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FIGURE CAPTIONS

Figure 1. Location of Lubbock Quadrangle.
Figure 2. Major structural clements, late Paleozoic (after Erxleben, 1975).
Figure 3. Stratigraphic column with lithologic descriptions.

Figure 4. South to north cross sectibn,_ Guadalupe and Ochoa Series, western part of

Lubbock Quadrangle (after Maher, 1960).

Figure 5. Sediment dispersal system (Dockum) during humid climate conditions:
meandering streams (A_—A' and B-B'); large distributary channel (C-C‘); small distri-
butary channel, channel mouth bar, and delta front (D-D'"); delta front, prodel_ta, and
~ lacustrine (E-E'); crevasse channel (F-F'); and érevassc splay (C-G’)'(after McGowen,

- Granata, and Seni, 1979).

Figure 6. Sedimen'_c dispersal system (Dockum) during arid climatic conditions: valley
- {ill (A-A"); braided feeder channel (B-B'); delta platform, delta foresets, delta front,
and lacustrine (section parallel to sediment transport, (C-C'); and same facies as (C-C')
excepf sectioh is perpehdicular to sediment tfansport (D-DY (aftér -McGowen,.Granvata,

and Seni, 1979).
Figure 7. Sedimentary features, Caprock locality.

Figure 8. Sedifnéntary features, Yellow Cub locality.
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Figure 9. Sedimentary. features, Hillside locality. Crevasse splay (splay delta of
McGowen; Granata, and Senfx,.l979); greenish-gray slightly calcitic fine-grained sand-
stone with lenses of sandy granule to pebble mud-clast conglomerate; and trough cross-
'beds, foreset crossbeds, horizontal laminae, and parallel-inclined laminae ar'e the

primary sedimentary structures.
Figure 10. Sedimentary Ieatures,_'MacArthur local'ilty.
Figure 11. Sedimentary features, Red Mud locality.

Figure 12. Subsurface sandstone distribution patterns and outcrop directional trends

_ (lower Dockum) (after McGowen, Granata, and Seni, 1979).

- Figure 13. Depositional systems, Duncan Sandstone Member, San Angelo Formation

(after Smith, 1974).

~ Figure 14. Depositional systems, Flowerpot Member, San Angelo Formation, and lower

part of Blaine Formation (after Smith, 1974).

Figure 15. Structural elements that'influenced deposition of the San Angelo For-

mation (after Smith, 1974).
Figure 16. Sand isolith map of the San Angelo Formation (after Snith, 1974).

Figure 17. Evaporative pump mechanism operative during San Angelo deposition (after

Smith, 1974).

Figure 18. Influence of Ogallala ground-water system on uranium mineralization

within Permian and Triassic strata.
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ABSTRACT

Uranium resources of the Lubbock Quadrangle, Texas, were cvaluated to a depth
" of 1500 m using available surface and‘subsur[a'ce gcplogic;ﬂ information. Uranium
‘occurrences reported in the literature and in reports of the Atomic Energy Commis-
sion were located,-. sampled, and described. Areas of  anomalous radioactivity,
interpreted from aerial radiometric survey, and geochemical anomalies, inlterpretcd
from hydrogeochemical and strcam-sediment reconnai_ssdnce, were also investigated.
Areas of uranium favorability .in the subsurface were evaluated using gainma-ray well
logs and driller's logs. Nine areas of uranium favorability were delineated witﬁin thé
quadrangle. Delineation was based on both surface andSubsQrface_data. Several
occurrences are present within some of these areas. Five subsurface areas are
considered to be favorable for uranium deposits: onc area in the Satll Angelo
Formétion (a delta system), three areas in the Dockum Group (consisting of ﬂAuvial.,
delta, and lacusfrine s‘ystexﬁs), and one area in the Ogallala Formation (a wet alluvial-
fan system). Favorable areas in outcrop are lacustrine 'facies of the Tule Formation
and fluvial-deltaic facies of the Dockum Group. Ge.ologic units considered to be
unfavorable include Recent and Pleistocene deposits that blanket the High Plains,
parts of the Ogallala Formation, Cretaceous strata, parts of the Dockum Group, and
most of the 'Permian units, cxcept the  deltaic deposits witl_lin the San Angelo
Formalinn. RCCOHHHCHGUUOHS for improving the evaluation of the Lubbock Quad-
rangle include an aerial radiometric survey with more closely spaced flighﬂines, a
detailed ground-water study, and a coring/logging program to document subsurface

uranium occurrences. -
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INTRODUCTION

PURPOSE AND-SCOPE

The Lubbock NTMS Quadrangle, Texas, was evaluatéd to identify and .delineate
areas and geologic units that exhibit characteristics favorable for the occurrence of
uranium, Al ‘geologic fonhgtions to a depth of 1500 m were evaluated by means of
surface and subsurface-investi’gations. Each stratigraphic entity was categorized as
favorable, unfavorable, or not evaluated for urahium deposits, on the basis of the.study

of significant uranium districts worldwide (Mickle and Mathews, 1978).
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PROCEDURES

Uranium potential of the Lubbock Quadrangle was evaluated by examination of
the rocks in outcrop and in suﬁsprface. Surface geologic procedures include (1) locét—
ing and determining the source of aerial radiometric anomalies (Geodata International,
1975), (2) checking areas with geochemical anomalies showﬁ by results of the
Hydrogeocﬁemical and Stream-Sediment Recoﬁnaissance (HSSR) Program (Butz and
others, 1979), and (3) making a general recofwnaissanée of the geologic environments
exposed in outcrop. In conjunction with the outcrop work, rock and soil samples were
collected and submitted to the Mineral Studies Laboratory of -the Bureau of Economic
Geolbgy at Austin for chemical .énalysis. Desériptioné of the stratigraphic units from
which sampies were taken include mineraldgy, lithology, and primary sedimentary
structures. A portable scintillometer, the geoMetrics Modél GR-101A, was used to’
- measure gross gamma counts of all sarﬁpled horizons aﬁd to determine the character-
istic background ‘radiatio'nAlevel for the area from which .tﬁe samples were collected.
Uranium content of rock and soil samples was by fluorometric method (Ho and Dupre,
1980). Determinatién of the concentration. of the .other 30 elements (App. B)
contained in rock and soil s;mples was made by the inductively ‘coupled plasma
emission spectrometer (Ho, Calvo, and Tweedy, 1980). Evaluation of the subsurface
geologic environments was made by examining geophysical, lithologic, and water well
driller's logs. |

Subsurface maps of the Ogallala Formation were constructed using closely
spaced water well driller's logs'. All subsuriiace maps and Cross secti.ons of 'uni.tS below

the Ogallala were constructed from gamma-ray, sonic, and resistivity logs.
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Some of the plates accompanying this report are on graticules provided by BFEC.
These graticules are not at the same scale; therefore, when transparencies are
superimposed, the discrepancies are obvious. Other plates are on the same base as the

Burcau of Economic Geology's Geologic Atlas, Lubbock Sheet.

GEOLOGIC SETTING .

The Lubbock 1° by 2° Quadrangle, an area of 21,280 kmz, is located in northwest
Texas between lat 33°N. and 3%°N. and long 100°W. and 102°W. (Fig. 1). The Lubbock
Quadrangle lies within two physiographic provinces. The western 40% of the area lies
within the Southern High Plains, and thg eastern 60% of the area lies within the Osage
Plains of the Central Lowland Province. The Caprock Escarpment, an erosional
escarpment with 'ui) to 61 m of relief, forms the boundary between these two
physiographic provinces.

The survey area lies alrnogt entirely within the late Paleozoic Midland Basin
(Fig. 2). Pé_rt ‘of the area is underlain by the Matador Arch (Nicholson, 1960; Salisbury,
1960). Midland B’a;in was filled witH sedimentary rocks ranging in thickness fromn
3963 m in Lynn County to 2744 m in Lubbock County (Maher, 1960). Stratigraphic
nomenclature and genéralized lithblogic descriptions are summarized in Figure 3.

Precambrian crystalline rocks weré encountered in the "subsurface Within the
Midland Basin at depths of 3354 to 3963 m, and along the Matador Arch at depths of
about 2744 m. .lgncous rqcks are unconformably overlain "by Ordovician rocks
(Ellenburger Group), ranging in thickness from about 122 to 396 m and consisting
mostly of dolomite that grades into sandstone and conglomerate near the Matador
Arch. - Mississippian rocks comprising 46 to 259 m of limestone, dolomite, and shale

unconformébly overlie the Ellenburger.



LUBBOCK

The bas¢ of the Pennsylvanian represents another major unconformity. Pennsyl-
vanian sediments are represented by a wide range of lithologic types, including locally
prominent reefing. Basin lifhdlogies are predominantly sandstone, shale, and shaly
limestone. Eastern Shelf (platform) rocks are mostly limestone and dolomite;
terrigenous clastics make up a minor part of the section.

| In ascending order, Pennsylvanian strata are designated Caddo (BBend), Strawn,

“Canyon, and Cisco Groups. - Distribution of facies within tﬁe Pennsylvanian Systemn
resulted frorn tecton.ism in the Quachita Structural Belt and concurrent developiment
of depositional basins. During the Atoka, massive limestone accumulated south of the
Matador Arch and granite wasﬁ accumulated north of the arch priér to development of
a shelf, slope, and basin system. Strawn, Cahyon, and' Cisco Groups are characterized
by: (1) fluvial-deltaic sandstones andvmudst'ones, (2) platform carbonates and shelf-
margin reefé, (3) slope limestone, sandstone, and mudstone, and (#) basinal limestone,
sandstone, and mudstone (Galloway and Brown, 1972; Erxleben, 1975;' Cleaves, 1975)-.
Near the western limit of the Lubbock Quadrangle; Pennsylvanian rocks are 120 m
thick above the Matador ‘Arch and 500)m thick near the center of the Midland Basin.

DUring the Permian, basins slowly subsided, water was shallow, and sedimenta—
tion rates were slow. Permian section, consisting of Wolfcamp, Leonard, Guadalupe,
and Ochoa‘Series, attains thicknesses of 1980 to 2440 m near the-western limit of the
Lubbéck Quadrangle. The Wolfcamp is mostly shale and dense limestone in the basin
areas and predominantly carbonates with some anhydrite in shelf areas. Reef
carbonates developed along some shel[ edges.  In the Midland Basin, rocks of the
Leonard Series are mostly marine sandstonés and dense limestones, Rocks of the

Guadalupe Series are chiefly‘ evaporites and red shale, except for the San Andres
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Formation, which is mostly dolomite (Fig. #). In outcrop, part of the San Angelo and
all of the Blaine Formation are equivalent to the San Andres. Oéhoa Series (Salado
Halite, Rustler Anhydrite, and Dewey Lake Red Beds) is represented by evaporite
deposits similar to those of tlje Guadalupe S.eries, with the exception of the Dewcy
Lake Red Beds, which consist of sandstone, siltstone, and mudstone.

Téctonism' that created the Gulf of Mexico (Kehle, 1972; Belcher, 1979) rejuve-
nated certain Paleozoic structural elements, brought about climatic changes, and
initiated fluvial-deltaic sedimentation that produced the Triassic Dockum Group
(McGowen, Granata, and Seni, 1979). Physical evidence of an unconformity ‘does not
exist between Permian and Triassic rocks in most of the Lubbock Quadrangle. Dockurﬁ
Group crops out along the Caprock Escarpment ‘(Pl. 7) and dips westward beneath the
High Plains. Dockum Group consists of about 61 to 488 m of fluvial, deltaic, and
lacustrine deposits. Lithologically, the Dockum consisfs of conglomerate, sandstone,
siltstone, and mudstone, along with minor amounts of dolomite and c‘hert;- Reddish-
brown color dominates the Dockum, although drab colors are locally predominant.

Triassic rocks are unconformably overlain by Cretaceous shale, sandstone, and
limestone represented by Trinity and Fredericksburg Groups and part of the Washita
Group. Post-Cretaceous erosion removed most of these Adeposits. Erosional remnénts
of the Cretaceous are up to 46 m thick (Barnes, 1967).

Prior to depdsition of the Pliocene Ogallala Formation, ecrosion had removed
large areas of Cretdceous .strata, and streams had scourced southeastward-trending
valleys, up to 76 m deep, into Triassic' and Permian rocks. Ogabllal,a Formation, a wet
alluvial-fan system, consists ‘of conglomerate, sand, silt, clay, and a few limestone

beds (Seni, in press). Terrigenous clastics were derived from the Rocky Mountains.
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The Ogallala, capped by caliche, is exposed in the cliffs of the Caprock Escarpment.
In the northwestern quarter of the map area, the Ogallala outcrop belt ranges from 1.6
to 16 km wide (Pl. 7). The Ogallala dips to the southeast at about 1 m per km.

During the Pleistocene, numerous lakes formed on the Ogallala surface. Lake-

fill consists of up to 26 m of gravel, sand, silt, clay, limestone, and bentonite. Other

Pleistocene deposits are cover sands, playa sands, silts, and clays, and fluvial gravel,
sand, and silt.
Recent deposits include windblown sheet and dune sand and siit, and gravel and

sand along present stream courses (PL. 7).
ENVIRONMENTS FAVORABLE FOR URANIUM DEPOSITS

The Lubbock Quadrangle includes nine areas containing environments favorable
for uraniurn (Pls. 1A and B). Most of the environments include channel-controlled pene-
concordant depositS (Su})class 243, Mathews and others, 1979). Two of tne environ-
ments (Tule and San Angelo Formation;) are unclassified. One area is in the

Pleistocene Tule Formation; one is in the Pliocene Ogallala Formation; six are in the

" Triassic Dockum Group; and one is in the Permian San Angelo Formation. Numerous

small occurrences of uranium have been reported in the Dockum (Finch, 1975; Hayes,
19565 McGowen, Granata, and Seni, 1979; and Wright, 1969). Low concentrations of

uranium and copper have been reported for the San Angelo Formation (Smith, 1974).

TULE FORMATION

One area (Area A, PL 1A) in the Tule Formation is favorable for uranium

deposits of an unclassified type because (1) the Tule Formation contains a uranium

occurrence; (2) the median fluorometric value of rock samples from the Tule
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Formation is the highest among all rock units‘in Lubbock Quadrangle; (3) uranium
source rocks include the Plei_stocen¢ Pearlette ash, which was concentrated and
presched in the lacustrine {ill c;f the Tule Formation.;' and (4) uranium that was
leached from voléanic ash was retained in lacustrine fill by reducing conditions at th¢
sediment/water interface.

Stratigraphy and Structure

The Pleistocene Tule Formation occupies a partly -filled depression. in the
Ogallala Formation and covers 25 to 40 kim? along the Caprock Escarpment in eastern

Lynn and western Garza Counties (Evans and Meade, 1944; Frye and Leonard, 1957;

Reeves, 1963).- Ogallala deposits thin below the depression, which occurs along a -

Pleistocene drainage valley. The depression formed by caprock breaching resulted
from stream (Frye and Leonard, 1_9.57) and/or wind erosion (Reeves, 1963). The Tule is
overlain by Quaternary stream gravels, eolian cover sands, Tahoka Clay (Wisconsinan),
and soil. -
Lithology

The Tule Formation ranges iﬁ thickness frorﬁ a few meters to 26 m. It consists
of (1) red, gray, greenish-gray, and light brown fine to medium sands, sandstone, and
granule to pebble conglomerate; (2) white, light gréy, yellowish-gray, and'greenish—
- gray clays; (3) thin limestones; (4) irregularly distributed caliche; and (5) volcanic ash.
The texture and lithology of Tul.e deposits change verticbally and laterally (PL. 11). In
generél, the texture of the Tule dcpésits fines upward. Coarse terrigenous clastics,
composed of fine to medium sand and sandstone and limestone- and caliche-clast
granule to pebble congloinerate are concentrated at the maréins of the deposit and in

the lower third of the sequence. The coarse clastics occur in lenses 0.3 to 2.0 m thick.
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Horizontal to slightly inclined parallel laminae and convolute laminae are common.
The upper two-thirds of the sequence is predomi'nlanvtly gray clay containing vafve-_like
laminations (Reeves, 1963). According to Reeves (1963), the clay is bentonitic and
represents altered volcanic ash. Sample MlW—jl8 is unaltered ash from a bed 5.0 ¢in
thick. Sporadic lenses of caliche 0.05 to 2.0 m thick occur at the top of the sequence.

- Depositional Environiment

The lacustrine origin of the 'depre‘ssion fill is evidenced by thin limestones, clay-
rich varve-like laminations, marginal, locally derived coairse terrigenous clastics
around the peripﬁery, and lithologic and physiographic similarities between Tul;e
deposits and other early Pleistocene lacustrine deposifs, such as Rita Blanca l.Seds
(Evans and. Meade, 1944; Anderson and Kirkland,. 1969), Blanco Beds (Evans and Meade,
19#4; [zett ’and others, 1970, 1972), and Tule Beds in Briscoe County, Texas (Evans and
Meade, 1944).

| Although ash from the Tule Formation in Lynn County has not been dated, it
probably is related to the Pearlette ashes, ranging in age from 0.6 to 3.2 m.y.

The abundance of gray sands and clays suggests that reduci‘ng conditions
.prevlailed during -deposition of the Tule. The presence of reducing conditions at the
sediment/water interface, distinct varve-like laminations, and lack of benthonic fauna
indicate_ meromictic or chemically stratified lacustrine conditions in which lake
boftom waters were scasonally oxygen deficient.

During the éarly Pleistocene, the Tule may have drained a 3000 krn2 arci,
providing a mechanisin to concentrate and brescrvc uraniferous ash and to fix the

uraniurn through reducing conditions.
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Uranium Mineralization

‘One uranjum occurrence was found in the Tule Fdrmation outcrop area (Pl. 12).
The higheét uranium concentrations in this formation (MI\V-336, 125 ppm; MIW-337,
128 ppm) occur in gray and light brown fine sands and sandstones. Anomalous uranium
values also occur in vgra’y mudstones (30 to 40 ppm). Below .the Tule, sqrﬁe Tertiary

Ogallala conglomerates' also show elevated uranium values (MIW-319, 26 ppm).

Although no uranium minerals were detected, a bvlack, pore-filling cement was present -

in the two Tule samples having the highest uranium values,
The source of uranium is believed to be the Pearlette-type ashes. Most of the
gray clay in the upper two-thirds of the scquence may also represent altered volcanic

ash.

. Hydrology

Little infor'ma‘tion‘ exists 6n gfound water in the Tule Formation. Ground water
normally is not produced from the Tule because of the abundance of relatively
impermeable lacustrine clays. Results from the Hydrogeochemical and Stream-
Sédifnent Reconnaissance sampling program (Butz and o'thers, 1979) indicate that
anomalous concentrations of uranium and associated trace elements (As, Cu, Mo, Se,
and V) occur in the Ogallala ground water in the vicinity of t‘hé Tule Formation.
'Grvound' water in thin sandstones at the base of_the_ Tule is expected to‘show similar
uranium and trace-clement asso'.cia.tio'ns.

FFavorable Area

Area A. The entire outcrop of the Tule Formation is considered favorable for
uranium deposits (Area A, Pl. IA). The subsurface extent of the Tule is estimnated to

cover 24 kmz. If the formation averages 10 m in thickness, and i{ half of the volume

10

b
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of the Tule were removed by erosion, the remaining volume of Tule rocks is 0.24 km3

&

cor 2.4 x 10 m3. The volume of rock having more than 100 ppm U is estimated at 300

m?. Amount of U,04 is 0.1 t.

Radiéactivity and chemic_al data for all Qua'ternéry. rock samples are summarized
in Abpendix D. Fluorometric UBOS values for Quaternary rocks are gr‘aphically‘
represented in frequency histograms and cumulative-probability curves (Pl 13). The
choice of symbols and concentration in.tervals is based on conventions established by

the NURE program. The median fluorometric UBOS values from the probability curve

of Quaternary rock samples are the highest ambng_all rock units -in the Lubbock

Quadrangle (P1. 5).

The uranium occurrences in Area A are categorized as peneconcordant sand-
stone-type uranium .deposits (Subclass 243), with uraniumn deposition occurring as a

facustrine fill.

OGALLALA FORMATION

One area (Area B, Pl. 1A) in the Ogallala Forination is favorable in the
subsurface for uranium deposits in sandstone Subclass 244 (Mathews and others, 1979)

because (1) favorable sandstone host-rock characteristics exist, (2) there is a source of

~ uranium in overlying Pleistocene deposits, (3) overlying Pleistocene deposits contain a

uranium occurrence, (4#) Ogallala strata are enriched in uranium below Pleistocene
uranium occurrences, and (5) Ogallala ground water is cnriched in uranium, arsenic,
molybdenum, selenium, and vanadium.

Stratigraphy and Structure

The Ogallala Formation consists of clay, silt, sand, and gravel deposited in a

- widespread, wet alluvial-fan system (Seni, in press). Multiple pedogenic (soil) caliche

;
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horizc;ns cap the scquénce (Reévcs, 1966). Sand and gravel are concentrated at the
- base of the formation, but also occur sporadically throughout the section. |

The Ogallala ranges in thickness from a few meters to more than 130 m and rests
unconformably on an eroded surface of Cretaceous and Triassic strata (Pl. 14). A
structure contour map of the base of the Ogallala (Pl. 15) shows that the Ogallala is
thickest along valleys cut into the pre-Ogallala surface. Regional baseinent structures
affecting Permian strata deposited along‘the western edgé of the Eastern Shelf
apparently do not affect Ogallala sedimeﬁtation (Pls. 16 and 17). | |
Lithologx .

The lithology of the-Ogallala Formation in the Lubbock Quadrangie ;:an be
broadly divided into coarse-grained and Iiné-grained lithofacies. The coarse-grained
li-thofacies, Concen‘trated at the base of the formationl, is sand and gravel. The sand
and gravel consistsl of medium to coarse ,sand,. granules, pebbles, and cobbles of quartz,
quartzite, limestone clasts., minor chert, igneous rock, metamorphic rock, and clay
balls. The glay balls and limestohe clasts were locally derived from underlying
Triassic and 'Cretaceous strata; the more durable clasts were derived from the Rocky
Mountains. The fine-grained lithofacies are composed of clay, silt, sand, and caliché.
Ciay and silt dominate the upper parts of the formation. Caliche forms the re;istant
caprock and is locally absent. Early Pleistocene fluvial and lacustrine deposits ﬂll
depressions in the caprock.

Depositional Environinent

The Ogallala is an alluvial apron extending east of the Rocky Mountains that was
deposited by coalescent, low-gradient, wet alluvial fans (Seni, in press). In the

Lubbock Quadrangle, subsurface studies indicate that coarse-grained lithofacies occur

12
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in ‘the medial- and distal—fe_m facies, defined by broad sheets, and digitate belts of
thic-k net sand, respec'tively.‘ Medial-fan facies are characterized by broad, thick,
lobate sheets of sand and gravel. Distal-fan facies are defined by (1) digitate, high
percentage sand and grével and (2) thick sand and gravel belts occur-rihg downdip from.
medial-fan facies. Fan processes and braided fluvial systems were dominant in the
lower part of the Ogallala, whereas lacustrine, soil, and eolian processes were
dorminant in the upper part. -Ogallala deposits thin over efosional remnants of
Cretaceous strata in Hale, Lubbock, Lynn, and Garza Counties.

Uranium Mineralization

Although no uranium occurrences contairﬁng‘ greater than 100 ppm“UBO8 or any
reductants were recognized in Ogallala outcrops, anomalous uranium concentrations
(fess than 100 pprﬁ U;04; greater than 95th percentile) are associated with indurated
caliche and silicified zones in thé upper part of the caliche caprock (Pl 18).
Anomalous uranium concentrations in Ogallala sand and gravel occur beneath uranium.
‘occurrences in Pleistocene lacustrine deposits. -

| Two uranium occurrences in the Cgallala caliche east of Lubbock, described by
Finch (1975), were sampled. ‘Thin zones (0.03 to 0.6 m thick) and pods of highly
indurated caliéhe, at the top of the caliche horjzon, contain uranium 10 to 20 times
greater than the concentrations in the adjacent slightly lithified caliche {MIW7362, 1.0
ppm; MIW-363, 17.0 ppm; MIW-364, 1.5 ppin; MIW-365, 19.0 ppin). A similar pattern of
10 to 20 tirﬁes increase in uraniumn occurred in other indurated caliche samples (MIW-
150, 1.3 ppin; MIW-151, 13.0 ppm) (P1. 18).
Uranium in indurated caliche is apparently related to increases in carbonate

cement that completely filled the interstices. Petrographic studies from samples of
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both caliche types indicate little difference, except with regard to increased car-
bonate icrite cement. A similar mechanism of uranium concentration that may
occur in caliche is reported by Zielinski (1979). He states that uranium concentrations
in sedimentary silicates (opal and chalcedony cements) are greater than the uraniljm
" concentration in associated ground waters by a factor of 400 to 1,000.

Pedogenic caliche in the Ogallala Formation has little in common with the highly
uraniferous caliche at Yeelirrie, Western Australia (Carlisle and others, 1978).
Differences in ground-water flow patterns and open-bésin hydrologic conditions make
the Ogallala caliche an environment unfavorable for uranium occurrences. The l.ow‘
grade -of uranium in indurated caliche and the spotty distribution also indicate poor
.uranium favorability.

_der'olog'x

Ogallala Formation ground water is under declining water table conditions over
most of the su_rvéy area (Taylor, 1979) as discharge exceeds recharge. Regionally,
grqdnd water in the Ogallala flows from northwest to southeast, following the regional
dip of the pr'e—Ogallala surface and the regional slope of the upper surface of the
Ogallala. Open-basin hydrologic conditions in the Ogallala aquifer occur over thé
survey area, but flow conditions are influenced by the topography of the pre—Ogéllala
sﬁrface. The tépogréphy of the pre-Ogallala surface is modified by deep pre—Ogalléla
yalleys and erosional remnants of Cretacedus strata.

Within pre-Ogallala valley systems, the Ogull‘ala is thicker (up to ’130 m) than
adj,acen;c strata, and contains thicker net sand and gravel and higher percentage sand
and gravel (Pl. 19). Ogallala strata are thin (less than 65 m) and contain lowe; net and
percentage sand and gravel over erosional remnants of Cretaceous strata. These

14
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differences allow ground water to mo.ve more rapidly through porous valley-{fill
systems than through less permeable strata over erosional rerr;nants. Open-basin.
hydraulic conditions are unfavorable for p'reserﬁlation of- uranium deposits.in Ogallala
strata. Fl_usiwing would be slo‘wer in the thinner Ogallala sections because of the lower
porosities and the thinner saturated section.

Hydrogeochemical and Stream-Sediment Reconnaissance data for the Lubbock
Quadrangle (Butz and others, 1979) indicate a largel group .of anomalous Ogallala
ground-water samples in eastern Lynn and Lubbock Counties and in western Garza
County. In this area, uranium is associated with the folloWing trace elements: As,
Mo, Se, and V. The area of anomalous Ogallala ground water coincides with the area
of Ogallala underlain by Cretaceous strata. Pleistocene fluvial and lacustrine depdsits :
(Tahoka Laké, Tule Formation) overlie the Ogallala in parts of this area.

Favorable Area

Area B. The favorable part of the Ogallala reférred to as Area B (Pl 1A)
outlines the area where the Ogallala is underlain by a broad plateau of Cretaceous
strata and where Ogallala ground water contains anornaious uranium values. Although
rock samples from surface exposures do not indicate a high degree. of uranjium
faQorability, Hydrogeochemical and Stream-Sediment Reconnaissance data (Butz and
others, 1979) indicate favorable recognition criteria baséd on’ anomalous uranium and
trace element cohcentrations. |

| In Area B3, Ogallala deposits cover approximately 3000 km?’ and range from a few
meters to more than 70 m thick. The favorable voluine of rock is approximately #40

km3.
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Pleistocene deposits are especially abundant in Area B, and they contaiﬁ the
highest median uranium val'ue for ‘rock samples. Leaching bf uraniurhbccurrences in
Pleistocene strata by oxidizing ground water has resulted-in the partial redistribution
of uranjum into Ogallala rocks. For example, the two highest uranium values for
Ogallala rocks (MIW-319, 26.0 ppm;'MIW-328, 21.0 ppm),'v are below the uranjum
occhrence in the Tule Formation.

The source of uranium in Pleistocene strata is believed to be the Pearlette-type
ashes. Uranium associated with caliche is also thought to originéte from Pleistocene
ashes. Meteoric waters percolating through ash-bearing soil zones leached uranium
and redeposited uranium in the caliche zone. Post-Pleistocene and Pleistocene

lacustrine deposits (Tahoké, Guthrie, Double, and Twin Lakes, and Tahoka and Tule

Formations) are abundant in Area B, in part because of the lower permeabilities and

porosities of Ogallala deposits in this area.. The formation of farge (up to 1000 kmz)
drainage basins associated with these lacustrine systems prpvidés-a mechanisin to
collect and concentrate ash and uranium in the lacustrine fill. The reducing nature of
the lacustrine deposit lirnits the mobility of uranium. Continuél contact with slow-
movin'g. and oxidizing Ogallala g'rdun_d water, however, remobilizes and redistributes
some uranium into Ogallala ground water and strata. The mechanisms of uranium

emplacement, preservation, and concentration indicate that the most likely sandstone-

type uranium deposits in the Ogallala Formation would occur in nonchannel (Subclass

244) environménts.

Drainage, Generalized Land Status, and Culture

Drainage is p,oo_rly developed in Area B. The High Plains surface is dotted with

abundant playas that collect surface runoff from the immediate area. The drainage -

16




LUBBOCK

basins of indi\}idual playas range from less than 2.0 to 20 km?. Playas are strbngly
aligned in a northwest—sogtheast orientation In the southern part of the study area.
Incipient drainage develops by overland {low between the aligned playas. In the same
area, wind and cur.rent erosion (Reeves, 1966) have en.larged‘playas to form pluvial
lake basins, such as Double Lakes, Twin Lakes, Guthrie Lake, and Tahoka Lake. In the -
northwestern part of the areca, drainage | is developed along Yellow House and
Blackwater Draws, which form ithe headward reaches of the North Fork of the Double
Mountain Fork of the Brazos River. The land in Area B is under private ownership and
predominantly consists of small, highly produétive farms. The main city in the region,
Ll...lbeCk,.iS located in Area B, at the confluence of the Yellow House and Blackwater

Draws.

DOCKUM GROUP

vSi'x areas (C, D and E in outcrop and F, G and H in subsurface--see Pl. 1B) in the
Docka Group are favorable for uranium in sandstone Subclass 243 (Mathews and
others, 1979) because (1) there is a sandstone host rock; (2) there is a sourceiof uranium
in the overlying Pleistocene deposifs; (3) uranium was leached from volcanic ash in the
- Pleistocene; (4) uranium-bearing ground waters of the Ogallala Forimation invaded the
s.andstorv\es of the Doc‘kum Group; and (5) uraniﬁm was deposited upon encountering a
reducing environment within the Dockum sandstoncvs.

Stratigraphy and Structure

The Dockum Group in the Lubbock Quadrangle consists of 60 to 395 m (Pl. 20) of
terrigenous clastic rocks ranging from mudstone to conglomerate. Distribution of
coarse clastics is shown on Plate 21. The Dockum Group, which accumulated in a
: slpwly subsiding continental basin, hés traditionally been subdivided into three units:

{
|
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the baéal Tecovas Formation, middle Trujillo Formation, and upper Chinle Formation.
These formations are not recognizable in the Lubbock Quadrangle, and the Dockum has
been arbitrarily divided intb a lower and an upper unit (McGowen, Granata, and Seni,
1979). Ohly the lower unit is exposed in outcrop.

The basin was filled with a m#ximurn of 606 m of fluvial, deltaic, and lacustrine
deposits. Sediment was derived chiefly from Paleozoic sedimentary rocks that
surrounded the basin. Deposift_s initially sloped from all sides toward the basin center.

" The Dockum in the Lubbock Quadrangle slopes 1.0 to 3.0 m per km to the west.

Lithology

The Dockum Group is made up of mudstone, siltstone, san‘dstone, and con-
glomerate and rare cheft, gypsum, dolomite, énd impure coal. Reddish-brown
siltstone, the dbminant rock type, encases all other rock types, either lenticular or
tabular bodies. The ratio of coarse—to—ﬁﬁe—grained sedimentary rocks varies laterally
and verticélly within the Dockum. Where fluvial and deltaic systems are dominant,
coarse-grained sedimentary roéks may make up.80 to 90% of the section, whereas in
interdeltaic positions, ﬁne-graiﬁed sedimentary_ rocks may make up- 80 to 90% of the
section. | |

Sandstones and siltstbﬁes are made up of a combination of quartz (plus feldspar)
and sedimentary rock fragments. In the stratigraphically lower parts of the Dockum,
conglomnerates are rﬁ-ade up of several varieties of quartz and chert. In the upper parts
of the Dockum, conglomerates consist mostly of calcarcous naterial -{caliche),
mudstone, siltstone, and sandstone clasts.

Depositional Environments

Rejuvenation of Paleozoic structural elements plus alternating humid and arid

climatic cycles determined the depositional style of the Dockum. During humid

i
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cycles, {z;ke area and depth were maximmum. Highly meandering {luvial systems
transported sediment to the lake margin, where shallow-water lobate deltas wer.e
constructed (Fig. 5). Basinward beyond the delta front, silt and mud scttled to the
lake floor. During arid cycles, lake area and'depth diminished; at this time valleys
| were scoured into older Dockum dep'osits‘. Depositional environments operative during
the arid cycles were braided strcams, fan deltas (Fig. 6),»mudﬂats, and shallow
ephemeral lakes. | | . |

In outcrop, a generalized vertical sequence of strata that accumulated under
humid conditions is: (1) reddish-brown, massive- to parallel-laminated prodelta. or
lacustrine mudstone; (2) grayish-green, horizontally laminated and ripple cross-
laminated delta—frpnt siltstone and very fine-grained sandstone; (3) reddish-brown to
g}ayish-green trough crossbedded and horiéontall.y faminated distributary channel fill;
and (4) orange to grayish-green, upward—ﬁning meanderbelt sandstones (these sand-
stone bodies are up to 26 m thick).

Arid-climate deposits are predominantly reddish-brown mudstone to congloier-
ate, mostly derived from older Triassic deposits. Mudstones accumulated in lacustrine
and mudflat environments and are thin, massive, or parallel laminated, and commonly
burrowed or desiccated; some desiccated mudstones contain gypsum crystals and sélt
hoppers. Siltstones are reddish-brown to greenish-gréy, ripple Cross. laminated and
parallel laminated; they are components of delta foresets and bottomsets. Sandstone
and conglomerate make up delta-foreset and dcita—plat_torm facies of small {an dqltas.

Uranium Mineralization

A total of 564 rock samples froin the Dockurn Group were analyzed for uranium

(Pl 22) and 30 other elements (App. B). Uranium content rangeé from 0.2 ppin to
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8,375 pp‘m. Only 15 samples, from six localities, contained more than 100 ppm
Qranium.l Where uranjum values are 100 ppm, or greater, vanadium values are high;
the highest concentrations of vanadium (highest value is 8,034 ppim) are about equal to
those of Qrar1ium.

Uranium and vanadium were emnplaced in Dockum sandstones by a ground-water
flow system that developed subsequent to accumulation of l’leistoc¢r1e volcanic ash,
Uranium and vanadium were leached froin ash contained in the Pleistocene and
transpdrted by oxygenat‘ed_OgaHala ground waters into' the Dockum, where reducing
conditions were encountered, resulting in uranium concentration.

Hydrology

| Ground-water movement through Dockum sandstones in the Lubbock Quadrangle
is to the west and southwesf. Ground water derived from the Dockum directly beneath
the Ogallala is high in bicarbonate (as is the Ogallala),'and in general exhibits the saine
chemistry as the Ogallala {(McGowen, Granata, and Seni, ’in preparation). Similarly,
ground water derived from the Dockum near its contact with Permian sfrata is.high n
sulfate, chloride, and dissolved solids; these properties are also characteristic of
Permian waters.

Ground-water yield from the Dockum is generally very low (Cronin and Follett,
1963), indicating low permeability.

Dockum ground water changes from very shallow fresh water to very saline

water at depth. Sodiumn, sulfate, chloride, and dissolved solids increase irregularly .

with depth.

Favorable Areas (Qutcrop)

Area C. The favorable Area C (southwest Garza County, Pl. 1B) includes the
Caprock Prospect (locality 1)and the Yellow Cub Prospect {locality 2; sce App. A, B,
/and.C).
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The Caprock Pr;)spect uranium (sandstone Subclass 243; Mathews and others,
1979) occurs in the upper'part of the lower Dockum Group (McGowen, Granata, and
Seni, 1979). |

Four depositional units compose the section at the Caprock locality (Fig. 7).
These are (1) delta-front sandstone, (2) distributary channel-fill sandstone, (3) cre-
vasse channel-fill sandstone and delta-plain siltstone and mudstone, and (4) meander-
belt sandstone. ‘Samp‘le MI\V;BQI was taken from muddy sandstone near the erosional
base of the chahnel; however, most of the channel {ill is moderately sorted fine sand.
The uranium mineral is carnotite. Scintillometer read.ing was 1,000 counts per secdnd.
Related elements are V, Cu, Mo, Cé, Ni, As, and Fe. Samples MIW-542 and MIW-543
were taken near the erosional base and about 2.0 m above the base of a me_andering

stream deposit. Rock type is moderately sorted conglomeratic medium sandstone at

the base and moderately sorted fine- to medium-grained sandstone 2.0 i above the

base. The uranium mineral is carnotite. Scintillometer readings were 2,135 to 4,600
counts per second. Related elements are V, Cu, Mo, Co, Ni, As, and Fe.

'Geochemical anomalies (Pl. %) ranging from 24 to 36 ppb lic to the northwest of
the Caprock locality. A radiometric anomaly‘(Pl.. 3) occurs within the area of the
Caprock loéality»and, the geochemical anomalies. Also within the area of the Caprock
locality are uranium occurrences fanging from 4.0 to 11.0 ppm (Pl. 22).

Sample MIW-541 (UBOS content 475 ppm) occurs in a muddy sandstone (Fig. 7).

' . . . 2 .
Surface arca of .the mineralized sandstonc 'is 0.9 m”7, and estimated volume of

" mineralized rock is 2.7 rnB. Estimated amount o'f.U308 in the muddy sandstone is

0.15 t.
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Samples MIW-542 and MIW-543 (U308 content 240-and 2,000 ppmn, respectively)
are from the lower part of a conglomeratic fine- to 'rnedium—grained sandstone (Fig.
7). Combined surface area -of these two mincralized zones is 0.9 m2 and est'ubnated'
volume of mineralized rock is .24 r113. Estimmated amount of UBOS {rom the two
mineralized zones is 0.64 t.

Mineralized zones at the Caprock locality are overlain by approximately 60 m of
Dockum, Cretaceous, and Pliocene sedimentary rock.

Locality 2 (Area C) is the Yellow Cub Prospect (Pl. 1B, App. A, B, and C).
Uranium occurs in sandstone Subclass 243 (Mathews and others, 1979). The geologic
unit is the upper part of the lowér,Dockum Group (McGowen, Granata, and Seni, 1979).

Four~ depositional units (Fig. 8) are recognizable in the Dockumn at the Yellow
Cub Prospect. These are (1) floodplain mudstone and siltstone, (2) crevasse chénnel-
fili conglomerate, sandstone, siltstone, and mudstone, (3) a covered interval (assumed
to be  floodplain and lacustrine mudstone and siltstone),‘ and (4) crevasse-splay
conglomerate and sandstone. Sample MIW-537 was taken from a rnedium gréy, friable
to calcitic, muscovitic, mode‘rately sorted fine- to medium-grained sandstone about
1.0 m above the base of the crevasse-splay L‘Jnit.‘ The uranium mineral was not
identifiable in the field (reported to be carnotite by Butler and others, 1962; Bement
and others, 1977). -Scintillometevr readings were 250 to 1,800 counts per second, and
the related elements are V, Cu, Mo, Zn, Co, Ni, As, Cd,Mn, and Fe.

An examination of Plates 3, 4, and 22 shows that there are no radioimetric
anomalies, geochemical anomalies, or other uranium occurrences within the area of

the Yellow Cub Prospect.
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Sample MIW-537 contained 362 ppin UBOS and 813.6 ppin V. The area of the
mineralized zone is 1.8 mz. The estimated volume of mineralized rock is 5.4 m3.
Estimated amouﬁt of UBOS is 0.23 t.

Area D." Arca D (Pl IB) in northwestern Garza County has three localities with
occurrences greater than 100 ppm U308° Two 'locaiities (Hillside and Twin Rattlér
Prospects, App. A, B, and C) are on the Long Ranch. The other locality is on the
Eubank Ranch (App. A, B, and C). |

On the Long Ranch (shown as Area D on Pl. IB) uranium occurs in sandstone
Subclass 243 (Mathews and.others, 1979). The sandstone is in the upper part of the
_ lower D»ockum'Group (McGowen, Granata, and Seni, 1979).

Both the Hillside and Twin Rattler Prospects lie in an area characterized by
fluvial, deltaic, and lacust;ine depositional systems (McGowen, Granata, and Seni,
1979). Sandstones exposed at the Hillside and Twin Réttler Prospects accumulated as
crevasse splays. Characteristics of crevasse—splay depdsits are shown in Figure 9.
Uranium concentrations ’rlnos_tly occur in fine-grained quartz sandétone and carbon-
aceous, mud-clast-bearing, ﬂ'ne—grained quartz sandsténe‘. The uranium mineral is
carnotite. Scintillometér readings ranged from 900 to 10,000 counts per second.
Related elements are. V_(greater than 8,000 ppm), Cu, Mo, Zn, Co, Ri, As, Cd, Mn, and
Fe.

Geocheinical anomalies occur to the southwest of Hillside and Twin Rattler
localities, where ground-water samples (Pl 4) contained 39 to 140 ppb uranium.
Flightlines did not cross this area; therefore no radiomnetric anomalies were indicated

(Pl. 3). Uranium occurrences within the area of Hillside and Twin Rattler localities

range from 3.3 to 20.7 ppm (PL. 22).°
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Three samples were collected at the Hillside Prospect (MIW-552, 525 ppm U308;

MIW-553, 950 ppm U,O.,; MIW-554, 7,375 ppm UBOX)’ and three samples were

3-8
collected at the Twin Rattler Prospect (MIW-555, 600 ppm U

3-8

UBQS; MIW-557, 8,375 ppm UBOS)' Although some of these values are high, ihe

outcrop areas of these inineralized zones are extremely small. At the Hillside

Og; MIW-556, 198 ppin

Prospect, total arca of the mineralized zones is 8.6 mz; estimated volume of
mineralized rock is 35.2 m3; estimated amount of U308 is 10.5 t. At the Twin Rattler
_Prospect,fotal area of these mineralized zones is 16.1 mz; estirnatedAvolume of
mineralized rock is 83.9 m3; estimated amount of UBO’S is 5.014 t.

The geologic setting, depositional environment, type of uranium mineral and
assbc‘iated elements of the Eubank Prospect (Area D on Pl. IB; App. A, B, and C) are
similar to the Hillside and Twin Rattler localities. Samples MIW—558. and MI\V—559
éontained 1,275_ ppm UBOS and 1,800 ppm UBOS’ respectively. Total'outcrop area of
the two rnineralized zones is 1.26 mz;' estimated volume of nineralized rock is
1.404 mB; estimated amount of UBO'8 is 0.244 t.

Geochemical anomalies are present within the areé éast, north, and west of the
Eubank Prospect, where ground-water samples (Pl. 4) contained 12 to 67 ppb Qranium.
A radiometric anomaly (Pl. 3) occurs in t_he area of the Eubank Prospect. Also within
the vicinity of the Eubank Prospect are uranium occurrences ranging from 3.5 to 28.8
ppm.

Area E. Area E (Pl 1B), at the juncture of Crosby, Dickens, Kent, and Garza
Counties, contains two uranium prospects (MacArthur Ranch and Red Mud Prospects).

Only the MacArthur Ranch Prospect yielded samples containing more than 100 ppm.

At MacArthur Ranch, uranium occurs in sandstone Subclass 243 (Mathew and others,
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1979). The geologic unit is the basal part of the Dockum Group, which accumulated in
a coarse-grained meanderbelt fluvial .system (McGowen and Garner, 1970). This
system is c)‘laracterized by trough cfossbeddcd and foresct crossbedded, calcjtic,
conglomeratic; fine- to medium-grained sandstone (Fig. 10). These ﬂuviél deposits
contain wood casts and silicified wood. Carnotite was associated with wood casts
(MIW-549). Related elements are V, Cu, Mo, Zn, Co, Ni, As, Cd, Mn, and Fe.

Geochemical anomalies are not particularly evident fromn ground-water samples

(Pl. 4) in which uranium content ranged from 2.2 ppb to 17 ppb; values are highest to
the west and southwest. Radiometric anomalies (Pl. 3) were not indicated for the

' 4M.acArthur Prospect (Geodata International, 1975). Within the area of the MacArthur

Prospect there are several uranium occurrences (all less than 100 ppin).

Three uranium occurrences (MIW-549, 281 ppm UBO MI\V'-550,V 131" ppm U

8! 3-8
30'8)» are found in the upper 4.6 m of the outcrop (Fig. 10).

Scintillometer readings 'ranged from 1,000 to 1,200 counts per second. The total area

)

MIW-551, 105 ppm U

of the mineralized zones is 5.4 mz; estimated volume of mineralized rock is 25 mB;
estimated amount of 'U308 is 0.24 t. At the MacArthur Prospeét, the uranium-bearing
s.trata'cap small outliers, but immediately to the south the Dockum is overfain by at
least 3 m of Recent windblown sar{d.

~ The Red Mud Prospect occurs within Area E (Pl. 1B). Th'e highest value of
56 ppm places the Red Mud area in a marginal catcgéry. A progradational, lacustrine
delta system is indicated for this basal Dockum scquence (FFig. 11), which im_mediatél;l_
overlies the Permian Quartermaster Forrnation. Delta-front séndstonc is the host of

the 56 ppm U occurrence (sandstone Subclass 243, Mathews and others, 1979). This

39%

2 )
_occurrence covers an area of about 3.6 m” and the volume of rock estimated to

Jcontam U308

at 56 ppmn is 216 m3. Estitnated amount of U3()8 is 0.14 t.
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Carnotite is the probable uranium mineral, although it was not observed in the

outcrop. Geochemical and radiometric anomalies, and other uranium occurrences, are

the same as for the MacArthur Prospect area.

Of the ‘urénium occurrences in the I[’)ockum outcrop, those in Areas C and D
appear to be the most promising because (1) they haye the highest UBOS content as
determined from analyses of rock samples; ‘(2) occurrences are coin;idcnt with
radiometric anomaiies (where flightlines crossed the areas of occurrence); (3) highest
uranjium contént in ground. waters generally >occurs .downdip from the areas in which
uranium content is high in dutcrop, as ihdicated;by analyses of rock samples} and (4)
these areas have,only recently, in terms of geologic tir.ne', been stripped of their
Ogallala Formation cover (volcanic ésh in the Pleistocene is the only plausible source
of uranium). |

Favorable Areas (Subsurface)

Uranium occurrences in the Dockum outcrop, although locally exhibiting high
U308 content, are small and are the remnants of larger mineralized zones. Geochem-
ical gradients (based on uranium content of ground-Water samnples) indicate an increase
in uranium content in the subsurface. This suggests that uranium was mobilized in the
oxidizing outcrop environment and has been concentrated in the subsurface.

Subsurface trends of the sénds in the lower Dock.um (Mc_deen, Granata, and
Seni, 1979) in the Lubbock Quabdrangle are to the southwest (Fig. lé). These sandstone
t‘rends, in conjunction with geochexnical data, suggest that uranium-bcaring ground
waters have moved generally to the southwest.

Area F. Area F (as well as Areas G and H, Pl. I1B) is favorable for uranium in

sandstone Subclass 243 (Mathews and others, 1979) because of (I} the presence of
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subsurface sandstones the counterparts of which (depositional facies) in 6utcrop
contain uranium; (2) the southwest trend of geochemical anomalies, which corresponds
with subsurface sandstone trends (Pls. 4 and 21); and (3) the presence of subsurface
radiometric anomalies, at several stratigraphic positions, that are distributed over

broad areas (Pls. 23 and 33).

Area F, having an area of 260 kmz, lies downdip from the Caprock Prospect (Pl..

1B). Thickness of the Dockum in Area F is 305 to 395 n; the Dockum consists of 10 to
20% sand (Pl. 21). One hundred percent of the well logs in the area displayed -gamma—
ray anomalies. Ground water in Area F contains 10 to 100 ppb U40q. The volume of
éandstbne contained 'in Area F is. 9.1 kmB, and the estimated volume of UBOS
(concentration of 50 ppm) is 5.0 x 10 t.

Area G. Area G, hav'mg‘ an area of 575 km,z, lies to the north ahd west of
dutcrop Area D (PL 1B). Thickness ofb the Dockum in Area G is between 260 and 305 my
the Dockum consists of 15 to 20% sandstone (Pl. 21). A large area--including (1)

the subsurface Dockum beneath outcrop Areas D and E, and (2) subsurface Area G--is

characterized by 100% of well logs indicating gamma-ray anomalies. Ground water in

Area G contains 10 to 100 ppb UBO The volume of sandstone contained in Area G is

3

g
about 27 km~”, and the estimated volume of U30,8 (concentratién of 50 ppm) is
15.2 x 107 t. |
Area H. Area H, having an area of 1980 kmz, lies in the northwest part of the
Lubbock Quadrangle (Pl. 1B), and is the southern extension of lFavorable Area C of the
“Plainview Quadrangle (Amaral, 1979). The Dockum of -/\rea H ranges from about 170

to430m ‘thick (P1. 20). Sandstone constitutes 20 to 40% of the Dockum in Area H (Pl 21).

Sandstone trend is northeast-southwest; highest percentage sandstone lies to the
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northeast, indicating that the sediment source lay.to the northeast. Part of Area H
has been penet'rated by wells whose logs indicate no radiometric anomalies, whereas in
other parts of Area H, each log has one or more anomalies (Pl. 23); more than 50% of
the wells have gamma-ray anomalies. Ground-water data in Area H are mostly from
the Ogallala Formation. In general, UBOS in ground water is less than 20 ppb; one
significant anomaly of greater than 100 ppb U0, (PL. 4) lies at the southern tip of
Area H wheré the Dockum is 400 to 425 m thi.ck (Pl. 20) and the séc'tionv consists of
40% (160 to 170 m) of sandstone (Pl. 21). Gamma-ray anomalies are present in 100% of
the well logs in the southern tip of Area H. The volume of sandstone contained in
Area H is about 48 km3, and the estimated volume of UBVO3 (concentration of 50 ppm)
is 1.3 x 107 1. | |

Drainage, Generalized Land Status, and Culture |

Area C. and F are transect_ea from northwest. to southeast by the Double
Mountain Fork of the Brazos River (Pl_. 6). The northwestern part of the area is
uﬁderlain by the flatlaﬁds of the High Plains. The 61 m Caprock LEscarpment separateé
the High Plains from the hills, to the east, formed by dissection of the Dockum Group.
Areas C and F are entirely in the private sector (Pl. 9). The area is traversed from
. north to south by Farm Road 62. Numerous paved and dirt roads are situated on the
High Plains (Pl. 10). Water wells and oil fields are scéttered across the area. The
hamlets of Grassland and Draw are within Area /\..

Arcas D and G are traversed from northwest to southcast by Mcl)oﬁald Cm(fk;
the Salt Fork of fhe Brazos Rivér, and the North FFork of the Double Mountain Fo‘rk of
the Brazos River (Pl. 6). The area is underlain by the flatlands of the High Plains and -

by the Dockum Group (Pl. 7), which forms ecast-facing escarpments dissected by
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streams. The lands of Areas D an‘d G are privately owned (Pl. 9). The area is
. traversed fr_om north to south by Farm Road 62 and from northwest to southeast by
U.S. Highway 84; anerous paved and dirt roads lie within the area (Pl. 10).. Numerous
water wells and oil wells are situated in the area. The major towns near the area are
Post and Slaton.

Area E is traversed from north to south by the White River (Pl. 6). The area is
characterized by east-facing escarpments formed in Dockum strata, by flat to
hummocky sandy areas formed of Recent windblowﬁ sand, and by relative‘ly flat areas
underlain by the Permian Quartermaster Formation. The state-owned White River
Reservoir -and Park is in Area Dj the remaining part of the area is held by, the private
sector (Pl. 9). Paved farm roads cross the center of the area from east to west and
parallel the west shore of the White River Reservoir (Pl. iO). A few water wells and
oil wells are scattered across the area.

-‘Area H occurs entirely within the flatlands of the. High Plains. Yell‘ow House and
Blackwater‘DrAaws trend in a southeasterly direction ac_rosS the area to just north of
Lubbock whefe they join to form the North Fork of the Double Mountain Fork of the
Brazos River. The area is héavily do,tted with playa lakes. Most of the surface is
covered with Pleistocene windblown sand. The Ogallala Formation is exposed along
some of the dr.ainage systems (Pl. 7). The lands of Arca H are ﬁrive_itely owned (PL. 9).
Numerous highways.and railroads fravers‘e the area. Numerous water wells and oil

wells are in Area H. Major towns within the arca are Lubbock, Abernathy, and Idalou.

SAN ANGELO FORMATION

The San Angelo Formation is judged, by geologic inferehce, to be an unclassified

favorable sandstone type for uranium occurrence becausc (1) a widespread sandstone
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unit exists in the subsurface in Stonewall County; (2) uranium and copper occurrences
have been reported from equivalent rocks in north Texas and Oklahoma; (3) uranium
and other metals were concentrated in brines in sabkha deposits that grade laterally
into the deltaic deposits, and that overlie dnd underlie the deltaic deposits; and (4)
reductants occur in the fluvial and distributary sediments of the San Angelo Forina-
tion.

Stratigraphy and Structure

The San Angelo Formation (Fig. 3) is divided into a lower sandstone (Duncan
Sandstone _Member) and an uppef mudstone (Flowerpot Mudstone Member). Sinith
(1974) delineated two delta systems énd an intervening tidal-flat systemn in the Duncan
Sandstone Member (Fig. 13‘) and a tida!—flat system in the Flowerpot ‘Member (Fig.
14). | |

The San Angelo Format‘ion prograded westward across a restricted shelf, which
formed the eastern margin of the Midland Basin (Fig. 15). During Guadalubian time,
the shelf was shallow-and lacked.a distinct shelf edge. ‘The Ouachita Foldbelt andv
Wichita-Arbutkle Mountains bordered the coastal plain to the east and north,
respectively. In southern Stonewall County, regional :dip of the San Angelo is about
5.6 m per km. | |

The San Angelo Formation extends from the first sandstone bed that rests
conformably or unconformably on the Choza Forimation ;md extends upward to the
first regionally extensive gypsumn bed at the base of the Blaine Forimation. The San
Angelo grades upWard and downdip into the Blaine.

The Duncan Sandstone Member attaiﬁs a thickness of about 20 m in outcrop and
pinches out in the subsurface in Stonewall County (Fig. 16). Upper half of the San

. Angelo, the Flowerpot Member, is 10 to 20 m thick.
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Lithology.

In southern Stonewall Coxjnty the Duncan San.dstone is slightly conglomeratic
sandstone. The sandstone is generallyApoorly sorted and is cemented by calc_ite, silica,
or gypsum. Bedding include‘s largé—scale trough crossbeds, horizontal bedding, ripple
cross-laminae, and flaser bedding. Mudstones of the Duncan Member are reddish-
brown, silty to sandy; clay is chiefly illite. |

Gypsum nodules in the Flowerpot Mudstone Member distinguish these mudstones
from those in the Duncan Member. |

Depositional Environment

The San Angelo Formaﬂon in the Lubbock Quadrangle is dominated by a fluvial-
deltaic system. The Choza Formation, representing subtidal, tidal flat, and sabkha
d'eposits, underlies the San Angelo Formation. Red- and gray-banded mudstones, thin -
channel-fill siltstone and sandstone, thin dolomite beds with gypsum no.du_les, and salt
hoppers compose the Choza AForm}ation. Succeeding the fluvial-deltaic deposits of the
San Angelo are (1) tidal-flat and sabkha deposits oI.t’he Blaine Formation, consisting of
laterally continuous' gypsum beds (sabkha) and (2) reddish-brown, brown, and gray
mudstone containing minor amounts of dolomite and sandstone.

The Sanv Angelo ﬂuviél—deltaic system underlies most of Stonewall County and
extends southward intd,Fisﬁer County. The delta pr_ograded westw-ard about 48 kim -
where it terminates (Fig. 16). ‘The sheetlike geonetry of the fluvial-deltaic system
indicates reworking of a shoal-water delta By marine processes. In Stonewall County
the delta covers an area of approiimately 1800 kmz, and the approximate volume of

_sandstone contained in the Duncan is about ll,km3.
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Uranium Mineralization

Most of the uranium values from samples taken from the San /\ngc‘lo Forination
(PL. 24) ére comparable to average values for shale (Krauskopf, 1967). Uranium values
range from 1.2 to 8.5 ppm. Copper values range from 1.3't6 2,674 ppm. Moét of the
values for copper are below the average for shale. Vanadium values range from 10.04
to 91.37 ppm. Most of the vanadium values fall below the average value for shale (130
ppm). In general, as uraniwﬁ concentration increased there was an increase in
vanadium content. |

Origin of uranium and copper . deposits in Permian strata is related to an
evaporitic process (Fig. 17) whereby metals are concentrated in ground water'then
transported within the brine to a reducing environment.
Hydrology

Permian rocks generally have low permeability, and water quality is commonly
poor. The San Angelo Sandstone Yields small quantities of slightly saline (l.,OOO to
3v,OOO. ppm dissolved solicis) to moderately saline (3,000 to 10,000 ppm dissolved solids)
water (Cronin and Follett, 1963). Waters are generally higl'w_ in chloride vand sulfate.
Brine springs iSS.L‘le from the. San Angelo and Blaine Formations within the Brazos River
drainage systerﬁ in southérn King and northern Stonewall Counties.

Régional ground-water movement is postulated to be to the east. The water
table surface mimics the topography of the overlying land surface (Butz and others,
1979).

Favorable Area

Area 1. Although the San Angelo Formation is unfavorable in outcrop it is

considered to be favorable in subsurface (Area I, Pl. IB). The Duncan Member of the
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San Angelo Formation is a sand-rich fluvial-delta system (Smith, 1974) covering an
area of approximately 1800 kmz, with an average thickness of 6.0 m. Total volume of

potential host rock is [1 km3.

The Duncan Sandstone Member is underlain, overlain,
and grades laterally into rocks that accumulated in tidal flat and sabkha environments.
The Duncan Sandstone Member was virtually _encased in brine-saturated sediments.
The brine contained a high concentration of metals. Compaction and dewatering of
tidal flat - sabkha deposits and migration of brines into the Duncan Sandst.ohe provided
a source of uranium and other tnetals. Upon encount_eriﬁg a reducing environment,
copper- and uranium were concentrated'. Dunsimore (1977a; 1977b) proposed such a
mechanism for concentratioh of uranium in Permo-Carboniferous déposité of Canada.
According to Dyck and others (_1976) one shoﬁld not e#peét rock outcrops to be more
highly or extensively mineralized than their subsurface equivalents; in fact, the
opposite should be true. |

Uranium contént of San Angelo‘gréund water (Butz and others, 1979) ranges from
3.4 to 61 ppb. Ground-water aata were collected from wells that were drilled within

the San Angelo outcrop area, and therefore are not indicative of uranium or copper

mineralization in the deeper subsurface.

‘Drainage, Generalized Land Status, and Culture

Area | is transected from west to east by the‘Salt Fork of the Brazos River
(north of Aspermont). The Doublé Mountain Fork of the Brazos River flows to the
northeast near the souﬂmrn boundary of the quadrangle (Pl 6). North of Asperimont
the area is highly dissected by the drainage system of the Salt Fork of the Brazos; the
area south of Aspermont is less severely dissected. Area | is characterized by

numerous east-facing escarpiments that are capped by dolomite or gypsum beds.
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Area I is entirely in the private sector (Pl. 9).

Most of the area is traversed by a network of paved and unpaved roads (Pi. 10).
Fort Worth and Denver Railroad crosses the area from east to west. The towns and
commuhities of Ford, Swensoﬁ,.Peacock, Aspermont, and Old Glory are within Area .

Qil {ields and water wells are scattered across Area [
ENVIRONMENTS UNFAVORABLE FOR URANIUM DEPOSITS

Several rock units within the L‘ubbock‘ Quadrangle are considered unfavorable
-environments for uranium deposits (Fig. 3; Pls. 7, 25, 26, 27, 28, 29, and 30).
Unfavorable en?ironments include (1) all Pleistocene. units excluding the Tule Forma-
tion; (2) the Ogallala Formation outside the area of favorability, (3) the Dockum Group
o‘utside the areé of favorability, (4) the Permian units between the Dockum Group and
the San Angelo Formation (Quartermaster, Whitehorse - Cloud Chief, and. Blaine

Formations), and (5) the Choza Formation.

PLEISTOCENE AND YOUNGER UNITS '

Pleistocene cover sands (lllinoian), the Tahoka Formation (Wisconsinan), playa
deposits (Wisconsinan to Recent), sediment underlying terraces, alluvium,‘an>d wind-
~ blown sand were judged to be environments. unfavor_ablé for uranium deposits because
of limited thickness and areal extent and low uranium values from rock and soil
samples. With the exceptions-of the Tahoka Formation and clayey playa sediments,
these surficial deposits are characterized by high transmissivitics and oxidizing
conditions. Any contained urﬁnium (exclusive of uranium associated with résistate
minerals) would be rnobilized and redistributed downdip by infiltrating meteoric

waters.
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Although a number of airborne radiometric anomalies are associated with
~ Pleistocene Tahoka Formation and playa deposits, they were also considered unfavor-
able for uraniqm deposits because of the limited thickness and extent. Tﬁe airborne
radiometric anomalies are caused by the contrast in béckground radiation between the
- cover sands (10 to 20 counts vper second) and the higher (30 to 50 counts per second)

| clay-rich sediments in the Tahoka Formation and playa deposits.

OGALLALA FORMATION

Areas of the Ogallala Formation outside the area of favorability shown in Plate |
were judged to be unfa\)orablé for uranium deposits because of the following
combinatioﬁ of characteristics: (1) open-basin hydraulic conditions‘, which allow
oxidizing ground water to flush highly transmissi;/e, porous sands and gravels; (2) lack
of reductants; (3) low uranium values in Ogallala Formation rock samples; and (4) vthe

presence of pedogenic caliche (Carlisle and others, 1978).

In order to better understand factors controlling uranium distribution in the

Ogallala Formation, subsurface maps were prepared. These maps include Ogallala

isopach (Pl. 14) and net sand and gravel (P1. 19). Strike and dip cross sections Were also
prepared (Pls. 16 and 17).

Rock samples from along the Ogallala escarpment Were analyzed (Pls. 5 and 18;
App. | B). No anomalous uranium values occurred in the unfavérable area. The
maximum uranium value of Ogallala Forination rock sa;pples in the unfavorable area is

8.0 ppm (MIW-096).

DOCKUM GROUP

The Dockum Group was judged to be unfavorable outside the areas of favor-

ability (PI. IB) because (1) uranium content of rock samples was generally low;
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(2) ground water contained low values of uranium; (3) radiométric anomalies werei absent;
(4) a large volume of oxvidizec_i ﬁne-grained deposits occurs in thése areas; an_d' (5) there
is no reducing environment. Scattered uranium occurrences are found throughout the
Dockurﬁ outcrop belt (Pl. 22). Most of these are volumetrically small. For example,
burrows are filled with sandstone in some of the lacustrine mudstones. The sandstones
are cemented with calcite and mineralized with copper and uranium; the mineralized
materials probably constitute a volume of less than 0.027 m3. Some occﬁrrences are
in highly permeable sandstone bodies that have been repeatedly flushed with oxidizing
ground water. Other occurrences are represented by a thi‘n carnotite rind on
carbonized plant debris. Uranium occurrences in outcrop (including those in the
favorable areas) are remnants of extensive occurrencés; uranium in outcrop was
oxidized, mobilized, and transported downdip by ground water, or away from the
outcrop by surface water. |

Uranium occurrence is judged to be sparse in those areas of subsurface Dockum

where no anomalies were indicated on gamma-ray logs.

PERMIAN FORMATIONS

Permian strata, in 6utcr0p, that lie between the San Angelo Formation and the
Dockum Group are predominantly red beds and evaporites. Permian strata are
considered unfavorable for uranium because (1) thé depositional environment was
oxidizing, (2) reductants arc rare, (3) few permecable strata (host rock) are present
other than sandstlonc.s_ in theAWhitehorse - Cloud Chief Formations, (4) U 308 content is
low in rock samples, and (5) U3Og C§|1te|1t in ground water is generally low.

The Blaine Formation has numerous thin, laterally continuous dolomite beds,

some of which contain numerous pelecypods. Other dolomite beds were initially oolite
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beds that were later dolomitized. Some are thinly laminated and are disrupted by
desiccation cracks. The'Blaine accumulated in a shallow, subtidal-intertidal-supratidal
envifonment; sandstones or siltstones are rare. Although evaporation functioned to
concentrate elements in brine (Pendery, 1962; Smith, 1974) the environment was
oxidizing, reductants were neg'ligible, and there was no apparent uranium source other
~ than seawater or ground water from the Ogallala. Uranium values for the Blaine
Fofmation are shown on Plate 31.

The Whitehorse - Cloud Chief and Quartermaster Formations consist of red-bed -
evaporite sequences, which accumulated in an oxidizing environment. In the sub-
surface, halite is an additional facies component. The environments are considered
unfavorable Io’r'uranium deposits, on the basis flwat they were oxidizing and that there
was no apparent source material (other than brines generated during the Permian and
ground water derived from the Ogallala Formation). Rather widespread ‘eolian sands
are interspersed‘ with gypsum in th.e Whitehorse -_.Cloud Chief Fo’r;nation; these sands
are highly permeable and were potential host rocks. Uranium values for th¢
Whitehorse - Cloud Chief Fofmation are shown 'on Plate 32. A ‘potential-volcanic
uranjum source was present in Mexico during accu;nulation 6[ the Quartermaster
Formation (Miller, 1955); the Quartéermaster contains some hollow sanadine grains.
Uranium values are shown on Plate 31.

The Choza Formation (Clear F.ork.Group), which occurs below the San Angelo
Fdrmation, is the product of the same kinds of depositional processes that produced
the facies of the Permian above the San Angelo Formation. The Choza is judged to be
an unfavorable environment for uranium deposits for the sznﬁe reasons giv¢n for the

Permian section between the San Angelo Formation and Dockum Group.
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UNEVALUATED ENVIRONMENTS

~ Three stratigraphic units, all in subsurface and mostly within the eastern part of

the'.Lubbock Quadrangle, were not evaluated. These units are the Canyon, Cisco, and
Wichita-Wolfcamp Groups (Pls. 25, 26, and 27). Time constraints and the fact that the
facies present within these units generally are not favorable environments for uranium
depogits are the reasons that low priorities were given to these units.

The Canyon Group in the eastern part of the Lubbock Quadrangle consists of
_shelf-edge reef,. ’slope,v and basin deposits (Erxleben, 1975). Canyon environments
favorable for uranium deposits lie to the east of the Lubbock Quadrangle.

Most of the Cisco Group in the subsurface within the Lu{bbock Quadrangle is
rep_resented by shelf, svhellf-edge, slc'>pe‘, a’nd.basin deposits (Galloway and Brown, 1972);
~each of these facies is considered an unfavorable environment for uranium deposits.
The Cisco shelf edge lies roughly along a north-south line defined by 1ong 100°15'W.

The Wolfcamp-Wichita Group consists mostly of marine shales and carbonates.
Shales and dense limestone make up the slope and basin facies. Reefs constitute shelt
edge facies, and dolomites and evaporites make uﬁ the backreef and shelf facies.

These rock types are considered to be unfavorable environments for uranium deposits.

INTERPRETATION OF RADIOMETRIC AND GEOCHEMICAL DATA

RADIOMETRIC DATA
- During May and June 1975, an acrial radiometric and total magnetic field survey
was flown over the Lubbock NTMS Quadrangle by Geodata International, Incorporated

(1975). The survey was flown in an east-west direction along lines 4.8 km (3 mi) apart
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and at a mean terrain clearance of 122 m (400 ft). North-south tielines were flown at
19-km (12-rni) intervals at the same terrain clearance. Aircraft speed averaged 224
- kmh (140 mph).

Radiometric instrumentation consisted of a 256-channel spectrometer-and 3,320
cubic inches of Na(Tl) crystal volume. An additional #15-cubic-inch Na(Tl) »crystal was
partially shielded to monitor 21qBi radiation comning fromn the upper 2 w solid anyle,

21

Energy ranges used to detect potassium (WK), thorium (208Th), and uranium (
were 1322 1o 1.638, 2.410 t0.2.796, and the sum of 1053 to 1.322 and 1.638 to 2.410
MeV, respectively. |

o All data used in this report were corrected for instrument live tiine, aircraft
background radiation, and atmospheric ZMBi, and‘ then were adjusted to an equivalent
terrain clearance of 122 m (400 1t).

Corrected data were st.é.tistically analyzed by Geodata using their in-house data
processing techniques. The statistically reduced data were interpreted by the Bureau
of Economic Geology following the procedure of Saunders and Potts (1978). Favorable
areas for'uranium occurrence were indicated by sighificantly high readings for U,
U/Th, and U/K. Possibly favorable areas were delineated where U/Th and U/K were

~significantly anomalous. Both categories are shown in Plate 3.

Anomalies in the windblow cover-sand unit Qcs (Pls. 3 and 7; Areas 1-15)

generally occur where a flightline crosses a paved road. AN Qcs anomalics are

interpreted to be uraniferous asphalt and other cultural materials having relatively
high uraniuin fevels that contrast with the very low uranium content of the windblown

sand.
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Double Lakes and Tahoka Lake (Areas 16 and 17) show significantly high uranium
readings in the Tahpka Formation. Uranium leached from Pleistocene ash beds could
be accumulated in lacustrine clays.

Uranium anomalies i the Ogallala Formation (Areas 13 flwqugh 26) result from

the concentration in ground water of uranium derived from ash beds within the Pleis-

" tocene,

The anomalies showing the greatest potential for commercial quantities of
uranium are within the Triassic Dockum Group (Areas 28 through 36). Most of the
anomalies ére at the base of the, Dockum'. Area 27 contains anomalies in tlj\ev
uppermost Quartermaéfer Formation near its contact with the Doékum' Group.

Permian strata in t‘he eastern half of the quadrangle are rnostly red beds that
lack the chemically reducing conditions vnormally considered favorable .for uranium
concentration. The scattered anomalies detected in the Whitehorse and Blaine
Formations (Areés 38 through 52) reflect uranium concentration by processes other
than precipitati'qn of oxidized uranium in a reducing éﬁvironment. Sabkha evaporation
in Permién time concentrated uranium and other minerals from seawater. Another
mechanism for éoncentratioh is ground-water flushing of uranium from the High Plains
into the Permian beds. Subsequent investigation within the delineated anomalous .

areas should consider both processes.

Hydrogeochemical and stream sediment data were provided via a draft Hydro-
geochemical and Stream-Sediment Reconnaissance report by Oak Ridge' Gaseous
Diffusion Plant (Butz and others, 1979). Their raw data, on uranium content of ground

water, were plotted and contoured for the purpose of depicting any trends in uranium
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content (Pl. 4). Ground waters of a large part of the area are characterized by
uranium content in the range of 2.0 to 10 pph; this seems to be the background upon
which the higher values are superposed. Two trends ére obvious--one in the eastern
quarter of the quadrangle and one that covers roughly one-quarter of. the quadrangle in
the western half of the area. The first area trends north-south and includes the upper
part of the Blaine ar\d lower part of the Whitehorse - Cloud Chief Formations; this
trend includes a small area underlain by the San Angelo Foriation in the southeast
corner of the Lubbock Quadrangle, as well as westward extensions across the
Whitehorse - Cloud Chief Formation, and locally into the Quartermaster Formation.
Values . of UBOS in ground waters within this trend range from 10 to 100 ppb. Ground
waters in the second trend; which is oriented northwest-southeast, are contained in the

Dockum Group and Ogallala Formation. The high concentrations of uranium in the

Dockum and Ogallala have similar trends, suggesting that their respective aquifers are

physically connected and that the waters are genetically related. Values of UBO% in

ground waters within the second trend range from 10 ppb to greater than 100 ppb. In
the central part of the quadrangle, approximately between long 100°35'W. and long
101°10'W., there are four smaller areas with ground waters containing 10 ppb to greater
than 100 ppb U308;, as mapped, these areas are eclongate and oriented roughly east-
West (although the area that lies in Crosby, Dickens, and Kent Counties has a stellate
pattern). These smaller anomalies are contained in grorlr\d waters in the Quarter-
master Formation and Dockum Group. |
Uranium contained in most of the ground waters in the Lubbock Quadrangle was
derived from volcanic ash within ‘rhe Pleistocene deposité. Ground water, charged

with uranium, moved downward from the Pleistocene through the Ogallala into
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Dockum and upper Permian strata. Upon reaching upper Perinian strata, ground water

moved updip through permeable sandstones and siltstones; brines derived from solution

of salts within the Permian are currently being discharged into present drainage

systems. The north-south trending ground-water ‘anoinaly is the result of uranium-
bearing Ogallala groundn water moving updip through the sandstones and siltstones of
the Whitehorse - Cloud Chief Fvormation.

. By approximately 600,000 years B.P.,.the‘ time when the Pearleffe Ash was
accumulating, the Ogallala had been eroded westward approximately to the middle, of
Kent County‘ (Fig. 18). Eastward beyond that pbint, ash fell upon Pérmian outcrops.
Thé present area of the discontinuous anomalies was overlain 600,000 years B.P. by the
Ogallala Formation. Lakes that formed on the Ogallala surface were sites of uranium
concentration. ‘The present patchy distribution of ground-water anomalies pr"obably
reflects the position of those lakes; ground-water movement .Irom the lakes was
downward into Dockum and Permian strata. V.Another factor affecting patchy
distribution in the Dockum is that the thicker Dockum sandstone bodies are narrow
north-south and elongate east-west.

The very broad anomalies in the western part of the quadrangle coincide with the
preseht distribution of the Ogallala or with areas that recently were covered by the
Ogallala. Oxidizing’ grouﬁd waters of the Ogallala are mobilizing, and, in places,
transporting uranium. High values of U308 in the Dockum ground waters generally
occur in an area to the west or squlhwcsl of uranium occurrences.

A Combarison of ground-water anomalies and radiometric anomalies indicates
thét the two typeé of anomalies are not always coincident. Areas where ground—watcr_

and radiometric anomalies coincide are (1) along the north-south ground-water trend
42
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that spans the Blaine and Whitehorse - Cloud Chief onndary, (2) in the south central
part of the quadrangle in the Quartermaster Formation and Dockum Croup (south-
western Kent County), betw‘een long 100°45'W. and long 101°01'W., (3) in the Quarter-
master Formation north of Spur, (#) in the Dockum Group in southwestern Carza

County (in the area of the Caprock Prospect), and (5) in the Ogallala Formation in

Blanco and Yellow House Canyons.

Some uranium occurrences are coincident with U 08 anomalies in ground water. -

In the San Angelo Formation there is. a ground-water anomaly (P.l. &), but no uranium
occurrence as ‘determined from -rock samples (Pl. 24). 'W'ithin the area of thé north-
south trending ground-water anomaly there is no uranium occurrence as determined
from rock samples (Pls. 31 and 32). The ground-water anomaly in southwest Kent
.County (Quartermaster Formatio-n and Dockum Group) has no corresponding surface
uranium occurrence as determined from rock samples. The large stellate ground-
water anomaly in Crosby, Dickens, and Kent Counties underlies the area of the Red
Mud and MacArthuf Prospects where sandstone percentage is hivgh (P1. 21). ‘The area
of the Euﬁank Prospect and ground-water anomaly in south céntfal Crosby County
coincide. In the. western part of Garza County, the broad ground;water anomaly
roughly parallelé the Ogalléla outcrop (_or the Caprock Escarpment); ground-water
anomalies generally lie to the southwest of Dockum outcrops containing the highest
A uranium values. Grouﬁd water witl_ﬁ the high U308 cont-envt underlies most of the
Ogallala that is situated to the west and south of Yellow House Canyon (Pl.‘ 6).
Ogallala in this area contains ground water with 10 to 20 ppb U ()8. Transecting the

area from northwest to southeast are yet higher U 308 valueé; this trend continucs into

the Dockum aquifers. Ground-water anomalies (10 to 20 ppb UBOS) correspond with
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uranium occurrences along Yellow House Canyon. Also on the High Plains, ground-
water anorhalie_s occur within the areas of Tahoka Lake and Twin Lakes.

Ground-water, radiov‘netric, and rock data all indicate that the Dockum Group
and the Ogallala and Tule Formations contain appreciable armounts of U308. Within
the Permian section, the Saﬁ Angelo Formation (by geologic inference) contains

uranium deposits.
RECOMMENDATIONS TO IMPROVE EVALUATION

Several methods could be used to improve the evaluation of the Lubbock
Quadrangle. The proposed methods are more détailed thaﬁ the reconnaissance study
reéently made to evaluate the Lvubbock'Quadr'angle.

Airborne radiometric surveys failed to indicate the presence of sore uranium
occurrences in the Dockum that were detected by field investigations {(rock sampling
and ground-water sampling have shown high UBOS coﬁtent in these areas). More

closely spaced flightlines, particularly in the areas underlain by the Dockuin Group and

- Ogallala Formation, would enhance the evaluation.

A detailed ground-water study is needed in 6rder to document the relationships
among the various aquifers. Data analyzed to date indicate that volcanic ash within
the Pleistocene units on the High Plains is the source fbr most of the uranium
occurrences in the Lubbock Quadrangle, and that the uranium was transported to older
stratigraphic units by Ogallala grbund water. Delinecation of ground-water {low
sysfems is requisite for understanding the mechanisin of uraniwm mobilization,

transportation, and concentration.
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Highest U308 values in the Lubbock Quadréngle occur in Dockum outcrops in
western Garza County. G‘round-water anomalies‘in the same area are highest downdip
Irom‘ these occurrences. Uranium in oufcrOp obviously has been mobilized and is being
transported by gfound water into the deeper subsurface. Also within the subsurface
Dockum are numerous anoinalies as indicated by gamma-ray logs (Pl. IB; Areas F, G,

.and H). The reconnaissance sfudy of the Lubbock Quadrangle _éléarly indicates arcas

that merit additional subsurfacé study. It is recommended that coring and detailed‘
geéphysical logging be conducted immediately to the west of Areas A, C, and D (Pls.
1A and IB). It is also reco‘mmended that the Dc;ckum subsurface section in Areas F, G,
and‘H be investigated by the same methods. |

The Ogallala and Tule Formations in Afea A (Pl. 1A) should be cored and logged
to verify their favorability as uranium hosts. The subsurface investigation in this arca
ého_uld also in.c.:lude the entire Dockum section; this investigation would establish the
relationships among uranium occurrences within Tule and Ogallala Formations and the
underlying Dockum Grc;up. This area and the proposed methods are recommended
because obvious relationships exist between uraniuin occurrences in the Tule and
Ogallala Formations and in the Dockum Group.

Area B (Pl. 1A) is underlain by broad U anomalies in Ogallala ground water

39g

and by radiometric anomalies. Coring and logging is recommended for this area.
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Deposit Name AlO < Lott Ranch

Synonym Name(s) All <

District or Area A30 < Osage Plains o e
Country AAO_ U, Sp U, 8 - State  Texas o
St:’]te Code AS50 <I£}__1§J> ‘ u;&] County A6O < Garza R “>

(Enter code twice from List D)

Position from Prominent Jocality A82 < 5.5 miles west of Post, Tx on Hwy_ 360;

4.0 miles south on Hwy 399; 0.5 miles west on county road; 3.0 miles

south and west on county road.
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(7%' or 15' quad)

Physiographic Province A63 <0 ,7) | Great Plains ”

(List K)

Location Comments A83 <__Occurrence is south_of _co unty road [

Location Sketch Map:
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URANTUM=0OCCURRENCE Ouad Nome Lubbock
REPOR'T Neposit No. v /47

Commoditics Present:
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POTEN Qo v | v v v by v o P OCCUR <y v v |y g g oy a P

Commodity Comments C50 <

>
Status of Exploration and Development A20 {wiﬂ’>

(1 = octurrence, 2 = raw prospect, 3 = developed prospect. 4 = ptnduccr)

Comments on Exploration and Developmeant LI10 < . o
>

Property is A2l (Active) A22  (lnactive) (Circle appropriate labels)

WO;kings are M120 (Surface) ML30 (Underground). M140 (Both)

Description of Workings M220< i
O T >

Cumulative Uranium Production PROD YIS NO SMI, MIh LOE (circle)

DH2 ‘ _ ‘ . '

. accuracy thousands of 1b. years ‘ grade ’
G7QUL ., P GIAQ | 4y 1 4 4 > GIB<LB> G7C<_ > G7D< % _U308>
Source of Information D9 < : : ' o ' e
Production Comments D10 < _-

>

ITH ) : ‘ o
accuracy thousands of Lbh. year ol est. pade

ELQ U LgS TP EA0,0104..2:2. 2., P ELB<LE- BLC1,9 ,g,0)° BID< g g3 A 308>

~

Source of Information E7 < &enjhmsJJLh,;JJLiswluapQrimmw'“;mgwwwﬂn_ﬁ_“_Nmm“__“w_;
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URAN FUM-OCCURRENGT Ouadd Name lLbubbock
REPORT Deposit No, 4

DepositlForm/Shnpc M10O < o lrregular disscemination

/M . :
Length M40 < o> MAl< > ©Size MIS (circle letter):
width =~ M50 < > M51< > 1b U308
Thickness M60 <~ = > Mpl<__ > A0 = 20,000

' ‘ BT 20,000 - 200,000

_Strike M70 < _ > ¢ 200,000 - 2 million
" ' D 2 million - 20 million
Dip M80 < > E More than 20 million
Tectonic Setting N15 < = Platfarm _
Major Regional Structures N5 < 'Eastﬁzrn—wslope, Midland Basin

\)

Local Structures N70 < Host rock is a lacustrine-fill of a High Plains

"basin., Lacustrine-fill covers approximately 15 square miles.

Host-FM. Name Ul < TULE FM - > Member U2 <

Host Rock K1 <|P) LE,I;S\T,;0,C\FE,;N|{¥| soil zonc: sandstone, light gray.
(Age) (Rock type, texture, compusition, color,

alteration, attitude, geometry, structure, ctc.)..

Host-Rock Environment U3 < Lacustrine; basal clastic fill; recent soil zone

(Sed. dep. environ., metamorphiec facies, ign. cnviron.)

Comments on . 4 )
Assoclated Rocks Ud < Host rock is underlain and laterally bound by

Ogallala Formation

Ore Minerals C30 < No uranium minerals observed

G%nguo Minerals K4 <_ No ganguc minerals observed

BFE 1236
4/19/78



Pagre 4
URANTUM-OCCURRENCE, . : Quad  Name Lubbock

REPORT Deposit No.o o I

~Alteration N75 < - No alteration observed

Reductants.U5 < Reductants are probably related to microscopic organic

material preserved from oxidization by the meromictic (chemically strati--

fied) nature of lake . , - . >

Analytical Data (General) C43 <

>

Radiometric Data (General) U6 <Max 40x background. over 10 ft x 10 ft area.
(No. times background and dimensions)

>
X Ore Controls K5 < - Uranium occurrence is controlled by nature of o
lacustrine-fill. Uranium enrichment has occurred in clayé and
sandstones. Sandstgnes.at base of‘lacustrine—fill are most radio-—
active. Recent soil developed on sandstones. are also radioactive. _
Aéh‘also occurs in laéustriﬁe—fill and is the p;obéBle source of
uranium.
>
.Deposit-CIasg C40 < IJacustriJ1e—séndf;toﬁe > (Class No. U7 <Q41ugj>

Comment:s on Geolopy N85 <

N
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URANTUM=0OCCURRENGI, Ouad Name - Lubbock
REPORT Deposit No. 4

Uranium Analyses:

.'Sample No. Sample Description ‘ Uranium Analysis
 MIW336 Gray and bfbwn_fine séndstone: calcitic, ;
| moderatély sorted, convoiuted at. base 125ppm
M1w337 Gray fine sand; sandy recent soil zone 1 . i
friable _ _128ppu
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APPENDIX A. URANIUM OCCURRENCES IN THE LUBBOCK QUADRANGLE

Table 1A. Visited Uranium Occurrences in the Lubbock Quadrangle

- LUBBOCK

Twin Rattler
Site

C Occur- Lccatien Desosit
rence “ Se:. Sec. Twp. ing. Lat. Long _ Host rock clzss or sub-
nJy. TaTo Ceounly (S) (S) W) (N (W) formation/mezber class {noc.) Roefer.roa
1 Benson Lake Lubbock 33 32 18 101 44 27 Ogallala Fm. Evaporative
‘ anomaly : precipitate (220) Bement, et al.
1977; Finch,
"W. I., 1975;
Flawn and
Anderson, 1935
This report
*
2 Forrest Crosby 33 26 24 101 32 25 Quaternary Sandstone (240) This report;
Ranch terrace : UT. BEG Open
. deposit File Report;
' (A.E.C. LTR"
; 4/6/65)
- : %%
3 Unnamed Garza. 33 04 11 101 32 26 Tule Fm, Sandstone (243) This report;
' ' ' Finch, W. I.,
1975
. ' * %
4 Lott: Garza 33 05 00 101 30 45 Tule Fm, ~ Sandstone (243) This report
. * %
5 Caprock Garza 33 00 20 1061 29 00 Dockum Gp. Sandstone (243) This report;
Prospect : Bement, et al.
1977; Butler.
‘ et al., 1962
o 4 _ % _
6 Yellow Cub Garza 33 07 36 101 21 33 Dockum Gp. Sandstone (240). This report:
’ : Bement, et al.
1977; Butler,
et al., 1962
7 Long- Ranch Garza 33 19 29 101 24 25 Dockum Gp. Sandstone (240) "This report:

Bement. et-al.
1977; Butler,
et al., 1962

4
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* %
Austin and D'Andrea, 1978.

Locastion Deposit _
L Se .. Sec. Twp, Lng. Lat. Long Host rock clzss or sub- Frodug
no. Name County (s) (s) (W) N) (W) formation/mez=ber ciass {no.) tioa" " Reerznce
-8 Long Ranch Garza 33 19 07 101 24 06 Dockum Gp. Sandstone (240) ‘a This report;
-Hillside . : Bement, et.al.
Site : 1977; Butler,
. : et al., 1962
*
9 Eubank Crosby 33 23 49 101 18 33 Dockum Gp. Sandstone (240) a This reporty;
Ranch : Bement, et al.
1977; Butler,
, et al., 1962
' S . : * %
10 MacArthur Kent 33 23 36 101 02 06 Dockum Gp. Sandstone (243) a This report;
Prospect . : ' ‘ Bement, et al.
1977; Butler,
et al., 19562
A x ‘
11 Red Mud Dickens 33 25 44 100 59 57 Dockum Gp. Sandstone (240) a "This reporct;
h ' ' ' ' -.Finch, W. I.,
1975 -
o .
‘Jones, C. A., 1978.
v#Production categories: a. 0 to 20,000 1b. U308 (no uranium production reported from these occurrences).
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Table A2. Uranium Occurrences Searched For But Not Found in the Lubbock Quadrangle

Occur- Lccacien » Deposit
rence " Se-. Sec. ing. Lat. = Long. HYost roc clizss or sub- rroduc-
2 aTo County (s) D) LN (W) formation/mezber c¢ciass {no.) tioa" Refercace
X12 Libesay ‘Lubchk 33 32 30 101 47 Ogallala Fm. Evaporative % 4 iUT BEG Open
V-8 Ranch (approx1mat¢)A precipitate (220) - File Report
: (A.E.C. LTR
| | 4/6/55)
X13 Wood Ranch C;osby "33 29 - 101 29 Ogallala Fm. Evaporative x 2 Thisvreport;
: S . ‘ precipitate (220) Bement, et al
’ 1977; Finch,
_ ‘W. I., 1975
NS . .
X114 Unnamed Garza 33 19 - 101 28 Dockum Gp. Sandstone (240) a Finch, W. I.,
_ (approximate) . 1975
X15 Unnamed Crosby 33 24 - 101 14 Dockum Gp. Sandstone (240) a Finch, W. I.,

(approximate)

1975

*

Jones, C. A., 1978.

t . : .
Production categories: a.

* %k

Auétiﬁ and D'Andrea, 1978,

0 to 20,000 1b.

(no uranium production reported from these occurrences).
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"Table A3. Occurrences Not Visited in the Lubbock Quadrangle
Qccur- Location . Deposit
rence , % Se: Sec. Twp. nng. Lat. Long. Host rock class or sub- duc-
no. Nawmaz County (s) (s)y (W) (N) : (W) formation/mezber ciass {no.) Reference
" ;
Y16 Negro Hill Crosby 33 31 - 101 10 - Dockum Gp. Sandstone (240) Bement, et al.
. o 1977; Finch,
. W. I., 1975
: *
Y17 Swenson Garza 33 21 - 101 15 - Dockum Gp. Sandstone (240) Bement, et al.
Ranch : 1977; Butler,
S , et al., 1962
*
Y18 Salt Fork Garza 33 18 - 101 08 30 Dockum Gp. Sandstone (240) Finch, W. I.,
(Adams) ' pers. comm.;
Prospect Hayes, W.C.,
1956; UT BEC
. _ Open File Ren:
. , : » * _
Y19 Sanderson @ Garza 33 17 - 101 08 - Dockum Gp. Sandstone (240) Bement, et al.
Ranch : : 1977; Butler,
et al., 1962
. . R * .
Y20 Unnamed Garza 33 17 '30 101 04 10 Dockum Gp. Sandstone (240) Finch, W. I.,
' _ : : (approximate) 1975
. A . ' * »
Y21 Roddy Garza 33 14 - 101 11 - Dockum Gp. Sandstone (240) Bement, et al.
' Ranch : ' 1977; Butler,
et al., 1962
. C . %
Y22 Adams " Garza 33 07 - 101 07 - Dockum Gp. Sandstone (240) Bement, et al.

Prospect

1977; Finch,
W. I., 1975

*
Jones, C. A., 1978.
#Production categories: a; 0 to 20,000 1b.

* % ' .
Austin and D'Andrea, 1978. .

U308 (no uranium production reported from these occurrences).
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URANTUM=OCCTRRENCE Orard Mo bubbock
REPORT Deposit No, o ?_wam_
Deposit Torm/Shape MLO < lrregular dissemination Cy
FT/M _ B -
Length M4O < 7 > M41<IFT > Size M15 (circle letter):
‘Width M50 <5 > M51< FT > Lb U308
Thickness M60 < 1.5 > M6l<TT > . () o - 20,000
' . B 20,000 - 200,000
Strike . M70 < > C 200,000 - 2 million
v : D 2 million - 20 million
Dip M80 <. . > E More than 20 million
Tectonic Setting N15 <. pilarform _ L
Major Regional‘Stpuctures N5 <_~Jiasiua£n_JilDJuLL_Mleléﬁﬂ__&éSin
Local Structures N70 <
>
Host-FM. Name Ul <_ Dockum Gp. > Member 02 <
Host ‘Rock K1 <|T)RyLy y 4 4 y 1 |¥ Orange, calcareous, micaceous, finc
(Age) " (Rock type, texture, composition, color,
to medium qudrtz’arenite.
alteration, attitude, geometry, structure, etc.)
>

‘Host-Rock Environment U3 < Fluvial meanderbelt & distributary channel g3pnds
(Sed. dep. environ., metamorphic facies, ipgn. environ.)

Comments on
Aﬁm“j“tedl“WkSl“f<MWUudaL1ain"hx~LluviulwchLuicwuniLS”H‘."wn”_"hm

Ore Minerals C30 < _Minor scattered patches of yellow uranium mineral..

Gangue Minerals K4 < None_observed. e

BFE 1236
4/19/78



Pragre a
URANLUM=-O0CCURRENCE Quad Name Lubbock. ... .

REPORT Deposit No.o 5

Alteration N75 < Nogpe observed

>
Reductants U5 < None observed —
>
Analytical Data (General) C43 < - 240,tc) 2000 ppm U0,
- po (O
>
Radiometric Data (General) U6 < 28 x BG(l x 10 FT); 61 x BG (1 x 3 FT),
) (No. times background and dimensions)
131 x BG (1.5 x 5 FT)
>
Ore Controls K5 <
>
Deposit Class C40 < Sandstone > Class No. U7 244 (4P

Comments on Geology N85<Prougradational sequence (from base to topl):. Delta

front ss; Distributary channel ss (anomalous in part); Crevasse channel

ss; Delta plain mdst & sltst; Meanderbelt sandstone (anomalous in_part)

BFE 1236
4/19/78
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URANTUM=OCCURRENCE Ouad Name Lubbock .

e

REPORT : Deposit No. o »

Uranium Analyses:

Sample No. Sample Description ' Uranium Analysis
MIWS41 Chip sample, 'hot' mdy ss lens in distri-
butary channel ss 475 ppm U0,
MIW542 Chip sample from hot zone in basal meander}f
belt ss ' ‘ : 240 ppm U0,
MIW543 Chip sample from hdtvzone in lower meanderF ~
belt ss- 2000 ppm U0,
T - g > e
Geologic Sketch Map and/or Section, with Sample Tocations:
. T /l& ‘
\<:L,/<S;::>\<:“_
_ —_— ~ 50
- Meandevbele
L. Up
Delto Platw - 30
T T N ey slest
e e e N \/_;\/ R
L I i N W I R T S .
- . — 4 Ckevas e. ) | '
—L ~;Z:—?EE;;~‘““‘ chawnel 4§ 20
= e |
-._q__,__—”—”';j’/ g.\":’ ;/; D'&tv'l.iJu’taV‘)’ !
— ' chauvel g, .
— [0
Delte
Frowt $8
References: I
Tl <. : . -
>
¥2
>
¥3 <
F/t <7 _
>
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HRANTUM-OCCHRRENCE Oved e ADD Lubbock
REPORT Ouad Seade ATOO-| 205 0,000, Of
Deposit Noo pa0 6
Deposit Name ALO < Yellow Cub Mine s

Synonym Name(s) All < Kirkpatrick Ranch

District or Area » A30 < Osage Plains_ -_____‘_._-_4_-_;_ e A
Country A40 U , s} U, 9 - State  Texas
State Code A50 < 4,8 4.8 ) County A60 < Garza -

(Enter code twice from List D)

Position from Prominent Locality AB2 < 45 piles due south from Nathan. .

Little tank, e ' . e e =
Field Checked Gl < 7,9f|1,1P By G2<__Thurwachter s Jeffrey E. . . _~
Yr Mo- - Last name First Tnitinl
Latitude A70 93,3 H 07 H3.6. N> Longitude A80 91,01 H21H3:3.:. W
Deg Min Secc , Doy Min Sec

Township A77 < | | | P> ' Range A78 < , | | | Section A79 <, F

NS - : o /M
Meridian A81 < _ > Altitude ALO7 < N >
Quad Scale A91 4 , ,2,4,0,0,0P Quad Name A92 < post La s
(7%' or 15' quad) : hast
Physiographic Province A63 <0,7] | Great Plains - s
' (List K) _
Location Comments A83 < o

t0 Posts

Location Sketch Map:

R

BFE 1236 pugl! I
4/19/78 X3 ]
annwa{y \ v



HRAN FUM-OCCURRENCE Ot Name Lubbock
REPORT C Deposil No. 6

Commoditics Present:

ClO quy 4y g dsisaTa ey JQuuze Lov av Loy o Lo b

Commodities Produced: o : -
MAJOR 4 v lop g o byl Pocorron oy Vg o b

MINOR <, ; Lo Lo b PoBYPROD Ay Loy a b P

Potential Commoditics:
POTEN <, , | 4 4 o | P ) OCCUR quy, _, , 11_1 Ll L,___L,,_I"’

Commodity Comments C50 <

>

Status of Exploration and Development A20 < 1 |

(1 = occurrence, 2 = raw prospect, 3 = developed prospect, 4 = producer)

Comments on Exploration and Development L110 <w§thlp§£Lml8§__CQnS__at_ilh43z_Jl308
, . .

Property is A21 (Active) A22 (Inactive) (Circle appropriate labels)

W()_rking.s are M120 (Surface) ‘M130 (Underground) MY4AO (Both)

Description of Norkings-MZZOQ_____iUl”ﬂQIj&ingﬁv~~_w_0 i

- .
gumulaﬁive Uranium Production PROD YES  NO  SMIL MED LGE {circle)
DH2 accurac_y. thousands of 1h. - vears rrade

G79 Y E.1s1 7P G7A9040111519 11916 > G7B<LB> G7Chegore 196067D< 0,43 % U0H>

Source of Information D9 < Bement, et al., 1977 Geostats of NURE ke

Production Comments D10 < No production, just minor_exploration . ___ .

>

Reserves and Potenlial Resources

EN : ' i ) o
accuracy thousands of 1h. yoear ol est. , wrade

ELQUIE S TP  EIA<040100 1..0.51152 > EIB<LB> BIC:3,9, gol~ FID< 0362 A 305~

Source of Information E7 < McGowen and. Thurwachter, this report . __ 7~

Comments E8 <

BFE 1236
4/19/78
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URANTUM-OCCURRENCY, Quad Name . Lubbock.
REPORT Deposit No. L6

Deposit Form/Shape MIO < Elongate area of anomalous radioactivity (surface)

FT/M
Length M40 <20 > M41<FT > Size ML5 (circle letter):
Wwidth =~ M50 <8 > M51<FT > 1b U308
Thickness M60 < appx &4 > MOI<FT > A O = 20,000
CTRT20,000 = 200,000

Strike M70 < o> C 200,000 - 2 million

D 2 million - 20 million
Dip M80 < > E More than 20 million
I'ECtOHiC SCtt_ing le < ‘ P lat fo ! e

Major Regional Structures N5 < 'Easte'rn slope, Midland Basin

Local Structures N70 <

Host=FM. Name Ul < Dockum Gp. > Member U2 <

Host - 'Rock K1 <{TyRyT1 1 1 1 1 1 1 I%LMedium- grey, micaceous, friable,_f_i_.‘_‘_e
" (Age) (Rock type, texture, composition, color,

to med., grained-qtz ss, mod to well sorted & rounded.
‘alteration, attitude, geometry, structure, .etc.)

Host-Rock Environment U3 < Fluvial - deltaic ‘ o e

(Sed. dep. environ,, metamorphic facies, ign. environ.)

Comments on

Assoclated Rocks U4 <

Ore Minerals C30 <__No uranium minerals observed. e

(‘mhp,uo Minerals K& < None obServed. o

BFE 1236
ANnN9/77n -
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URAN LUM=-0OCCURRENCI, | Quad Name

REPORT Deposit No.

Pape 4

tubboek o .

Alteration N75 < None observed

>
Reductants U5 < None observed
>
Analytical Data (General) C43 < 362 ppm U, 0,
>
Radlometrlc Data (General) U6 < 7 x BG(20 x 8 ft) 40 x B(,(Z x 2 ft)
- : (No. times bagkground and dlmen51ons)
>
'Ore Controls K5 <
>

Deposit Class C40 < Sandstone

Comments on Geology N85 < Crevassc splay (UZPUHjJ;w_M

> Class No. u7 (LZ.J(*_J.Q_P'




URAN LUM=-0OCCURRIENCI | Quad Name » »‘.“_'b,h_“‘(,'ilf.v

6

REPORT Deposit. Noooo

Uranium Analyses:

sample No. Sample Description Uranium Analysis
Sample from shallow hole (2x2x2 ft) in '

 MIW237 hottest zone e 362_ppm UJOB‘“

M1w538 from fine to v. fine micaéeous SSs ' 2.3 ppm UjOB“‘

MIW539 fine to med. micaceous ss ‘ ‘ 1.5 ppm UIOH

 MIW540 sdy pebble to cobble congl 13.3 ppm UJO8

Geolopgic Sketch Map and/or Sectien, with Sample Locations:

8 .
P ' — B
£55w <& 28§ —> AVE P
. References:

rl “~ 'Bement, T.R., et al., Geostatistical projﬁ&ifgimihp NURE —

X program, Jan-March 1977:  Los Alamos &gLnggmLuh+?ﬂ*M*NGJBX=50f77)

Fé - —_—
Co>

F3 <
>

Th Z' [

>
AEE 1234

afra/rn




R LU OO R, Came e Lubbock

REPOR TR 6

Continuacion from p. 18
Lahz21
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HRAN FUM=OCCHRRENCE Onad Mame A9 Lubbock

REPORT Ouad Seate ALOO-| 2,5 0,0, 0, 0
Deposit No.o wao- 7
Deposit Name AlO ﬁ___uLQng_Jianchi‘ o ‘ >
Synonym Name(sj All < Twin Rattler Site : o ———
District or Ateu A30 < f)sage Plains e >
Coﬁnﬁry AL QU , Sp ELLﬁ{ .Stnte‘b :ngasiv o N )
State Code A50 <|4 ,8) | 48 | | County A6Q < k3arza ‘;_;

(Enter code twice from List D)

Position from Prominent Locality A82 < 3200 ‘ft ‘west of the _Conf]J{éncehjzf“”

South Dokegood Creek and the North Fork, Double Mtn. Fork, Brazos_ River.

-

Field Checked Gl <[ 7,9]| 1,1 By G2<_Thurwachter _ , Jeffrey E. >

Yr Mo . Last name First ]niiiﬁfn'
Latitude A70 93,3 H19 F2,9, >  Longitude ABO 91,0,1H 24H2,5, W
Deg Min Sec _ : Deg Min Scc

Township A77 < | | | P Range A78 q_le_Lﬁp Section A79 q;JwP

N/ B/ FT/M
Meridian A81 < _ - - ’ > Altitude AIO7 - i
Quad Scale A1 <, 1 2,4,0,0:0p Quad Name A92 < §o  pakegood_Creek...
' (7%' or 15' quad)
Physiographic Province A63 <|0,7] | Greatr Plains S >
' ‘ ' (List K) - S ~ ‘
Location Comments A83. < . —
>

- Location Sketeh anf

2=

w

Seg ! ‘l’(uefdiplnuu:

\
", ‘\\\\\au’l"dly

Yy ey

BFE 1236
4/19/78




URANTUM-0CGURRENCE Ouad Name Lubbock
REPORT : Deposit No. 7

Commoditics Pregsent:

ClO QU IS4G, I8,8, 1y Q% Lo v L b

Commodities Produced:

MAJOR 4y Loy v o b v b o PoCorROD 4y by ol P

MINOR 4 4 v Loy gy Ly g Ly g o P BYPROD 9y gy Loy el vy P

Potential Commodities: ‘ : R
POTEN 4, | .| 4 1 !J L1t F OCCUR QU i 1.1 Lot 1 J___-AL._J,AP

Commodity Comments C50 <

étatus of Exploration and Development A20 <;Jﬁw>
(1 = occurrence, 2‘= raw prospect, 3 = developed prospect, 4 = producer)
Comments on Exploration and Development L110 <_§rLLRE$Ld”;L13T_thS J@_DJ“LAZ<JL3Q8_
| 7
Property is A2l  (Active) égz_ (Inactive) (Circle appropriate lahﬁls)
Workings are M120 (Surface) M130 (Underground) . MIQOV(BOLH)
Descripﬁion of Workings M220< - No workings o I
. . . : - I
CUmulative Uranium Produc;ion PROD " YES NO  SML o MED LGE (circle)
DHZ accufacy thousands of 1b. . years . grade
G7< Uf|E\S , T G74<0,0,0,0,3,7,. 2P G7B<LB> C7Cpefore 1960G7D< 0 14 . % U308>
Source of Information D9 < Bement,.et al., 1977, Gegéggts of NURE.* g
i?rmhmtim1(nmmaws ]np < No production, just minor explbration‘ __
- >

BFE 1236
4/19/78

Reserves and Potential Resources
£ . _ o o
accuracy thousands of 1h. : yoear of est. prade
ELQULE,S, TP BIA0.0,0,1,1 . 14 EIB<LB> ELC)19,80) EID- 02 o g8s 308>

Thurﬂﬂnhterﬂ_JjLLa_IEpprmm_m_”k_ff

Source of Information E7 < _ McGowen_ .and

Comments E8 <.




" Comments on

BFE 1236
4/19/78

URAN LUM=OCCURRENCE ' Quad Name

REPORT . Deposit N(} . _ 7

Paye

R

_Lubbock. .

Deposit Form/Shape MIO < Aeré;ullar dissemination
: . FT/M | | T

Length M40 <appx. 25 > M41<FT > Size ML5 (circle letter):
Width M50 < 7 > M5l< > Lb U308
Thickness M60 < appx. 3 .> M6L<FT > A0 - 20,000

_ B 20,000 - 200,000
Strike M70 < > ¢ 200,000 - 2 million

' » _ ‘D 2 million - 20 million
Dip - M80 < . . > E More than 20 million

Tectonic Setting N15 < P]Jatforﬁ

Major Regional Structures N5 < FEastern slope, Midland Basin

Local Structures N70 <

Host-FM. Name Ul < pgackum Cop. ‘ -> Member U2>§

Host Rock K1 4pgy1y 1 ¢ gy 1 1 |¥ Greenish-grey, calcitic in part,
' (Age) (Rock type, texture, composition, color,

mi ' =

£hnuing_paLallel_lamlnaﬁ_and_manL_QLQ&&_hﬁddlng¢__QQnLiLui_mLDOr

amts ‘of organic debris

Host—Rock Environment U3 < yipvial-deltaic .

(Sed. dep. environ., metamorphic facies, ign.

Associlted Rocks U4 <

environ.)

Ore Minerals €30 < g sttered small patches of yellow uranium mineral._

Gangue Minerals K& < None oheserved

ring, _511L¥+~£1ne to v, fine gtz ss,
alteration, attitude, geometry, structure, etc.)

>



I‘ilj'," /l

URANIUM-OCCURRENCE Quad Name  Lubbock

REPORT Deposit Nooo 7

Alteration N75 < None observed

>
Reductants U5 < Minor amounts of organic matter
>
Analytical Data (General) C43 < 600 ppm U.0_; 8375 popm U3O8
. s - 230
Radiometric Data (General) U6 < 14 to 170 times BG (40 x 10 ft) .
' . (No. times background and.dimensions)
25 to over 285 times BG (20 x 7 ft)
| ‘ >
Ore Controls K5 < -
>
Deposit Class c40 < sandstone > Class No. U/ 2 b 14p
‘Comments on Geology N85 < pProbable crevasse splay_ depesitoo oo ..
>

BFE 1236
4/19/78



URAN LUM=0CCURRENCE Ouad Nevnoe Lubbock

REPORT Deposit No. 7

Uranium Analyses:

‘Sample No. Sample Description Uranium Analysis
| MIW555  |chip sample from hot part of unit A-3 4600 ppm U%08
MIW556 éhip éample from unit B-1 ' o 198'épm UQOQ

| MIW557 ‘chip sample from hot Part (base)'of.unit -

B—2 ~4H+&%€u%%G4JAML—U—MHA%&;QJA%—WG%%&—QbfH}FVed~JL115—P¥uw_u§0B“

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

& W E >

Ny

References:

Fl “Bement, et al., 1977, Geostatistical project of the NURE progranm,

Jan-March 1977: LASL, N.M. GJBX-50(77) - >

¥2 <Butler, et al., 1962, Epigenetic uranium in the U.S., exclusive of

Alaska and Hawaiit USGS Min. Inv. Res. Map MR-21, scale 1:3 168 000"
F3 « ‘
>
!
| wh el
| T i

AFS 1235
LVAL WAL
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Convituacion {row po §--0
Iahz2l

b9 - 1962, Epigen. U in U.S.
__29..-__.B_‘t_‘,,t.;]:ff_’__.é.?.. al. el e e e

Lublu;ck



- District or Area A30 < Osage Plains_

BFE 1236
4/1a/78

HRANTHM=-OCCURRENGE Quad Nome A0 Lubbock
REPORT ' Quad Beale ATOO-| ) 2y 5 0y 0y 0p 0
' Deposit No. 540{1 8
Deposit Name AlO0 < Long Ranch ] ) : -

Synonym Name(s) All < Hillside Site

Country A40 QU , Sp [U 5] ’ ‘State  Texas .
State Code A50 <4 8] 14,8 - County AGO < Garza >

(Enter code twice from List D)

Position from Prominent Locality A82 < 2200 ft nw from the confluence

South Dokegood Creek and the North Fork, Double Mtn. Fork, Brazos River

Fle]d Checked G1 <L7_12] L.]:J.]_‘_J\' By G2< Thurwachter ,____._J_ehg frey____.-E_-,-. R

Yr Mo Last name First Initial
Latitude A70 <3,3 F-1,9}0,7, N Longitude A80 <1,0,1H2 ;4H0, 6, %
Deg Min Sec ‘ Neg Min Sec

Township A77 <| | , | P Range A78 < _, , | b Section A79 4 , P

N/S v Ic/w | —y
Meridian A81 < : > Altitude A1>07 <
Quad Scale A91 q“J;JgJﬁthQJQJ> Quad Name AY92 < South Dokegood Creek”™
' ~(7%' or 15' quad)- _
Physiographic Province A63 <0,7] | Great Plains L >
’ ' (List K)
Location Comments A83 < o L .

Location Sketch Map:

H;l’sule L-,ll
[ARY AN _\\m,,&




HRAN THM-OCGURRENCE O Noame Lubbock

REPORY Deposit Noooo 8

Commoditics Proesent:
ClO quy , , 1881y 1Ly Yy JQTZ s f oy va e b ey P

Commodities Produced:
MAJOR 4, oy Loy o Jo v by PoCOPROD Qo gy Ly T

MINOR < 4 4oy | oy ol v a4y q P BYPROD 4 4 vy |y o da i P

Potential Commodities:
POTEN 9, , v I vy o Ly vy P OCCUR <, y 4 b gy o by b

Commodity Comments C50 <

: Status of Exploration and Development A20 < 1 °
(1 = occurrence, 2 = raw prospect, 3 = developed prospect, 4 = producer)
Comments on Exploration and Development L110 < shipped 38 tons @vo, 29 llng_ﬁ
’___‘___ >
Property is AZi {Active) A22  (Inactive) ‘ (Circle appropriate labels)
Workings are M120 (Surface) M130 (Underground) Mlﬁd (Both)
Description of Workings M226<‘ No_workings .. e
e e e+ e e ____,__-.__>
gpmulative Uranium Producfion ' 'PROD CYES  NO SML MED - LGES (circele)
DH2 accﬁracy thousands of 1b. . years grade
G79Y lgusir P G7A0.40101011 151 12 P G7B<LB> G7C<hefare 196047D<__0.2 % U308>
Source of I_nform.at'ion D9 <Rement, et al 1977, G—eostaté-—o-f~—NuRE1——* ‘‘‘‘‘‘‘ >
Producbhn1Comménts'JHO <_No_production just_mingx;exp;g;a;ionj___*;“_w
>

Reserves and Potential Resources

EH . _
accuracy thousands of 1h. year of et prade

ELQ U lE, S TP ELA<L01040 12031138 > BIB<LB>  ELCp,gigigl" EID7.05 ro ., 74 U308

Source of Information E7 < McGowen and Thurwachter, this report. -—-. -

L -

Comments E8 <

BFE 1236
4/19/78



Pape 3

URANTUM=-0OCCURRENCE, Quad Name N  Lubbock
REPORT Deposit No. R 8_ —
Deposit Form/Shape M10 < Irregular dissemination N
, - FT/M , } ‘ -
Length . M40 < 15 > M41<FT > Size MLS (circle tetter):
Width M50 < ? > M51< > 1b U308
Thickness M60 < g, 75 > M6L<FT > A0 - 20,000
. B 20,000 - 200,000
Strike M70 < . > C 200,000 - 2 million
B ' ' D 2 million - 20 million
Dip . M80 < > E More than 20 million
TectoniCFSetting N15-<  Platform . >
Major Regional Structures N5 < Eastern slope, Midland Basin
Local Structures N70 <
Host-FM. Name Ul < pockum Gp : _> Member vz <
Host Rock K1 <1RyTy 1 4 1 3 4 1 _|PGrey and green, calcitic, micaceous,
(Age) - (Rock type, texture, composition, color,
mud _clast grnnn1p and pebble bearing, v. fine gtz ss, with minor
alteration, attitude, geometry, structure, etc.) :
amounts of organic materdial.
' >
‘Host-Rock Environment U3 < _Fluvial-deltaic o 2
(Scd. dep. environ., metamorphic facies, ign. environ.)
Comments on ) ) :
Assoclated Rocks U4 <

Ore Minerals C30 <_gcatrtered small patches of yellow uranium mineral...

Gangue Minerals K& < None observed

i

BFE 1236
4/19/7n8



URANIUM—OUCURRENCH ‘Quand Name ~ Lubbpock

REPORT Deposit No, 8

Alteration N75 < None observed

>
Reductants U5 <>Minor amounts of organié'material obsefved.
>
Analyticai Data (General) C43 < '525 ppnuIJ308; 950 ppanLgog;
7375 ppm U0, |
Radiometric Data (Genéral)‘U6 < 43 x BG (20 x 0.75 ft)
' (No. times background and dimensions)
286 % BG (2 x 0.75 ft)
>
g " Ore Controls K5 <
>
Deposif Class C&O < s€n1dstone > Class No. U7 <244 4p
Coﬁments on Gcoiogy N85 <> " Probable CréV£H%Smejiqu_iytugﬁiﬁiu;q”_“A_w”_““_

\

BFE 1236
a/19/78



URANTUM-OCCURRENCE, Guad Name  lubbock

REPORT Deposit No.

Uranium Analyses:

8

Sample No. Sample Description Uranium Analysis
MIW552  |chip sample from hottest zone. in unit 1 525 ppm Uqu ~
MIW553  |chip sample from hottest zone in unit 3

L very fine qugrtz arenite ?50 ppm U398¢,
MIW554 chip sample from sdy congl showing scattered

7375 ppm U0,

yellow uranium minerals & organic debris

. . .
Geologic Sketch Map and/or Section, with Sample Locations:
: west siJe s Mill

e v

Y

AFS 1234
afra/rn

References:

-~ . .
i ‘Bement , et al., 1977, CGeostatistical prejeect—of—the—NBRE-program,

Jap-March, 1977: lLos Alamos SQign;ngﬂbduﬂwmﬁJuJuxzsqullyww;_w"__ﬂw?

2 ‘Butler, et al,, 1962, Lpigenetic uranium in the U.S. . exclusive—of

Alaska and Hawaii: USGS Min. Inv. Res. Map MR-=21, scale 1:3,168,000 7

F3 <
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Lubbock

URAN FUM-OCCHRRENCY Poccd Mo AOO
REPORT Quad seate ATOD-| 0 5 0,000, O
Deposit Noo BAOS 9
Deposit Name AlQ < Eubank Ranch . >
Synonym Name(s) All <« »_ o - i
District or Area A30 < Osage Plains ~ >
Country A4Q0 QU , Sp U, 5 State _ Texas
State Code A5O <14 | 8f 14,8 ] ) County AGO < Crosby o
' (Enter code twice from List D) '
Position from Prominent Locality AB2 < 1.5 mi East of Canyon Valley )
Community e ~ . e
Field Checked Gl <7,9j| 1,1 > By G2<_ Thurwachter o Jeffrey E. 7”7
Yr Mo : Last -nane First Initial
Latitude A70 <3,3H2,3 H 4,9, N’ Longitude A80 41 ,0,1 H1,8H3,3, W
Deg  Min Sec Deg Min Sec
Township A77 <|_, , |_|» Range A78 <_, , | |» Section A79 < , P »
N/S , E/W PN
Meridian A81 < . > Altitude ALO7 < >
Quad Scale A9l 4 _; ,2,4,0,0,0p Quad Name A92 < Canyon_Valley __.__ .7
(7' or 15" quad) ' . : '
Physiographic Province A63 <[0,7] | Great Plains >
(List K)
Location Comments A83 < | : ' —-
>
-Location Sketch Map: 4&
o Laprok to Cvosh oY
i N Lrosbyed
] V ] ' , Huy
i 1wy 1657
£ —_ ]
Sovd LasaRy
Het Vall %
207 Cg;p:uzb;‘/ . . , ‘ = .‘éd:—_ﬁ_
[ : e
‘ 8 4 {aM\L(J -~
a“vwa‘@f&x, C_’Zf‘l’i L_’______ RIS USSR e e et
i SW”E Cavdd Co.
plusg 2

\
Bre 123" YOSU | .
4/19/78 . W Psp



URANTHM-OGCHRRENCE, OQuend Name Lubbock
REPORT - Dbeposit Noooo 9

Commodities Present:
'CquUll1'IS|SITIIIIIIlllllll'lll_llll._]b

Commodities Produced: _
MAJOR Qv 4 Loy o Ly vl g P COPROD <4y 4 )y b P

MINOR 4 4 v by v v Loy vy by g g P BYPROD <y 4y ] o Loy g b

Potential Commodities:- :
POTEN_4111I11111)|P OCCUR'(lU]l'IillllllI,P

Commodity Comments C50 <

\/

Status of prloratlon and Development AZO < 1. >
(1 = occurrence, 2 = raw prospect, 3 = developed prospect, 4 = producer)

Comments on Exploration and Development L1l0 < shipped approx. 365 tons .

at 0.11% U0, _ | ’ ‘ e id
338 .

Property .is A21 (Active) (i:::) (Inactive) , (Circle appropriate labels)
Workings are M120 -(Surface) M130 (Underground) ML40 (Both)

Description of Workings M220< No workings B L

e « daman. ———— e s >

Cumulative Uranium Production (PROD) - YES NO SMI,  MED L.GE (cirele)
. DH2 ' '

i accuracy thousands of 1b. years grade

G79q U E,S, TP G7A<0,0,0,0,8,0, .3|> G7B<LB> G7C<pefore 194067P< Q.11 % U308>

Source of Information D9 <Bement, et al., 1977. Geostats of NURE >

Production Comments D10 < No production, just minor exploration.

Reserves and Potential Resources

EH : . _ : .
accuracy thousands of- 1h. year ol cst. grade

EIQULE, S TP E1A<0,010 0 1.1 60,8 EIB<LB> EICy1i9,gs0f BID<. 13 - . 18% U308>

>

Source of Information E7 < McGowen and Thurwachter, this report .

Comments E8 <

BFE 1236
4/19/78



Pape 3
URANTUM-OCCURRENCE, Quad Mame Lubhock.

REPORT : . Deposit No, , 9

_DﬂmsitFonMShawiMlU<£ircular‘areas of ‘anomalous radioactivity -
| 4 FI/M o
Length =~ M40 < 70 > M41<FT > Size MLS (circle letter):
width M50 <_ 100 > M51< FT > ~ 1b U308
Thickness M60 < 2 > Mol<_ > (n) 0 - 20,000
_ . ' B 20,000 - 200,000
Strike M70 < . > S C 200,000 - 2 million
A . : _ _ D 2 million - 20 million
Dip M80 < _ > E More than 20 million
Tectonic Setting N15 < }’iatfornl. _ . e

Major Regional Structures N5 < Eastern slope, .Midland Basin

deal Structures N70 <~

Host-FM. Name Ul < pockum Gp ' > Member U2 <. -

Host Rock K1 < pRiIy 3 4 3y 1 4 |¥ Dirty grey, micaceous, mostly friable,
(Age) (Rock type, texture, composition, color,

minor mud-clast-granule bearing fine to very fine gtz ss, moderate
alteration, attitude, geometry, structure, etc.) ' :

to well sorted, well rdd.

Host-Rock Environment U3 < . >

(Sed. dep. environ., metamorphic facies, ign. environ.)

Comments, on
Assoclated Rocks U4 <

>

Ore Minerals C30 <__gScattered small patches of yellow uranium mineral.

Gangue Minerals K4 < None ghserved.

BFE 1236
A/19/7R



Page 4

URANTUM=OCCURRENCE, Quad Name Lubbock

REPORT Deposit No. 9.

Alteration NZS < None observed

>
Reductants U5 < None observed
>
Analytical Data (General) C43 < 1275 ppm Uqu; 1800 ppm U308 I
. ) : ~J3—0

‘v

Radiometric Data (General) U6 < 10 x BG (70 x 100 [t) 100 x BG (1 x 2 fr)
' ' (No. times background and dimensions)

200 x BG (4 x 3 ft)

>
Ore Controls K5 < —

>

Deposit Class C40 < San(“;tone : ' > Class No. U7 <24 14}

Comments on Geolopy N85 < Area is covered & overgrown wlth o vegetarion ...

to the extent of making gpeologic interpretations jimpossible .




URANTUM=OCCURRENCE

Quid Name

. .lubbock. .o
REPORT Deposit Noooo 9 . .
H Uranium Analyses:
Sample No. Sample Description o . Uranium Analysié
channel sample, hot patch showing :
MIW558 vellow 1 _minerals 1275 ppm n3ﬂ§
channel sample, hot patch showing '
MIW559 vellow U minerals : 1800 ppmll308

Gteologic Sketch Map and/or Seétion, with Sample Locations:
T
//// a(lr'r:‘ 'rvdf/'/ N,
< Z - v
7
Z
Z fa2
Z
: 7
' ~
7
) 7
A
7
5"‘467// /7 o~ "““""‘7-‘1)7. A SSd
é i:_ ' )(-,f’-- A\sts:g
b/l/%@ /4/ "".u, ‘ :: ' )
/ | ""‘m\\n\w‘\\L . -.,
- ///(, shallpw pit appy’ 70" ¥ 110
/ I/{ oveEvdrgw v w/ vede tatig
{} [//
//0
/
Z
7
| Z
. . v,
‘References. Z
Tl “Bement, et al., 1977, Geostatistical praject of the NURE—pregram,
Jan-March., 1977:__LASL; N.M, GIBX=50(77) - e =
¥2 < ' _
F3 <
A e e
/ - e
AFS 1234
LVAL WAL




CRAR UM OCCDRR N foana e Lubbock

REPORT ' BT 9

Contirtnacton {rom p. 1--'-
Lab2l
{
¢
/ e

TEE 1237
apiTe
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FRARTUM- OCCURRENC Onad Mame A90 LLubbock

REPORT Ouad Sceale ALOO- [ 20, 0,00 0p

Deposit Noo BAOZ }0 e
Deposit Name Al0Q < MacArthur Prospect o o >
Synonym Name(s) All < o o L
District or Areca A30 < Osage Plains R o
Country A40 <qU , S U S State Texas . o
State Code A50 <4 8> L 8| _ County A60 < Kent >
(Enter code .twice f{rom List D) : :
Position from Prominent Locality A82 < . o B
Field Checked Gl <} 7,9] [1;,1p By G2<_ Thurwachter ' L, Jeffrey E. >
Yr Mo Last name _ First Initinl
Latitude A70 <3, 3H2,3}3,6, W Longitude A80 <1,0,1 H0,2H0, 6, W
“Deg Min  Sec -~ i Deg Min Sec
Towmship A77 <[ | | P Range A78 <, , | P Secction A79 < _, P
o N/S : £/ : A .
Meridian A81 < ? > Altitude ALO7 < >
Quad Scale A91 4 | ,2,4,0,0,0p ' Quad Name A92 < Smith Tank _ _ .~
(7%' or 15' quad) _ : : .
Physiographic Province A63 <0,7) | Great Plains .7
(LList K)
Location Comments A83 < .
Location Sketch Map: . ‘ l
e o]
I ! croshy Cp Dickeny Lp
| Garzalp | kevr o
I' T ek kel
: X
135 LI ey Vipwed
I het spot i seld
. . v
I vt !
|
BFE 1236 ]
4/19/78 | ’




HRAN THM=-OCCHRRENCE Ouard Name Lubbocek

REPORT - , beposit No.o 10

Commodities Present:

ClO QU y 4 I8y8yTy [S\Dy6 QT2 |y v o L vl o aa k-

Commodities AProcluced: ‘
MAJOR 9 v o [ v oy v Ly gy by vy P COPROD Do b laa

- MINOR 4 S | 111 I_l I T T BYPROD.(‘I_L_J,_J_._._L_J'_J.__l_l__l__AL..J,___P’

Potential Commodities: : : .
POTEN <, , l I - l S |> OCCUR<]U, 11 l 111 l lJ_L_.l)

Commodity Comments C50 <

- = _,_3

Status of Exploration and Development A20 < 1 > _

(1 = occurrence, 2. = raw prospect, 3 = developed prospect, 4 = produccer)

Comments on EXploration- and Development Lli() <_él1ipped 33 _tons @ 0.01%. U 3_0.8,w
Proper;y is A2l | (A.(:tiv.e) _AZL (Iqactive) | (Circle appropriate labels)
W().rkingsbare EE_Z_Q .(Surface) ' M130 (Underground) M40 (l’;()tll).
A Des‘cription onyorl'(ings M2‘20< Top .(;f knoll was big_w_n___gp_._a_n_c_]___s_e_y.e,r_al__t_olLs ‘
.were hauled ~away'. Othelrw.ise, no workings A 1

Cumuiati_vé Uranium Production ( i’R()\D) ~ YES @ SMIL MED TLGE (cirele) |

DH2 g : i
accuracy thousands of 1b. years : grade

G74 U{E,S TP G7A< 00,0,0,0,.,6,0 P G7B<LB> G/C<hefore 1960G7D<__Q,01 % U308>

Source of Information DY < Butler, et al., Epigenetic uranium in U.S. * >

Production Comments D10 < No p‘roduction, just .min_qx*‘e){p_loration.

: %
> !

\

\

Reserves and Potential Resources
EH : ; o Cal eat rade
accuracy Lthousands of Th. year of est, g racle

Elq U | gy s.rl? .1':1/\<|0,J 00101, 1 51314 [> ElB<LB> r:l(z.—’ll (9,8,01 B ')"LO_‘L__'A_ 028 % 11308

Source of Information E7 < McGowen and Th ,w..:u;hter_,_thiﬁ__,r,e.pn_r_t“,,_‘-w.,-._-"

Comments E8 < °

BFE 1236
4/19/78



Pogre

URANITUM-OCCURRENCE _ Quind Niwe Lubback

REPORT - . Deposit No. - 10

Deposit Form/Shape M10 < Circular (?) .area of anomalous radioactivity

. /M . .
Length M40 < 200 > M41<FT > Size ML5 (circle letter):
Width M50 < 200 - > M51<FT > 1b U308
. Thickness M60 < appx 15 > M61<FT, > ( )0 - 20,000
‘ ' 20,000 -~ 200,000
Strike =~ M70 < > L ZOO 000 - 2 million
' ' D 2 million - 20 million
Dip M80 < . > . E More than 20 million

Tectonic Setting N15 < Platform

Major Regional Structures N5 < Eastern slope, Midland Basin

Ng

Local Structures N70 <

§'k Host-FM. Name Ul < Dockum Gp > Member (2 <

{ L :

! Host Rock K1 <{TyRyI, | 4 ; 1., 4 | B Grey and tan, calcitic, micaceous,
? ' (Age) (Rock type, texture, composition, color,

fossil wood-bearing, fine to very fine qtz ss and sed rock
alteration, attitude, geometry, structure, etc.)

frag—qtziteQChérﬁ pebble congl.

Host-Rock Environment U3 < Fluvial _ . >

(Sed. dep. environ., meLamorphl( facies, ign. environ.)

Comments on
Assocliated Rocks U4 <

Ore Minerals C30 < Very sparse, minor scattered small patches of 3

"yellow uranium mineral. . e,

Gangue Minerals K4 < None observed.

BFE 1236
4/19/7R



Pagpe 4
URANTUM-OCCURRENCE, Quad Name  Lubbock
"REPORT ' Deposit No. ) 10 e

Alteration N75 < None v_obse'r.ved

>
Reductants U5 <. None obser;/e(l n

>
Analytical Data (General) C43 < 105 to 281 ppm U O,

>
Radiometric Data (General) U6 < 6 to 24 times BG (200 x 200 ft)

' - (No. times background and dimensions)
>
Ore Controls K5 <

>
Deposit Class C40 < sandstone > Class No. U7 <@ 4 4p
Comments on Geology N85 < Possibly a coidrse-pgrain mcanderbelt deposit..
Good exposures are too rare to make accurate geologic interpretations.

>
;

BFE 1236
4/19/78




URAN T UM=OCCURRENCE, Quadd Name Lubbock

REPOR'T ' : Deposit No. L0

Uranium Analyses:

Sample No., Sample Description vUrnnium.Analysis
I MIWS 49 chip sample from Qorth side of knoll 281 ppm UBQg,_
‘MIWSSO . ghiﬁ sample froﬁ near nqrth side of knoll | 131 ppm_ﬂjg8_h
r_MIWS'S_l chip sample from center of knoll | 105 me_ﬂng__

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

References:

Tl <Bem§nﬁ T.R., et al., 1977, gggstnLiSLical Prnjnrrﬁoi;Lhe_N&Rﬁwu
‘quumm.._.‘i.uxumm ch, 19775 Los Alamos Sceience La b.._l_i.epu.r'-l.ﬁ..(;.l-»lkx-,5()4(-‘7- #) 7
¥2 {Bu;]er AD I et.al | 1962,  Fpigenetic U in the H+b-s—exetusive
of Alaska ana Hawaii:‘USGS Min. Inv. Res Map MR=21 s
s v . .
>
| FA < o _ e

AEL 1238
Afra/Tn




mEE 1pas
AfraiTa
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peraRy
Counvdnuacion frov p. d--5-

Labal

i g

D9 __« Bement, et.al., 1977, Geostats of NURE project.

fLubbock
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URAN THM OUCTTRRIENCE

REPORT

Deposit Name AlQ <

Synonym Name(é) All < Unnamed’

District or Area A30 <

"Red Mud Prospect -

Osage Plains

i Moame A0 Lubbock

o
I I

11

Quad Scale ATOO h 0,0, 0,08

Deposit Noo BAOS

Country A40 QU , Sp EL1fﬂ

State Code A50 <14 8] 4,8

(Enter code twice from List D)

Position [rom Prominent Locality A82 < Approx. 7

Cemetery. .

State Texas o

County A60 < Dickens

5 ortl

0 f__t north of Red Mud(?)._.

Field Checked Gl < 7,9)}1 1,1} DBy G2< Thurwachter

,Jdeffrey FE._

Yr Mo
Latitude 'A70 <| 3 3} 25 J14,4, NP
Deg  Min Sec
Township A77 <| |, | | > Range A78 <
N/S , '

Meridian A81 <

Last name First Initinl

Longitude A80 <11,0,0 H59H5,7, W

Doy Min . Sece

S

> Section A79 9 | |-

1]

B/ /M

> Altitude ALO7

-

Quad Scale A91 4, -,2,4,0,0,0p
~(7%' or 15' quad)

I

Physiographic Province A63 <0 ,7]

“_Spur, NW .

Quad Name A92

Great Plains

(List K)

Location Comments A83 <

Location Sketceh Map:

| SEUS———

v I vadda, /I\
) A
I
!
\

S 2

1 noll sic uvvap,
‘s g

D Hu

L. r 26/ P

‘-('.-: mc‘-mttn/ . > 4 s&

/! to t"’ﬂéi{_/ i ; H
ergiby Co. ' Dickens o
Gavzg Cg. lLevwt cpo.
BFE 1236
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URANTUM -OCCURRENCE Ouad Novme Lubbocek

REPORT CDeposit No.oo 1L

Commoditics Present :

Clo 4 o s dsine deaays b oo b o v b o gk

Commodities Produced:
MAJOR 4 ) v o Loy g v g v b g BCoPrROD <y v b vy ok

MINOR ¢, , ;4 | B Lo oo v P BYPROD 9y oy Ly oo g P

Potential Commodities:
POTEN <€ |, | | | Ll | (P OCCUR <U“ Ll bk

Commodity Comments C50 <

Status of Exploration and Development A20 < ¢
(1 = occurrence, 2 = raw prospect, 3 = developed prospect, 4 = producer)
: Comments on Exploration ;nd Development L1110 < _No-past development . -
o >
Property is A21  (Active) (:::) (Indctive) ' (Circle. appropriate labels)
Z Workings are M120 (Surface) M130 (Underground) M40 (Both)
| Description of Workings M220<_ No workifngs . .o

Cumulative Uranium Production ' YES @ SMI,  MED LGE (circle)

D

H2 accuracy thousands of 1b. years grade

GIQU| , L PGIAQ 4 1+ 1 1 4 P CIB<LB> G7C<__ > G7D< % _U308>
Source of Information D9 < .| _ A o >

Production Comments D10 <

Reserves and Potcntipl Resources

EH ' : .
accuracy thousands of 1hb. year of ot prade

Bl U LES, TP ELAL0.00104,03:152> EIB<LE> VIC 19,850l BID<0.005 7 USO8~

Source of Information E7 < McGowen & Thurwachter, this_ report

Comments E8 < Grade of 0.0057%7 is the maximum_at this locality S

BFE 1236
4/19/78




Pagre 3

UHRANTUM=OCCURRENCE, Ouad Name N Lubhaock.

]1

REPORT ' NDeposit No,

IMposlthrm/ﬁnme MLO < A few scattered Llrcular areas of anom radioactivity

BFE 1236

4/19/78 -

4 FT/M
Length M40 < 50 > M4l< FT> © Size ML5 (circle letter):
Width - M50 <__ 20 > M51<_FT> 1b U308
Thickneés M60 < 21 > M6l< FT> (::) 0 - 20,000
‘ B 20,000 - 200,000

Strike  M70 < > C 200,000 - 2 million

: , D 2 million - 20 million
Dip M80 < : > E More than 20 million -

Tectonic Setting N15 < pi1arfarm

Major Regional Structures N5 < Eastern slope, Midland Basin

Local Structures N70 <

"./

Host-FM. Name Ul < i)OCklui,GD : > Member U2 <

Host Rock KL < mgyTy 1 ¢ 1y 1 1 | P Orange, fine-grained, qtz ss, friable,
‘ (Age) (Rock type, texture, composition, color,

well sorted, well rdd. : i . . -
alteration, attitude, geometry, structure, etc.)

\%

Host-Rock Environment U3 <  DE]tJL_£IerL~§S !lﬁit ' L >
(Sed. dep. environ., metamorphic facies, ign. environ. )

Comments on
Associated Rocks U4 /__U_lld_f..L.LJlln,_hL_A- prodelta siltstone unit (15')

Overlain b y_bhraided_stream (fan _delta) conplomerat e.and_ss_sequence

(181) _ . : . S 7

Ore Minerals C30 < .-Nobfz Qb5813péd L —_— —

M3 i 2 s < ’ . :
Gangue Minerals K4 < nane observed e e




BFE 1236
4/19/78

Pape 4

5

URANLUM=-OCCURRIENCI Quind  Name Lubbock
REPORT ' Deposit Nooo VL
Alteration N75 < None observed
>
Reductants U5 < 'None observed
>
Analytical Data (General) C43 < 10 to 56 ppm U0
. . . ‘J (o)
Radiometric Data (General) U6 < Appx 7 times :BG (20134 50 ft)
' : (No. times background and dimensions)
>
 Ore Controls K5 < -
Deposit Class C40 < sandstone = . > Class No. U7 24 14p
Comments on Geology N85 < ~ . S




URANIUM-OCCURRENCE Quad Name  lLubbock

REPORT Deposit No. 11

Uranium'Ahalyses:

,Sampie No. Sample Descfiption - __Uranium Analysis
>f‘ MIW544 ' channel sample from prodelta sltst _ 10.3 bpm ”3937
MIw546v chip sample from uppef delta front ss | 16 ppm U308

MIw547‘ chip sample<frpm lover bréiaed_streaﬁ |
(fan delta) congl | | J 11 ppm U398
MIWS548 channel sample nearlcenter of anomaloﬁs |
area, equivalent to upper delta ffont ss | 56 ppm USQS

'Geologic'Sketch Map and/or Sectioh, with Sample Locations:

. References: .

BFS 1238
YD

ﬁrl < Finch, W.I., 1975, Uranium in West Texas: USGS Open File

Report 75-356 . } | >

F2.<
>

F3 <
>

E/‘ <
>
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LUBBOCK

APPENDIX D. Quaternary gcocﬁemical rock samnples

- Sample ‘Total UBOS(H) Th ppimn U/Th V ppin V/uU
No. Gamma

- M/W Ray CPS ppm

169 . ' 40 > 5 > 8.0 95.5 23.9
170 : - 30.0 > 5 > 6.0 100.7 3.4
171 , 30.0 > 5 > 6.0 1t1.3 3.7
172 } - 14,0 - > 5 > 2.8 65.3 u.7
173 . 19.0 < 5 > 3.8 43.3 2.3
174 3.8 <10 > 0.08 39.7 10.4
175 1.5 < 5 > 0.3 241 16.1
316 6.0 < 5 > 1.2 82.0 13.7
317 ' 7.0 6.6 1.1 109.1 15.7
318 y h.5 34.1 0.13 40.6 9.0
320 10.0 < 5 > 0.5 32.6 3.3
321 . 42.5 <10 > 0.24 44,9 3.4
322 2.0 < 5 > 0.4 76.0 13.0
323 6.3 <10 > 0.6 9l1.1 152
324 13.3 <10 > 1.3 16.7 13
329 7.0 < 5 > 1.4 49.8 7.1
330 9.3 <5 > 1.9 27.6 3.0
331 3.0 <5 > 0.6 30.9 10.3
332 h.8 < 5 > 1.0 4t 4 9.3
333 2.0 <5 > 0.4 26.8 13.4:
334 3.8 <5 > 0.8 20.9 5.5
335 . . 2.5 < 5 > 0.5 31.4 12.6
336 125- <10 - >12.5 100.2 0.8
337 ‘ S 128 <10 >12.8 25.4 0.2

338 27 <10 > 2.7 123.6 4.6
341 45 15.0 < 5 > 3.0 65.0 4.3
339 : ' 10.7 < 5. > 2.1 65,1 6.1
342 5.0 < 5 > 1.0 43.7 8.7
343 ‘ 17.8 <10 > 1.8 66.3 3.7
344 50 6.0 <5 > 1.2 61.0 10.2
097 1.5 < 5. > 0.3 51.6 3.4
354 1.5 < 5 > 0.3 112.4 74.0
355 1.8 < 5 > 0.36 65.2 36.2
356 7.3 <5 > 1.5 90.4 12.4
357 3.5 8.1 0.4 90.8 2259
358 2.3 <5 > 0.5 55.9 24.3
359 3.0 < 5 > 0.6 20.2 6.7
360 - 1.0 < 5 > 0.2 38.7 38.7
361 2.3 7.3 0.32 60.6 - 26.3
135 _ 4.0 < 5 > 0.8 48.0 12.0
370 275 ; 50.0 <5 >10.0 141.5 2.8
372 © 500 60.0 < 5 >12.0 222.4 3.7
373 270 80.0 <5 >16.0 151.4 1.9
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SURSURFACE |

SURFACE OLUMNA
ERA | SYSTEM SERIES GROUP OR GROUP OR COLUMNAR DESCRIPTION
FORMATION | FORMATION SECTION :
- . - RO ubintieiied AP - s . e o
o Holocene i -Quolérnory Winihlown sund ond 91t Fluviol 1srrace und loodplon deposis
8 Quaternory Pleist . deposits Ploya sifts ond clays, locustnine clay, silt, sond, and gravel
o) eistocene Tule/Blanco  » Locustrne tloys,sands,and lmestone. Vocanic ash
N : ’
S
o Tertiory Pliocene Ogallalo Fine 10 coorse gromed sond,grovel, cloy, s, with caliche coprock
O R .
* W . I
D%gmcléifkssnh Interbedded shale, sandstone and himastone
r S "
Cretaceous Lower Cor%\g::hgs PLks Ls Thick 16 massive,while 10 yellow-brown, “Rudis ird ‘kmestone with
Q Walnut thin shale and sondstone interbeds Sandstone and Congtomerate
o Antiers Sd et e o s+ e o
~N R
(o]
n
Wl Trossic Upper
s ! Dockum Dockum Fine 1o toorse-gramned sand,conqlomerote,and nterbedded clay
‘ +
*
- - -
Dewey Lake h.;gt::]r',t:)::s;;)::‘qynsum,dﬂlom-m nterbedded
Quartermaster ™ "Anbales Anhydrte T T T e
Solodo Salt 10 northwes!, becorming red beds on the east side of the quadrangle
Whitehorse | o
Scn:s!bne Yotes Red beds; sand, shale.gypsum and dolomite
ond Upper Salt with mud and anhydrite
Cloud Chiet Seven Rivers Anhydrile where salt has been disoived by qround woler
Gypsum Sevt:w;:vers Sat and red veds
Guadaiupe Queen-Grayburg Snttond red beds ’
Upper
. Blame Afg:‘es Dolormite, anhydrite, salt, red beds
Lower .
Perman A;‘S.;r;s Dolomite, onhyderte, sandstona, sai, red beds
San Angelo Gloriett Red beds ilerbedded with anhydr te
¢ . * orietta. Sands tone , dotomie
er
ClupDF K Dolomile with anhydrite sah, red beds
ear For
Choza Tubb Sandstone ond red beds
Leonard ‘E:?we' Shale, dolomite with anhydrite,ond redbeds
F:T Shelt morgin
r
\\,vac‘;um - Shote, limeslone,dalomite with onhydrite
) olfcamp .
y N
2
N Wolfcamp
(@]
w
—J
<
Q.
Updip thin shotiow marnine hmestone 1o downdip thick shalf hmestone cycle
Virgil Cisco Fluviol dettar: and slape Clasties
Sonds and shaies
Locat thick reef hmestone.
Pennsylvanion |- Missourt Canyon High consiruclive delloic sonds and sholes .
Y L Cycles of discontinyous piatlorm sheli hmesione, local reefs
Strawn Bank glgtiorm or shell imestones, local reels
1
Desmoines Flovial and dejtoic sonds ond shalss
A 5 Mosqive limestone with same shale
toko C°‘_"’° Granite wash north of Motodor arch
Chester- Mississippion T
1 h
MISSISSpPION.| 4 derhook undttf, __ Limestone‘ond shale
Ordowicion Canodion Ellenburger Dolomite
Precambnian Precornbrion Gramte, gneiss ond rhyolile J
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FACIES DEVELOPED AT HIGH STAND
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Terry County =~ 1 Lynn County

T
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. 3800+ Overlying the Ogallalo
' Recent and Pleistocene Lacustrine
3600 Basins--

Accumuloted ash and preserved uran-
um in lacustrine sediments. Oxidizing
Ogaligla ground waters are currently
mobilizing uranium.
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