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ABSTRACT

The uranium favbrability of- the Marfa 1° by 2° Quadrangle, Texas,.was evaluated

usjng criteria established for the National Uranium Resource Evaluation.  Only that
portion in the United States was evalQated. Surface and subsurface studies, io a 5,000

_ft (1500 m) depth were empléyéd, along with chemical, petrologic, hydrogeochemical,

.'.and airborne radiometric data. The entire quadraﬁgle, is in the Basin and Range
Provihce, and is characterized by Tertiary silicic volcanic rocks (both caldera and
6utﬂow facies), overlying mainly Cretaceous.carbonate rocks and sandstones.

Strandplain sandstones of the Upper Cretaceous San Carlos Formation and El
Picacho Formatiqn possess many favorable characteristics and are tentatively judged
.as ‘favorable fo.r sandstone-type deposits (Class 240). However, reductants have not
been found in outcrop, and there is no known uranium mineralization.

The Tertiafy Buckshot Ignimbrite contains uranium mineralization at one loca-
tion, the Mammoth Mine. This deposit may be an éxar‘np_lga of the hydroauthigenic class
('530); alternatively it may have formed by reduction of uranium-bearing ground water
produced during diagenesis‘ of tuffaceous sediments of the Yieja Group. Although the
presehce of the deposit indicates favorability, the uncertainty in thé process that
formed mineralization makes delineation of a favorable environment or area difficult.
The Allen IntrusionsA are favorable for authigenic deposits (360). Basin fill in several
bolsons possesses characteristics that suggest favorability, but insufficient data are
available for complete evaluation.” - Accordingly, these bolsons arc (.‘I';lssifiod. as

“unevaluated. ‘/\ll Precambrian, Paleozoic, other Mesozoic, and other Cenozoic

environments are unfavorable.
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INTRODUCTION

PURPOSE AND SCOPE

The Marfa Quadrangle, Texas, was evaluated to identify and delineate geologic

~units and areas exhibiting characteristics favorable for the occurrence of uranium

aeposits. Surface and subsurface data were used to ¢valuate all environments to a
depth of 5,000 ft (1500 m). Because subsur,facé data in the area are sparse, evaluation
of the suﬁsurface was based primarily on extrapolation from surface data. All
geologic environments withinbthe quadrangle were ‘cl‘assifi'ed as favorable, unfavorable,
or unevaluated, using the recogn.ition criteria of Mickle and Mathews (1978). A
favorable environfﬁent in this study is defined as one that could contain at least 100
tons U308 with an average grade of at least 100 ppm UBOS'

Evaluation of this quadrangle was a joint effort of Bendix Field Enginéering
Corporation (BFEC) and The University of Texas at Austin Bure_au of - Economic
Geology (BEG) for the National Uranjum Resource Evaluatic;n (NURE). NURE is
managed by the Grand Junction, Colorado, office of the Departmerit of Energy. -
BFEC was responsible for evaluation of pre-Tertiary rocks, which-are predominantly

sedimentary rocks, and BEG was responsible for evaluation of the Tertiary rocks,

which aré predominantly igneous or igneous-derived sedimentary rocks.

ACKNOWLEDGMENTS

Discussions with other geologists, particularly A, W. Walton (University of
Kansas), J. A. Wilson (The University of Texas at Austin), Pat Kenney of Marfa, Texas,
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' L. F. Brown, Jr., and V. E. Barnes.
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property to examine geologic relationships, to examine uranium occurrences or
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this study could not have been done.

This research was funded by Béndix Field Engineering Corporation (subcontract

78-215-E), under prime contract to the U.S. Department of Lnergy (contract number

DE-AC13-76GJO1664). .

- PROCEDURES

Because the evaluation of this quadrangle was a cooperative effort, this section
is divided into two parts, one applicable to the BFEC contribution, written by W. P.
Wilbert, and the other applicable to the BEG contribution, written by C. D. Henry and

T. W. Duex.

" Bendix Field Engineering Corporation

BFEC was responsible for the pre-Tertiary rocks and Quaternary sediments in
the quadrangle. During Phase | of the evaluation, Wilbert, in cooperation with the
BEG, reviewed the literature and compiled maps and information on uranium occur-

rences. During Phase Il (6/30/78-9/30/79), literature research continued and ficld
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work was p_érformed. Field work consisted of (1) éxarnining known uranium occur-
rences and areas -of anomalously high radioactivity as reported in Preliminary
Reconnaissance Reports (PRR'S)__of. the 1U.S. Atomic Energy Comrmission and (2)
ide_‘ntificatipn and examination of other areas of potential mineralization on the basis.

of geologic inference and the literature. Rock samples (App. B) and scintillometer

(Mt. _Sopris' SC-132) readihgs were taken at each accessible occurrence and also’

randomly throughout the quadrangle. After initial reconnaissance, radiometric (scin-
tillometer) traverses were run and samples were cqllected for geochemica_l analy;is.
4In addition to areas of anomalously high radioactivity, sampiés were taken from areas
where radiometric background was -low to establish a "normal" background foAr a
p.articular rock unit in a certain area. This technique was also-used to fill geographic
gaps. No regular pattern for sampling was used.

-Fluorometric determination of chemical U404 content and emission spectrog-
raphy for 29 elements were obtained for all rqck samples. Analyses were performed .at
three laboratories: Skyline Labs (Tucson, Arizona); Core Laboratories (Albuquerque,
New Mexico); and the laboratories at BFEC's Grand Junction (Colorado) facility.
Gamma spectroscopy was also done at BEEC Grand Junction laboratory after emission
spectrographic analysis and U308 determination. Except for-eight samples (MGE-[OB,
MGE-lAOI#V, MGE-105, MGE-106, MGE-107, MGE-109, MGE-110, and MG_E-]IZ) splits
sent to..Grand Junction were of insufficient volume to make gamma spectroscopy
feasible. Thﬁs, only thcsc cight samples have values in the eK, elJ, and eTh columnsv in
/\ppendix‘B.

Subsurface ‘data consisted almost entirely of widely spaced (average approxi-

mately 15 mi; 24 km) electric logs from hydrocarbon tests. While too widely spaced to
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be of much value in regional eva‘luation of an environment, these tests can be of local
value. Data from numerous mineral exploration holes were no:t available.

Integral parts of the evaluation consisted of incorporation of airborne radio-
metric data_ (LKB Resources, 1979), hydrogeochcr'nical and stream-sediment reconnais-

sance (Union Carbide, 1978a and b; Butz and others, 1979), and detailed studies into a

- geologic framework.

Bureau of Economic Geology

Procedures used by the Bureau of Economic Geology are similar to those used by
Bendix Field Engineering C_orporation with a few minor differences and one major
difference in concept of evaluation discus;ed below. Minor differences include (1)
Phase I lasted from 8/15/78. to 11/15/79; and (2) a Geometrics model GR-101A
scintillonﬁeter was used i»nplace of the Mt. Sopris mode] used by.Bénd'ix, and a Scintrex
GAD-6 gamma-ray spectrometer with a 3-inch sodium iodide crystal was usgd locally.
The spectrorﬁeter is awkward to transport on foot in the rugged terrain of Trans-Pecos
Texas and was used only where access allowed. |

Samples collected were anélyzed at the Bureau's Mineral Studies Laboratory
under the supervisioﬁ_ df: Dr. Clara Ho, Chemist~in—chérge. ‘Uranium analysis was by a
t_otal—fusioh ﬂuorometrié procedure. Multielement analysis for 30 elements was by
inductively coubled argon plasma spectrometer. In addition, some samplés were sent
to Uranium West Laboratbry for analysis of uranium aﬁd thorium, by neutron
activation. Splits of all samples were sent to Grand Junction for analysis by gamma-
ray ‘spectrosco‘p‘-y as réquired by the contract. . However,l no gafnr’na-ray ana'lysés were

provided.
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The major difference in methodology employed by the Burecau of Economic

Geology concerns an attempt to understand the processes that could lead to uranium

ore formation .in volcanic terrain, a relatively frontier field for uranium exploration.

Although employed extensively, this approach can best be illustrated by using the

extensive Tertiary tuffaceous sedimentary sequence “as an example. Epigenetic

uranium deposits require three factors acting together: (1) a source rock that has

released uranium, (2) migration of the uranium from the source to a site of
entrapment, and (3) entrapment and enrichment of uranium in a deposit, commonly by

6 q. All three factors can be identified in Trans-Pecos Texas.

reduction of u*® to Ut

The metaluminous to peraikaline igneous and igneous-der.ived sedimentary rocks
contain high background concentrations of uranium (up to 20 ppm). -In tuff.aceoﬁs
sediments the uranium is predominantly tied up-in volcanic glass shards and pumice
fragments.v The tuffaceous sediments are highly permeable. Potential trap' rocks exist
in both the Tertiary sediments, either in channel sandstones containihg organic trash
or in lacustrine' debosi'ts vwith t.hin b:ut extensive lignite beds, and in unde.rlying
Cretaceous sedimentary rocks. The key to evaluating uranium favorability in relation
fo the tuffaceous sediments is understanding the release part of. factor 1. The
sedimeﬁfcs have undergone open—hydrologic-System diagenesis (Hay and Sheppard, 197?;
Walton, 1975;‘ Botros, 1976; Hively, 1976) in which the gla's‘s shards are dissolved by
through;flowing ground water. All chemicai constituents of the shards, including
uranium, are placed in solution in ground wa‘ter, scemingly an ideal situation for long-

distance migration of uranium and formation of major deposits. However, previous

work (Walton, 1978; Walton and others, in progress) indicates that in some types of

alteration of glass, uranium enters into solution, but does not migrate sufficient
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distances to be concentrated. Other iypes of alteration do allow long-distance
migration (Galloway énd Kaiser, in press). Without long-distance nigration of
‘uranium, the tuffaceous sediments are only potential source rocks.

We have used extensive sampling of the tuffaceous sediments along with
chemical analysis, particﬁlarly of uranjum and thorium, petrographic analysis to
identify types of alteratiqn, and fission-track-mapping to ident-ify sites of uranium in
unaltered (glassy) and altered sediments, to evaluate whether or not diagenésis has
released significant quantities or proportions of’uranium from the potential source
rocks. If significant quantities have been released from a given area, that area or
potential trapping environments down hydrologic gradient must be considered highly
f‘avorable. 1f only small or unmeasurable quantities of uranium 'have been released, the
area is much less favorable. Under the latter case the area is not necessarily totally
unfavorable, however. Release of only 1 ppm of uranium fromn a large volume of
source rock could creaté immense deposits, althoughbsuch release would Be difficult to
ascertain b){ almost all anal)/tical methods.

Uraniferous fluorite comprises a second example. " High concentrations of

uranium are irregularly distributed in fluorite, even within a single depbsit. The

| process that leads to erratic enrichment is not understood other than that the fluorite

is in general contact-metasomatic in origin. -Understanding the controls of uranium
distribution in fluorite would allow better evaluation of. tl;e possible existence of
significant uraniferous fluorite deposits and could provide an effective exploration
technique.

Investigation of the subsurface favorability of the Tertiary rocks has been done

entirely from examination of surface exposures and extrapolation to depth. This
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approach is feasible, and excellent regional crosssections can be constructed (Fig. 2,
Pls. 8 and 9) because Trans-Pecos Texas is an area of high relief and is cut by
numerous normal faults. However, logged wells are sparse, and none provide usable

information about the Tertiary rocks other than giving total thickness. In some arcas

.of extensive Quaternary cover, subsurface relations of the volcanic and volcaniclastic

* rocks can only be surmised, especially where rocks derived from different source areas

F

interﬁnger.

The currently available aeroradiometric data (LKB Resources, 1979) are con-
sidered of little value. None of ihe known major. uranium prospects were located,
probably because the 5-mi (8-km) spacing is too wide and the area is geologically toe
complex. A total ef 159 equivalent U aeroradiometric anomalies were identif‘ied by
the survey; LKB Resources identified six of these as "preferred anomalies" (Pl. 3).
Hewever, field examination of several of the preferred anomalies revealed no
anomalous uranium. Additional aeroradiometric surveys at 0.25-mi (0.4-km) spacing
have been done in some areas. However, the results of these surveys are not yet

available.

GEOLOGIC SETTING

The Marfa Quadrangle, an area of 4,200 mi2 (11,000 l<m_2), is located in the
soufhern Basin aﬁd Range Province of Trans-Pecos Texas. The quadrangle is bounded
on the cast by long 104°W. and on t"he north and south, respectively, by lat 31° N. and
30°N. The western boundary follows the Rio Grande, which crosses lat 3I°N. at about

104°34" and lat 30°N. at about 104°41'. The Rio Grande roughly follows the boundary

between the Basin and Range Province and the Chihuahu_a Tectonic Belt, a Mesozoic
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depocenter complexly deformed during Laramide time. Physiographically, the western
half of the quadrangle consists of a series of mountain ranges separated by fault-
bounded basins. The northeastern half is occupied by the high Davis Mountains, which
ar‘e largely unaffected by Basin and Range faulting. Rocks in the quadrangle range in
age from Precambrian to Recent. .

Precambrian Rocks

Precambrian rocks crop out only in the north-central part of the quadrangle,
primarily in the Carrizo Mountains, one of the structurally highest parts of Trans-
Pecos Texas. Smaller outcrop areas occur in the Wylie Mountains to the east, the Van

Horn' Mountains to the south, and the Eagle Mountains to the west of the Carrizo

Mountains.  Precambrian rocks consist of a thick sequence of metamorphosed

sedimentary rocks (limestone, phyllites, schists,.quartzites), which are intruded by

metamorphosed rhyolite and diorite. This sequence is thrust to the north over a thick

sequence of limestone, volcanic rocks, and sandstone that has also undergone extreme -

deformation. The age of the rocks is late Precambrian, although there is evidence of
previous deformation. After Carrizo Mountain deposition, alluvium now designated
Van Horn sandstone (McGowen and Groat, 1971) was deposited. Thickness of the

formation in the Marfa Quadrangle is undetermined. Precambrian rocks occur in the

e W

subsurface throughout much of the quadrangle; with the  exception of the Carrizo
Mountain area, Precambrian rocks-probably occur at depths greater than 5,000 ft (1500
m).  Details of Precambrian geology are summarized by King and Flawn (1953), 1{ay-

Roe (1957), Twiss (1959), and Underwood (1963).
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Palecozoic Rocks

Two distinct facies represent the Permian Syvstem. The first facies is composed
chiefly of pure to slightly silty shelf carbonates that crop out in the Delaware Basin,

Guadalupe Mountains, and the extreme northwestern portion of the Marfa Quadrangle.

This -facies is represented by the Hueco and Victorio Peak Limestones and the Seven

" Rivers Formation. The second facies consists of the Cibolo, Pinto Canyon, Ross Mine,

and Mina Grande Formatiohs. This "dirty" (sandy, cherty, shaly, at places conglom-

eratic carbonate) facies is present to the south of the "clean" facies and crops out

. chiefly in Pinto Canyon and in the Presidio Quadrangle to the south. The "dirty" facies

represents marine environments .of varying subsea depth. The increased volume of
terrigenous admixture, reflecting increased detrital influx to the south, may be

associated with local uplifts of sédimentary rocks originally deposited in the ecarly

" Paleozoic Ouachita Geosyncline.

A total of about 6,000 ft (1800 m) of Permian rocks is preserved at:thc surface in
the quadrangle. About 3,300 £t (1000 rﬁ) of sandstone, shale, and conglomerate in the
south part of Pinto Canyon is thought to be of Late Pennsylvanian age (Amsbury, 1958)
and is designated the Cieneguita Formation (Jones and Reaser, 1970).

The ;'difty" Pérmian facies is host for the silver and base-metal deposits at
Shéfter, Téxas,- in'the‘ Presidio Quadrangle. There are no known silver, base-metal, or
uranium occurrences in other Permian rocks of the Maffa Quadrangle. .

Older Paleozoic rocks may be present in the subsurface, but probably at depths

greater than 5,000 ft (1500 m).

10
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Cretaceous Rocks

Cretaceous sedimentary rocks may be divided into two megafacies: (1) an Early
Cretaceous, almost Bahama-like, complex of carbonate banks (now thick "nondescript"
limestones with minor dolomite) and (2) a Late Cretaceous sequence of fluvial and

strandplain sandstone, prodelta clay, and minor, very shallow water carbonates. In

contrast to. the Permian, this division is temporal, not geographic. Cretaceous rocks

of equivalent age are similar throughout the quadrangle. The lithology differs slighﬂy,
but not 'sigr)ificantly. |

Early Cretaceous carbonate deposition was interrupted only.occasi'onally by
influx of sand, mud, and gravel. Clastics Become finer grained and less abundant
H-igher in the sequence. Early Cre‘taceous time was tectonically the most stable
period, represénted by sedimentary rocks in the Marfa Quadrangle. Aggregate
thickness is several thousand meters. |

Deposition of the Ojinaga Formation, a prodelta black :slxale, marked the -
beginning of the Late Cretaceous regression. Progradation, chiefly from the west
(Weidie and others, 1972), culminated in the mainly continental El Picacho Formétion.
Continental deposiﬂonal environments existed earlier in the Ckétaceous, mainl); at the
time of» depobsition of the Cox Sandstone, but these environments were relatively
ephemeral and intertongue with thicker marine carbonates.

Total 'thickﬁess of the progradational unit, from the base of the Ojinaga

Formation to the base of the overlying Tertiary volcanic pile, is about 3,300 ft

(1000 m).

11
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Tertiary Rocks

The Tertiary rocks are predominantly volcanic rocks or vélcaniclastic sediments.
Intrusive rocks occur almost exclu;ively in a few volcanic centers in the Davis, Wylie,
and Eagle Mountains and near the southwest corner of the quadrangle. In general,
several -volcanic centers both within and ouiside the quadrangle produced thick
'sequences of lava flows and ash-flow tuffs. Thick seciuences of waterlaid andiminor
air-fall tuffs separated by a few, thin ésh—ﬂow tuifs and lava flows accumulated in
basins between érUptive centers. The Davis Mountains are ﬂ1e major volcanic center
- in the area, but the Chinati Mountains in the Presidio Quadrangle immediately to the
south . probably provided much of the volcaniclastic sediment within the quadrangle.
Smaller volcanic centers occur in the Eagle Mountains and probably the Wylie
Mountains; another cehter, whith provided some volcanic material to the quadrangle,
occurs in the northern Quitman Mountains just off the northwest edge o‘f the
quadrangle.

‘The Davis Mountains consist of a series of alkalic, silicic flows and pyroclastic
units with subordinafe rﬁafic flows. Major activity was limited to a period between 38
and 35 m. y. ago (Parker and McDowell, 1979), but other volcanic units are of late
Eocene to Oligocene age. The volcanic rocks were intruded by stqcks, sills, and dikes
of approximately the same cornpositional range during thé latter part of the period of
eruptive activity. No calderas have been positively identified in the Davis Mountains
within the Marfa Quadrangle, although the presence of numerous major ash-flow tufls
suggests that calderas must occur there.

The Chinati Mountains and an area arouod them, including parts within thev Marfa

Quadrangle, were volcanic centers ‘through ‘much of the Tertiary. Documented

12
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volcanic activity in the Chinatis is dominantly around 3] m.y. old (Cepeda, 1979), but
reconnaissance hy the authors shows the presence of an older resurgent caldera, partly
truncated by the Chinati Caldera, along the south—central border of the quadrangle.
Also several small rhyolite-porphyry intrusions occur along the south border of the
quadrangle.

' The Eagle M‘ountains appear to be a resurgent caldera, having a thick sequence

of caldera-filling ash-flow tuff. Volcanic rocks derived from this caldera have been

- largely eroded away in the Eagle Mountains vicinity. The Wylie Mountains may also be

é caldera but are now so highly dissected that only a central intrusion, possibly a
resurgent dome, remains. Volcanic rocks of the Garren Group, south of the Wylie
Mountains, may have been erupted from this area.

Muc}h of the volcanic material in the quadrangle consists of tuffaceous sediments
of the Vieja Group in the Sierra Vieja and various equivalents in the south and
southeast parts of the quadrangle.. The Vieja Group is divided into three scdimentary‘
formations separated by an ash-flow tuff and a major rhyolitic lava flow. Probably all
of the volcanic centers discussed above contributed material to the sediments at
various times. The major éources were probably in the Davis Mountains and Chinati
Mountains. Contributions. from the Eagle and Wylie Mountains may have been more
minor. A

The Mitchell Mesa Welded Tuff was erupted from the Chinati Calderé about
3] m.y. ago. It caps the Vieja Group throughout much of vthe Sierra Vieja and is the major
ash-flow tuff of Tra‘ns—Pecos Texas. 1t also caps the undifferentiated Pruett-Duff

Formations in the southeastern part of the quadrangle. The Pruett and Duff

13
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Formations are time-equivalent to the Vieja Group sediments; continuity of the two
sequences beneath younger rocks in the south-central part of the area is uncertain.

The Tascotal FFormation ove:rlie's' the Mitchell Mesa in the southern part of the
area. It was deposited as an alluvial fan of tuffaceous sediment derived from the
Chi'nati Mountains during waning stages of pyroclastic activity (Walton, 1979).

Total thickness of the tuffaceous sedimentary sequence ranges up to 3,300 ft
(1000 m) in the central part of the Sierra Vieja. Open—imydrologic—éystem diagenesis has
converted the initially glass-rich tuffaceous .sediments to a zoned assemblage of
zeolites, including clinoptilolite and analcime, montmorillonite, opal, and calcite.
Glass was preserved only in upper parts of the Vieja Group in the southern Sierra Vieja
énd in the upper part of the Tascotal Formation. biageﬁesis probably occurréd
pgnécdntemporaneously withv deposition of the sediments.

The Petan Basalt caps fhe Mitchell Mesa or the Tascotal Formation in the
southern part of the quadrangle; several similar basalts at the western edge of the
Davis Mountains and all the Way north to the Wylie Mountains have been correlated
with the Petan. |

The Perdiz conglomerate is a thick alluvial fan composed of volcanic debris shed
from the Chinati Mountains following cessation of pyroclastic activity there (Walton,
1978; Jordan, 1978). Perdiz caps the Tascotal Formation or Petan Basalt throughout
much of the southern part of the qUédrangle. It consists of a coarse boulder
conglomerate in proximal arcas grading to finer sediment in distal areas. The Perdiz
is diagenetically altered, ha.ving calcite in proximal arcas and a combination of opal-

clinoptilolite and montmorillonite in distal areas. Diagenesis occurred in a hydrologic
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system apparently unrclated to that which affected the underlying tuffaceous sedi-
ments.

- Basin and Range faulting began about 23 m.y. ago, following cessation of almost
all' igneous activity (Da’sch and others, 1969; McDowell and Henry, unpublished data).

Faulting has broken the western two-thirds of the quadrangle into a series of north- or

‘northwest-trending mountain ranges, separated by basins (bolsons) largely filled with

debris shed from the ranges. Major basins are Lobo Valley - Ryan Flat, Eagle Flat,

‘Red Light Bolson, Presidio Bolson, and Hueco Bolson. Most of the latter two arcas

occurs in the Presidio Quadrahgle and Van Horn Quadrangle, respectively. Basin {ill is

as thick as 4,000 ft (1250 m) in Lobo Valley and in Presidio Bolson but is generally

t‘hinnér in the other bolsons in the Marfa Quadrang}e. The bolsons were closed basins
during deposition.. Basin-fill deposits grade from coarse boulder conglomerate
(accumulated as alluvial fans adjacent to the range) to fine mud (toward the middle of
the basin). Playa-lake and evaporite deposits occur in Presidio Bolson and probably in
other basins, but the others are relatively undissected, so basin{entgr fécies are not
exposed. Integrétion of the Rio Grande drain;ge system has destrOYGd the closed-
basin nature of the bolsons along the Rio Grande. Lobo Valley and Eagle Flat are still
part of a closed basin, which drains into Salt Basln_ to the north in the Van Horn
Quadrangle. However, both surface and ground water drain out of Lobo Valley and
Eagle Flat at present. | |

‘Igncous activity ‘during basin filling was negligible. Numerous dikes along I\asin‘
and Range faults in the Sierra Vicja may have fed l)a‘lsalf {lows interbedded with basin-
fill deposits. Rhyolitic volcanism and ash deposition were no£ active after about 26

m.y. before present, however.
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Quaternary Rocks

The Quaternary Period was characterized by valley filling, in part a éontinuation
of bolson-fill deposition. LiAthol'ogy of the fill consists of mud, sand, and gravel,
chiefly volcanic debris derived from the Tertiary volcanic piles. Lithology varies,

depending upon local sources of fill. Degree of induration varies with caliche content.

ENVIRONMENTS-FAVORABLE FOR URANIUM DEPOSITS'

SUMMARY

Three environments_in the Marfa Quadrangle are favorable for uranium deposits.
One area (Area A, PL 1), 10 mi (16 km) north of 'Ca'ndelaria, meets some of the
criteria for both non-channel-controlled peneconcordant sandstone-type dep.osits and
"T‘exasf'—type roll fronts (Class 240, Subclasses 244 and 242, Austin and l)'/\rﬁjrca,
1978). Potential host rocks are the El Picacho - San Carlos sequence, which includes
strandplain and fluvio—del.taic'Upper Cretaceous sandstones. |

The Buckshot Ignimbrife contains significant uranium mineralization of uncertain
origin at one location: the Mammoth Mine. Although the area around the Mammoth
Mine is considered favorable, the uncertainty in origin makes precise delineation of a
favorable area difficult. We have designated Area B, Plate | as potentially favorable.
However, this area was chosen more from ignorance as to origin of the Mammoth Mine
than from a thorougl‘i_ knowledge of the uranium favﬁrability of the arca. A complete
discussion of the geologic setting, possible mechanisms of uranium mineralization, and
rationale for selection of favorable areas is given below. The Allen Intrusions (Area C,

Pl. 1) are favorable for authigenic deposits (Class 360).
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Sinall uranium shows in other arcas have been thoroughly explored and judged

unfavorable.

- EL PICACHO - SAN CARLOS SEQUENCE

Porous and permeable sandstones of the .Upper Cretaceous (Gulf) El Picacho and
“San Carlos Formations are favorable for sandstone-type uranium deposits in an arca .
'extehding al‘ong the Rio Grande from 15 mi (24 km) north of Candelaria, Texas, to
about 35 mi (56 km) north of Candelaria (Area A, Pl. 1). The favorable area is entircly
west of the Buckshot Rim. Becausei the boundary between the formations is
paleontologic, no attempt was made in this study to differentiate between them; the
entire section from the top of the. Ojinaga to the base of the overlying Tertiary
volcanic pile is referred to as the El Pic:achov.~ San Carlos sequence. Tuffaceous
sediments and ash—ﬂow and air-fall tuffs of the Tertiary Vieja Group are likely sources
of uranium-bearing fluids.

The El Picacho)— San Carlos sequence meets important criteria for "Texas"-type
roll-front u‘raniunll deposits.. Host-rock [ithology; uranium source, sandstone geoimnetry,
local structures, associated rocks, and inferred depositional environments are verly
similar to regipns where "Texas"-type deposits are found. - However, host—roc‘k
“lithology, potential .uranium source, and §andst6ne geometry are criteria for non-
channel-controlled peneconcordant uranium deposifs (Subclass 244) that the sequence
also mccﬁs. Significant criteria for Subclass 244, which are not present .in the Bl
Picacho - San Carlos scquence, are (1) an adjacent highland, toA serve as a source for
t.he potential host rocks, (2) mudstone interbeds, derived largely from devitrification

of overlying tuff (mudstone interbeds are thought to be lagoonal and/or interdistri-
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butary deposits), and (3) the absence of fault-controlled porosity. Because the
sequence has not been studied to a great extent and is inaccessible by véhicle, the
sequence is here considered favorable for both "Texas"-type deposits (Subclass 242)
an;j for non-channel-controlled peneconcordant deposits (Subclass 2&4). Subclass 242 is
m;Jch more likely because the seq.ugnce meets more recognition crife_ria for that
" subclass.

Sandstone beds in the sequence are 10 to 17 ft (3 to 5 m) thick. They consist of
fine- to medium-grained, fairly well sorted, quartzose to feldspat'hié arenites. The
beds are generally blanket-like, but a few are lenticular. Both are crossbedded.
Marine and bra_ckis.h—water fossiis (mostly pelecypods) aﬁd Ophiomorpha burrows are
' éommo'n in the blanket sandstone beds, but are found very infrequently in the slightly.
coarser-grained channels (tidal channels?). Mudstones, coal beds, and lignite inter-
finger with the sandstone. These interbeds are interpreted as lagoonal in the lower
part of the sequence and as interdistributary or bay deposits in the ubpcr part. A
sequenée of strandplain - barrier-bar deposition‘al environments grading upward, as
progradation continued, into fluvio-deltaic depositional envirohments is inferred.

The sequence is broken into areally small. fault blocks by both Basin and Range fault-
‘ing and Rio Grande rifting. The faults, mainly normal faults,Athat bound the blocks
may serve as conduits for descending uranium-bearing waters and also as conduits
‘for ascending sour gas from fetid Lower Cretaceous limestones éccurring'at depth.

There ivs no visible organic trash preserved on outc‘rops_of the sandstone beds,
This does not preclude the possible presence of organic debris ‘in the subsurface.
Becausé coal beds and interbedded shales are present, disseminated organic trash is

likely. Many sandstones that host large uranium deposits, such as the Westwater
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Member of the Morrison Formation in the Grants (New Mexico) Mineral Belt, show no
organic debris on weathered outcrops. It is abundant in the non-oxidized subsurface.

Another likely reductant is sour gas ascending along faults. This mechanism has been

used to explain the South Texas. Tertiary deposits (Galloway, 1977; Goldhaber and

others, 1978). The coal beds may serve as local reductants. Also, there are no

: 'pbreseryed sulfides megascopically visible on outcrops.

Faulting, both by producing clay gouge and by juxtaposing permeable and
felativély impérmeable beds, furnished aquacludes that may help localize deposits.

There are no known uranium occurrences in the El Picacho - San Carlos

sequence. However, near the Capote Mountain graben, Reeves and others (1979)

reported "anomalously high" radioactivity, which they attributed to escaping radon. If
this is so, a likely source‘bf the radon might be'uv_ranium deposits in the Upper
Cretaceous sequence. Rock samples from the éequencé in the favorable area do not
show any bleaching or megascopically visible alteration, but the qualification mega-
scopically should be emphasized. Detailed petrographic study of numerous samples,
precluded by time constrainis in this study, may show that the feldspars are intensely
altered. Also, ghosts of sulfid_es or minerals suggestive of a nearby deposit or
mineralization front might be observed in thin-'sef:ti.on. No redox boundary or paleo-
water table was identified in this seqﬁence. |

HSSR grdund—wéter data (Butz and 0ther§, 1979) are sparse, hut reveal slightly

elevated molybdenum, arsenic, vanadium, and uranium in a well on the McCutcheon

~ Ranch 15 mi north of Candelaria. This is the only ground-water data point in the

favorable area. Stream -sediments (Butz and others, 1979), as expected, show high

uranium values. Uranium in the stream sediments is mostly derived from the overlying
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Vieja Group tuffs and tuffaceous sediments. Aeroradiometric data (LKB Resources,
1979) reveal one major anomaly (Anomaly 120) over the favorable area. This anornaly
is "distinguished by strong equiyalent uraniumv/equivva]ent thorium and equivalent
urénium/potassium ratios," indicating. a concentration of uranium relative to other

radioactive elements. Scintillometer readings taken over the Cl Picacho - San Carlos

" sequence (250-300 counts per second) are uniformly five to six times those taken over

the dense Lower Cretaceous limestones. The favorable area's radioactivity is about

twice that of the lithologically similar Aguja Formation 80 mi (130 km) southeast in

‘ the Emory Peak Quadrangle. The radioactivity is about the same as that of the Marfa

Basin, an intermontane basin filled larggly with volcanic detritus.

| Access to the favorable area is subject to nearly constant flooding by the Rio
Grande and tributa.ry-arroyos. It was inaccessible during most of .Phase Il and an
adequate sampling program was impossible without horses or burros. Three roék
samples (MGE-123, MGE-124, MGE-125) show very low (average 2.5 ppm, App. B).

U308' concentrations. The age-equivalent Aguja Formation, which crops out ‘only in

"~ the Emory Peak Quadrangle, has been extensively sampled. Average UBO8 concentra-

‘tion is & ppm. The Aguja is almost identical lithologically to the El Picacho - San

Carlos sequence, but it is unfavorable for uranium deposits, because it does not

immediately underlie a tuff. There are no 6utcrops between Area A and the Aguja

oufcrop néar Study Butte; hor is there sufficient subsﬁlrface information to establish
facies or thickness trends that would improve the evaluation.

In summary, there are no l<n'own uran‘ium occurrences in the favorable arca,.but
the lithology of the El Picacho - San Carlos sequence is such that it would make an

excellent host. Favorable lithology together with proximity to a possible source and
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favorable, although scant, HSSR and aéroradioactivity data lead us to conclude that
the Upper Cretaceous continental and marginal marine sandstones in Arca A are
favorable..

Because little is known about this sequence, the entire outcrop, from Pilares,

Texas, southward along the Rio Grande to the Candelaria area, is judged as favorable.

~ There is also little information regarding subsurface extent or thickness of the

favorable sequence. Thicknesses of 3,300 ft (1000 m) weré reported by Barnes (‘1979b), .
but because. of erosion and a presumed irregular lower Con'tact, an average thickness of
1,650 to 2,300 ft (500 to 700 m) is reasonable.

Area A contains no towns or permanent residents. It is all privately owned. A
'dirt road paréllels the.Rio Grande on the U.S. side, but is often impasSable due to
wash-outs. vP'ermission to travel on that road, and information on passability, may be
obtained in Candelaria or in Pilares.

Detailed studies in the favorable area, particularly measurement and Corfélation |
of sections, Would greatly enhance the evaluation. Such_studies, extensive petrologi;
work, and more thorough geochemical sampjing might help to delineate areas or

targets of "greater favorability" within Area A.

BUCKSHOT IGNIMBRITE AND MAMMOTH MINE

The Mammoth Mine in the Buckshot Ignimbrite is one of the most significant
uranium prospects in Trans-Pecos Texas. This fact alone suggests that the Buckshot
should be considered a favorable environment. However, the origin of mineralization

-

at the Mammoth Mine is uncertain; several hypotheses have been offered (Bilbrey,
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1957; Nye, 1957; Anderson, 197 5; Pilcher, 1978) and our alternative interpretation is not
identical with any of thesc. Selection of a favorable environment on the basis of the
Manﬁmoth Mine is entirely dependent upon its presumed mechanism of formation. For
this reason it is necessary to discuss the regibnal setting and possible mechanisins of
mineralization in some detail. |

- Regional Setting

 The Bucl<sh6t Ignimbrite is one formation of the Vieja Group, a '3,500 t (1100 m)
thick section of tuffaceous sediments, air-fall and ash-flow tuff, and lava flows and
floW—breccias. The Vieja Group, inéluding its stratigraphy, paleontology, diagenesis,
, a.nd mineralization, is discussed iﬁ more detail by Bilbrey (1957), DeFord (1958), Wilson
and others (1968), Twiss (1970), Anderson (1975), and Walton (1975).. The Vieja Group
ov_erlies Upper Cretaceous sedimentary -rocks; two basal units occur irregularly
throughout thé Sierra Vieja. A limestone.conglomerat'e, the Jeft Conglomerate, fills
channels cut into _tﬁe Cretaceous rock. In the southern part of the Sierra Vieja, the
Jeff or Cretaceous rocks are overlain by the Gill Breccia, a flow-breccia complex
" composed dominantly of trachybasalt porphyry (DeFord, 1958). |

Most of the Vieja Group is composed of diagenetically altered tuffaceous
sediments and air-fall tuff. Three ’sedimentary sequences are distin_guished, primarily
on the basis of intervening vash—flow tuffs or lava flows. From oldestv to youngest, they
‘are the Colmena Tuff (30 to 450 ft; 10 to 135 m thick), the Chambers Tuff (100 to 800
ﬁ; 30 to 250 m thick) and the Capote Mountain Tuff (1,300 to 1,800 {t; 400 to 550 m
_‘thick). “All include fluvially deposited tuﬂacedus siltstone, sandstone, and con-
glomerate, as well as subordinate air-fall tuff. The sediments are Co‘mposed 6[ glass

~ shards and pumice (now largely destroyed by diagenesis), and rock and mineral
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fragments. Glass shards predominate in fine-grained sedirnent; whereas rock frag-
ments ére predonﬁinant in éoarser deposits. The Colmena Tuff is separated in most
places from the Chambers Tuff by the Buckshot Ignimbrite; the Chambers is in turn
separated from- the Cé’pote Mountéin Tuff by the Bracks Rhyolite. The Capote
Mountain Tuff is capped by the Mitchell Mesa W_el,ded Tuff. Although additional
'fnarker beds occur within the tuffaceous units, where. the intervening volcanic rocks
are absent, distinction between the different volcaniclastic units is difficult and they
are not vsubdivid-ed. The age of the Vieja Groupv ranges from Eocene (40 m.y. on tHe
Gill Breccia) to Oligocene .(31 m.y. on the Mitchell Mesa) (McDowell, 1979; Wilson and
chers, 1968).

Tﬁe tuffaceous sediments have ‘been diagenetically altered in an open hydrologi‘c
-systerh to a subhorizontally-zoned asserﬁblage- of zeolités, mo.ntmorillonite, and silica
minerals (Walton, 1975). Diagenetic mineral zones described by Walton "from top to
bottom, are (I) montmorillonite - opal - glass, (2A) moBtmorillonitc - opal -
clinoptilolité, (2B) montmorillonite - quartz - clinoptilolite, (3A) montmorillenite -
quartz - analcime, and (3B) analcime - quartz." 'Diagenesi's occurred during deposition -
after a sufficient thickness (estimated by Walton to be several hundred meters) of
sediment had accumulated. In addition to diagenesis, pedogenic alteration produced
paleosovil horizons exhibiting calcite concretions and root mottling, particularly in the
Chambers Tuff.

| The cntirc‘ Sierra Vicja is extensively cut by north- and northwest-trending
nor'mal faults having displacements up to 3,300 ft (1000 m). Faulting began approxi-
mately 23 m.y. ago (Dasch and others, 1969) and has continued fo the present
(Muehlbérger'and others, 1978). The Vieja Group and underlying rocks are broken into
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numerous individual fault blocks, tilted as much as 20°. Faulting was postdiagenesis
(Walton, 1975).
All of the volcanic and volcaniclastic rocks contain high background concentra-

tions. of uranium. For. example, hydrated vitrophyres of the Buckshot Ignimbrite

| commonly contain approXimately 12 ppm UBOS' Concentrations in glassy and altered

'tuffaceous sediments range from approximately 3 to 15 ppm. Fission-track mapping

shows that the uranium occurs predominantly in glass in glassy rocks and in various
sgcondary' minerals in devitrified or diagenetically altered r;)cks. Thus all the rocks
constittite potentially good sources of uranium. Evidence as to whether or not uranium
has been mobilized from any of these rocks is discussed below.

Reducing environments in the tuffaceous sediments to trap and concentrate

uranium have not been observed. Channel sandstones containing organic debris or

lacustrine beds containing lignite, such as are found in'the Pruett Formation of the
vEmory Peak Quadrangle are not kﬁown to occur in the Vieja Group.  Without. an
effeétive‘trapping mechanism, most of the tuffaceous sedimentary sequence is
unfavorable for uranium deposits. However, other mechanisms to create reducing
environments in the Vieja Group aré possible and are discussed below.

The éuckshot Ignimbrite is a peralkaline ash-flow. tuff emplaced as a single
codling unit. [ts 'maxifnum thickness is about 100 ft (30 m), but average thickness is
only about 70 ft (;20 m). A basal vitfoph'yre is preserved in many places, but is
invariably hydrated. The Buckshot is densely to moderately welded throughout its

occurrence. An upper, non-welded air-fall tuff cited by Anderson (1975) is believed by

us to be mostly a result of laminar flowage of the ash flow after deposition and partial

‘consolidation. The Buckshot shows abundant evidence of a high volatile content and
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extensive vapor-phasc activity. “Anderson cites laminar-{low features, tumnuli resulting
from a form of fumarolic activity, and the presence of abundant cavities in
devitrification spheres, rarely up to 15> cm in diameter.

Uranium Mineralization at the Mammoth Mine

The Buckshot at the Mammoth Mine crops out along the middle of a steep s!obe
“above Quinn Creek. Mineralization extends for a distance of about 170 ft (50 m) along
the cliff face. The Buckshot at thevl\v/lammotthine is 35 t (11.5 m) thick and‘ in most
respects is similar to the Buckshot throughout its area of outcrop (Anderson, 1975).
- Vitrophyre is not exposed right at the prospect, but does occur at several locations
around the proépect, within about 300 to 700 ft (100 to 200 m). The réck is densely to
p'artly welded, exhibiting a well-developed lithqphysal zone.
| Uranium minéralizétion is predominantly found in the densely welded zone, but
minor amounfs occur throughout the entire thickness of the Buckshot. The only
uranium mineral positively identiﬁe‘d' is beta—uranophéne, but both Nye (1957) and
Anderson (197 5) found another yellow uranium mineral, which Nye speculated could be
a barium analog of uranophane. Uranophane occurs in cavities in devitrification
spheres, in fraétures in rock fragments, and in fractufes in the Buckshot. Uranophane
also occurs in .minor amounts along fractures in the uﬁderlying Colmena Tuff.
Uranium concentrations found in this study range up to 2750 ppm U308; Nye reported
an average of 0.1 to 0.2% U;0, with local concentrations up to 1%; Bilbrey (1957)
repofted an average assay of 0.27% U308'
Associated minerals found in cavities include secondary silica (quartz,
chalcedony, and opal), calcité, and iror? oxides. Limonite pscudomorphs after pyrite

are common. The host rock is devitrified ash-flow tuff composed of quartz and
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iéldspar. The rock is strongly bleached compared with typical red-brown Buckshot
outcrops. Anderson also described this alteration and stated that it was a mixture of
quartz and feldspar. The bleaching apparently has not significantly altered hbst rock
fniheralogy. Minor amounts.of a séft, white mineral, possibly kaolinite, occur in soine
cavitievs. The bleaching miéht have resulted from acidic lcaching resulting from
" oxidation of pyrite; in that case, greater alteration of feldspar and more development
of kaolinite might be expected. Similar bleaching has not been found anywhere else in
the Buckshot. |

No other areas of mineralization are reported in the Buckshot. - A sccond
p.rosbect, the McSpadden Prospect, occufs approxim.ately 6 km southeast of the
| Mammoth Mine. -We did not visit it during this study, but Bilbrey (1957) stated that no
mineralizatio_n was observed and that radiation levels were typical of the Buckshot.
An intensive gamma-ray spectrometer survey of paft of the Buckshot by Anderson
showed a moderate vafiation in total gamma radiation but n.o mineralization. Radia-
tion was highest along a fault. Tumuli on the surface of the Buckshot were no more

radioactive than undeformed parts of the surface.

Origiﬁ of Minefalization

‘Nye (1957) first advanced three general theories to explain the origin of uranium
mineralization at the Mammoth Mine.  More recent studies, although discussing
various theories in greater detail and providing more evidence .for and against
différerwt theories, have not added any gencral mechanisins of nineralization. Nyé‘s
thcqries are (1) concentration of uranium in vesicles by late-stage volqtilo componcnts

of the uranium-rich parent magma, (2) ground-water leaching from the Buckshot and
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overlying tuffaceous sediments and reconcentration in the Buckshot, and (3) introduc-
tion of uranium by a hydrothermal source.
Pilcher (1978) proposed the Mammoth Mine occurrence as an example of the

hydroauthigenic uranium class (Class 530). He stated that mineralization was formed

by "internal entrapment of released uranium-bearing volatiles and subsequent pre-

“cipitation of uranophane." By this mechanism two sources of uranium-rich volatiles

aré conceivable. The first source could be gas released during initial eruption of the
ash-flow and transported with it to the site of deposition and the second source could
be gases released vduringv cooling and >devitriﬁcation of thé consolidated ash-flow
deposit.

We have doubts about this‘ explanation for se‘veral reasons. Both volatile sources

definitely exist, but if they were significant sources of uranium, mineralization ought

‘to be widespread throughout the Buckshot. It is not. Pilcher_ (personal communication,

1979) suggested that the Buckshot ét the Mamimoth Mine is unusually thick and that
this relationship accounts for uranjum mineréliiation. However, according to
Anderson (1975), the Buckshét at the Mammoth Miné is only about 35 {t (1.5 m) thick
compared to an average Buckshot thickness of about 70 ft (20 rn). Aiso, if a vapor
phase is important, tumuli, resulting from the concentrated loss of volatiles, ‘rhight be
expected to show so.me evidence of uranjum enric;hmen‘t or mineralization. In fact, as
noted ab‘ove. by Anderson and reinforced hy the results of this study, tumuli are no
more radioactive nor uranium-rich than the general Buckshot.

[f gases released by devitrification were the source of uranium, then the
unmineralized Buckshot near the Mammoth. Mine ought to be highly depleted of

uranium. However, uranium concentrations and thorium/uranium ratios of unmineral-
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ized rocks both at and ncar the Mammoth Minc are similar to concentrations and

ratios throughout the Buckshot outcrop area. Also fission-track mapping of uranium

distribution shows that uranium is-disseminated uniformly throughout the ground mass
of glassy and devitrified rocks both at and away from the Mammoth Mine. Devitri-
fication does not appear to have mobilized measurable uranium.

An imp'ortant factor is the association of uranium with limonite pseudomorphs

after pyrite. To our knowledge pyrite has never been reported as a vapor-phase

mineral in any ash-flow tuff. Its presence at the Mémmoth Mine (and at no other
localities in the Buckshot known to us) allows, but does not prove, an oxidation-
rcduétion mechanism of concentration. The key to understanding the origin of the
Mammoth Mine may be in understanding the origin of pyrite. |

A hydrothermal source for uranium also seems unlikely. Although the area

contains abundant volcanic and volcaniclastic rocks, no intrusive igneous rocks occur

nearby. The nearest intrusive centers are in the Chinati Mountains., 30 mi (50 km) to
the south, and the Van Horn and Eagle Mounfains, about an‘equal distance to the north.
There is geothermal aCtivify in the area now, resulting from deep circulation of
-meteoric water along fault zénes (Henry, l?79a). Similar activity probably occurred in
the past. However, only geothermal water that has been in contact with the
volcaniclastic rocks has moderately high uranium concentrations. A hydrothermal
source for pyrite may be important, however.

Our postulated general mcchanism for formation of the Mammaoth Mine deposit
involves 4(1) introduction of pyrite ih the Buckshof by upward leakage of HZS-boaring

gas or water coming from underlying Cretaceous sedimentary rocks, (2) mobilization

of uranium in glass in tuffaceous sediments by open-hydrologic-system diagenesis, and’
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(3) precipitation of reduced uranium minev'rals (probably coffinite) by reaction with
pyrite and subsequent recent oxidation to form uranophane. Both good evidence and
séveral problems are involved in th.is proposed mechanism.

1) Leakage of l-IZS:bearing fluids from underlying Cretaceous rocks has not been
documented in Trans-Pecos Texas and the area is not a producer of hydrocarbons.
'However, several deep wells have been drilled along buried Cretaceous structures to
explore for hydrocarbons in the Mammoth Miné area (Bilbrey, 1957). Several of the
wells encountered minor amounts of oil or gas. Two of the wells now produce hot
water (approximately 80°C) Containiﬁg HZS and several hot springs in the area also
produce H,S (Henry, 197%a). A boulder of massive Lower Cretaceous limestone occurs .
ih Quinn Creek near the mine; it is highly petroliferous. Its. occurrence thvere is
unusual, as Cretaceous rocks that crop out in the area are all Upper Cretaceous.
Nevertheless, the petroliferous boulder implies that undérlying Lower Cretaceous
rocks 'ciould be a source of HZS' This mechanism of pyritification and entrapment of
uranium in‘major deposits is well documented in the Texas Coastal Plain uranium
districtn(Goldhaber and others, 1978; Gal.loway and Kaiser, in press).

Two related q-uestions relevant to this explanation are (1) why was pyrite formed
only at the Mammoth Mine and ionly in the Buckshot? and (2) what conduits were
available to csnduct HZS~b_earing fluids into the Tertiary rocks? The fifst question is
similar té the problem éf why vapor-phase mineralization should occur only at the
Mammoth Mine. Anderson (1975) noted an odd relationship between Cretaceous rock
and probable Colmena Tuflf at-one locality ih Quinn Creek near the mine. The rocks
are conformable and oriented vertically; Anderson suggested that the vertical beds

could have served as a conduit for hydrothermal uranium-bearing solutions. ‘We
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disagree only in that we believe they could have provided d conduit for "hydrotherinal”
HZS-bearing fluids. Because the Colmeﬁa Tuff is rnuch thinner -hcre (33 1t; 10 m thick)
tﬁan at other Buckshot outcro?s, the HzS—bearing tluids may have reaéhed the
Buckshot more easily here than elsewhere. If this proposed mechanism is correct,
pyrite and mineralization might 'also be expected to occur in the Colmena or Chémbers
~Tuff near‘the Mammoth Mine.- That it does not is a potential drawback in the
mechanism. Nevertheless, the restriction of pyrite and uranium mineralization only to
the ‘Mammoth Mine argues for a genetic relationship between the 'two.

Basin and Range faults, althlough now serving as conduits for H,5-bearing
gg’eothefmal waters, probably did not act as conduits allowing HZS~bearing fluids to
produce pyrite at the Mammoth Mine. Basin and Range faulting did not begin until
long after diagenesis (Walfoﬁ, 1975), which we believe was the most favorable time for
uranium mobilization from the tuffaceous sediments. Hovwevevr, diagenesis is not

necessarily the only appropriate time for uranium mobilization. Ground water in

tufféceous sediments in Trans-Pecos Texas now contains high uranium concentrations.
Thus pyrite formation and mineralization could have occurred after Basin and Range
faulting; Anderson (1975) did find slightly higher radioaétivity élong fault Zohes in the
Buckshot than elsewhere. Otherwise, the structure of underlying Cretaceous rocks
"may have been more important in localizing pyritification than Basin and Range
structures.

2) During diagenesis, glass shards and pumice invthe tuffaceous sediments were
dissolved and all constituents of the glass, including uranium, went into solution. Thus
diagenesis ought to be an ideal mechanism for releasing uranium and allowing it to

migrate to form deposits. However, several different studies of the effectiveness of
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uranium mobilization in the tuffaceous sediments of Trans-PPecos Texas indicate that

“this is not always the case. During open-hydrologic-system diagenesis of the Tascotal

Formation, uranium appears to have entered solution but then migrated only a very
short distance, possibly on the order of a few tens of meters before being trapped or

precipitated (Walton, 1978). Other studies have contrasted the effect of diagenesis and

*of pedogenesis (soil-forming processes) on uranium release. Walton and others (in

progress) argue that during pedogenesis, uranium is mobilized to migrate long
distances, whereas during open-hydrologic-sfstem diagenesis, relea‘sed'uranigm is
trapped and does not migrate far, pogsibly due to a lack of corhplexing agehts in the
ground water involved in diagenésis.

To test uranium mobilization in tuffaceous sediments of the Vieja Group, we .
have determined the uranium and thorium concentra;cions and thorium/uranium ratios
in variously altered or glassy s‘amples of tuffaceous sedirﬁent§ from vthe different
formations. In addition we have made fission-track maps of some of the samples to

determine the mineralogic locations of the uranium in the rock. Assumptions are that

(1) the rocks have characteristic. initial thorium/uranium ratios, (2) diagenesis could

6 ion, but thorium would remain immobile, and (3)

significant uranium mo'bilization would be indicated by greater thorium/uranium ratios
than those found in unaltered rocks.

The results of the .geo'chemic.al and f{ission-track studies suggest. that no
measurable uranium mobiilization has occurred and that uranium in diagenetically
altered rocks is commonly trapped by adsorption on Fe-Mn -o.xyl'uydroxidc.s. Most
thorium/uranium ratios average about 2 in both glassy and bv.'1riousl'y altered rocks. An

immediate interpretation of these results is that insufficient uranium has been

31




MAREFA

mobilized for major deposits to occur. Deposits such as the Mammoth Mine would be
rare and of low tonnage. -However, there is considerable scatter in the concentrations
and ratios from sample to sample. Some uranium mobilization may have occurred.

«

For example, mobilization of only | ppm of uranium from the rocks would be nearly

impossible to detect because of uncertainties in the primary concentrations and ratios

and in accuracy of the analyses. One ppm from a tuffaceous sedimentary source 660
ft (200 m) thick over an outcrop area of 36 2 (100 Rmz) is approximately | million Ibs |
(450,000 kg) of uranium. (Total volume of the Vieja Group is about 2 orders of

magnitude greater.) Whether or not this would produce an ore deposit would depend on

 the effectiveness of entrapment. Nevertheless, the tuffaceous sediments constitute a

more probable source of uranium .than the Buckshot because the volume of tuffaceous
sediments is so much greater. Henry and Duex (1980) discuss the application and
significance of this approach in greater detail.

3) If the entrapmeht mechanism is reduction of U+6 to U+qL by reactio_n with
pyrite, then the primary ore mineral. ought to be a reduced mineral. Coffinité is most
likely because the diagenetic waters have higH silica concentrations and because the
present ofe mineral is uranophane, a U+6 silicate. Neither coﬁinite nor any other
reducedi uranium mineral has been found at the Mammoth Mine. However, the
uranophane may have resulted entirely froﬁw postrni_nérafization oxidation. | Mineral-
ization is exposed at the sur,faée and known core dfilling has been restricted to an arca
near the cliff face where mineralization iS'e;(po'sed.. Thus any initial reduced rﬁineréls
may have been entirely oxidized or simply not encountered by known drilling.
Uranophane is reported from fractures within the underlying Colimena -TU” at the

Mammoth Mine (Nye, 1957) and one sample (MGE-523) collected by us from an adit in
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the Colmena contains 19 ppm U308' This could have resulted from downward leaching

of uranium from the Buckshot during oxidation, hut other explanations are possibie.

Determining the primary ore inineral would greatly clarify the origin of the deposit.

A major difficulty with the oxidation-reduction method of entrapment is the lack

of enrichment in trace elements such as Mo, As, Se, and V, commonly associated with

" redox-type deposits. Mo occurs in moderately high concentrations (20 to 70 ppm) at

the Mammoth Mine and shows some correlation with uranium (R = 0.44). However, Mo‘
concentrations in unmineralized Buckshot samples from throughout its outcrop arca
show a similar range. The high concentrations in bo‘th mineraliz’éd and unmineralizcd
slamples. are probably primary.

Also, Nye (1957) argued that ground water would have difficulty passing through
the impermeable welded tuff. However, the Buckshot is highly fractured iﬁ all
outcrops observed in this study; these fractures should provide sufficient permeability.
In addition, lack of pgrmeability would preclude any mineralization process involving a
fluid phase. Nye favored a hydrothermal source of uranium; ‘lack of permeability
would negate this source.‘ That permeability existed following consolidgtion and
welding of the Buckshot is demonstrated by the p‘resence of secondar'y'silica and -
caléite in fractures and vesicles at the mine.

Conclusion--Exploration for Uranium in the Mammoth Mine Area

Both the vapor-phase and the oxidation-reduction involving pyrite mechanisms of
mineralization have attractive attributes; both also have problems. The uncertainties
stein from a lack of sulficient knowledge of the complete characteristics of the

Mammoth Mine deposit. Better knowledge would allow resolution of the question of

corigin.  Without an understanding of the origin of the deposit, both delineation of
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favorable areas and exploration for additional deposits is difficult. | Cxploration based
onl one model of origin would be totallly ineffective if other mechanisms were
responsible for mineralizabtion.

Exploration base.d on the vabor-phase model requires understanding why some
. parts bf the Buckshot concentrated vapér—phase uranium and why others did not.
Exploration would be restricted to the Buckshot. Exploration based on the oxidation-
reduction model requires understanding the controls of pre-ore pyritification. Min-
eralizétion would not necessarily be restricted to the Buckshot but would also occur in
other parts of the Vieja Group. Possible target arecas would be along Cretacecous
structures, which could have controlled H,S leakage, or along Basin and Range faults
if pyrite formation is postdiagenesis.

As a compromise, we have designated almost the entire area of outcrop of the
Vieja Group as favorable (Area B, Pl l). Only intensely faulted arcas, where the Vieja
Group overlies Cretaéeous rocks at shallow depths, are included. Unfaulted areas and
the Vieja Group above the Bracks Rhyolite are generally not included. Also, those.
parts of the Vieja Group buried beneath bolson fill are not included, even though the
favorable environment may extend beneath fill. Clearly not all of this area is truly
favorable; the map should be interpreted.accordingly. However, until the origin of the
Mammoth Mine. mineralization is better understood, more. precise delineation of

favorable areas is impossible.

ALLEN INTRUSIONS

‘Fracture zones in the Allen Intrusions, a group of rhyolite porphyry domes of
probable Oligocene age, constitute a favorable environment for authigenic class
deposits (Class 360 of Mathews, 1978). The Allen Intrusions occur along the southern
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border of the quadrangle and extend slightly into the Presidio Quadrangle. They are
shown simply as undifferentiated Tertiary intrusions on the geologic map accompany-

ing this report but are mapped separately by Amsbury (1958). Additional discussions of

" uranium mineralization in the Allen Intrusions are given by Amsbury (1958), Henry and

Tyner (1978), and Reeves and others (1979). .

The area of ou"(crop of the Allen Intrusions is. only a few square miles. As the

‘favorable environment consists of fracture zones within the intrusions, only a fraction

~of the total outcrop area is favorable. The fracture zones are probably a result of.

cooling of the intrusion. They dip steeply but irregu.larly and have irregular
thicknesses up to approximately 15 ft (4 m). Mineralization was originally discovered
at-the surface, and drilling by Wyoming Minerals and Meeker & Co. found mineralized
fractures to depths of at least 200 ft (60 m).

The Allen Intrusions are a group of shallow rhyolite domes with associated flows
a'nd breccias. Tﬁey are contemporaneous with the Shely Group of rhyolite lava flqws,

ash-flow tuffs, and diagenetically altered tuffaceous sediments. Both groups of rocks

are older than the rocks of the Chinati Caldera cycle (within the Presidio Quadrangle),_

but may be rel‘ated to it or to an older caldera ‘imme'diately east of the intrusions. All
the major domes are rhyolite porphyries with quartz and alkali feldspar 'phenocrysts;
plagioclase phenocrysts occur in some of the domes. Commonly the rocksba’re
weatheréd or altered so that all ferromagnesian minerals and most feldspars are
converted to oxides-or ‘(:I_:ly.s. Vitrophyres associated with the porphyritic intrusions
are‘ rare, but two were found in this study (MGE-810 and MGE-811).

A sccond group of rocks aSsociated with the domes includes nonporphyritic or
sparsely porphyritic vitrophyres and\ perlites. They are probably remnants of flows
associated with fhe domes.

35



" MAREA

Both groups Q[ rocks are chemically similar. They are alkali-rich, high silica
rhyolites with low Ca, Mg, and FFe éormcex\trations. Aluminum is also low, but the rocks
are not peralkaline, as shown by both the chernical analyses and by the presence of
biOtitg in the two vitrophyre sampies from the porphyritic group.

Evidence of favorability includes (1) the presence of abundant areas of uranium

' mineralization in fractures and (2) the similarity in overall geologic characteristics to

those of the authigenic class (Class 36‘0) of Mathews (1978). Mineralization occurs as
uraniferous Fe—Mn oxyhydroxides and as secondary uranium minerals. Reeves and
others (1979) reported éutunite, metatorbernjte and tyuyamunit'_e. Anomalous uranjum
cQﬁcentratior;s occur In many fracture zoneé throughout the porphyritic domes.
Amsbury (l9(58) reported that 200 tons of ore averaging 0.34% U304 were extracted in
the 1950's from one trench and stockpiled nearby. The highest grade found in this
study was 1430 ppm UBOS recovered from clay gouge along the trench (MGE-568). An
Fe-Mn or Fe-Ti-Mn oxyhydroxide from the same trencﬁ contained 825 ppm U308
(MGE-545). . Sl‘ight‘ly lower concentrations were found aséociated with oxyhydroxides
from several o:'t.her fracture zones at the surface and were encountered in drill cores.
Other elements enriched in the hydroxides are Cd, Be, Co, Cr, Cu, Ni, ahd V.

Our interpretation of the origin'of the mineralization is adsorption from ground
water of uranium and the other elements by amorphous Fe-Mn oxyhydroxide. Super-
gene Wéathe‘ring or crystallization of the amorphous hydroxides subsequently released
the wuranium.  The _rcleascd' uranium then reprecipitated as SOC(’)lldary uranium
minerals. Thus. the highest grades should occur near the surface where secondary
enrichm‘cnt has produéed an oxidized, supergene zone with both uraniferous hydroxidcs

and secondary U+'6 minerals. An alternative explanation is that pitchblende veins
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occur at depth and that both the oxyhydroxides and U'() mincrals arce sccondary.
Drilling by Wyorning Minerals did not penetrate the water table so this interpretation

cannot be tested. However, the fracture zones are generally smaller and of lower

uranium grade at depth. This suggests that the presence of pitchblende veins is

unlikely.

Probable sources of thé u\ranium are the rhyolite porphyries themselves or the
associated g:lassy rocks of the Allen intrusions. Diagenetically altered tuffaceous
sediments of the Shely Group are a third possible source. Primary uranium concentra-
tions of the rhyolite porphyries may be as high as 23 ppm U308' the 'concentration
found in the two vitrophyres (MGE-810 and MGE-811). All unmineralized surface
samples contain lower concentrations' ranging from approximately 5 to 15 ppin.
Relatively unweathered and unfractﬁred samples from drill cores contain variable
concentrations cldser to those of the vitrophyres. Thus surficial weathering, rather
than crystallization Qf the magma or éubSequent devitrification, is the mos't likely
méchanism of uranium release.

Glakssy samples of the nonporphyritic rocks contain 7 to 9 ppm Ujog, which is
lower than-the concentrations of the porphyritic vitrophyres, but which still makes
thefn highly adequate source rocks; Diagenesis or weathering of these rocks could
haVe released ufanium to solution (Henry. and Tyner, 1978).

An uncertainty is -the tirhing of initial mineralization and temperature of the
associated fluid.  Mincralization may have occurred during initial cooling, involving,
modcrately  high-temperature waters. ‘Alternatively, mineralization may  have

occurred a sufficiently long time after cooling, so that only cold ground water was
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involved. By either mechanism, supergene enrichiment is probably a continuous process

related to present-day weathering and erosion.

The geologic setting, alteration, and type of deposit agree well with the

-authigenic class of Mathews (1978). The rhyolite porphyry intrusions occur in a mobile

belt and are postorogenic and epizonal. They are highly differentiated with high silica,

- alkali, and uranium concentrations and low calcium, magnesium, and iron concentra-

tions. Mineralization oécurs in fracture zones where uranium released by devitrifica-
tion or weathering could be concentrated. ./\lteratio_n is minor and consists. primarily
of the alteration of feldspar and mafic phenocrysts, Vargillic alteration along the
fracture zones, and abundant limonitic staining andi Fe-Mn hydfoxides along the
fractures.

There are no aeroradiome‘tric anom‘alies associated with the Allen Intrusions.
However, as discussed in the Procedures section, the aeroradiometric survey identified
none of the known anomalies in the quadrangle. TFor that and scveral other reasons,
the aeroradiometric survey is considered to be of no value. The hydrogeochemical
survey of the Marfa Quadrangle is not available, but no anomalies were identified on
the adjoining Presidio Quadrangle.

Prospects in the Allen Intrusions are abundant and several are of high enough

grade to be economic. However, the total tonnage of currently known deposits is

~small and may be a limiting factor on development. Minor uranium concentrations

also occur in secondary silica within parts of the nonporphyritic group of the Allen

Intrusions. The uranium concentrations in silica are both very low grade and low

volume and are not of economic significance.
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ENVIRONMENTS UNFAVORABLE FOR URANIUM DEPOSITS

SUMMARY

Many environments in the Marfa Quadrangle are. considered unfavorable for

uranium. deposits. They are (I) Precambrian rocks, (2) Paleozoic rocks, (3) most

- Mesozoic rocks, (4) mafic rocks, including lava flows and small intrusive bodies,

(5) most silicic and intermediate lava flows, ash-flow tuffs, and intrusions, (6) plutonic
rocks, (7) most tuffaceous sediments, and (8) fluorite deposits in the Eagle M}ountai‘ns.
Most of these environments are considered unfavorable because they contain no
mechanisms to trap uranium.- However, some could serve as source rocks for uranium

deposits in other units where trapping mechanisms are present.

" PRECAMBRIAN ROCKS

Although the Precambrian fdcks in the Marfa Quadrangle include a wide variety

of meta-igneous and meta-sedimentafy rocks, they have uniformly low uranium

concentrations (highest uranium = 6.5 ppm, MGE-206, App. B). Furthermore they lack

the physical conditions for trapping or concerntrating uranium and are not associated
with aeroradiometric anomalies. Therefore, these rocks are considered unfavorable

environments for uranium deposits.

PALEOZOIC ROCKS

Permian rocks (for nomenclature, sce Fig. 3) directly overlie the Precambrian at

the surface and in the shallow subsurface. Although there is some uranium minerali-
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zation associated with Tertiary intrusions near the Chinati Caldera (Dietrich, 1965),
there is no uranium mineralization in Paleozoic rocks in the arca. Permian rocks are,

however, age equivalent to argentiferous limestones at Shafter (Presidio Quadrangle).

* Several samples from Permian units in Pinto Canyon occurring in the Presidio

Quadrangle (MGF-362 and MGF-363) yield low concentrations of U304, and exhibit
few characteristics judged favorable for uranium deposits. There are no HSSR and
aeroradioactivity anomalies over the Paleozoic outcrop. Subsurface Paleozoic rocks

are either unfavorable by analogy to outcrops or are too deep to be evaluated here.

MESOZOIC ROCKS

No Triassic or Jurassic rocks crop out within tﬁe quadrangle. .-No Triassic rocks
and only thin, possible Jurassic rocks were recognized .on well logs in this study. The
Malohe Mountains, where the only known Jurassic rocks in Texas crop out, are 30 miles
nortH of the quadrangle,v in the Van Horn Quadrangle. There is no reason to believe
that the Jurassic rocks, even if present in the shallow subsurface of the Marfa
Quadrangle, would be favorable for uranium. Rocks that do crop out in the Malone
Mountains are mari-ne limestones, and extensive studies of outcropping and subsurface
Mesozoic rocks in Chihuahua (Haenggi, 1966) have not revealed Triassic or Jurassic
rocks, excépt for a thick sequence of evaporites, usually considered Cretacedus, but
posSibly Jurassic.  Triassic and Jurassic rocks, even if present in | the shallow
subsurface, would very likely be un'{a'vorablc.

The Cretaceous Yucca, Bluff Mesa, Finlay, Espy, Loma Plata, and Borracho and

Buda Formations are unfavorable for uranium deposits, as they are mainly dense
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~marine limestones, do not contain a suitable reductant, and exhibit no radiometric

(airborne or ground) anomaliés or chemical anomalies.

The Cox, Benevides, and Del Rio Formations, chiefly siliciclastic units, are
..likewise unfavorable because they lack reductants. Their radiometric signature
(average 50-70 counts per second) hardly warrants further sfudy.

Upper Cretaceous rocks have largely been eroded from the Marfa Quadrangle.
They are preserved in two places: (1) Chispa Summit, the pass between the Sierra
Vieja and the Van Horn Mountains, where an extensive area of Boquillas Forration
crops out and (2) the area west of the Vieja Rim, where Upper Cretaceous sandstones
are favorable. The Boquillas in the first area has a radiometric signature (150 counts
per second)_that is about three times that of the dense Lower Cretaceous limestone.
The elevated radiometrics are due to bentonite beds in the Boquillas that, while

slightly uraniferous, do not approach favorability, as they lack a concentrating

mechanism.

TERTIARY ROCKS

Mafic Rocks

Mafic lava flows in the Marfa Quadrangle considered unfavorable for uranium
deposits include (1) the Petan Basalt (MGE-921, 0.5 pprﬁ UBOS)’ (2) mafic units in the
Garren Group (MGE-968, 2.5 ppm UBOS)’ (3) the Pantera Tréchyte (MGE-997, 7.3'.pprn.
UBO ), (4) the basalt lentil of the 'Hogcyc‘ Tuff '(M_(}E-9‘)2, 1.3 ppm U}Og), and (5)‘
mafic rocks in the Davis Mountains. These units are judged unfavorable on the basis of

surface rock sampling because they have generally low uranium concentrations and
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contain neither evidence of uranium enrichment nor known mechanisms for trapping

uranium.

Silicic and Intermediate Rocks

Numerous rhyolitic to intermediate lava flows, ash-flow tuffs, and srnall

intrusive bodies in the Marfa Quadrangle are judged to be unfavorable for uranium

. deposits. These units include lava flows and ash-flow tu.ffs in the Shely, Garr_en; and

Vieja Groups, and most units in the Davis Mountains. Geochemical (rock) sampliné and
inspection of aeroradiometric data indicate that these units have low to moderate
uranium and total radioelement concentrations. Inspection of a known aeroradio-

metric anomaly in the Davis Mountains (Mt. Livermore anomaly, Reeves and others,

1979) revealed low to moderate concentrations of uranium in the - rocks sampled

(highest uranium = 21.0 ppm UBO‘S’ MGE-938, App. B). No process or mechanism

capable of concentrating uranium was observed in these units. However, they are

potentially favorable sources of uranium to form epigenetic deposits elsewhere.

Pl.uton'ic Rocks

Large intrusive masses of generally felsic composition are considered to be

unfavorable environments because of low uranium content and lack of any indication

of a primary magmatic deposit. " These plutons are the Eagle Peak Syenite (highest

. uranium content = 5.5 ppm, MGE-812, App. B) in the Eagle Mountains, quartz

‘microsyenite and quartz trachyte in the Davis Mountains (highest uranium content =

9.7 ppm, MGE-733, App. B), the quartz monzonite of Canning Ridge (uranium = 2.8
ppm, MGE-867, App. B), and the Ojo Bonito "Laccolith" north of the Chinati Mountains

(uranium content = 3.8 ppm, MGE-794, App. B). In addition, no acroradiometric or
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geochemical anomalies are associated with these rocks. Similar to the silicic flow
rocks, these rocks could be potential sources of uranjum.

Tuffaceous Sediments

Most tuffaceous sediments of the Vieja Group, Garren Group, Shely Group, Buck
Hill Group, and Davis Mountains are unfavorable for uranijum deposits because they
: léck reductants or othef trapping mechanisms. Channel sandstones containing organic
debris or lacustrine deposits_ containing lignites are not known to occur in any of the
above rocks in the Marfa Quadrangle. These types of reducing environments, which
occur in the basal Pruett Formation of the Emory Peak Quadrangle may also occur in
that part of the Pruett Formation in the subsurface in the Marfa Quadrangle. That
I_formation Is not exposed in the Marfa Quadrangle, however, and thus cannot be
evaluated. Epigenetic reductants, such as those postulated for the Mammoth Mine
uranium occurrence, may exist in lower parts of the tuffaceous sedimentary sequence,
especially in the Vieja Group. This environment is considered along with the Buckshot
Ignimbrite.

Clinoptiiolite, a common constituent of the tuffaceous sediments, has been found
to concentrate uraniﬁm in at least two other areas of tuffaceous rocks, thc Tono Mine

of Japan (Katayama and others, 1974) and the Reese River Valley of Nevada (Basinski

and Larson, 1979). However, fission-track mapping of uranium distribution in the

tuffaceous sediments of the Marfa Quadrangle shows that clinoptilolite and another
zeolite, analcime, are depleted in uranium. Reasons {or this difference are not known.
Nevertheless, no trapping mechanisms have been identified in tuffaceous sediments of

the above formations. Therefore, these are considered unfavorable.
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Although the tuffaceous sediments are considered unfavorable because they do
not contain environments suitable to concentrate uranium, they are potentially
excellent uranium sources.. All tuffaceous sediments examined by us in the Marfa
Quadrangle have beeﬁ diageneticaﬂy altered.' Diagenesis rmay have. released uranium

to solution, to be concentrated elsewhere. A brief ‘diséussion of this possibility is

" presented above in the section on the Buckshot Ignimbrite and Mammoth Mine.

Fluorite of the Eagle Mountains

Fluorite deposits associated with rhyolitic intrusive bodies in the Eagle Moun-
tains have low uranium concentrations; the highest uranium content in fluorite from

the Eagle Mountain fluorospar district is 4.5 ppm (MGE-850, App. B). This is in

contrast to fluorite deposits in the Christmas Mountains (Emory Peak Quadrangle),

which have anomalously high uranium '(D'augﬁerty aﬁd Fandrich, 1979). The variable
uranium content of fluorite from these two a-reés can be attributed to a difference in
cornpdsition of the associated rocks. The igneous rocks of the Eagle Mountai}js are
less alkalic than those of the Christmas Mountains (Barker, 1977). The mechanism for
concentrating uranjum in fluorite_ is apparently related to the alkalinity of the.
associate .igneous rocks. Thus the fluorite deposits in the Eag}le Mountains are
classifiéd as unfavorable environ'ments because of low uranilu_m content and association .

with unfavorable rock types.

UNEVALUATED ENVIRONMENTS

BOLSON-FILL DEPOSITS

Bolson-fill deposits within Presidio, Hueco, and Red Light Bolsons, Eagle Flat,
and Lobo Valley - Ryan Flat are classified as unevaluated. Although several lines of
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evidence suggest that the fill, especially in Presidio Bolson, could be favorable, other
evidence suggests that it is unfavorable. Information to draw a final conclusion is not
available.

Geologic Setting

The bolsons are filled with detritus, shed from adjacent highlands and composecd

.of either Tertiary volcanic and intrusive rocks or Cretaceous or older sedimentary

rocks. Deposi.tion began with initiation of faulting, about 23 m.y. ago (Dasch and
others, 1969). Deposition continued in closed basins until the Pleistocene when
integration of the Rio Grande drainage system allowed through-going drainage of the
basiné along thé Rio Grande. Bolson fill there is row beixig dissected, and several
‘dif‘f_ervent‘ terrace levels are. develdping as the Rio Grande cuts downward.. LoboA Valiey
ahd Eagle Flat are not part of this drainage system but drain into Salt Basin, a closed
basin in the Van Horn Qua-drangle to the north.

Groat (1972) divided basin fill in Presidio Bolsbn into conglomerate, sandstone,
and mudstone lithosom"es, dépend-ing on the dominant lith‘ology. His model ié probably
appropriate to the other bagins, although, because most are not as dissected as
Presidio Bolson, basin fill deposits are either poorly exposed or not exposed at all. The
fill is zoned and the coarsest material is adjacent to major basin-bounding faults along
the mountain fronts. Fill adjacent to the mountain front was deposited in alluvial
fans. The material fines basinWard intd the mudstone lithosome, although con-
glomerate and sandstone lenses compose as much as 10% of the mudstone tithosome.
During closed basin sedimentation the center was occup‘icd by a playa lake; evaporite
beds containing gypsumm occur within the mud.stone lithosome in several locations.
Groat considered the alluvial fan, gypsum, and playa deposits as being similarl to
deposits associated with playas in the Mojave Desert.
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Thickness of the fill ranges from greater than 4,000 ft (1200 m) in scveral
locations along the center. of _Presidio Bolson down to areas of pinch-out along the
margins of the basin. However, thickness changes abruptly at faulted imargins where
balsin fill is displaced against older rocks. Thickness of fill in the other basins is
comparable to that in Presidio Bolson.

Faulting has continued to the present; recent fault scarps cut several terraces

developed since integration of the Rio Grande drainage. Recent fault scarps also

‘occur along the west side of Lobo Valley (Muehlberger and others, 1978). Although the

largest faults are along basin margins, numerous additional faults occur ‘within the
basins, especially in the northern part of the dissected Presidio Bolson. Faults within
the other basins are also likely but most are 'probably buried beneath recent sediments.

Uranium Favorability

‘E.,pigenetic'uranium deposits, the most likely type to form in the bolsons, require
the appropriate interaction of three factors: (1) a source rock that has released

uranium, (2) a transporting medijum, and (3) trapping and concentrating mechanisms

and locations. All three factors may exist within the bolsons, but the actual existence

or effectiveness of them has not been combletely evéluated.

Source Rocks.. Much of the detritus composing the basin fill and much of the
adjac_ent highlands that drain into the basins are composed of Terﬂary volcanic,
volcaniclastic, or intrusive rocks having relatively high primary uranium concentra-
tions. In highl_and arcas where nonvolcanic Cretaccous or ol(l_cr sediments are now
exposed (for example the Quitman Mountains, and pafts ol the Eagle Mount'ains,' Va.n

Horn Mountains, and Wylie Mountains), volcanic rocks initially capped the sediments
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but have since been croded. Thus basin fill in these arcas may be at least partly
composed of igneous or igneous-derived rocks. Uranium concentrations in basin fill
and in volcanic rocks of the highlands typically range from a few ppm to about 15 ppm,

making them more than adequate sources of uranium. Analyses of stream sediments

 within Presidio Bolson show similar concentrations (Union Carbide, 1978b). Uranium

" .mineralization within the Allen Intrusions could also be a potential source of uranium

for basin fill in the northern Presidio Bolson. Less certain is whether or not significant

amounts of uranium have been released from any of these rocks. Relecase would have

to be by weathering rather than by any process of devitrification or diageneéis. High-

t_erhperature devitrification would have occurred before basin formation; open-hydro-

'logic—system diagenesis of tu_ffa‘ceouvs sediments would also have occurred before basin

formation, because diagenesis occurred soon after initial deposition of the sediments

~(Walton, 1975). Also, tuffaceous sediments do not occur within basin fill because tuff-

producing volcanism ceased before formation of the basins:
Nevertheless, weathering may be an effective mechanism of uranium mobiliza-

tion from volcanic rocks. Results from this study, from evaluation of the Emory Peak

“and Presidio Quadrangles, and from previous work in the Chinati Mountains bordering

Presidio Bolson (Henry and Tyner, 1978) indicate that weathering can relecase 50% or
more of the primary uranium content of some rocks. Probably sufficient amounts of
uranium have been released from potential source rocks to forin significant deposits if
a con‘wc'entratil_\g mechanism exists. |

Migration. Surface and ground-water [low, both during basin f{illing and since

ihtegration of the Rio Grande, was from high areas along basin margins towards the
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basin cénter. While the basin was closed, all water and any dissolved uranium was
trapped within the basin. After integration, ufanium-bearing waters could reach the
Rio Grande and be removed from the system. Permeability of the basin fill probably
“varies greatly, from very high permeability in the basin-margin conglomefate litho-
some to very low permeability in the basin-center mudstone lithosome of Groat (1972).
" Sandstone .lenses do occur even within the mudstone lithosomes, so beds having
sufficient permeability to transport ground water to the basin center do exist.
Entrapment. A possible mechanism of entrapment is the most poorly evaluated
of the three factors needed for uranium deposits. The most likely- entrapment
mechanism is by reduction, either (1) by organic mater.ial (or pyrite generated from
.the organic material) deposited in channels in conglomerate or sandstone lithosomes or
as lignite beds in the basin center, or (2) by pyrite generated by postdeposiﬁonal
reduction by disch_arge of HZS—bearing waters from underlying Cretaceous or Permian
sedimentary rocks. The fjfst mechanisim is unlikely; evidence for or against the second
is meager. |

Neitﬁer lignitic beds nor organich material of any kind has been found in thevbasin
fill. Although lignite vis common in closed basins formed during early Terfiary time
(for example, the Pruett Formation of the Erﬁory Peak Quadrangle), the climate may
have been conside.rably drier during deposition of basin fill. Thus organic formation
may have .been negligible during deposition; any organic material that did form may
have been oxidized immcdiatély. Playa-lake deposits of the Mojave Desert are
cormimonly highly oxidized (W. E. Galloway, personal comiunication, 1979).

Postdepositional reduction by HZS leaking along faults cu‘tting; basin fill is

entirely theoretical. The general mechanism and evidence for such reduction are
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discussed above in the Buckshot Ignimbrite section. [Faults cutting through basin fili

provide conduits for the rise of thermal water for hot springs, particularly along the
Rio Grande. A similar process conceivably could lead to reduction of sediments in
basin fill adjacent to fault zones.
| If neither reduction mechanism exists, other Concentrating proceésses are still
’.iess likely. Formation of calcrete deposits or adsorption of uranium by secondary
amorphous silica or hydrpxides are possible processes. However, it is more likely that
without r-eductio_n, uranium in water entering the playa would simply bé dispersed
throughout playa sediments without being concentrated. Reeves and others (1979)
reported uranium mineralization associated with the Quebec Siding anomaly. Aero-
radiometric data do sI;ow a radioactivity anomaly in that area (LKB Resources, 1979)
but our investigation suggest$ that this results from the presence of detritus
moderately rich in U, Th,.and K, rather t.han from mineralization.

Information to Improve Evaluation of Bolson Fill

Factors 1 and 2 required for the forhation of epigenetié uranjum deposits have
probably been operative, so the limitingb factor is factor 3, the existence of reducing
environments to concentrate uranium. With this uncertainty, the environment is
classifie.d as unevaluated. Ground-water analyses from basin fill are sparse, because
~wells are spérse in the relatively unpopulated bolsons. The few reported concentra-
tions (Union Carbide, 1978b) are relatively low (less than 10 ppb). However, because
there are so few analyses, chnrallcterizatioh of present day ground-water concentra-
tions is not possible. Also né measurements of oxidation-reduction status were made, |
so the existence of reducing environmeﬁts within basin fill cannot be cstablished.

More complete sampling emphasizing oxidation-reduction status of existing wells or of
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wells drilled expressly for uranium exploration in basin fill could resolve this

uncertainty.
. RECOMMENDATIONS TO IMPROVE EVALUATION

Specific recommendations- regarding individual favorable, unfavorable, or un-
‘evaluated environments are discussed above under the appropriate environment.
Recommendations given in this section.are of a more general or generic nature. Of
particular importance is underétanding the processes that could lead to uranium ore
formation, either in Tertiary igneous rocks or in other rocks where uranjum released
from the Tertiary rocks is concentrated. The tuffaceous sediments constitute an
‘imfnense potential source of uranium. A preliminary attémpt has been made in this
study to understand the ef‘fect of diagenesis or other élte;ation processes on uranium
mobilify.- However, uranium mobility is poorly understood and the conclusions of this
report are tentatiye, at best.. Further study of diagenesis, pedogenesis, or other types
of alteration and their 'éffects on uranium mobility would greatly enhance evaluation
not only of the Marfa Quadrangle but also of all other areas where volcanic or
volcaniclastic rocks are potential uranium sburces.

The genesis of many types of uranium deposits is extensively debated. Explora-
" tion me'thods are commonly dependent upon theories of genesis. Methods applicable to
one ore formation model would be useless for another model. Although information on
genctic models would aid evaluation, such studics are beyond the scope of NURE.

Aeroradiometric data were of littl_e use in evaluation. A followup study at a

closer spacing has been done but is not yet available. The results of this later study
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may aid evaluation. The preliminary hydrogeochemical study is also' of uncertain
significance; High ‘concentrations of uranium and several trace clements exist in
ground .water in almost all the tuffaceous units of Trans-Pecos Texas (IJnion Carbide,
1978a and b). Whether these are indicative of mineralization or simply indicate a high
regional background level is uncertain. A more Complete hydrogeochemica'l survey,
'>i'ncluding determination of the oxidation state of ground water, woﬁld aid in inter-

pretation of résults‘ and exploration for sandstone-type deposits.
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731.6 3/ <0 {30,000 [<200/<10 300 [<10 10,000 {40 | 5040 30,000 {<0| 51 2,0
o 3140 [50,000 |200| 10| _ 500 410{50,000 (<0 2090 20,000 |20l 15{ .2
2.9 2| 10 {50,000 |00/ 10 50 (401 5,000 |10 T090! 50 oo {<200 25 T2
2.8 1140 150,000 |<00] 10 500 |10 {10,000 |<10| 10{d0| 7,000 |<20! 15 | z
| 75|<0 150,000 |00 10| 150 |d0| 700 |<0| 20{40| 20,000 <20l 201 .o
120..7 4140 500 |00 | <10 <0 |[40| 500 |10} 10140} 5,000 |<20] < | 1,0
1<1.0 <1140 |30,000 |200|<40|  500°(<10{10,000 |<10| 20{40| 20,000 |<20{ 150 7
1]<10 | 7,000 |200] 50 <20 |20| 500101030} 20,000 |20l 5l 1.3
2.0 A1<10 | 7,000 |200| <] <0 |<10{ 500110{15[10| 20,000 {20l 51 1. 2
<140 100,000 |<200| 20| 100 |<10l20,000| 30| 5150|100,000 |10d 10|
<1|<10 {30,000 |<200{ 10| 500 |<10| 500 |<10 {100/40| 50,000 | 50| = 5 | z
<1|<10 |50,000 |<200| 10| 1,000 |<10]10,000 |<10| 50| 30,000 |<20| 10| 1,¢
4.9/<0.5|70,000 |<200] 10| 150 |30015,000] 5] 10l<0] 30,000 |150/1C0 | :
3| <.5/70,000 |<00| 10} 700 | <Ii30,000! 5| 30| 7| 15,000 | 50|00 | :
3|7 [60,000 |00 |10 5,000 | < (50,000 30150 50| 30,000 | 70]400 | 1.<
3] <.5/79.000 |200(<10] 1.500 5] 7,000 | <100 71730,000 {75000 | :
, <.5/70,000 |200|<10] 1,000 5 110,000 ‘<5 1501 7| 30,000 _7Ul<100 i :
413 1 000 200090 20 | <1 120,000 <6120 7| 1,500 |<20la00 !
2 il |
) |
3 | L
2 ] 1
3 | L
— bl - ‘__ﬁ
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= e e A W o= =&
Lig’ Mo Mo [ j
! Na |Nbj Ni| Pb | Sb Sc|Sn| Sr| Ti (Vv | W |Y |zn |2r
20 ' 1,5001<0120,000 | 20| 10| 20| J00/40|<0| 300] 3000|150 <00l 20| 200|200 -
70 - >10,000 200] 500 |0 20{5,000| 200/40|40|2,000] . 150!500|5,000140| <00! 40
-5 | - 3.000/90110,000 [@0]-10| 10| Q00/d0|<40] 500! 2,000(100] <00l 30! 200l200
51 2,000]40|10,000 (20| 10| <0|<00490!40| 200 2,000 50| <4000 !<00!150
: o l90415,000 120 1<0] 1o/ 400040l 200! 2,000] 50l <00l 20! <00l 200
- - ~o]g0120,000 | 201 10| <0] 900140 [<40] <€00| 2,000 20| <100l 20! <200 500
e 250190 115,000 20| 10| <0, 900{40|<0| s500| 700| 20| <oql2c|<on! 50
5 | - .000|40.20,000 {20 201 10| <000 /<40] <00] 1,500] 20/ <100100!<00{700
< | 1.000|a0 300 (20| 20] <o|<00/q0|<0] <00 50<0| <0040 |<00!100
oy 200 | 50| 15000 207 20{ 10| 400[40|<90| <100| 1,000 | 40| <100|50 | 200|200
= 1.+ 500 g 20,000 20[20] 10|<00[d0[<0| d00] 300|d0] 00|50 <200 200
= "+ sanlqn 20,000 |20 20f 20|<00lo0i<q0] <00] 790<4ql <o00]s50]|<200i200
o nonl.10130,000 |20 1200( 50| <0000 100 10,000 1200 _<00/10 | 2001100
5 | 500 |10l 1,000 {20 201 <20|<00K10!<10] <100| 7,000 70| <100[10|<200!700|
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, 7,000 /30,000 [90]70] 20]<tao[15]<0| 700] 3,000 00| <50|20|<e0a| 50
= 7001 5J4C,000 | 20 50[<100{10| 10| 100{ 3,000| 30| <50}.70|<200|200
' 3007 <5140,000 [<10 701<100] 5]<0] 300 2,000 20| <5050 |<200 |300
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APPENDIX C.

Uranium-occurrence reports



‘ Paype

URANTUM=-0OCCURRENCHE Quad Name A()()'f_____‘.MLLLL',LL_. o >
‘p ' REPORT Quad Scale Al.()()“l | ZJ 5‘ 0, 0, 0, (-)j;-
Deposit No. B40< 1 ~ >
I Deposit Name AlQ0 < Mammoth Minec >
; Synonym Name(s) All < N
E' District or Area A30 < Sierra Vieja = . >
l Country A40 <U, Sp [U, S| State Texas
‘State Code A50 <} 8P L 48 | County A6O < Presidio S
I o (Enter code twice from List D) :
Position from Prominent Locality A82 < 6 miles SSW of Gettysburg Peak
? >
I Field .Checked G1 <7, §10,9p By G2< Henry _ , Christopher D.
i ' . Yr Mo - . Last name First Initial
TI Latitude A70 <3,0 H2.6 H 4,2, N Longitude A80 1,0, 414,813 0 wp
5 v Deg Min- Sec . _ Deg Min Sec
| ’" ) .
‘| Township A77 <|_, , | P Range A78 <, | p Section A79 <, p.
. . N/S : | E/W /M
fl Meridian A81 < | > Altitude Al07 < >
Quad Scale A9L <, | , \ 1 4 P Quad Name A92 <. | >
E (7%' or 15' quad)
. Physiographic Province A63 < 1,2| | Basin and Range : . >
_ (List K)
E . Location Comments A83 <
ﬁl . . >
Locatfon Sketch Map:
| I
b < S
'y v
‘ 2

Z

-

" BFE 1236
4/19/78

m



‘ URANTUM=OCCHRRENCE, Quad Name  Marfa

(\ ‘ REPORT Deposit No. 1 -

Commodities Present:

0L 8 T TN T T W O W S W N G O
Commodities Produ:ed: o

MAJOR 4 v o b v v by g by v PoCOPROD 4y v o Ly e P
MINOR 4 ¢y ¢ L ow o Loy gy g by v v P BYPROD Qv Ly b bk

Potential Commodities: ,
POTEN <y y | v a1 v 0 P OCCUR <|_y 4 | g v b

Commodity Comments C50 <

>
- Status of Exploration and Development A20 < j_> ) A
(1 = occurrence, 2 = raw prospect, 3 = developed prospect, 4 = producer)
Comments on Exploration and Development L110 < _Sporadic explaoratian_since_1954
Presently under active investigation _ >
Property is A21 (Active) A22 (Inactive) (Circle appropriate lahels) .
"\ » Workings are Ml?O (Surface) M130 (Undergfound) M140Q (Both)
Description of Workings M220< Three shallow adits, approximately 15 ald___
drill holes; present drilling uncertain - _ ' 7
Cumulative Uranium Production PROD YES NO SML MED LGE (circle)
DH2
. accuracy thousands of 1b. years prade
GIqQU |, P GIAQ |, | | 1 1 4 1 P GIB<LB> GJC< > G7b<__ % U308>
Source of Information D9 < Anderson, W.B.. 1975 - U . . 13 \ > %
Production Comments D10 <
>
‘Bcserves and Potontiq} Rcsquccs;
ki accuracy thousands of Lb. ' year ol est. grade
Bl U, P ELA< I (1P EIB<LB: l?.-l.('1<]_1___JMJ~j> l'lll)<___“____A___'}'./L‘_‘ll_'iu();‘{/\

Source of Information E7 <

Comments E8 <

m

BFE 1236
4/19/78
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Poagre A
URANTUM=-OCCURRENCE, Orad Noame Maria

REPORT Deposit No. o

sit F Shape Mi0 <« . . : . . ' 2
Deposit Form/Shape MLO welrregular Dissewmination. in-cavities-—&—fractures

. 11 /M

Length M4O < > M4l< > Size M5 (circle letter):

Width M50 < 50 > M51< M > 1b U308

Thickness M6O < 5 > Mpl< M > A O - 20,000

‘ ‘ B 20,000 - 200,000

Strike M70 < N 30 E > ¢ 200,000, - 2‘ million
N 2 million - 20 million

Dip M80 < 8 degrees NW - > E More than 20 million

Téctonic Setting N15 < Mobile Beit ' L . >

Major Regional Structures N5 < Southern part of Basin & Range within

: ¢
major graben mnorth of Presidio Bolson
>
Local Structures N70 <yjthin area of intense normal faulting and minor
tilting; nearest fault approximately 300m to west .
, _ v .
Host-FM. Name Ul < Byckshot Ignimbrite > Member U2 < >
Host Rock K1 < 0;7,,116101 1+ 1 1 1 ¥ Welded ash-flow tuff
(Age). (Rock type, texture, composition, color,
Strike-and dip same as deposit
alteration, attitude, geometry, structure, etc.)
>

Host-Rock Environment U3- < yolcanic, posterogenic,, ignimbrite 7
: (Sed. dep. environ., metamorphic facies, ign. environ.)

Comments on
Associated Rocks U4 <(yerlain and underlain hy mnmineralized_ tuffaceous

sediment : . — e e e e e

Ore Minerals C30 < R-uyranophane 90%, unidentified yellow unranium mineral

>

Gangue Minerals K& <_jropn oxides, secondary silica_(guartz chalcedony;-

'. o . . R PR . bS >
opal), calcite, limonite after pyrite —all found dn_cavities in_T_.




URANTUM-OCCURRINCI Ound Name Mar/la

REPORT Deposit No. L

‘Alteration N75 ‘i__~BMiﬂ&&hﬂl;fai;_LlLLﬁ.JJLCﬂLjJML_iS“JliglLLy_OjﬁidiZLul“.l)ut4.. .

.mineralogy other than urapnium similar to other locations

>

Reductants U5 < Pyrite present > 1%, all now_occurs as Jimonite - .

A\

Analytical Data (Genmeral) C43 < Highest grade 1 found 2750 ppm IF#l ' '
. R : 8_—_—’“" .

Mo _conceptrations about 20 to 70 ppm _but no greater than din._. .

_unmineralized Buckshot ' : ' R

Radiometric Data (General) U6 <

(No. times background and dimensions)

>

Ore Controls K5 <_Origin of deposit speculative: 2 mechanisms _possible

1) vapor phase crystallization of umnophane during devitrification

of glass 2) reduction of yranium=bearing groundwatrer hy pyrite.

Pyrite now replaced by limonite. Origin of pyrite uncertain. Primary

ore mineral may have been coffinite now oxidized to-uranophanc...... ;

1) Deposit class= 530 Hydroauthigenic 2) None

Deposit Class C40 < See K5 . > Class No. U7 <_, | b

Comments on Geology N85 < GSee discussion_in_text. for.geologic settin & -

and possibl rigin of deposit . S S

BFE 1236
4/13/718



URANTUM=-0OCCURRENCE Quad Name  Marfia

RETORT Deposit No. 1

_’

Uranium Analyses:

Sample No. Sample Description Uranium Analysis
MAE=514 altered, welded ash-flow tuff 27§9WBPT_2398M
MAE=-509 altered, welded ash-flow tuff'- 1550 ppm U 9&;
MBE=517 altered, welded ash-flow tuff 960 ppm U0,
1 M6AE=519 ‘Vitroohv;e. unmineralized, near Mine 12'4.923_9398

Geologic Sketch Map and/or Section, with Sample Locations:

References:

F1 < Nye 1957: The Mammoth Mine, Tierra Vieﬁathns, Presidio County, TX:

UL.S. Atomic Enerpy Commission now reprinted by U.$. DOE_as DAO-4-TM-10

F2 < y.R.Anderson, 1975: cooling history and uranium mineralization

of the Buckshot Iegnimbrite, Presidio and Jeff Davis Countics, *

F3 < R, C. Pilcher, 1978: Volcanogenic uranium occurences, in

f-\ D.C_Mickle & G. W. Mathews eds: Geologic characteristics of *

F4 <

BFE 1236
4/19/78,
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URANTUM=-OCCURRENCE, Quad Name

oo Marcfao oo
REPORT Deposit No. U S .
Continuation from p. 1-5:
;Dﬂ;—ii—ﬁuckghot lgnimbfite S
P2 Texas o1l n.iN_QLSi_Ly_Q_L_lG_X_a_S—_&L_ILuS.LiLL,'_M,A.-.l besis, 134 pa

F3__environments favorable for wranium deposits

U.S. Dept. of Energy CIBX=h7(78) p. 181-22(

(Gangue Minerals K4) devitrification spheres.
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PETROGRAPHIC DESCRIPTION

PROJECT:Marfa 12-78-7283 REQUEST: 101979  FIELD NO: MGE-118  AASSN:
ROCK NAME: Unconsolidated Sand ' ‘ PETROLOGIST: MJIE
, B
MINIRAL/COMPONENT | % ‘  COMMENT
Carbonate 23 | Fine to medium sarnd sized TEXTURE:
' grains; mostly micrite but ) . . .
> > WOSLLY B T This sample consists of sand grains and ciher
many sparite grains also.
Some are fossiliferous _ detritus, without a matrix. Grain size wvaricz:

(looks like globigerina

from granule to very fine sand, mostly Iine
but fragments are too small & Y _ ’ -’ -
to be sure). ) sand. Altecration is stronger than in MGD-9I:G
. and features of the grains are less diszincz.
| Sediments Rock 22 Granule and smaller sizes;
Fragment sandy carbonates. Strongly

weathered, no tuffaceous -
fragments visible as in
MGD-933, '

Volcanic Rock

8 | Altered basaltic and other
Fragments t

more felsic fragments.

17 Includes small amount of

chert. Mostly fine sand
sized angular grains.

-

Quartz

Fine clumps occur throughout
and are sometimes mixed.
with micrite.

(@]
- —
[
<
Vo)

ioclzse . 8 | Fine sand sized cleavage
fragments. Alteraricn is

LGS

N
+ o
o
<
H
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ROCK NAME:

Un

PR0JECT: Marfa 12-78-7283

ccnsolidated Sand

P

REQUEST: 101979

TTROGRAPHIC DESCRIPTION —continued

FIELD NO: MGE-118

PETROLOGIST:

MJE

AASSYN:

b

MINEZRAL/CCYPONENT | 7% COMMENTS
Hornblende tr
|‘ .
Sphene lotr
K-feldspar tr Microcline.
Opaques txr
Biotite/Muscovite tr
Glauconite LY
o
Zircon tr




PHCOTOMICROGRAPH OF SAMPLE MGE-1:

General view of sand ccnsisting
carbonate (micrite), rock fragme
quartz, etc. Glauconite pellect
hornblende grains are near cen
40X, crossed polarizers.
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PETROGRAPHIC DESCRIPTION

. PROJECT: Marfa 12-78-7283 "REQUEST: 101979 FIELD NO: MGE-122  aASSY:
ROCK NAME:  pismicrite ‘ . PETROLOGIST: MJE
| . . , '
MINERAL/COMPONENT 7 COYMENTS )
. TEXTURE:
Micrite . 90
i Dismicrite was chosen for a name beczause th:z
origin of most of the larger grains in the roc
seem to be from disturbance of the sedizen:
. . . causing filling of cracks and possiblv bBurrcws
Sparite -10 As curved veinlets,. . g -
i . . .
| possibly shrinkage crack or slumping. There are some features that ma
fillings, etc. Also ‘ .
' 52 A be fossils.
replaced fossils?
Chalcedony tr




PHOTOMICROGRAPH OF SAMPLE
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CRAN TUM=OCCHRRENCE Guad Name Aon Marfa
REPORT Quad scale ALOO]
Deposit No, H/:()'{ 2

Deposit Name AlQ < Shely Prospect

oo |

500 0,0

Synonym Mm&ﬂs) All < Organ Pipe Hill Prospect

Disgrict or Area A30 < Pinto canyon - .
Country A4O QU , Sp W 15 State 19§3§ S
State Code A50 <{4, 8] 14 8] County AG0O {ﬁ}’ﬁ&i}ﬂ}fﬂg__w

(Enter code twice from List D)

‘Position from Prominent Locality A82 < From Marfa, TX 32 miles SW on to

end of pavement, then approx 6 mi on unpaved county road to Organ

Pipe Hill, Prdspect is on side of hill 200 yds south of road.

Field -Checked G1 < 7,8]| 9P By G2< Henry

,Christopher D,

Yr Mo ' Last name - First
Latitude A70 <3,00,0 H 3 QNP Longitude A80 < 1,0,4H2,9H5,5, W
. Deg Min Sec Deg, Min Sec

Township A77 < , | | > Range A78 < | | | > Section A79 < , P
N/S £/W .

Meridiaﬁ A81 <

Initial

_ FT/M
> Altitude ALO7 < 4800 FT

Quad Scale A9J q [ 12,40, 0,0p

Quad Name A92 <
(7%' or 15' quad) '

Physiographic Province A63 <1, 2 | Basin and Range

(List K)

Location Comments A83 <

Location Sk>tch Map:
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Poaye
URAN LUM=-OCCURRENCE Ouad Nome Marfa

REPORT Deposit Nooo 2

Commodities Present:

ClO Quu v v v v v Lo v v b v by v b v b P

Commodities Produced:
MAJOR < v L vy oy by g by g PocorRod <y oy L L P‘

M-[NO-R LL [ l | l B | l'l 11 P BYPROD q___.l.-“l,_&L_,I.___J._,Al_.l._.l_._L*L-.I.,.J)

Potential Commodities:
POTEN quy o | v o o 1l v v a P OCCUR <, | 4 g 1_1 ] L-J,..P

Commodity Comments C50 <

Status of Exploration and Development A20 < 3 >
(1 = occurrence, 2 = raw prospect, 3 = developed prospect, 4 = producer)

Comments on Exploration and Developmeut L110 < shallow trench in_late 1950Q's;

extensive drilling l975~1976 ’ 7
Property is A21 (Active) A22  (Inactive) - (Circle appropriate labels)
Workings are M120 (Surface) - M130 (Underground) - MI40 (Both)

Description of Workings M220<_ Opne trench = _30m x 3m along fracture zone.

from 1958; approximately 12 drill holes from 1975 work . . .. _.~°

Cumulative Uranium Production PROD YES NO  SML  MED . LCE {circle)
2 N , ' ‘

PH accuracy thousands of 1b. years grade

G7QUIL ., « P GIAY ;4 .\ P G7B<LB> G7C<___ > GID<_ % U308>

Source of Information D9 < Amsbury, D.; 1958, Geology. of the Pinto_Canyosd

Production Comments D10 < Tons of ore average grade 0.34% 1 0 __was

38"

stockpiled but not shipped in 1950's - _.__ . e e
Reserves and Potential Resources
K ' _ - . ‘ado

accuracy thousands of Lb. year ol est. prade o
ELQU Ly, P BIACL 4y g gy P BIB<LB BLCA gy b WD A USO8
.Source of Information E7 < - i
Comments E8 < ’ s .
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HRANTUM=OCCURRENCE Quad Name  Marfa
1 REPORYT Deposit No. 2
Deposit Form/Shape MLO < Irregular fracture zone Lo
V l"'l‘/b‘i TTTTTTTIT TS T T e m e T e T T e T
Length M40 < 1000 > M41<FT > Size MLS (circle letter):
Width M50 <8 > M51< FT > 1b U308
Thickness M60 < > Mel< > A 0 - 20,000
‘ o B 20,000 - 200,000
Strike = M70 < N8O E . > ¢ 200,900 - 2 wmillion
v _ o D 2 wmillion - 20 million
Dip M80 < 50 N . > E More than 20 million
Tectonic Setting N15 < Mobile Belt : : >

Major Regional Structures N5 < Southeastern Basin & Range; east of NE

edge of Presidio Bolson; approximately two miles north of wall of

Chinati Caldera ' ' B N

Local Structures N70 < Mineralization is in fracture zones in rhyolite domes

at north edge of Chinati Caldera; Domes are older than Chinati Caldera

but may be related to older caldera cycle - >

Host~IM. Name Ul < Allen Intrusion > ‘Mcmber U2 < : >

HostRod(Kl<40ﬂ”1ﬂ,0[ijhgj, | ¥l Rhyolite porphryry intrusion; porphzritic,
(Age) . (Rock type, texture, composition, color,

white to grey, rhyolite with phenocrysts of quartz and alkali feldgpar
alteration, attitude, geometry, structure, etc.)

(commonly kaolinized). Intrusion is one of several flow-dome complexes

>

. . 2
in 5 mile area

Host-Rock ‘Environment U3 < Hypabyssal intrusion >

(Sed. dep. environ., metamorphic facies, ign. environ.)
Comments on
Associated Rocks U4 < Related rocks are rhyolite lava [lows, breccins, and

tuffaceous sediments

Ore Minerals €30 < Primary uranium-bearing mineral is probably amorphous

Fe-Ti-Mn hydroxide; secondary minerals include autunite and tyuyamunite

Ganguce Minerals K4 < Fe-Ti-Mn hydroxides; montmorillonite; both as

fracture fillings

BFE 1236
4/19/78



Pape 4
URAN LUM-OCCURRENCI, v Quad Name Marta .

REPORT Deposit No. 2

Alteration N75 < jiost_rock_is weathered and kaolinized to considerable:

depth; gouge along fracture is altered to montmorillonite; fracture

filled with Fe-Ti-Mn hydroxides ' : >

Reductants U5 <_ Nope known

 Analytical Data (General) C43 <_ Hiphest grade U found = 1430 ppm; trace

elements concentrated with U in minor amounts include Cd, Be, Co, Cr,

Cu, P, Ni, V. Fe, Ti and Mn enriched in hydroxides >

Radiometric Data {(General) U6 <

(No. times background and dimensions)

>

Ore Controls K5 < | yas probably adsorbed by amorphous Fe-Ti-Mn hydroxides

_from downward moving groundwater; secondary U_minerﬁls probably a result

of éryqrallization of hydroxides: hydroxides and permeability are largely

restricted to fracture zones in rhyolite domes and mineralization occurs

in many such fractures. Source of U is probably the fhyglijﬁadgmﬁuitself

or _associated rocks of U4

Deposit Class C40 < Authigenic | > ‘Class No. U7 <3 ,610b

~Comments on Geology N85 < poemperature of formation of deposit unknowng .

Mineralization could have been by heated ecround watexr soon after _

intrusion or cold ground water long after dintrusion

N

BFE 1236
4/19/78



URANTUM=-0OCCURRIENGIS Ouad Name Marvfa

REPORT Deposit No. 2

Uranium Analyses:

Sample No. Sample Description Uranium Analysis
| M6E568 B Clay gouge in fracture zone _Lglﬂnppm_MSng
MGES4S Fe=Ti=Mn hydroxide in wall of fraeture 825 ppm U,0q
wM6E54A~_.“Alpered rhyolite hast rQLkLMﬂlvaL.flﬂLLutemﬁj_ﬁpm_ﬂjﬂg_m
- M6E- 856 11Q ppm ”508
M6E_860 200 _ppn U0
M6E 864 440 _ppm U0y

Geologic Sketch Map and/or Section, with Sample Locations:

References:

™0 “ Amshury, D., 1958, Geology of the Pinta Canyon area, Presidie—tounty
Geology _~

Texas; The Hniversityof Texas_ at . Austin_Burcegu oL _Economi-e —
7Q2<Reeves, ¢.C., Kenney, P. Wright, E., 1979, known radioactiﬁgﬂﬁww”

anomalies and uranium potential of Cenozoic scdiments, Trans-Pecos Texas

RFZ 1235,
LYAL WAL



Con i

_._area, Presidio County, Texas:

PIRART T U v R R T RTEE CManfa
NIREN v Coe o 2

cAon Troam oo, e

_The University of Texas at Austin,

Bureau of Economic Geology Geologic Quadrangle Map. No. 22.

F1 Geologic ngx__drangle Map 22. o . e

F2 The University of Texas at Austin Bureau of Economic _ Geology

_Guidebook 19, p. 127-136.
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