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CONCEPTS OF GENESIS OF SANDSTONE-TYPE URANIUM

ORE DEPOSITS
HANS H. ADLER

ARSTRACT

Althougl the sources of uranium in sandstone-type ores are in most
cases ohscure, the formation of the ore deposits can be attributed on the
basis of sulfur isotopic data to the precipitating action of hydrogen sulfide
of hacteriological origin.  In some areas deposition has been refated herve-
tofore to natural gas, but the isotopic evidence does not support this origin,
Certain fracture-controlled and breccia-pipe deposits also show isotopic
evidence of having heen formed under conditions simitar to those existing
for the sandstone-type ores,

Geocliennical relations suggest that salt-dome structures as well as
fractures transecting carbonaceotis sedimetits may be favorable sites for
granium accumuulation,  Certain features provide a unigue basis for ap-
praising the uranium potential of salt domes. )

The sulfur isotopic data refleeting hacteriological involvement i
uranium depasition 1 no way refute the possibility that the uranitum
was initiglly derived as an igneous emanation, but the tuff-leach mecha-
nism may provide a more favorahle model on which to hase exploration
i some areas of the U.S.A.

The concepts discussed may aid greatly in developing models of
wranimm distrthution which may he applied in iuture exploration,
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Tue geological and geochemical processes that fashioned the wraninm de-
posits of the western United States arve gradually becoming hetter understood
as a result of the many studies that have heen undertaken and are currently
With the foundation that has been established, it is possible
to construct concepiual models of urantum ore distribution to serve as a basis
It is not the intent in this paper to demonstrate these
models or their application but rather to present some of the inmportant con-
cepts and data that provide the hackground for their construction,
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S840 HANE 1 ADLER

Sinee geological eriterta used in exploration for or evaluation of mineral
deposits in some way involve assumptions of genesis of the ore metals, they
are vulnerable to controversy.  This iy especially evident i the nunber of
competing theories that exist for the formation of uranium ore deposits,
Fach observer has lus own conception of the problemy, and the choice of
vitlues to support bis conclusions is generally biased to some degree. Never-
theless, the source of wraniww, although controversial, is explicable.

We are considerably more {ortunate, however, with respect to our knowl-
cdge of the factors specifically involved in urapium emplacement.  Although
certain environmental refations have beeu recognized for many vears, several
new lines of evidence have recemly shed considerable additional hght on the
uraniun ore-forning processes.  Fortunately, the iactors effecting ore depo-
sitton in sedimentary rocks are to a large degree independent of consideration
of the uranium source and way be treated accordingly,

UNOXNINIARD SANDSTONE-TYPE URANIUM ORES

The bulk of the uramum ore reserves of the United Stares are contained
in comtinental sedimentary rocks and are connuonly referred to as sandstone-
type ores. For the most part, these ores are mineralogically simple, ie,, thev
contain few important metallic minerals other than uraninite or coffinite.
Aajor deposits of this type are found in the Gramts-Laguna district of New
Alexico and in the Wind River and Shirley hasins of Wyoming. Unoxidized
copper-uraninm and vanadimn-uraninm ores in which the accessory nietals
are relatively abundant also ccour in sedimentary rocks, but they constitute
a nunor part of domestic uraniim reserves.  The vanadiferous ores are best
developed in the central Colorado Plateau arca and in the Powder River
Basin and THack Hills regions i Wyoming and South Dakota, and their
axidized analogs are also encountered there. The more important copper-
uraniun deposits are found in the sonthwestern Colorado Platean.

Tt hins heen established from gecological observation that the environment
of deposition of all three types of black ores {s characteristic of continental
and marginal-marine clastic sediments deposited under fluviatile comditions.
The ores are in virtually alf cases assoclated with organic dehris that has been
assumed to play a dominant role in the precipitation of the uranium as well as
accompanying sulfide minerals. The uranium deposits are commouly, al-
though not in all cases, near mudstone-sandstone contacts and are conunonly
hottomed by impermealde strata. The presence of the mudstone is mmportant
hecause 1t (1} helps define the effective margins of paleostream channels by
providing a perineahility barrier to transgressing ore solutions, (2] estab-
lishes, by comparison with sandstone abundance, an indication of the regional
transmissivity of the sediments, and (3} helps support bacterial viability by
means of its organic-ndtter content, a factor that formerly has heen neglected
within the framework of theories on ore genests,

Although the sources of the uranium are in most cases obscure, le., in-
discernible fram geological and chemiczl relations ohserved at the deposition
stte, iy geologists bave felt compelled to argue for o favored theary of
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wenests,  This has been particularly noticeable in the writings of Gruner (6),
Werr (12) and Page (18), There is in fact no good reason to doubt that
sraniutt could have been derived from either of the most commonly suggested
ources, ie., magmatic hydrothermal or weathering solutions. and the lack
< conlirmung geologieal indications which has been talken as a counterpoint
teither points 1o nor disproves the specific source. Tor example, the argu-
sent that a magnatic hydrothermal source is untenable because of the appar-
ot absence of magmatic traits and obvious nearby feeder structures or
ineous rocks would appear to be unjustified on geochenneal grounds, because
‘he likelibood of identifyving a sandstoune-type ore deposit with a magmatic
source would become increasingly remote as taagmatic solutions become mixed
with copiotns ground waters and lose their magmatic characteristics.  This
prennse is supported by geochemical studies that have demonsirated that
uranium can migrate for considerable distances in ground water and that this
capability is a function of the complexing of the uranyl ion, UQ,*", regardless
of its source, with carbonate or sulfate radicals prevalent under vartous pH
and Eh conditions claracteristic of sedimentary environments.  On the other
hand, for the same reasous the possibility of a “rock-leacl’™ dervation also
cannot be denied.

[t mayv appear to some geologists te be somewlat puradoxical, therefore,
that although a magmaiic origin is not necessarily disclaimed, the tuff-leach
theory seems to provide a more favorable model on which to base exploration
activities i some areas of the U.S.A. For iostance, one shoubd cer-
taindy not ignore the possibility of widespread nfluence of the tuffaceous
White River formation on ore distribation in Wyoming and South Dakota,
and this factor shoubd De seriously considered in aony attemipt to define areas
of discovery potential in that region of the country.

Fhe persistent assocition of uranmm with fossil-plant remains and the
alost ubiguitous presence of pyrite presuppose a chemical relationship he-
tween the metallie constiteents and the organic matter.  Although this asso-
clation s regarded as of prime importance in the development of uraniunm
ore hodies, its genetic significance has only heen clanfied during the past few
veirs throngh stucies of stable isofopes.  Among the more interesting
precedent explavations are the chemteat absorption of the uravium by hamates
andd other organic compowuds, nteraction of uranyl and sulbde fous accom-
panying orgamic materinl undergoing degradation, redox interaction of uranyl
and ferrous fons, and replicement of caleite and detrital minerals by urarnium
axide.  The suggestion that the quantity of carbonaceous material was in-
sufficient to comstitute a0 control on wranimn deposition has also been
encoutered. -

The saiie relationship can also he considered on the basis of the isotopie
studies of Jensen (8), who concluded from his dats that sulfate-reducing
anaerobic bacteria prowtoted deposition through evolution of the cffective
Althiough no attempt witl he made here to review
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Dunford (23), it should be pointed out that a considerable amount of inves-
tigation involving various natural environments has been undertaken, and it
is presently possible in many cases to distinguish between certain conditions
of formation of sulfide and sulate minerals by measuring their $%/5% ratios
and to recognize thereby sulfides formed through bacteriological agencies
(9, 10).

The original specific indication that hydrogen sulfide produced by sulfate-
reducing bacteria may have been instrumental in precipitating uranium ores
exists in the isotopic analyses made by Jensen (&) on sulfides from various
sandstone-type uranium deposits of the Colorade Platean and Wyoming.
The conclusion is based primarily on the unusually high $%*/5% ratios and
comparatively broad spread in ratio values for sulfides associated with the
uraninm minerals comprising the ores and has been substantiated by a vwch
more extensive study by Jensen and Field (11).

One need only understand the requirements for viability of sulfide-
reducing bacteria to appreciate their role in ore formation. The growth
process of these bhacteria involves the reduction of sulfate accompanying the
conswnption of organic matter which is their source of energy. The sulfate
sulfur serves specifically as a hydrogen acceptor, and the H,S is evolved as
a waste product.  Experiments have shown that the amount of H,S produced
is related directly to the concentration of both nutrient and sulfate ioss,
whereas the degree of enrichment of $% in the hydrogen sulfide is inversely
related to the magnitude of 1.5 production or the rate of reduction of the
sulfate.  Thus, the more energetically and copiously the gas is produced, the
Jower will be its S* content (16}, :

The nutritional requivements of the bacteria are met by an abundance of
organic debris in the sediments and by sulfate jons which are a widespread
component of groume waters,  The anaerches are almost ubiguitous in nature
and are known te persist far below the surface of the earth, e.g., they have
heen reported in petroleum deposits and salt-dome cap rocks.. Their role
in cap-rock carbonate and sulfur formatden has been described by Feely
and Kulp {3).

The upusual characteristic of bacteriologically produced sulfides in sund-
stone-{ype uranium ores is their extraordmarily high $*% content, or more
specifically their high $%/5% ratios, with respect to ordinary sedimentary
sulfate.  Tsotopic fractiouation, of course, can he accomplished inorganicaily.
It the recduction of sulfate apparently does not occur except at temperatures
above 500° C. Hence, sulfate in ground waters is seemingly reduced only
by hacteriological means, a factor which s of considerable geologic importance.

It is generally possible to make a distinction hetween hacteriogemc and
magmatic hydrothermal or igneous sulfides (10} on the basis of the degree
of 5% difference from the isotopic norm {(metcoritic ratio of 22.220, wlich is
most likely the same as primordial earth sulfur) and the heterogencity or
hotmogeneity of the isotopie compositton. Moreover, a similur comparison
can be made between sullide formed bacteriologically and that in gases asso-
ciated with petrolenm deposits.  Thode, et al. (23}, have shown that for

GL

aiven oil fields petre
tion that is not much
if the gas is denv
hecause of the deple
pools and the oppo
and traps.

The isotopic rat
VIrIons sources are

DEVOMIAN QI POOLS,
PETROLEL
MpS GAS
WYOMING DIL POOLS
PETROLEL
URANIUM ORE SLLFIT:
GaS HILL
AMBROSIA
JaCKPILE
M OVIETA &
TEXAS SALT DOMES
CAPROCK
BLEEDWA"
BYRITE
PAL AMGANA SALT DO
. CAP ROCK

PYRITE IN

SR
2

Fre, 1. 532/5% rat

punerals from: va:

worthy  that abtho

oil fields, eg., for

rather narrow for a
nificance in regare

having been precipi -

Grutt {7) has |
of Wyaning are e
leum deposits.  Hi
alder formations »



le wmount of inves-
udertaken, and it
nocertain conditions
their S /5% ratiog
erintogical agencies

wothweed by suliate-
Aating uraninm ores
dhdes from various
Aauand Wyoning,
5% /5% ratios and
associated with the
antiated by a nwch

Aability of sulfate-
tion. The growth
@ accompanying the
nergy, The sulfare
ILS is evolved as
nt of 11,3 praduced
1 and snifate fons,
sulficle i3 inversely
of redaction of the
s is procduced, the

by o abundance of
hoare o widesprend
abigtitons in nature
rth, e.g., they have
rocks. Their role
feseribed Dy Feely

b osulfides in wand-
Y rontent, or more
finary sedimentary
shed morganiealty,
oar 1‘(’!111)('1'(1111“—_‘5
ingly reduced only
cologic mportance,
hieteriogenic and
asts of the degree
it 22.220, which iy
* heterogeneitv or
ity compurison
Bt in gases sso-
¢ shown that for

CEXESIS OF URANIUM ORE DEPOSITS §43
given oil felds perroliferous 1,5 has a fairly homogencous isotopic composi-
tion that is not much different from petrolenm sulfur.  Tlns is to be expected.
if the gas 1s derived Dby maturation processes and Dbiogenically, possibly
because of the depletion of sulfate in connate waters at the marging of oil
pools and the opportunity for mixing during accumulation in gas pockets
and traps.

The isotopic rativs ohserved for gaseous and crystalline sulfides from

various sources are iflustrated in Figures 1 and 20 It 1s partieularly note-
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S# /5 ratios of hydrogen sulhide gas, petrolewn, and sulide awd sulfate
minerals fron various sources.

References to data ure given in parentheses.

worthy  thur although the ratio spectra ditfer for sulfur from  different
otl felds, eg., for Wyoming and Canadian pools, the spread is. nevertheless,
rather narrow for any given deposit, Tlus olservation is of considerable sig-
nificauee 1 regard to its buplicatdon concerning the possibility of uramum
laving heen precipitated in ore deposits by means of petroliferous gases,
Grutt (7 has proposed that the uranium deposits in the Tertiary basins
of Wyoming are refated to occurrences of natnral gas associated with petro-
et deposies, His contention s that gas from underlying Cretaceous und
older formations presanabby seeped into permseable Tertinry strata aud co-
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except the unambiguously magmatic hydrothermal ores have yielded isotopic
evidenice of having heen derived bacteriogenically and not one has shown indi-
cation through isotopic evidence of a petroliferous association. Grutt’s idea is,
therefore, unsubstantiated by this line of evidence. Tt is nevertheless note-
worthy that several areas containing both vranium and gas deposits, e.g., the
AMavbell and Bages districts of north-central Colorade and south-central Wyo-
mitng and the Karnes County uranium district in Texas, are only now being
stuchied from this standpoint, and a petroliferous origin for the H,5 cannot,
therefare, be ruled out for these areas.

The fact that suifide minerals from the Gas Hills, as well as manyv other
uranium ore deposits, show widespread 5%/5% ratios is significant from the
standpoint of establishing certain geological conditions that may have prepared
the ground for ore deposition. Since the formation of the H,5 reguires an
energy source for the bacteria, one should expect to find uranium deposils at
or near accuwmulations of organic matter, as s indeed almost always the case.
Although recognizable plant remains in the sandstones constitute the most
important food reserve, adjacent mudstones may also have contributed to
the supply of organic matter.  Concentrations of uranium have heen ohserved
about mud galls, and there is ample indication of the accumulation of organic
debris in nmds,  These geochemical and isotopic relations are repeated again
and again in the ore-hearing regions of the United States and clearly indicate
the nature of the geochemical control.  All the important productive ores that
have been analyzed isotopically, eg., those in the Gas Hills, Ambrosia Lake,
Jackpile and Big Indian Wash deposits, show evidence (TFig, 1) of having
heen formed by the reducing action of bacteriogenic livdrogen sulfide, and
there are no known sandstone-type deposits that do not appear fo confori.

CYCLIC ACCRUFION OF URANIUM IN SEDIMENTS

The coneept of evelic aceretion of uraninm ores was launched with con-
sidlerable impact by Gruner’s (0) notable treatise on the multiple accretion of
uranium ores and Grutt's (77 astute ohservations of leaching and enrichment
in the Gas Hills,  Although it may never he documented that application of
the multiple aceretion hypothesis has led directly to the discovery of ore, the
concept is basic to all uranium exploration and has undoubtedly heen applied
gainfully by knowledgeable geologists.

Gruner’s (0) hypothesis is essentially concerned with the culmination of
all preceding events involved in the aggregation of uranium from various
sotrees, It prestmes that uranium aceretion could have begun at any time
under favorable geologic conditions, hut that the final accamulation as we see
it 1ocdiy may be the result of several cyeles of deposition, oxidation, migration,
reprecipitation and, probably. enrichment,  That Gruner (6) chose to derive
urattium initially from tuffaceous vock and granite for his purpose is of no
great consequence and may he ascribed to the special appeal of weathering
solutions as a sustaining source of uranbun over a considerable span of
geolopic tiwe,  Therefore, one should gain from Gruner’s (03 hypothests not
the sugpesiion of the initial source of yraninm hut the basic iden of accumnu-
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846 HANS M. ADLER

lation by mudtiple aceretion through reworking of  pre-existing uranium
deposits.

The observations of Gruner {0) and Gratt (71 were followed by the
-aciochemicnl studies of Rosholt (20, 21, 22) and Robinson asd Rosholt (19)
which yielded unquestionable indications of uranium accretion in recent geo-
fogical time.  Analyses of vartous radiogenic nuclides in ore samples from
the Gas THills and Black Hills of Wyoming gave proof of recent leaching of
urantun and re-aceumulation in deeper sediments.  In the Black Hills area,
oxidation, leaching and redeposition can he related to the position of the
present ground-water table.  Redistribation of the ore apparently did not
hegin hefore 180,000 years ago and has continued 1o the present, Initial
deposition was ascertained to have taken place more than 250,000 vears ago
for deposits now bying at or above the present water table.  Unfortunately, no
age cian be established for the (nltal accumulation of wraniwm in these deposits
because of the limits Imposed by the half-lives of the radionuchides used in
establishing the age relations.  To the Gas Hills, migration and accumulation
have apparently taken place within the past few tens of ihousands of
vears (207,

The position of many uraniam ore districts on the Hanks of or adjacent
to anticlinal uplifts testifies that such uphits probably exerted a dominant
mfluence on ground-water drainage peripherad to the uplifted areas and were
effective 11 Hmiting ore distribution. It would be possible at this point to
speculate about the structural eontrol of palcodrainage patterns and ground-
water flow, the influence of antichinal uplifts on dramage treuds for hoth
dormant and active structures. and possible related effects on aranium migra-
tion and localtzation, but such subjects are beyond the immedinte scope of
this paper.  These factors are, nevertheless, of primary importauce i estab-
lishing natterns of ore distribution.  They will undoubtedy assume inercasing
mnportance in future exploration and will present challenging profems to the
exploration geologist.

Tt 15 sufficient for the purpose of this paper to cmphasize the fmportance
af the concepts that have evolved trom geologic ohservations o migration and
accretion, age relations among nuchides involved in these processes, and the
geochemical relations prescribed by isotopic studies, for thev constitute an
invaluable framework for formulating models to guide fture exploration ior
sandstone-type ores. Certainly when combined with a knowledge of the
hydrologic setiing, the regional structural and stratigraphic relations, and
some intelligent notions concerning the sequence of geologic events, it should
he possible to deptet prebable urannum distribation patterns i1 sedhuents.
This may he a requisite for discovering new ore hodies and new ore districts
which are not revealed by surface indications,

That wraniwm coneentrates at or helow the water table through re-accunmu-
lation and accretion has been suhstantiated radiochemically, but it was not
too many yvears ago that the suggestion of supergene lenching and eurichment
encountered serious doubt or al hest cautions specufation. Currently, there
s constderable reluctance 1 accepting isotopte evidence of hacteriogenic
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tvely shallow reglons of crustal rocks, hypogene solutions may  become
nxygenated and lose their capacity to precipitate uranium as well as sulfides.
Beeuuse wraniun is readily oxidized to the uranyl state, precipitation does not
ordinarily talee place again until reducing conditions are encountered. [t is
mteresting to note in this respect that no sandstone-type uranfwn deposit has
shown evidence frow isotopic data of magmatic hydrothermal identity.

It may he argued on the basis of the examples cited that the absence of
unique magmatic hyvdrothermal characteristics in ore bodies iy ne criterion
for denying such an origin for the inibial solutions inasmuch as the influence
of the sedimentary environment s demonstrable immediately adjacent to

igneons areas.  On the other hand, these observations cannot he used {o deny

nther source concepts.

It is the writer’s opinfon that sulfur-isotopic data reflecting bacteriologic
arvolvement in uranium deposition in no way refute the possibility that the
uraniin was initially derived as an igneous emanation.  The only conclusion
that can be drawn {rom such data is that bacteriogenic H,S was the etfective
precipitant,  This, in dtself, is of considerable significance inasmuch as it
directs attention to the locus and the condition of emplacement, not to the
soarce of the uranitm, and should encourage the exploration geologist to
focus attention on geologic environments favorable {for bacteriological activity,
past or present, as a guide to uranium ore deposits.

BRRECCIA-TIME DEPOSITS

Although substantinlly less common and productive than other ore types,
wraniu deposits within brecein pipes in sedinnents are of considerable interest
heeause of the unusual geological and geochemical control on mineralization,
Gabebman and Bover (4) have described several of these pipes in the viciniy
of the Grand Canvon, Arizona, and others are kuown in the Grants district,
New Mexico, and elsewhere.  The Orphan pipe near Grand Canyon, which
has heen nuned for uraninm, is cousidered by Gabelman and Bover (4] to be
a collapse structure of cryptovoleanic origin. The mineral assemblage con-
sists of uraninite and vartous sulfides of copper and other metals as well as
gangue nunerals.  To date, only two sulfide samples have been analyzed
isotopteally (11) (Fig. 2),  Although the geologic character of the deposit
is mdicative of magmaltic hydrothermal emplacement, the 1sotopic data do not
support this conviction, and additional mvestigation seens desirable.

Sulfides from the urantun-hearing Woodrow pipe in the Laguna districe,
New Mexico, vield $*/5% ratios that are distinetive (Ifig. 2} in that they
reflect bacteriab fractionation hy their inhomogeneity but are cousiderably
lower than those normally {found in sulfides from sandstone-tvpe ore deposits.
Jensen and Field (11} interpret the extended range of low isotopic values
to be an uwlication of the availabitity of a finmite quantity of sulfare that was
gradualiy depleted with consequent progressive lowering of the 5% coutent in
the remaining sulinte and resultaut hydrogen sulfide,  The isotopie data are
suggestive of microbinl transformation of sulate to suifide hut provide no
miormation regarding the source of the uraniwm or the origin of the structure.

T
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It is particularly intriguing that hath pipes occur in sediments and show
no isotopic indication of wagmatic hydrothermal emplacement, although a
nngmatic hydrothermal origin probably would be found acceptable on the
basis of a more conventional geological appraisal.  Tu evaluating the geological
potential of structures of this type for uramum~-and the same could prohably
be said for ground heavily fractured by mtersecting fault systems such as in
the Ambrosia Lake area—ithe Dbasic iden of accumulation stemming from
interaction with products of microbial activity ought to be invoked, and the
source of the uranium may be regarded to some extent as incidental, A di-
gression from this approach is warranted, however, on the basis of the unique
discovery by Jensen and Field {11} of $* enrichment in the Schwartzwalder
deposit which was a chance byproduet of an endeavor to establish typical
magnatic hydrothermal isotopic ratios for uranium-bearing sulfide deposits.

Isotopic ratios obtained on sulfides from the Schwartzwalder mine near
Golden, Colorado, reflect the superposition of bacteriogenic conditions on a
magmatic hydrothermal milieu in crystalline gneisses and schists.  Although
the dense silicified vemns yield sulfides having typically magmatic isotope
ratios, smuples from near-surface extensions of these veins, where nranium
oxide and iron sulfide have been reworked by supergene processes, yield very
different ratios with much higher 5% values (Fig. 2. Jensen and Field (11)
have interpreted these high S%/5% ratios as resulting from near-surface
bacterial activity hronght on by the forwation of sulfate ions from oxidation
of primary suifdes n the vicinity of orgame matter flushed mto the veins
from the gromud surface. This unusually mteresting observation provokes
consideration of a mechanism of sulfide enrichment unlike that involved in
the classic examples of sulfide replacement and snggests the possibility of o
compheated interplay of geologic processes under supergene conditions.

SALT-DOAME DLEPOSTTS

The studies of FFeely and Kulp (3} have given us considerable fnsight into
the genetic and geochemical factors involved in uranium emplacement in
salt-dome structures.

The uranium occurrence in the Palangana salt dome in Duval County,
Texas, described by Woeeks and Fargle {(24), ltes m a wet aguifer sand
approxintely 100 feet ubove the cap rock and at a depth of 325 feet from
the ground surface.  The sand is reported to contain pyrite, hydrogen sulfide,
organic debris including fossilized ammad and plant remains and s locally
impregnated with a small amount of oil.

Three pyrite samples collected by the writer and analyzed by Jensen and
Field (11 vielded remarkably cousistent 5%2/5" ratios (Fig. 1) showing
considerable enrichment in 5™ in comparison to the sulfudes from Gulf Coast
salt-dome deposits studied by Feely and Kulp {33, The pyrite could con-
ceivably have been formed from H.5 emanating from the cap rock; however,
its $3* content is higher than that of any bleedwater TS analyzed by Feely
and Kulp (3 (Fig. 11, The $%/5% ratios for cap-rock sulfur and anhydrite

fram the 1™
conclude wl
rocle or was
the meager
1 Teservoir

Space d
dome envir
and carbow;

Feely and I

of uraninm
appraising

domes that !
exposed to !
provide & s
guently red
accwnulates
this evidenc:
favorable fi
sulfur. Tl

reservoir, at

lying struct:
tion.  Crite
aid to futur

The pra.

15 that they
thermore, t}
ing the ged
exploration
tectonic fact

vincial pred:
where 1t oug

mfluence of

and redistri’

tween the w
are significa
some geojog
problems th

The wri
concerning 1

Ivisiox

L. 5.
W



s and show
ent, although a
weptable on the
ag the geologicn
2 conuld probably
des such as in
steruming froan
nvoled, and the
cutental. A di-
sty of the unique
Scehevartzwalder
establish typical
dde deposits.
adder mine near
comcitions on
iists. Althongl
sgmatic isotope
wilere tranium
suses, vield very
and Field (11}
o near-sirface
from oxidation
L ko the veins
vation provokes
Thar mmvalved in
possibility of o
coneitions,

able misight inte
etiplacement  in

Buval County,
ot aquifer sand
{325 feet from
vdrogen suffide,
o s locally

Ly Jensen and
g 1 showing
fomt Gull Coast
rite could con-
rock; however,
ivzed hy Feely

m e anbydrite

831

GENFSIS OF URANIGM ORI DEPOSITY

from the Pualangana dome are normal. Iosufficient work has bren doue to
conclude whether the pyrite was formed from H,S migrating from the cap
roch or was produced by microbial activity sithin the ore sand.  However,
the meager isotopic evidence would tead one to believe that the gas camne from
A reservoir contmining isotopically homogeneous LS,

Space does not peomit an account of the genetic relations within the salt-
dome environment involving petroleam, suifur, H,5, and cap-rock sulfate
and carbonate, and for this the reader should refer to the uotable work of
Feely and Kulp {3).  Although not specifically dirccted toward the problem
of uranitm emplacement, their concepts provide a most interesting basis for
appraising the uranium potential of salt-dome  structares,  In brief, salt
domes that have penetrated sediments containing circuluting ground waters are
exposed 1o bacterial action. Petroletm accumulations peripheral to the dome
provide a source of nourishment for the microbes, and the sulfate is conse-
quently reduced to H,S which is in turn oxidized to sulfur, Since sulfur
accwmnlates only where 11,5 is produced, sulfur-bearing domes, by virtue of
this evidence of past bacterial activity and IS formation, are ostensihly more
favorable for urapium accummlation than structures that do not cottain
sulfur.  The sulfur gencrally oceurs on the dowme close to the petroleum
reservoir, and from a knowledge of these spatial relationships and the over-
lying structure it should be possible to predict the locts of uranium deposi-
tion., Criteria of this kind, apphied intelhgently, may prove au invaluable
aid to future exploration for uraniun in the Guit Coastal Phain region.

FURTIIER CONSHIERATIONS

The practical value of recognizing the aforementioned criteria of geuesis
is that they aid greatly in developing maodels of uranium distribution,  Fur-
thermore, they will undoubtedly tend themselves exceptionally well to assess-
ing the geologic potential of unexplored regions, The success of future
exploration cannot e assured, however, without profound knowledge of
tectonie factors, sedimentary controls and what may he referred to as pro-
vincial prediliction, which is one way of explaining why uraniunt often is not
where it ought to be.  Of equal importance is the need to recognize the direct
influence of ground-water migraton, past and present. on ore accumulition
and redistribution.  There does not appear to be a simple relationsiup be-
tween the water table and the redox zone, for many of our large ore hodies
are significantly deeper than existing water tables. whiclt are considered by
some geologists to be curvently in rtheir fowest stratigraphic position. The
problems that remain are compellingly attractive, _

Plhe writer is indebted to Dr. M. L. Jeusen for his vatuable suggestions
concerning the isotopic data.
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