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The Importance of Dissolved Free Oxygen during Formation of
Sandstone-Type Uranijum Deposits
hy H. C. Granger and C. G. Warren

Abstract’

’ One factor which distinguishes the genesis ;f roll-type uranium deposits
from the Uravan Mineral Belt and other sandsténe-typ; uranium deposits may be
the presence and concentration of dissolved free SXygeﬁ in the ore-forming-
solutions. Although dissolved oxygen is a necessary brerequisite for the
formation of roll-type deposits, it is proposed that a l§ck of dissolved
oxygen is a prerequisite for the Uravan deposits. 7

Solutions that formed both types of deposits probably had a supergene
origin and originated as meteoric water in approximate equilibrium with
atmospheric oxygen. Roll-type deposits were formed where the Eh dropped
abruptly following consumption of the oxygen by iron sulfide minerals and
creation of kinetically active sulfur species that could reduce uranium. The
solutions that formed the Uravan deposits, on the other hand, probably first
equilibrated with sulfide-free ferrous-ferric detrital minerals and fossil
organic matter in the host rock. That is, the uraniferous solutions lost
their oxygen without Towering their Eh enough to precipitate uranium. Without
oxygen, they then became incapable of oxidiiing iron sulfide minerals.
SuBsequent localization and formation of ore bodies from these oxygen-depleted

solutions, therefore, was not necessarily dependent on large reducing

capacities.



Introduction

Supergene ore-forming solutions and other meteorically derived waters get
their start in a virtually limitless reservoir of oxygen--the atmosphere.
Equ111br1um part1tion1ng of oxygen between the vapor and fluid phases (Henry's
 Law) permits the water to contain a few parts per mi1]ion dissolved free
oxygen. If some of this dissolved oxygen iS used by reactions with soils,
rocks,‘or vegetation at the surface, it-is coﬁstant]} replenished. As
meteoric water infiltrates deeper beneath the wate;-ta61e, however, it becomes
more and more isolated from the atmosphere and, f1na11y, additional oxygen is
no 1onger available if it is dep]eted by reactions with the enclosing rocks.
This small range of oxygen contents, from a few parts per m1111on to essen-
tially nil, makes remarkably significant differences in-the behavior of
supergene ore-forming solutions. Although speculative at best, it is our
contention that solutions of similar origin can form deposits comparable to
those at Yeelirrie, Australia, near the ground water table; can form roll-type
deposits where they penetrate into pyrite-bearing rocks well below the ground
water table, and can form deposits similar to those in the Uravan Mineral
Belt, Colorado and Utah, where dissolved oxygen has been completely removed
from the ore-bearing solutions. We are not suggesting that each of these
types of deposits was formed from solutions'whose only differences are in
oxygen content, nor that a sequence of such deposits will be found at
suoceeding depths in any one place. We do suggest,'however, that as a
supetgene uranium-bearing solution percolates downward, it may get more than

one opportunity to have its uranium removed.



Because Yeelirrie-type deposits contain oxidized uranium minerals and
occur near the ground water table, there is 1ittle question about the role
played by oxygen in their formation. So, we will not discuss these deposits
further but will concentrate oﬁ'roll-type deposits and fhe primary Uravan

* Mineral Belt-type deposits.

Deposits in the Grants Mineral Belt, Néw Mexico, and in the Shinarump‘and
Mos sback Members, and other conglomeratic unifs at tﬁe base of the Chinle
Formation in Colofado, Utah, and Arizona, may a]s; havé been formed from
oxygen-depleted solutions. Among these several varieties of sandstone-type
uranium deposits, the Uravan deposits were selected for gomparison with roll-

type deposits because each has such similar shapes and element distribution.

Background

In the late 1960's and early 1970'5 several papers pointed out the
differences between Wyoming-Texas roll-type uranium deposits and other
sandstone-type uranium deposits. By the late 1970's, however, some writers
(Rackley, 1976; Gabelman, 1977, p. 63; DeVoto, 1978; Galloway, 1978) were
implying that they were all genetically similar and appear to be different
principally because of host rock differences and post ore alteration. In
particular, these investigators point to the similarities in shape of the ore
zones found in the Wyoming-Texas roll-type deposits and in the Uravan Mineral
Belt deposits. They also emphasize the similarities in zonation of elements
and‘minerals in deposits from the two areas. .

We intend to show, in the parts that follow, that the differences in the
above deposits may partly owe to differences in the oxygen content of the ore-
fqrming solutions and resulting differences in the processes of
localization. Roll-type deposits originated from solutions that contained

dissolved oxygen; Uravan Minerals Belt deposits originated from solutions that



-were relatively depleted in dissoived oxygen. The following descriptions of
_the Uravan and roll-type deposits are necessarily brief and are intended only
to give the reader a cursory achaintancesﬁip‘with the genesis of these
depositﬁ. Greater detail can 5% gained from Garrels and Larsen (1959),
Fischer (1968), Harshman (1972), Rackley (1976), Shawe, and others (1959), and

Granger and Warren (1969). ) ~

*

Uravan Mineral Belt 6eposits

The Uravan Mineral Belt deposits are encloseJ by éontinenta] fluvial
sandstones in the Salt Wash Member of the Jurassic Ma;fisoh Formation. This
unit i§ overlain by the Brushy Basin Shaie Member, which, consists generally of
ﬁontmori]]onitic mudstones enclosing scattered, thin, diécontinuous sand
lenses. | )

Although it thins, locally, ovér some diapiric salt structures, the
Brushy Basin evidently covered the Salt Wash throughout the Mineral Belt by
the time the succeeding Cretaceous Dakota Sandstone was deposited. Towards
the source, to the southwest, the Brushy Basin probably completely blanketed
the Salt Wash for at least 150 km.

Ore deposits within the Salt Wash are dominantly tabular, peneconcordant
layers but, in many places, these layers roll sharply across the strata. In
cross section these rolls form crude S- or C-shapes. The axes of the rolls
commonly follow depositional trends and their'shapgs and positions seem to be
controlled partly by the permeability, attitude of mudstone lenses, scouf
surféces, and crossbedding in the host rock.

Much of the Salt Wash is red and oxidized but the ore bodies are
completely enclosed by pale-gray pyrite-bearing and coalified-fossil-wood-

] bearing zones. Distribution of ore layers and rolls within the bleached rock

is seemingly about as random as the cut-and-fill and other fluvial features



which control them. There are no obvious visible or compositional differences
‘between rock on opposite sides of unweathered ore layers and rolls. Both are
bleached, variably pyritic, and commonly contain fragménts of coalified fossil
wodd. There is no evidence that the rock on one side of the ore was once

- oxidized and has since been rereduced. | |

. In some mines, the rocks on opposite sides o} weathered ore bodies and
thoroughly oxidized ore bodies show veny.suthE differences in appearance that
have not been expTained; ffom this, it does seem I%Rely“that rocks on opposite
sides of ore have undergone slightly diffefent geochemical histories. These

visible contrasts have not been recogm‘zed,1 however, in pristine, unoxidized

ores.

Primary, unoxidized Uravan deposits contain uranium in the form of
uraninite and coffinite; sparse molybdenum in the form of jordisite; and(
selenium in the form of ferroselite, clausthalite, and perhaps, native
selenium. The most abundant ore element in most of the deposits, however, is
vanadium and it commonly occurs as vanadium élays and micas that fill
interstices and corrode and replace sand grains. Scattered within the
vanadium alumino-silicate minerals, particularly within the richer deposits,
are low valent vanadium oxide and oxyhydroxide minerals such as montroseite,
paramontroseite, doloresite, duttonite, and others. |

Trash zones containing fragments of coaiified fossil wood commonly
coﬁtain the richest uranium concentrations but ]owef grade ore tends tq be a

continuous layer even where little or no carbon trash occurs. Similarly, the

: 1After this manuscript was written, D. J. Carpenter and M. B. Goldhaber,
“U.S. Geological Survey, showed us some unpublished data (1979) on uranium
deposits in the Salt Wash Member in the Henry Mountains, Utah area, which
indicate significant differences in permeability and the distribution of
elements on opposite sides of unoxidized ore layers in that district.



‘pyrite-marcasite content of ore is commonly éreater than that of adjacent
barren sandstone but no consistent correlation between uranium and iron
disulfides is evident. There is no good eVidence_that either sulfide or
organic matter were dominant 15&a1izing controls throughout the ore layers.
Ore layers and rolls typically contain asymmetric distributions of
uranium and vanadium. Although both elements aré anomalously enriched across
the'dark, visibie ore layer, the vanadium in Some in%tanceé is richesf to one
side of the centef of the fayér and the uréﬁium oé'fhe“other (Shawe, 1966;-
Brook; and Campbe]l,’1976;.also unpublished data). Selenium is generally
concenérated in a narrow band along one side of the ore ]ayer, particu]ariy
along the concave border of a roll. The distribution qf‘jordisite has not
been well described but it typically océurs, at least in part, as irregular
patches as much as a few meters away from the uranium-vanadium ore layer.
Data are so scanty that we do not know whether it can occur on both sides of
an ore layer or only on one side. Neither do we know if it occurs on the side
adjacent to the selenium layer or on the opposite side, although we suspect
that jordisite must tend to occur»on the side opposite the selenium layer.
These deposits probably formed early in the history of the host rocks
(Miller and Kulp, 1963), when it is inferred that the rocks were saturated
with essentially stagnant diagenetic-stage connate (?) waters. An unexplained
change in the hydraulic system at that time‘permitted the penetration of an
oré-forming solution whose movements tended to be 1oca]ized in conduits
controlled by the more permeable channel sand units of the enclosing reduced
host rocks (Shawe, 1956). At the interfaces between the connate waters and
;he‘interpenetrating ore-forming solutions, ofe bodies were formed by
' géochemica] reactions which are not yet thoroughly understood. The choking of

pore spaces by vanadium clays and micas lowered permeability in the ore zones,



which 1nhib1ted flow across the 1nterface but permitted a oertain amount of
interchange by diffusion. Since the conduits for the ore solutions generally
conformed to broad, horizontal-channollsood units, the resulting ore bodies |
also were typically fairly flat:]ying, but were discordant or roll-shaped at
local permeability barriers along the surfaces and near the lateral margins
(See Shawe, 1956 and 1966; Granger, 1976). (
The elongation of ore bod1es and the axes of rolls tend to be alined

along depositional directions in the host rocks.f Preex1st1ng minerals such as
yr1te (Neeks, 1956, p.189 Weeks and others, 1959, p. 70; Elston and ‘
Botinelly, 1959, p. 210), apparently were not destroyed where enveloped by
either the ore forming or connate solutions. 1In conc1o§1on, it seems evident
that the geochemical reactions which résulted in deposition of ore did not
directly depend on alterotion of minerals of fhe host rock. Rather, it was a
oeaction between the components of two unlike solutions which was instrumental
in forming the ores,‘and the positions of the ore bodies mark the surfaces of

the conduits in which the ore solutions flowed.

Roll-type uranium deposits

Roll-type uranium deposits typically occur in continental fluvial
sandstones of Tertiary age although deposits in older rocks are known. For -
the most part, these sandstones are overlainhby fine-grained, clay-rich,
tuffaceous sedimentary units; in some cases tuffaceous rocks are also the host
rocks. Sites of host rock deposition range from intermontane basins to broad
interior or coastal alluvial plains.

In most instances there is evidence that the edges of the host and
c]osely associated rocks were truncated and beveled by erosion before
succeeding formations were deposited. Age determinations, in at least some

instances, suggest that this beveling was closely related, in time, to ore



‘formation. The ore bodies are generally found no more fhan 20 6r 30 km
downdip from these beveled edges of the units in which they occur.

The unaltered host ro;ks are typically feldspathic to arkosic sandstones
coﬁtaining a little disseminatea authigenic pyrite. The pyrife is inferred to
have resulted from the early anaerobic }eéction'§gtween biogenic HpS and jron
minerals such as magnetite and hematite. I most sandstones containing
organic matter such as fossil wood, the-H,S pFobab]y‘originated from the
actions of sulfate-reducing bacteria. In organic-}fee‘éandstones the HZS
seems to have been introduced into the host sandstones as fault-leaked sour
gas frﬁm underlying formations (Goldhaber and others, 19{8).

A11 roll-type deposits are accompanied by a tongue of oxidized host
rock. This tongue seems to originate at the beveled surface, noted above, and
to project downdip as much as about 30 km. Although unweathered host
sandstone surrounding the tongue invariably contains as much as a few percent
pyrite, most of this pyrite has been destroyed within the tongue and replaced
by disseminated red iron oxides, orange oxyhydroxides, or white to green
smectites. The ore bodies and miﬁera]ized rock, where present, faithfully
follow the surfaces of the oxidized tongues. They are typically thinnest and
lowest grade along the upper and lower surfaces (l{mbs) of the tongues and
tend to thicken and become richer along the'discordant, or roll, surfaces at
the margins of the tongues.

| Ore deposits are erratically distributed alongvthe leading and 1ateﬁa1
edges of the tongues. In some instances remant ore bodies are found
completely enclosed in the oxidized tongues.

The outline (roll front) of the oxidized tongue fn plan view commonly has
an irregular, almost amoeboid, shape. Protrusions of the tongue may extend

along permeable paleo-channels. Ore bodies may occur along relatively smooth



parts of/the roll front or along the tips or lateral margins of the
protrusions. The axes of the rolls can be oriented parallel to or at any
angle to the sedimentary trends in the host rock. | |

| Primary unoxidized ro]l-ty}e deposits contain uranium in the form of
uraninite and coffinite, and selenium in the forq of ferfoselité and elemental
selenium. Vanadium is anomalously enriched within the uranium ore in some
instances as the minerals paramontroseite and'haggit;. Molybdenum may be
present as jordisfte or if may be missing. 1ir6n §hifidés as pyrite and
marcasite are almost universally more concentrated in the ore than in'barren
unoxidfzed rock. These minerals typically forh overgrow@hs and occupy
interstices and display minor, if any, evidence of replacement of original
detrita] grains. Permeability of the rocks commonly does not appear to be
seriously impaired even in fairly high grade ore.
| The deposits invariably display some evidence of mineral and elemental
zoning. The redox interface on the concave side of rolls commonly marks a
narrow band in which selenium is concentrated. Bordering this band is the ore
zone containing anomalous amounts.of uranium and iron sulfides and variable
concentrations of vanadium. On the convex side of the ore zone, and generally
separate from it by a few to several hundred meters, there may be a zone
enriched in molybdenum and variable amounts_of calcite.

‘ It is inferred that these deposits started to form when downward
percolating, oxygen-rich meteoric waters gained accéss through the beveled
edgeé of the host rocks. In some instances these waters were probably
enriched in uranium through such processes as leaching of tuffaceous sediments
‘newly deposited on these beveled surfaces. The oxygen-rich waters started to
"réact with the pyrite (and marcasite) in the host rock and formed what has

been referred to as a geochemical cell (Rackley, and others, 1968).2



Oxidatioﬁ of pyrite, by waters with a limited amount of dissolved oxygen

" results in soluble, metastable, partly oxidized sulfur species which are
carr1ed along in the ground water until they spontaneous]y undergo a
disproportionation reaction. Th1s means that they divide into equivalént
amounts of more reduced species such as HZS, and more oxidized species such as
SO4=. The sulfate (SO4=) is kinetically inert to further redox reactions
leaVing the more reactive reduced species such as tﬁe metéstab]e species and
HZS to control the Eh of the environment. 0xid1zed uranium being carried in
the ground water is reduced and prec1p1tated in this envwronment where the Eh
is changing from oxidizing to strongly reduc1ng. E]emeqps such as selenium,

- vanadium, and mo]ybdenum also precipitate at appropriate places in this
geochemical gradient, which is determined largely by Eh. Ore bodies,
therefore, formed where optimum conditions of oxygen supply, pyrite, and
uranium content occurred, together with the favorable pH, perhaps controlled
largely by calcite.

It is evident that controlled oxidation of a sulfide mineral such as
pyrite or marcasite is essential to maintain the conditions necessary for
uranium reduction and precipitation. Therefore, ore bodies can only form
along the advancing edges of an oxidizing tongue. Ore bodies can be bypassed
and even surrounded by the oxidized tongue jn positions where they are
unstable but where they may persist for a cbnsiderable length of time. Ore
bodies can also be shunted against the margins of ba]eochanne]s where~théy may

peréist but can not grow because little or no pyrite is undergoing

. 2Rackley and others (1968) suggest that pyrite oxidation and HpS
formation are the products of bacterial action. We are treating these

processes as though they are entirely non-biogenic, following Granger and

Warren (1969). The oxygen consumption is essentially the same under either

concept, however.
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-oxidatjon."ln'this position, it may appear that the axis of the roll is
.parallel to the direction of ground water mo?ement much as with Uravan Mineral
Belt dépo§its, but it muét be remembered that a roll-type deposit is
eséentia]]y dormant in this pos?tion, whereas a Uravan deposit develoﬁs in

- this position.

Discussion .

where unweathered deposits occur below the water table in the Uravan
Mineral Belt, they are completely enc]osed by reduced pyr1te-bear1ng rock.
The deposits are not localized along boundaries between oxidized and reduced
- rock, as is the case with roll-type deposits. It is conceivable that the rock
on one side of the deposit was once oxidized and has since been reduced but no
evidence for such a process has yet'been presented. If the ore-forming
- solutions contained any dissolved oxygen, it would surely have reacted with
the pyrite, leaving evidence of its passfng in the form of iron oxyhy?r-
oxides. The implication to be gained is that the ore-forming solutions
contained no free oxygen. The ore was localized, not owing to a reaction
between solution and host rock, but owing to some other mechanism. Shawe
(1956), referring‘to the roll-shaped, layer-like ore bodies in deposits near
the south end of the Urévan Mineral Belt, wrote that they "were formed by
precipitation of minerals at an interface between solutions of different
composition".

The rolls in Uravan deposits, therefore, formed along the lateral margins
of conduits containing the ore forming solutions; and the process of ore
localization seemingly do not involve extensive alteration or destruction of

minerals already present in the host rocks. In these respects they contrast

' sharply with Wyoming-Texas roll-type deposits.

11



Ro]l-type uranium depasitsfare formed where redhcing conditione'are
ihposed by the metastable sulfur species that are'derived from reactions
Jbetween sulfide sulfur and limited amounts of d1ssolved free oxygen. Other
)so1ub1e oxidants normally found in natural so]ut1ons are generally carrved at
;such Tow concentrations that, even if they react w1th su]fide m1nera1s, they
can form only insignificant amounts of metastable su]fur species. The total
of ox1dlzed Fe, Mn, and even uranium and vanad1um spec1es in solution under
typ1ca1 cond1t1ons probably do not exceed 1 ppm. Therefore, a most - important
‘p01nt is that s1gn1f1cant amounts of these reactlve reducing metastab1e sulfur
Speciee are formed from sulfide minerals only if free ox¥gen is present or, if
oxygen can be acquired from some other eource. Oxidattpn by simple electron
exchange will not produce the metastable species which are vital to the
genetic system. Roll-type ore can form on1y where'sulfide minerals are being
destroyed. "As stated by'ﬁrahéer (1976) this "is the fundamental difference
between these deposits and (Uravan Mineral Belt-type) deposits--the roll-type
deposits depend on contemporaneous host rock alteration for their growth and
development." Therefore, during the period of ore development deposits
accumulated along the distat edges of tongues where solutions were free to
flow through the permeable ore bodies. Wherever a roll-type deposit got
shunted to the lateral edges of the oxidizeq tongue, where the solution was
flowing parallel to the roll surface, oxidation of pyrite became virtually
nohexistent and ore accumulation ceased. Dormant ohe bodies might persist at
these localities, however, because of their protected position.

- If it is assumed that a supergene uranium-bearing solution got its start
near the surface where abundant atmospheric oxygen was present, an obvious
qdestion is concerned with how oxygen might be removed from a uranium-bearing

solution without reducing and precipitating the uranium. At intermediate pH

12



~va1ues, in systems whose dissolved oxygen concentration is fixed simply by the
ox1dat10n of, for example, magnetite to Fe (OH)3,. equi]ibrium is reached at
cond1t1ons represented by 1ine A-B (fig. 1) and the oxygen content 1s depleted
‘ to about 10-29 ppm. The urany] dicarbonate complex 1on remains soluble ‘under
these conditions. On the other hand, in a ‘system contro]]ed by oxidation of
dron disulfide to Fe(OH),, the concentration of netastable sulfur species far
exceeds the concentration of any soluble iron’ ions present Redox reactions
of the system are thus contro]led at least temporar11y, by the metastable:
su]fur species in solution (f1g. 2). Under these conditions uranium is
reduced and becomes insoluble (Granger and Warren 1969, and unpub]xshed
data). Although it may be a relatively slugg1sh process, uranium-bearing
solutions can therefore be stripped of all dissolved oxygen in a sulfide-free
system by reaction with ferrous-iron-bearing minerals such as amphiboles,
pyroxenes, biotite, and magnetite. Under these conditions the uranium remains
oxidized and in solution. However, in an iron disulfide-bearing system
similar oxidation reactions result in uranium reduction and precipitation.
Once oxygen is depleted, however, a uranium-bearing solution can flow through
a pyrite-bearing rock without reacting with pyrite or precipitating uranium,
The reason for the contrast between roll-type ore solutions which were
evidently relatively oxygen rich, and Uravan-type ore solutions which were
prebably oxygen depleted, may lie partly in the distance the ore'solution must

travel between the surface and the sites of ore deposition (fig. 3). .A '

3Urany] ion cannot be reduced (under equilibrium conditions) as long as
free oxygen is dissolved in the system. After oxygen is eliminated, however,
. thermodynamic calculations suggest that magnetite could be oxidized by uranyl
* ion if the product were Fe 0 Under the low temperature conditions generally
present, ferric oxyhydrox15es form more readily than Fey 0, and uranyl ion
reduction is improbable. We have assumed that the 1n1t1a? oxidized species is

Fe(OH)3 following Hem and Cropper (1959) and Lindsay (1979).

13
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Figure 1.-Combined Fe-0-H,0 (dashed) and U-0-C03-H,0 (solid 'Hne)
Eh-pH stability diagrams,

simply by reaction with magnetite (or most other
detrital mafic minerals).

A solution containing dissolved 0, and uranyl di-
or tri-carbonate ions will not precipitate uranium

Once all oxygen is depleted

by reaction with excess magnetite, the Eh is controlled
by the iron phases and, at equilibrium, will tend to lie

on or near line A-B.

reasonable concentrations of soluble uranyl species.
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Eh-pH stability diagram, Oxidized sulfur species shown
are the immediate, metastable products of limited or
controlled oxidation of pyrite.

A solution containing dissolved 0, and uranyl di-
or tri-carbonate ions can precipitate uranium by reactions
with pyrite. Once all oxygen is depleted by reaction with
excess pyrite, the Eh is controlled by the metastable
sulfur phases and will tend to lie within or near the
S203= field. This is well within the field of stability
of uraninite (U03).
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~solution trave1ing short distances (emciricaliy these seem to be less than
about 30 km) through a permeable oxidized tongue may retain much of its oxygen
till it can react with pyrite and fossil organic matter near the distai edge
of the tongue. On-the-other-hand an oxygenated soiution traveling 100 km or
so through rocks containing hornbiende,.biotite, and magnetite may lose so
much of its oxygen that it is virtuaily unable to‘oxidizevsignificant_amounts
of pyrite or organic matter. Under these conditionsﬁ too low a concentration
of the netastabie suifur species W111 be created to reduce uranyl ion and the
dissoived uranium will simply pass through v1rtua11y unaffected. It can be
seen that the permeabi]ity, ground water recharge, and ferrous iron content at
the host rock can markedly affect the distance through yhich the solutions
nust percolate before they reach equilibrium with the detrital ferrous-iron- ,
bearing minerals. These distances are a function of the time that the
oxygenated ground water is in contact with reactive rock and will vary greatly
from aquifer to aquifer. |

Uranium must be oxidized to the U*0 state to be mobile under most Tow
temperature natural conditions. Therefore, it can be seen that in both roll-
type and Uravan Mineral Belt types of deposits the mineralizing solutions must
have been oxidizing relative to uranium and, because uraninite (UOZ) is
generally present in the ore, the uranium must have been localized by ’
reduction. This indicates that conditions ndthin the accumulating ores were
reducing with respect to uranyl ion, and an Eh gradient must have existed in
and adjacent to the ore body. Associated minerals whose stabilities are
sensitive to Eh would be localized at specific intervals within this
gradient. It is, therefore, not surprising that element and mineral zoning
‘are found to be similar in roll-type and Uravan-type deposits. Selenium

minerals, for example, are found on the side of both deposits with highest Eh

during ore genesis.
17



LA Conclusions
o - He think thet this distinction between the ore-forming solutions that
_f produced ro]l-type and primary Uravan-type uranium deposits he]ps to
clarwfy several observations. :.
1. It explains the apparent lack of "redox d1fferences in the iron
p minerals on opposite sides of the ore 1ayer§'1n Uravan deposits, whereas

t pyr1te is oxidized on one side of rol]-type depos1ts.

i 2. Roll- type deposits seem to occur at 11m1ted d1stances--ord1nar11y‘

‘ less than 30 km--downd1p from the truncated edges of the host rock whereas the
Uravan deposits may occur 100 km or more from comparablestruncated edges (that
i is, edges exposed at about the time of ore deposition)a '

3. Rather than almost invariably being enriched as are roll-type
deposits, the ore stage pyrite content of primary Uravan-type deposits is
erratic and shows no consistent, direct correlation with uranium content.

4, The zoning pattern of both minerals and elements across ore ]eyers
‘and rolls in both roll-type and Uravan-type deposits is generally similar.

~ Some types of organic matter can adsorb chelate, or exchange the uranyl
jon directly (Szalay, 1964; Leventhal, 1979) or they may reduce it under
localized nonequilibrium conditions even in the presence of dissolved oxygen

(Kochenov and others, 1977). For systems not dominated by organic reactions,

however, the fundamental, albeit obvious, cooclusions of this study are that a

uraniferous solution that is saturated with disso]ved oxygen will not drop its

load of uranium by reduction under equilibrium conditions until the oxygen is
consumed by some means. Likewise, a uraniferous solution containing no free
-dissolved oxygen will not form a redox interface or roll-type deposit, in
f/pypite sandstone, by reactions with the pyrite. Toe amount of reductant

required to precipitate uranium from these oxygen-free solutions is much less

18



-than from oxygen-bearing solotions. Localization of Uravan-type deposits,
therefore, probab]y consumed very little reductant compared to the large

:amounts of pyr1te consumed during depos1tion of a roll-type deposit.

-
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