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Clay minerals in two south Texas roll~type

uranium deposits

by
R. L. Reynolds, M. B. Goldhaber, P. D.'Blackmon,

>

H. C. Starkey, and N. S. Fishman

Abstract

Semiquantitative X-ray diffraction techniques have been used to identify
and anaiyze distribution patterns of cléy minerals in the host rocks fo; two
south Texas roll-type uranium deposits. In sandstone and mudstone of the
Benavides deposit, emplaced in the Miocéne'Catahoﬁla Tuff, montmorillonite is
the dominant clay minéral, and illite is present in small amounts. Clay-
ﬁineral distribution in the Lamprecht depdsit, in the Miocene Oakville
Sandstone; is controlled priﬁaril& by lithology:‘ Montmorillonite is the
dominant clay mineral in sandstone, whereas illite is the dominant clay in
mudstone. Kaolinite is presentiin most samples from the Lamprecht deposit but
commonly in small amounts (less than 10 percént of the total clays).
Chlorite, in trace amounts, was identified in only two of 62 samples from the
Lamprecht deposit. Clay-mineral distribu;ion in the Benavides and Lamprecht
deposits is noﬁ related to processes of Qineralization. In contrast, clay |
minerals (primarily chlorite) have been concentrated in mineralized rock of
some roll-type and tabular uranium deposits in Wyoming and New Mexico.
Organic matter is pfésent in host rocks for deposits having such concen-
trations and may have influenced clay-mineral authigenesis. Thé lack of clay-
mineral zonation relative to ore zones of the Benavides and Lamprecht deposits

may be due in part.to the lack of organic matter in the host rocks.



Iﬁtrpduction

Authigenesis of clay minerais in sedimentary rock host; fof uranium
depoéits may be controlled not oﬁly.by thé éomposition and reactivity of
detrital_constitqents, but also by pﬁ and’redox conditions and by activities_
of ions-iﬁ'groﬁnd-watér solutions. The abundance an& distribuﬁidn of clay
minerélg across uranium deposits, therefore, may reflect, in part,.chemical
conditions of.qranium’deposition. | o

Clay-mineral aésemblages associated with uranium deposits have beeﬁ most
thotbughly atudied in samples from the Jurassic Morrison Formation in .the area
of the Grénts_minerél belt, New Mexico (Granger;'1962;»quokins, 1975; Adgms.
and 6ther§; 19785.-'Grange: found that mbn;morillQnite,.derived pfobAblf from
altéréﬁiqh of.detrital volcanic glaés, is tﬁe dominant élay minéral invthe
sandétoneg and qustones of ﬁhe Morriéon on the SOuthgrn:margin»OE‘;he éan
Juan Basiﬁ. Kaoiinite was observed:in two associations of different ages:
(1) 1in sandstone where overlain directly by the Cretaceous Dakota Sandstone
bearing abundantborganic matter; and (2) in‘scaCCered nests-:hrbughout much
 of the Morrison. Granger conéluded that kaolinite in the former occurrence
may in some way be related to the formation of ufanium depdsits, whereas ‘
kaolinite in the latter form postdated mineralization. 1Illite in minor
amounts was present in some of the éamples that Granger analyzed. Especially
significant are Granger’s observatioﬁs that, in primary ore éones of the
Ambroéia Lake area, chlorite concentrations cot:elatevtoughly with
concentrations of uranium and ofganic carbon, and that chlorite formed from
nontmorillonite. Similarly; Brookins (1975) noted the enrichment éf
vanadiferous chlorite relative to montmorillonite in primary ore zones along
.much of the Grants mineral belt. He suggested that because of the close

spatial relationship of chlorite with organic carbqn?rich ore bodies, the
. ) ,




chlorite formed during introduction of humic acids into the host rock.
Kaolinite and illite are also present in ore samples analyzed by Brookins but
bear no apparent relationship to minefalization. Adams and others (1978) also
reported a cloge association between authigenic clay (mixed-layer illite-
montmorillonite) and uranium in oré—bearing carbonaceous lenses (but did not

detect chlorite) in the host sandstone for the Jackpile~Paguate ore bodies of

che.Grants mineral belt. Additiomnally, concgntrations of vanadium=-bearing
clays (predominantly chlorite) and_mixed—léyer clays (chiorite-montmorillénite
and illiﬁe-montmorilloniﬁe) have been fdugd in some vanadium—uranium ore zones
in the Morrison Formation on the Colorado Plateau (Garrels and others, 1959).

. Concentrations of chlorife in ore from'roll-type deposits in Eocene
sand#tones of the Crooks Gap and Gas Hills uranium districts have been
reported by Files (1970). Such concentrations occur butrare rare in ore
samples from the Eocene Wind River Formatian in the Shirley Basin (Files,
1970). Kaolinite, montmofillonite, and mixedjlayer clays (montmorillonite- -
illite and montmorillonite-illite-chlorite) are present also in samples from
host rockAinAthe Crooks Gap, Gas Hills, and Shirley Basin areas but are not
genetically related to‘miﬁeralization-(Files, 1970).'_

Anom510us occurrences of chlorite associated with uranium deposits in
south Texas have not yet been reported. Dickinson and Sullivan (1976),
however, noted that montmorillonite was.absent in saﬁples of ore and present
in unmineralized samples from an oxidized uranium deposit in the Eocene
lWhitsett Formation, Karnes County, Tex. In contrast, Daniels and others
(1977), usiﬁg X~-ray diffraction data and data from resistivity and-induced— |
polarization surveys, reported an enrichment of montmorillonite in the ore
zone of a roll-type deposit in the Miocene Oakville Sandstone in Live Oak

County, Tex.




_Detailed study of the;clay-mineralfassemblages in roll-typefdeposits naya
- lead to better'understanding,of tne genesis of these deposits. Thislpaner
presents data on and‘compares thefabundance and distrioution of clay minerals
in host rocks for two roll-type deposits in south Texas in order to broaden
the data base for clay-mineral assemblages associated with these kinds of
deposits. Our studies show that, in the two deposits, clay minerals are not
‘concentrated in'ore, and_so tbeir preseneeiis apparently unrelated to
.:mineralization'processes. Although negative in this sense,. the results.of our
o studies are nevertheless iﬁportant in light of the zonation of clay minerals

recognized elsewhere.

Descrintion of deposits

Tne.two depositsistudied are in south Texas, the Benavides deposit near
Bruni in Webb County, and the Lamprecht‘ deposit near Ray Point in L.{ve Oak.
dounty (fig. 1). The geoloéic setting; mineralogy, geochemistry, and genesis
of‘tne Benavides deposit have been discussed nreviously (Goldhaoer and
Reynolds,'l977§.Reynolds and Goldhaber, 1978§ Goldhaber and others, 1978; and
Granger and Warren, 1954). Similar-aspects of theiLamprecht deposit nere
‘_described by Goldhaber and others (1979), and Daniels and others (1977). A
brief summary of the geologic setting and mineralogy of the deposits is given
below.

The Benavides deposit occurs in a'channel-fill sandstone of the Miocene
Catahoula Tuff, a unit that contains locally abundant volcanically derived :
| detritus including air-fall ash. The.deposit formed from continuous downdip
ingress of oxygenated uranium-bearing solutions into sulfidized (reduced)
rock. This process resulted in alteration of a tonoue-shaped ‘body of rock

(the altered or oxldized tongue) and concentration of uranium at and in front
, . )
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Figure 1.-Map of part of the south Texas Coastal-Plain showing Tocations of
the Benavides and Lamprecht deposits.




Sf ﬁhe ékidation—feductiqn in;érface.‘ Pre-mineralization sulfidization‘of the
hdstlrock wAs4caused by HZS-beéring solu;ions,introduged along a nofmal fault
‘that is.i,6_km;dqwﬁdip from ﬁhe ore roll. o

.Thg.Lampréch:Jdepésit §§CursAiﬁ'flﬁvial éaﬁdgtone.of‘the Miocene O;kviile
 .$and§toﬁé wh1Ch 6vérIies*the_Cafahquié. Tﬁe rﬁil geoﬁétry and disfribﬁtion of
.giemeﬁts ip the LAmprechtiare'similaf to those of thé Benavides and indicate a
similar mode of formation. As with the Benavides deposit,'there is a Ciosé.
Spétial relatiénship of the ore foll to a normal fault; i; is suspeéted, but
not firmly established, that some of the recognizable'preore iron disulfide»
minérals wéféfengendered by st_inﬁfoducgd'from this fault.. The iémprecht
deposit diffgrs,moét noticeabiy from the Benavides in thatihOSt rock'ﬁor_thg
Lamprécﬁg has-Been fesulfidized (réreduced).sq thatAfhe altered_tqngue novw
§onta1n$,ir¢n'disu1fide mineralé. |

Unlike.the host rocks fér deposips'in ﬁhe Jﬁ:aséic Horrisbn Formation in
‘ ché,Graﬁts minerai belt and ;ﬁ the Tértiary_saddstoﬁes of the Wyoming basiﬁsA
studied by Filés{(1§70); host rocks for thé Benavides and Lamprecht deposits

are devoid of carbonaceous matter. -

ngpling and laboratory procedures
Sampleé from the Benavidgs and L#mprecht depdéits, provided by Wyoming
ﬁinefal Corp., Qere obfained from suites of cores drilled along fences that
trend across the respective roll fronts (fig 2). Horizontal sample coverage
for the Benavides deposit was from 1.0 km updip from the nose of the roll
ftopt to 0.7 km in thé downdip direction in front of the roll; for the
Lamprécht depoéit, from O.QAkm updip to 0.4 km downdip from the roll fromt.

Between 10 and 13 m of sample from each core hole were available for study.

t
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Figure 2.- Plan views of core holes in relation to roll fronts.

A. Benavides deposit.
B. Lamprecht deposit.




Thirty sampleé from the Eénavides.depositAand 62 froﬁ the Lamprechc were
aﬁalyzed gpdetermiqe clay?mineral content; Ekdept for samples from cores 9
agd 10 in tﬁe Lamprecht depbsif} a pOrt;on of each‘sample was weighéd and
 ana1yzed foflgrain—size discribﬁtion iﬁ the silt- and clay-size fraction, and

additiﬁn?lly in the sand-éiie fraction for sampleé_ffom the Lamprecht. Thé
'saﬁa wﬁg'éepafatéd frOm the bulk samples of tﬁe Lamprecht cores by wet sieving
thfﬁugh a 230-mesh sieve, after 10 minutes‘of ﬁltrasénic treatment in
distilled water. (The sandFSize fraétion had been removed from samples of the
Bénavidés coreé prior to this stud&j. Silt and clay were separated 5y
céntrifugatioﬁ. .A part‘of ﬁhe clay-siie (legs than 2 ﬁm) ffacﬁion, separ;ted :
. By.centrifugatLOn“from each of thg‘bulkvsémﬁles,'wés oriented on porous |
r;ileé. A ﬁart of each whole sample‘andléf the different siée fractions from .
the'témprech; samples, and a part of thelSilt- énd clay-size fractions from
the Bgnavideé samﬁles ﬁefe analyzed By X;fay diffréction.using Cﬁ-k& radidtiog
iﬁ_an_X-ray»diffractdmeter-equipped with a focusing mono;hromator tovminimize
effeéts of iron fluofescénce. Clay-mineral #dénﬁifications_were based~6n: |
diffraction—peék behavior after each of the follbwing.treatments of the
orieuted-éamples: air-dried; ethylene glycol saturation for 4 hours by a
Qapqr pressure méthod; ﬁeating at'400°C for one~half hour; and heating atv'
550°C for ome-half hour. |

Sfandard patterns were derived from X-fay diffraction analysis of
synthetic mixtures containing known weighed amounts of the mineral species
' preéent in thelcorevsamples. Using these patterné, abundances of clay
minérals were estimate& in trace amounts, indicating an abundance of less than
5 percent, in améuﬁts-less than one part in 10 (about 5 to less than 10
percent), and, for greater amounts, in parts of 10. For purpose of tabulating

and analyzing the data, we converted the estimated abundances to approximate
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weight percentages. For example, we used 7 percent to approximate amounts
given as "less than one part in 10", and 2.5 percent.to approximate "trace"
amounts. |

The data are presentgd (tables 1 and 2) for each samplé as a ratio in
weight percent of a specific clay mineral to the fotal clay-mineral content in
the clay-size fraction. These ratios do not reflect the lack of precision of
the semiqpantitative X-ray diffr#ction determinations. Such treatment,
however, is necessary in order to account numer;cally for trace amounts and
those given as less than 10 pe:cent. This method of analysis does not
introduce bias inﬁo the resuits, nor would it have masked significant zonation
patterns, had they been present.

Minerals other than clays detected in the <2 um fraction (not shown in
tables 1 and 2) included quartz, feldspar, calcite, anatase, clinéptilolite
and pyrite in the Catahoula Tuff, and quartz, feldspar, calcite, anatase,
clinoptilolite, opaline silica, and pyrite in the Oakville Sandstone.

. Most clay minerals in the sand- and silt-size fractions probably occur in
clay aggregates that were not separated by the fractionation procedure, but
some élays are probably present also in ai;ered volcanic rock fragments.
Although the dominance of constituents other than clay minerals in the sand-
‘and silt-size fractions masked to a great extent the presence of clayé, no
significant differences in the types of clay minerals present and their
relative distribution were detected in the different size fractions of
individual samples. The discussion that follows is based on results from the

clay-size fraction except where noted.



Table l.--Summary of clav-miner'al data (<2 pym-size fraction) from the
" Benavides deposit

[CMT, clay minerals in clay-size fraction; ?.-, not detected]

Depth

Lithic

Montmorillionite/ TIllite/

Core- Geochemical CMT CMT CMT
sample (meters) type zone Weight percent -

1-1 28.0-32.9 Sandstone Altered tongue 72.0 90 10

1E-1 34.1-40.2 - =—do-- -=do-- 54.5 83" 5

2 40.2-42.7 ——do=-- ~~do=-- 67.5 96 4

3 42.7-44.2 " Mudstone -=do=-- 67.5 96 4

2-1 30.8-35.1 Sandstone -=do-- 67.5 96 4

2 35.1-37.8 ==do-~ -=do-- 62.5 36 4

3 38.7-41.1 ~=do-- -~do-~ 62.5 .96 4

4 41.8-43.0 Mudstone ~~do=-- 72.5 90 10

5 43.0-43.6 ==do-- Reduced barren 72.5 90 10

6 43.6-44.8 Sandstone -=do-- 67.5 96 4

3-1 32.0-34.7 —==do-- -=do-- 72.0 90 10

2 35.4-36.6 - ==do=- ~--do-— 62.0 89 ‘11

.3 36.9-38.1 -+ ~=do=~= Altered tongue 67.5 96 4

4 38.1-42.4 ~~do-~- --do-- 67.5 96 4

5 42.4-43.9 Mudstone ==do-=~ . 72.5 97 3

6 43.9-45.1 -=do-- Reduced barren 67.5 96 4

6-1 34.4-36.9 . Sandstone = --do-- 67.5 96 4

2 36.9-38.1 ‘==do=— Mineralized 72.0 90 10

3 38.1-39.3 -—do--. -—do-- ' 57.5 96 4

4 39.3-40.8 --do— ~~do-- 67.5 96 4

5 40.8-41.8 ~~do-- ~=-do-- _ 67.5 96 4

6 41.8-43.4 ==d o=~ Reduced barren 67.5 96 4

8-1 . 32.0-36.9 ~=do=-- =-=do=-— 57.5 96 4

2 36.9-38.4 Mudstone ~=do=- 60.0 92 4

3 38.4-39.6 Sandstone —~do-~ 52.5 95 5

4 42.2-44.7 ~=do--~ Mineralized 55.0 100 -

5 44.7-48.2 Mudstone Reduced barren 72.0 90 10

9-1 39.0-44.2 Sandstone Reduced barren 72.0 90 10

2 44.2-45.7 Mudstone R s 75.0 87 13

3 45.7-48.8 -—do—— ~=do~- 62.0 89 11

10




Table 2.--Summary of clay-mineral data (<2 ym-—size fraction) from the Lamprecht deposit
({CMT, clay minerals in clay-size fraction; *, includes trace amount of chlorite; -
. --~, not detected]
Montmorillionite/ 1Illite/ Kaolinite/

Cora= Depth Lithic Geochemical CMT CMT CMT CMT

sample (meters) type zone Weight percent
1-20 65.2~66.1 Sandgtone  Reduced barren 77.5 77 19 3
21 66.1-66.8 Mudstone Altered tongue 85.0 23 77 -—
2-4 66.8-68.6 —~do=- Reduced barren 85.0 35 65 -—
7 70.1-70.7 ——d 0= Altered tongue 87.5% 34 63 -—
8 70.7-71.3 —do== s U 80.0 3t 69 -~
11 $72.5-73.2 «=do—- —d == 80.0 31 69 -—
12 82.3-82.9 —do=- Reduced barren 80.0 25 75 -—
3-15 65.8-66.4 ~ Sandstone Mineralized 87.0 75 8 17
19 68.3-68.9 —do== Altered tongue 82.0 91 9 -—
24 71.3-71.9 —=do=~ ~=d o= 75.0 100 - -
28 74.4=75.2 —=dOowe s - 76.5 97 -— 3
29 75.2-75.6 Mudstone Mineralized 80.0 31 69 -
3Q 75.6-75.9 —dg=- . et ) 82.0 9 91 —
4=2 63.4-64.0 Sandstone Reduced barren 77.0 71 19 ‘ 10
6 65.7-66.3 Mudstone ==do=- : 77.0 45 45. 10
12 69.3-70.0 Sandstone Mineralized 82.0 67 24 9
17 72.2-72.8 ~=do== Altered tongue 74. 87 10 3
22 75.1-75.7 ~~do— —ed == 90.0 83 17 -
25 77.1-77.4 —edo=— —do~= 57.5% 96 - -
26 77.4=77.7 Mudstone Mineralized 85.0 . 24 76 -
: 27 77.7-78.3 —md G © Reduced barren 80.0 13 87 -
5=2 67.1-67.7 wmdo=- w=do=- 72.0 42 49 10
5 68.9~69.5 Sandstone s e 77.0 71 10 19
8 70.7-71.3 ——d O=— Mineralized 69.5 86 10 4
10 71.6-72.2 ~=do== wadg== 69.0 . 80 10 10
13 73.5-74.1 w=do=— Altered tongue 74.5 87 10 3
15 74.7-75.3 —~do=- ~=do== 62.0 89 11 -
20 77.4-17.7 ——d g== Reduced barren 67.0 -90 10 -
22 78.0-78.6 B Mineralized 80.0 81 19 —
6-4 69.2-70.0 w=d Q== Reduced barren 82.0 . 61 30 9
7 71.0-71.6 —do=-~ - Mineralized 32.5 - 62 30 8
10 72.8=73.5 e ol ~adg=- 62.5 72 24 4
15 75.9-76.5 —do== ~=do=~ : 60.0 75 25 —
18 77.9-78.6 ~=dg== —=do=- 60.0 74 22 4
19 78.6-79.2 e et e 67.5 78 17 5
7-5 69.2-69.8 “=d Q== Reduced barren 72.0 62 28 10
8 71.0-71.6 —=do=~ Mineralized 77.0 . 71 20 9
11 73.5=74.1 —=do=— ~wd o= 74.5 87 ) 10 3
15 75.6=76.2 —=do== ~=do=- 50. 90 - 5. 5
19 78.6-79.2 ——d = w—d g=— 57.5 96 4 -
21 79.9-80.5 —=do=- ——d o= 47.0 85 15 -—
22 80.5-81.2 w=do== andom- 75. 87 13 -
8-2 68.0~68.1 md Q== Reduced barren 72.5 83 3 14
6 70.3-70.7 —~do~ ——dg=— 74.5 87 3 9
9 71.9-73.5 —=dg== —=do=— 89.0 84 8 8
11 73.3-73.8 B Mineralized 79.0 82 9 9
13 75.0-75.7 ~—do== —do== 76.5 96 - 4
15 76.4-77.1 ~=d o= —dg—— 65.0 ‘ 100 - -—
19 78.6=79.1 R ~=do=— 54.5 83 13 4
22 80.3-80.9 —d g=- Reduced barren 65.0 100 -— -
24 81.4-81.8 ~=do=- —do=~ 55.0 100 -— -
9=7 70.1-70.9 —ed g «=do=-= 64.0 78 11 11
. 10 71.9-72.8 ——dO=— ~wdo== 717.5 77 20 3
14 75.3-75.9 ~=do-~- e=d Q== 82.0 73 18 9
18 78.3-78.9 wedo=- ~=do— 77.5 84 13 3
22 80.9-81.4 -=do--~ -=do~- 60.0 92 4 4
25 - 82.9-83.5 —do=- ~=do=-= 79.5 88 9 3
10-9 80.1-80.8 ~=do=- ==do=- 72.5 83 14 3
13 82.9-83.4 e e U et 72.5 83 l4 3
17 85.0-48.6 ~wd o= w=d Q- 69.5 86 10 4
20 87.5-88.1 -—=do=~ w=do== 64.5 85 11 4
22 90.5-90.9 e=do=- " -=do=-~ 77.5 84 13 3




Results

Benavides deposit

Montmorillonite and illite are the oniy claf ﬁinerals detected in samples
of the Catahoula Tuff (table 1). Montmorillonite is the dominant clay aﬁd is
present in nearlﬁ uniform amounts comﬁosing commonly 90 percent or greater of
the clay—mineral.pépulatioﬁ.' Montmorillonite content does not vary in
reiation to geochemical zone (ore, reduced barren rock, and altered tongue).
Nor does-the proéortion of montmorillonite to total clay content vary with
lithic type; it is also'uniformly high in mudstones. Most samples (23.of 30)
contain moﬁtﬁorillbnite with interlayers of illite, but the presence and
amount of_illite 1nterlayefs are nof.related to geochemical zones or
lithology. Illite 1is present in all but one sample and occurs in uniformly
low amoﬁnts. Total clay-mineral content does not vary systematically within
sandstone of &iffefent geochemical setting. .

Lamprecht depdsit

Montmorillonite, deteétgd in each sample,'is commonly but not exclusively
the dominant clay mineral in sampies from the Oakville Sandstone (table 2).
Many samples (49 of 62) contain montmorillonite with various proportions of
illite interlayers. As with the mixed-layer clays of the Benavides deposit,
those‘of the Lampreéht bear no pattern relative to geochemical zone or
iithology.

The major control on montmorillonite abundance is lithologic: The
proportion of montmorillonite relative fo other clay minerals is high in
sandstone and iow in mudstone. This relationship is shown on figure 3, in
which the weight percent of montmorillonite in the clay-mineral population is
ﬁlotted against the weight percent of clay in the whole sample. Conversely,

illite is commonly more abundant than montmorillonite in mudstone (table 2,

12
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fig. 4). These relationships are evident also in data obtained from

‘unfractionated whole samples (table 3).

Kaolinite was detected in the majority of samples (38 of 62), but, for
the most part, in very small .amounts (table 2). Kaolinite was absent in most

mudstone samples (10 of 12). There is no unambiguous relationship between

'geochemical_ione and the presence and (or) amount of kaolinite. Although

kaolinite occurs in a greater proportion of'samples in the limb ore and
downdip froﬁ the roll frort (30 of 41) than in ﬁnmineralized rock ﬁpdip from
the roll (8 of 21), this distribution pattern is relatéd partly to litholdgy
in thaﬁ more_mudsténe saﬁples were obtained from the unmineralized zone updip
from the :oil than from elsewhere in the host. |

.Chlbrité].in trace amounts, was detected in only two samples (table 2).
Bo;h samples are from the altefed,;ongue, one in a sample rich in clay-size
particles, the other in a sample nearly devoid of clay-siég particles.

Daniels‘and others (1977), inva study of the Lamprecht deposit, concluded
that ﬁigh monﬁﬁoriilonite content correlated with high uranium content. Our
analysis of the same raw X-ray data used by Daniels and ?thers (1977) shows né
such correlation. 1In fact. mineralized sandstone in core 6 at the nose of the
uranium roll contains a smaller proportion of montmorillonite than do most
othér'samples of sandstone (fig. 3). These same samples appear to contain a
larger proportion of illite than do other samples of sandstone (fig. 4). In
addition, samples of mudstome in limb ore contain relatively small amounts of

montmorillonite as do other unmineralized mudstones. These conclusions hold

‘upon inspection of figure 5, in which U308 content is plotted against the

ratio of montmorillonite to all clay minerals present in each sample. Some
samples that have relatively little montmorillonite. (less than 40 percent of

all clay minerals) contain high values of U308, and, conversely, some samples

14
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~ Table 3.--Average proportions of montmorillonite and illite to
clay-mineral population in whole samples (weight percent)
from the Lamprecht deposit

[N, number of samples]
Montmorillonite I1lite -

Lithic Standard Standard -
type Geochemical zone N Mean deviation Mean deviation

. Sandstone Altered tongue. 8 66 - 25 23 16

Reduced barren 22 58 17 23 9

Mineralized - 20 57 19 ' 26 9

Mudstone  Altered tongue & | 30 -5 _ 70 5

Reduced barrem 5 32 11 62 18

3 28 13 72 13

Mineralized
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containing high amounts of montmorillonite to all clay minerals contain low

amounts of U308.

Discussion

Distribution of montmorillonite in the host rock for the Benavides
depﬁsit is unrelated to mineralization. Most of the montmorillonite probably
formed by the diagenetic argillization of volcanic ash, detrital
montmorillonite clay ﬁlaéts and clay deposited from descending ground waters
are other possible sources. The dom;ﬁance of montmorillonite relative ﬁo
illite in the mudstonés suggests also that the mudstones were‘initially_laden
with abundant volcanicvash which altéred later to montmorillonite.

Galloway and Kaiser (1979) examined textural relationships'among
montmorillonite and other detrital and authigenic constituents in the
Benévides deposit and concluded that, for the most part, montmorillonite
predated mineralization, and that in the ore zone, montmorillonite served as a
locus for uranium concentration by adsorption. 'Additionélly, Galloway (1977),
Galléway and others (1979), and McBride and others (1968) found an abundance
of montmorillonite and an absence of chlorite in sampleg from the Catahoula
| elsewhere in the Texas Gulf Coastal Plain. Galloway (l977) did not report
illite in any samples and found pedogenic and early diagénetic kaolinite in
some samples.

As in sandstone of the Catahoula Tuff,.montmorillonite‘is the dominant
clay mineral in sandstone of the Oakville Sandstone at tﬁe Lamprecht
.deposit. However, illite is present in éomewhat greatér amounts (relative to
other clays) in sandstone of the Lamprecht than in that of the Benavides
deposit. Much of the montmorillonite probably formed by the diagenetic

alteration of volcanic detritus, and the illite was probably introduced as a

detrital'component} 18
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As noted above, samples of mineralized sandstone in core 6 contain
slightly less‘moniﬁorilionite relative to all clay minerais than do most other
‘samples of sandstone, including mineralized sandstone in cores 7 and 8. We
considered the possibility that this relationship resulted from depletion of
montmorillonite under conditions related to the presence of uranium or during
mineralization. Depletion of montmorillonite in ?ore 6, 1if it occurred;
probably did ﬁot take place long after mineralization ﬁnder conditions related
to the presence of uranium, inasmuch as mineralized samples from cores 7 and 8
contain about as much uranium as do samples from core 6. Destruction of
montmorillonite at the nose of the présent‘foll front during mineralization
under conditions of low pH (resﬁlting from oxidation of'pre-existing FeS2
minerals by the oxygenated uraniumfbearing solutions) is also unlikely in view
of the observationvthat montmorillonite is relatively abundant_in the altered
tongue (table 2) thfougﬁ which the ore roll migrated. Fufthermore, depletion
of montmorillonite is not characteristic of the mineralized upper and lower
limbs of cores updip from core 6. - Geochemical conditions during formation of
limb ore must have been broadly similar to those at the nose of the roll near
core 6. We conclude, therafore, that the distribution of montmorillonite in
the Lampreéht cannot be related confidently to mineralization processes or to
the present distribution of ore.

The deposits discussed in this report and those in the Jurassic Morrison
Formation an& in the Eocene sandstones of the Wyoming basins reported by
~others to be characterized by zonation of clay minerals, particularly
chlorite, differ in several ways. Fifst, the sources for and cémpdsitions-of
host rbcks for the deposits in the Morrison and in the Eocene of the Wyoming:
basins and for the Benavides and Lamprecht de?osits are dissimilar in several

respects. Sandstones of the Wyoming basins and of the Morrison Formation in
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the area of the Grants mineral belt are commonly arkosic, hav;ng been derived
primarily from Precambrian crystalline rocks. 1In contrast, quartz-rich
sandstones,,derived"from'distant, acidic volcanic source terrain and'reworked
from older sedimentafy rocks are characteristic.of the Catahoula and Oakville.
_ hosts. One might expect, therefore, that the diversity of the clay-mineral
pOpulatien in the Morrison and in the sandstones of the Wyoming baeins
reflects eartly an original abundance of unstable detrital minerals and that
the relative”simplici;y of the clay;mineral population in the Lamprecht and
Benavides deposits reflects paftly the relatively simple compositions of the
Catahoﬁle,Tuff and Oakville Sandstoner Nevertheless, biotite; the aiteration
of whieh may result in chlorite in,meny near-surface environments (Markos,.
1977),-15 present in the Morrison Formation (Cadigan; 1967), the sandstones in
Wyoming studied by Files (1970), aed the Catahoula Tuff. |

Second, and more importantly, mineralization processes iﬁ the Morrison
_differed greatly from ﬁhose processes in the Oakville and Catahoula. A major
contfol on tﬁe localization of the primary (or tabular) ore Eodies in the
Morrison Formation was the presehce‘of organic matter (suggested to be humic
acids; see for exemple, Brookins, 1975). 1Interaction of these organic
ﬁaperials with detrital.er eerly.diagenetic moetmorillonite may have'been
responsiﬁle for the oeserved.concenﬁratioﬁs of chlorite in ore zones in the
Morrison (Brookins, 1975).

The ore bodies in Wyoming studied by Files (1970) and those in Texas
"discussed in thie‘report have rollvshapes and probably formed under similar
hydrologic ﬁechanisms. However, host rocks fer-the deposits in Wyoming
contain concentrations of organic matter localized near the redo% boundary
(Files, 1970) which may haveiexerted important controis in geochemical
processes of ore deposition (for example, Rackley, 1972) and whieh also may

" have influenced clay-mineral authigenesis as in the Morrison Formation.
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The presence of organic material as carbonaceous trash may have affected
the authigenesis of chlorite in part of the Morrison Formation and in the
Eocene sandstones .of Wyoming in another way. Some types of organic material
may be utilized as a substrate by he;erotrOphic sulfate-reducing bacteria to
form pyrite; such metabolic activity increases the pH of the solution
(Goldhaber and Reynolds, 1979)'. Increased.pH favors chlorite at thé.expense
of'kaolinite, monﬁmorillonite, or microcline for constant activity of
potassium, magnesium, aqd gilica in the system HCl - Hzo - A1203 - CO2 - KZO -
Mgo - SiO2 (Helgespn and others{ 1969). The close textural association of
chlorite and biogenic pyrite (indicatiné a common.origin) which has been
observed in some othér’sedimentary rocks (Siever and Kastnér,'1972) may
reflect these conditions. |

Many uranium'&eposits associated with carbonaceous matter show zonat;on
of authigenic clay minerals.(commonly but not universally chlorite). In
' contrast, thelBenavides and Lamprecht deposits are virtually devoid of orgaﬁic
matter and show no distfibution patterns of clay minerals which can be related
to mineralizétion processes. It is possible that the presence (or absence) of
organic materiai, or at least organically derived acids, may be responsible in

part for clay—mineral‘zonation (or lack of it) in uranium depdsits.
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