 5 D58 3.9 i6 <a 7 1600 7800 7l
29247 a4B-29.520 -104.821 -3-15 2.8 Gal 2 Dty Jet 15 4 S 1800 5800 56
29285 A48-29.923 -104,420 —-3-15- Z2e8 Gaed 13 2.0 Ls0 20 <4 7 1900 11000 96
29249 48-29.939 - 104,815 -3-15- 23 6e0 2 0«33 Qe &g <4 s 2700 11000 130
29250 4B-29.918 - 104,406 —3-15- 2sl 10 4 Jea4 2e1 2u <& 13 2900 31000 3o
29251 48-29.919 —-104.398 —3-15~ 2+ € 3.9 & I«5 1«0 20 <a ] 2400 11000 130
29252 Aa4B8-29.921 -104.388 -3-15- 248 3.7 12 3.2 1.7 20 <4 < 1o 3600 45
29256 48-29.949 -104,436 -3-15- 2.8 3.3 3 091 Qa7 L& ] 7 2200 g100 110
29277 48-29.962 -1084,415 -3-15- 2.3 3.3 4 1.2 2ed (8] 4 14 1200 #4300 a7

L£-9



Table B-3, Continued

PARTIAL DATA LISTING FOR STREAM SEDIMENT OF THE CHINATI MOUNTAINS PROJECT AREA,
TRANS-PECOS DETAILED GEOCHEMICAL SURVEY, TEXAS

OR SAMPLE Ds Ue E« SAMPLE NUMBER u U=NT Tk TH/U AS Ll MO NI e T1 v
NUMBER ST LAT LCMG L Ty REP (PPM) (PPM) (PP M) (PPM) (PaM) (PPM) ({PFM) (PPM) (PPM) {PPM)
29278 4B8-29.964 —104.415 -3-12- 3.2 3.7 12 3.2 0.9 20 S 3 1500 6400 55
29280 48-29.973 —104.,407 -3-15~ 2.0 2.8 4 L4 2.2 33 <a 49 2100 11000 130
29281 48-29.969 —104.406 -3-15~- 226 3.5 L3 1.7 1.8 23 <& L] 2000 15000 130
29331 48-29.789 —104.472 -3-15- 3.7 3.1 T 2.3 3.1 33 <4 €3 1000 7300 120
29332 48-29.771 —-104.455 —3-15- 3.3 3.0 T 2.3 9.8 23 <4 -1 1400 8100 110
29333 AB-29.776 —-104.460 =3-15- 2+2 3.4 4 1.2 3.4 3z <& 18 1100 4700 76
29334 A48-29.775 —104.459 -3-15- 245 2.9 & 2al 3.7 28 <4 21 1500 8600 120
29335 4B-29.797 —104.482 -3-15— 2.3 3.1 i 2.3 3.8 31 <4 21 2100 9300 140
29350 48-30.025 —104.481 —-3-15— 1.9 1.8 5 2+8 1=2 17 <4 15 110 B850 19
29352 48-30.019 -104,456 —3-15— 3.5 .4 16 a7 1=7 29 <4 19 400 2100 31
29353 AB-30.018 -104,456 —3—-15— 206 3.3 15 4.5 1a1 32 <4 17 290 2500 33

¢L-4
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Table C-1

COMPUTER CODE LIST OF GEOCHEMICAL VARIABLES

Variable(a)

Uranium Mea5ure? by
Fluorometry

Uranium Measured by
Mass Spectrometry(b)

Uranium Measured by
Neutron Activation

Arsenic
Selenium
Silver
Aluminum
Boron
Barium
Beryllium
Calcium
Cerium
Cobalt
Chromium
Copper
Iron
Hafnium
Potassium
Lanthanum
Lithiun
Mangesium
Manganese
Molybdenum
Sodium
Hiobium
Nickel
Phosphorus
Lead
Platinum

{a)1f natural logarithm of variable is used, L or L- precedes the variable code.

Code

U-FL
U-MS
U-NT

AS
SE
AG
AL
B

BA
BE
CA
CE
co
CR
cu
FE
HF
K

LA
LI
MG
MN
M
NA
NB
NI
p

PB
PT

Variable(a)

Scandium

Silicon

Strontium

Thorium

Titanium

Vanadium

Yttrium

Zinc

Zirconium

Sulfate (ppm)

Chloride {ppm}

Conductivity from Lab (umhos/cm)
Conductivity from Field {umhos/cm)
Dissolved Oxygen {ppm)

Air Temperature (°C)

Water Temperature {°C)

pH

pH Measured by Lo Ion Paper
Total Alkalinity (ppm)
M-Alkalinity {ppm)
P-Alkalinity (ppm)
Carbonate {ppm){c)
Bicarbonate {ppm){c)
Undissociated Carbonic Acid {ppm){c)
U-NT/U-FL

U-FL/U-NT

TH/U-NT

1,000.U/5P

1,000-U/8

1,000-U/50

Sodium/Chloride

Log of Sedium/Chloride

Code

sC
ST
SR
TH
TI

IN
ZR
S0,
cL
CT-L
CT-F
Lo
ATEM
WTEM
PH
PH-P
T-AK
M-AK
P-AK
cB
BC
CAB
Tu/U
u/Tu
TH/U
u/sp
U/B
U/s0
NA/C
LN/C

{(b)1f method is not specified for waters, U-FL is used, except where value is below

laboratory detection 1imit in whichcase U-MS is substituted if it is available.

{c)These variables were approximated using cubic spline functions to fit the curves in

Hem (1970}, p. 155.
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Table C-2

OAK RIDGE GEOCHEMICAL SAMPLING FORM
SHOWING FIELD DATA RECORDED ON MICROFICHE

OAK RIDGE GEOCHEMICAL SAMPLING FORM

Type of Vegetation Sample Color (Except Plants)
(Within 1 Km Upstream)
E Card Mumber C Conifer 72 uiu niu
Conifer & Deciduous ] I
D Decid
GENERAL SITE DATA 8 [ erusn v v Px Ak
G Grass L Light fO Red
Attach identical m e M Madium GN Green
Sample Number Here T Lichisn D Dark BU Blue
a Other CL Clear B B
: GY Gray
. WH White BK Bisck
Density of Vegetation YL Yellow T v
T5_] (Within 1 Km Upstream] @R Orange T, Oaas
[ 8 [ s [10]11] B Barren Odor of Meterisl
BEEREI s Sparse N None
— M Nt .S
N EER N ED [N KL D Dense 7] Other
- Map Code v Very Dense
[ 73 1 Results Requast
w‘. Type Local Relisf (R | | (Use Remarks)
m = 57 (Within 1 Km Upstream)
Stream y F Flat (<2m)
H Lake Sediment O (2-15m) E
ST | Stream Water G| ] Gentie  (15-60m) - s
w Well Water [ Moderate  (B0—300m)
P Soring Water H :;:w (>300m) PLANT SAMPLE
L Lake Water 2 e Number of Plants Sampied
A Bog Water {Number of grabs for moss)
B Plant 8 [T = TR Bi
F Soil (Use Remarks) C Caim (o Clear I Toe o
G Rock P Lt Wind L Pt Cidy Lt 4o sbin igtcund)
2 Other v Windy L] Overcst
R V. Windy W Rainy 23 |24 |25 | Plant Height (m)
Gale Snowy {Average of Plants Sampled)
E Replicate Letter (A-2) Classes of Contaminants Name of Tres, Declduous
a0 L3 28
Hour [ B ﬁ N] | None Al Ao verde [U] |Locust
L5 M Mining (Use Remarks) A Ash P Maple
| T ) | A1 | Adriculture B| |Besch W || Mesauite
F Oil Field 1 Birch K Dak, Other
EDQERED 1 Industry 3] Box Elder v Olive
’ -] S F Cherry Popliar
I i
||| cotiectors iviate P 1| Power Plant N |c a5 ]5
uU Urban E Elm I Salt Cedar
e Crher H Hackberry ¢ Walnut
Prasa (P. 1, 2, or G) C Hickory X Willow
Average Stream Velocity (m/ec) Ff Huisache Other
31 Fisld Sheet Status TRETINT Li Live Dak
ST | Original N = Mo Visible Movemant Namae of Tres, Coniter
€ Correction P= Pool 27 27
"] Voiding A N. Wh. Cedar |L Larch
ELZLIZE C Cedar, Other [P Pine
FF] Conwol Sample Water Width (m) F Fir 5 Spruce
A Sediment, High U H Heml @ | ] Other
B Sedi LowU AR J Juniper
C Water, High U I
D Watsr, Low U | Average Dapth (m) Name of Bush
a Other 28 20
Water Lovel A Alder L] Witch Hazel
343513837 g 10 B | . | Blueberry Y Yew
: 5] Dry N Normal P Pussy Willow | @ Other
® | Air Tempersture (°C) P Pools H High
L Low F Flood Name of Moss
Locstion -
Stitude Thude Dominant Bed Material P Paat
] Min. | Sec.| Min. T E{i§ Sobingnam (five)
Sl el el [E] ] e g
=1 [+ Cobble
P Pebble Algee
s Sand 30
51|82 8] 84] T Sin G Blue-Green
Surface Gaologic Y Clay B Brown
Unit Code N None (Use Remarks) Q Other

UC N1 102
" =17
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Table C-2, Continued

OAK RIDGE GEOCHEMICAL SAMPLING FORM
SHOWING FIELD DATA RECORDED ON MICROFICHE

STREAM OR LAKE SEDIMENT [FUTWTIWIYY] idantiiastion of Praduoing Harisen  Lsa of Well
(Geologic Unit Code)
Sample Cond|tion !
= [] Municipal
- = ot A ing Horizen i H Hous shald
W | el 1 3 Stock
H High Degree 1 brigation
Eempie Treswessr R Probable A All of sbove
5 Possible X Hoand S
N Mone Source of Produciog Horizon idemtificstion 1 Hoand |
3 $i 1 =T H Sondl|
) Other 7] | Pulicstion N Nons
] Owrar [] Other
L EL User my of Pumplng
Mmber of Grad G Geologic infersnce #
Other C fhourly)
ﬁ :‘ Froquent (daily )
Metorial (Fisld Estima g )
% Organic (Field Estimate) E S R Rare (no recent use)
GENERAL WATER SAMPLES MWTI?#;FM“M“
Water Sample Trastrmest
1 WELL WATER 4 (Meters
Type of Well !
N None v Contidonce of Producing Depth
T1] hcidind ow T s 7
A Aciditied u'ru Do Fae : s
A [l tersd G Dug R Probable
e U L S Possible
Depth of Visibility m) -
Pe Clasaification Source of Producing Depth Infommetion
"'_‘ 3y
C = Cloar l s Fiow [F 1| Publication
Electric L} Owner
Oﬁ_hm; I 1] User
isn ] Wind S Geologic Int
= iH = i
Other
Dissoived Oz (ppm| Casing Total Well Depth
FEE PR T Nove (Beiewe Wete Tuble) e
o L]
Tomparsturs (*C) Steel (Maters)
] Galvanized
ﬁ b Plsatic Confidence of Total Depth
u Unknown ]
E g1 | other ikl
Fipa Composition 2 Probeble
pH by Lo-lon Paper T Possible
: z‘:." 5 Source of Total Depth Information
Total Alkal e y
BEEY inity (ppm) 3 -
m P Plastic Publications
P Alkatinity (ppm) U A 2 Owey
mity [ | Other g User
Geologic Inference
Sample Locath =
EETE w v e Siacafl a1 oo
ol Mk = | Moters from Well Hesd LAKE WATER
l._._”'.':""' H = Holding Tank (Use Remarks ) Type of Lake
== -
0 Cioer Whers Sample Taken
M Murky With Respect To Preasure Tank Noturs!
A Algal m Ml ] Menmad
:ﬂ____ Other Bafors Laks Arsa
(T8 00 AN REBELY ;:Tﬂ S [Val a7 ea ]88
maure T
Discharge (liwrania} From Pre! Tenk (Use Remarks) (8Q km)

REMARKS (Card &)
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Table C-2, Continued

OAK RIDGE GEOCHEMICAL SAMPLING FORM
SHOWING FIELD DATA RECORDED ON MICROFICHE

OAK RIDGE GEOCHEMICAL SAMPLING FORM

Attach Identical
Sample Number Here

Results for Procedure 31

Results for Procedures 34-41

FIELD DATA SUPPLEMENT

Total Gamma - Scintillometer {counts/minute)

TG WT®]  Variables and Procedures
L] are listed below

s for Precedure 32 Gamma Spectrometer

Wl [ae s [=

TOTAL COUNTS (CPM)

. ¢ POTASSIUM (%)

POTASSIUM (CPM)

.. e URANIUM (ppm)
URANIUM (CPM)
L] e THORIUM (ppm)

i THORIUM (CPM)

Note To Sampler: Blocks 16-20 Not Used
Should Be Marked Out.

00 NOT KEYPUNCH

Procedures 34-41

34

Uranium (ppb)
Flucride (ppm)
Nitrate  (ppm)
Sulphate (ppm)
Phosphate (ppm)
Ferrous Iron (ppm)
Total Iron  (ppm)
Turbidity %T)

Readings made in Counts per

READING BACKGROUND

VARIABLE ACTUAL cPM ACTUAL CPM

RESULTS

TOTAL
COUNTS

POTASSIUM

URANIUM

THORIUM

UCH- 119924

79)
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APPENDIX D

MICROFICHE OF FIELD AND LABORATORY DATA
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APPENDIX D

MICROFICHE OF FIELD AND LABORATORY

CONTENTS

Laboratory Data

Well Water (W) & Radiometric

Stream Sediment (M)}

Field Data

Page 1

DATA

17-77
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CHINATI MOUNTAINS PROJECT AREA, TRANS-PECOS DETAILED GEOCHEMICAL SURVEY

ERA SYSTEM SERIES MAP CODE GEOLOGIC UNIT
CENOZOIC QUATERNARY RECENT QD ALLUVIUM AND OTHER QUATERNARY
DEPOSITS
TERTIARY TI INTRUSIVE IGNEOUS ROCKS
----—_—‘-—--———- ————— A SN S S S S S A—
OLIGOCENE TERL RAWLS FORMATION
FRESNO FORMATION
TEPC PERDIZ CONGLOMERATE
TETT PETAM BASALT
TASCOTAL FORMATION
MITCHELL MESA WELDED TUFF
DUFF-PRUETT FORMATIONS
TECA CHINATI MOUNTAINS GROUP
TECI SHELY GROUP
TEDP BRITE IGNIMBRITE
TCA CAPOTE MOUNTAIN TUFF
TCBH BRACHS RHYOLITE
CHAMBERS TUFF
EOCENE TGCB COLMENA TUFF
GILL BRECCIA
BUCKSHOT IGNIMBRITE
TVJ VIEJA GROUP (UNDIVIDED)
TEMR MORITA RANCH FORMATION
MESOZOIC CRETACEOQOUS UPPER UKPO PICACHO FORMATION
CRETACEOUS OJINAGA FORMATION
SAN CARLOS FORMATION
LOWER LKSE SANTA ELENA LIMESTONE
CRETACEOUS LKSP SUE PEAKS FORMATION
DEL CARMEN LIMESTONE
TELEPHONE CANYON FORMATION
Y LKT SHAFTER FORMATION
PRESIDIO FORMATION
PALEQZOIC CPUD MINA GRANDE FORMATION
ROSS MINE FORMATION
PINTO CANYON FORMATION
CIBOLO FORMATION
ALTA FORMATION

SOURCE OF GEOLOGY:

1. BARNES, V. E.; GEOLOGIC ATLAS OF TEXAS, EMORY PEAK-PRESIDIO SHEET (PRELIMINARY SHEET, 1977).

2. BARNES, V. E.: GEOLOGIC ATLAS OF TEXAS, MARFA SHEET (PRELIMINARY SHEET, 1978).

3. CEPEDA, J.C., "THE CHINATI MOUNTAINS CALDERA, PRESIDIO COUNTY, TEXAS, " IN CENOZOIC GEOLOGY OF THE
TRANS-PECOS VOLCANIC FIELD OF TEXAS, pp. 65-84 (1978).
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PLATE 7

GENERALIZED GEOLOGIC MAP
OF THE CHINATI MOUNTAINS
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s 2




104’40’ 10U°30° - 10U’ 20 104°10° 1pU” 0

i | | | | | |
4
e | —
30° 0’ %a’?@‘{%{ —
B 2315%*?{334’29‘2: 225:39
LEGEND
2950 | mso:u ' 4] + SOIL, ROCK, AND OTHER
29°U0" — e o
|
: - 2R 8
CHINARTI MOUNTARINS PROJECT HRER
‘ TRONS-PEEES DETAILED GEOCHEMICAL SURYES
29°30" | ] | RADIOMETRIC SAMPLE LOCATION MAFP
0 10 20 30 y0 MILES
! . : . — . i ] SCALE 1: 250000

0 10 20 30 4o 50 60 KILOMETERS 78 SAMPLES PLOTTED










