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THE GEOLOGIC PARAMETERS AFFECTING IN SITU LEACHING

OF URANIUM DEPOSITS

By ﬁobert A. Brooks
ABSTRACT

This report containS'materié] presented‘et the.Uraniuh Leach Conference{

which was held in Vail, Colo., August 25-27, 1976. The purpose of the |
presentation was to summar1ze some 1mportant geological concepts to a 1arge]y
nongeolog1ca1 aud1ence involved in the in situ extraction.of uranium from
- buried uranium ore deposits. The major geological feature affecting the
leaching of sandstone-type deposits is-permeability., Important permeability
~ variations may be caused by sedimentafy etructures,‘texture, structure,
composition, and 1ithology.- The effects of these features on leaching uranium
are discussed. The major uranium districté of the U.S. and the various
factors that would affect permeability and, consequently, uranium extraction.
in these districts are also discussed. |

INTRODUCTION

Th1s paper conta1ns ‘the material presented by the author at the Uranium
*Leach Conference wh1ch was. sponsored by the Amer1can Assoc1at1on of Petroleum
Geologists .and the Soc1ety»of M1n1ng Engineers of AIME. The meet1ng-was he1d
- in Vail, Colo., on August 25-27, 1976. ‘ThiS“paperoislnot a trénScript of ‘the
talk but has_been constructed from ootes used for the oral presentation.: The
: telk was presented to a group composed largely of nongeologists and, as such,
was merely intended to ekpose‘the‘audience to some géo]ogicel feetures thq}
may affect the‘leeching of uranium deoosits; The material herein was derived.
ffom many published descriptions and from personal observetion. The Tist of
" references included is not at all comprehensive; however, deﬁai]ed

descriptions of both the geo]ogica]’princip]es and the various described

uranium districts can be found in most technical libraries.
1



th'the Uhited.States;_moreethant95fpercent of high-grade urahium
resoureesfere'found in sandstohes;_;Figure'lvshows the prihcipal uranium
producthgvareas of the United States. . Except'for the depositsv(marked by
circles) near Spokane, Wash.,ithe Front Range of Co]orado; e]] uranium
Vdeposits shown occur in sandtones. Most of the operating or‘pienned uranium |
'vlleaching operatfons are situated*on.sandStOnerdeposits. This discussioh will’
.therefore be confined to sandstone-type uran1um depos1ts and those geolog1c
parameters that affect the 1each1ng of sandstone-type uranium depos1ts. 4In'
the first part of this paper,_some general principles of sandstones will beAs
; disoussed. The manner in which thesevprihcip1es may-be‘important in known '
uranium producing d1str1cts is descr1bed in the second part. Experience shows
that: ore recovery rates- encountered in-in situ leach Operat1ons average only
 about 65'percent‘of-the‘orefpreseht*~and it is suggested that the features
discussed here are largely- respon51b1e for these 1ow recovery rates.
Understand1ng the compos1t1on and texture of" sandstones is 1mportant
simply because these features contro]}both the ore.depos1t1on and ore
extraction. - The Tocation of the ore within the sondstone:is a function of the
f]ow‘of ore-bearihgvfluid through the-sahdstbne.j-Morewpertinenttto‘this |
i ~discussion, however; is fect that in situ 1eaching offuranium‘deposits depends
.onAthe flow of the Tixivant (the }eaching‘f]uid) and the resulting pregnant

Tiquor (the uranium4bearing‘so]ution)'through the sandstone. 'The flow of

- these solutions shou]d be thorough]y understood Fortunately, much. is known.

about the flow of f1u1ds through sandstone bod1es, and this know]edge 1s

d1rect1y app11cab1e to in situ 1each1ng of uran1um depos1ts.
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PART 1 -
CHARACTERISTICS OF SANDSTONE BODIES

The main parameters controliing the in situ 1each1ng of sandstone uranijum
bodies are those that a]ter the abiiity of the sandstone to act as a perfectly'
homogeneous body w1th equai penneabiiity in all directions. Phenomena that
can give rise to different1a1 permeability in sandstones can be d1v1ded 1nto

"five categories textural differences sedimentary structures 11tho]ogica1
-‘ differences structural differences “and geochemical or compOSitional

‘differences. ‘These - phenomena detennine ‘how closely a real. sandstone w111

- ;approximate»an idea1~one. In some cases, the categories over]ap~and may be

| largely 1ndistingu1shab1e the categories are thus somewhat arbitrary.
Texture | ' ‘ | |

The textura] -class includes: those parameters -that are: 1nf1uenced by the
: geometry and mutuai relations among the component grains of the sandstone.
For exampie, the grain size greatly influences the permeability of the. rock
(fig; 2). <As-the.grain-size‘becomes smaller, the permeabiiity of the rock
decreases; It should be recalled that aithough the permeability (which is the
- capacity for transmitting a-fiuid) decreases as the grain size decreases, the
porOSityt(which is the ratio of the voidfvoiumeito‘the total volume) remains
‘- the same. PermeabiVityﬁalso'decreases as_the‘degree:of:sorting decreases
(fig. 3),'because the smaller partic]es occupy'the pore spaces between larger
»partic]es.‘ The degree of packing is also” directly reiated to. the permeabiiity
(fid;,4). In a. 1oose1y packed rock, permeability and’ por051ty are both high; -
but'aowell packed»configuration offers less permeabiiity and pOPOSitya The
fabric:(orrorientation of the discrete:particies or component grains) also
affects'the{permeabiiity For examp]e the permeabiiity in the direction of

e]ongation 1s conSiderabiy greater than in other directions (fig. 5). fn-
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Figure 5.-;Thie effect of fabric o‘n'permeahifity.



. general' vertica]'permeabilities,in;Sandstones ereﬁfrdm‘ZO.to%35*percent,leSS

" than hor1zonta1 permeab111t1es due to'the'oriehtation~of-the'grains. As the

degree. of cementat1on 1ncreases, the permeab111ty decreases (fig. .6). - In most ‘

~of the~sandstone-type urantum~d1str1ctsx1n'the U.S., ore occurs as grain

coatings (fig. 7a);.1nterstit1a1 fi]]ings (fig. ‘7b), or messiVe‘replacements

- of the detrital matriX“(fig'-7c) The-ore- 1tse]f thus f111s pore spaces and
.reduces the- permeab1]1ty of the sandstone. | | |

- Sedimentary Structures

There is a wide range.of sed1mentarylstructures that 1nf1uence the

~ permeab111ty. These structures 1nc1ude crossbedd1ng, ripple marks
bioturbation,-slumps and cut-and-f111 structures. In general, these
~structures reduce permeab111ty in proport1on to the amount of Tineation norma]

to or inclined to the d1rect1on of flow (fig. 8). Thus, hor1zonta11y-bedded

sandstones promote»horlzonta1 permeab111ty, whereas inclined structures reduce _

it. Inasmuch as uranium ore occursrmost~comm6n1y~ih:fluuia1~and:nearshore
merine sediuents;.sedimentary.structures common todthese’environments are the
A most- important to understand. Severa1 good books descr1b1ng these structures
are available.. (See, for examp]e Bernard and others, 1970 )'

Lithologic Differences

Lithologic differences also exert control over theupermeehiltty (fig.
9). Coarse'sdhdstonestare more permeab1e-thén silts, Which;areLMOrevpermeable
*-than_c]ey;"Equéllyffmportant;.thoudh, is:the»arréngementvofrthese. |
1itho1dgies;vdThe'inccroporation'of'minorlst1t‘1ayersf1h a sandstone can
effective]y’compartmentalize permeabildty Within the sandstone;- Sandstones
usually contaln subt]e but 1mportant permeab1]1ty d1fferences as a result of

Vs11ght1y different 11tho]og1es. L



Figure 6.--The effect of cementatioh bnpérméabﬂi'ty}
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- ore- occurrences in’
sandstone. Ore appears
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a. Ore occurring as grain
coatings ‘
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pore spaces '

. €. Ore that has replaced original
- detrital matrix, lower part
' of photo ’ h

Figure 7.-- Photomicrograph showing
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'EiQUre 8.--The effect of sedimehtaryAstructuré on permeability.
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’Strdcture-.,.' |
Structural features also can exert.considerab]e»contro]4over4the_
permeability of a sandstone.}.Major structura])féatureéﬁsucﬁ}aé.féults'and
folds severely disrupt»flow patterns (fig. 10). Minor structural features,
.‘whicH often cannot.be seen from the surface5 éan‘a1sd,a1tér“the<f1ow. For
example, figure 11 shows a vertical c]ay—fi]]ed.dikeuwthh,acted as a vertical
pekmeabi]ity.barrier in é uranfum mfne in Karnes County,lTéx.k
' Comgdsition . o
The final class of improtant features of sand#tone is the geochemical

c]éés. The reactivity of the components of the sandstone affects the flow of
the so]utions. Becéuse this aspect is the subject of a-compiementany
geochemical pépér presented at the meeting (Pbttek, 1976), it will not be
discussed in-detail in-this report,' However, aAfew.points ére~worthy of
mention because_théy re]afé direct]ynto permeabiiity..“Injected.fluids can
dissq]ve-framework»sand grains. For example, acid 1éachate$ dissolve calcite
grains and cement, which can result in secondary chqnne]ization., Organic
‘materiallmay a]SOabé removed by-oxidants and alkaline TeaChates. Other

' reactivewspecies;can'élso,use-up(or*héutra]ize the réagénts byAvérious |
- ‘reactions and.thereby~reduce the‘efféctiVehess‘of.thef1eéch soTQtiong Clay
.minerals swell as-a’result of éorptipn of a number of cations, resulting in
severely redﬁced permeabi]ity. Zéolites and other.materiaTs'can also act as

~ ion .exchange resins.and .alter the composition of the injected f]uid;'

14
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Figure 11.--Montmorillonite-filled joint separating
ore-bearing sandstone on the right from barren -
sandstone on the left in a south Texas uranium
mine. Note the accumulation of dark organic
matter on the left side of the joint,
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PART 2
IMPORTANT GEOLOGICAL PARAMETERS IN SOME URANIUM DISTRICTS

The geo]dgital characteristics of some sandstone-type uranium deposits
illustrate how differences in these features of sandstones can affect
permeability and in situ leaching operations. This SUmmary relies on data
| gathered from deposits‘mined by conventional techniques; however, new deposits
mined in the next few yearS’w111 probably be very similar to the old ones, so
the same principles will apply.

Texas

There are two major groups of uranium deposits in Texas: those in Eocene
sediments in Karnes CoUnty and those in Miocene sediments in Live Oak County.

The Karnes County'deposits occur in sandstones deposited in nearshore -
marine and fluvial environments. The most important nearshore marine
environmentS‘are the barrier islands, which are elongate, podlike sand bodies
about a mile in width and several miles in length and which lie parallel to
the modern Gulf of Mexiéo‘shoreline. These barrier islands héve been
dissected by fluvial systems, and. deltas have developed wheke rivers met the
' harine environmenf. The modern Galveston barrier island model applies to the
-Eocene barrier islands (fig. 12) (Bernard and others, 1970). Figure 13 shows
a cross-sectional view of Galveston Island. The base of .the unit is composed
of mixed silt and c1ay§ the upper layers consist of coarser sand. Figure 14
diagrammatically i]iustrqtes how the ore occuré in the Eocene barrier
islands. Ore fs present in an asymmetrfca] crescentic shape, which presumably
results froh.a decréased flow réte of the-mineralizing'so]ut{on 1n‘the 1ower;‘

fine-grained, less permeable portion of the sand-pod.

17
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Figure 12.--Generalized isopach map of the clean, well-sorted Galveston barrier
island .sands. . ( From Bernard and others, 1970, fig. 50.)
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Figure 14.--Occurrence of ore in Escene barrier island, Texas. .
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.

The sandeis composed_ofsquartz, feldspar, ca]cite,'and cJay. In

addition there is a large amount'of vo]canic ash. In some places the ash

. QCCurs as g]assy shards, and -in other p]aces ‘the zeo11te c11nopt11011te which

is an a]terat1on product of ash constitutes a 1arge port1on (>5 percent) of

_thersand. The zeoTItes may create.spec1a1»prob1ems for_]each1ng;_inasmuch as

they may have a very high catioh3exchange capacity and may absorb some of the

" lizivant. The ore. minerals.are reported to be uraninite and coffinite, but

published accounts of the ore m1neralogy may be incomplete; further

characterization of the ore mineralogy shou]d be. undertaken. Tt might be

4notedethat:thevpublished accounts . of ore mineralogy in many uranium‘districts

have been primarily derived from X-ray diffractometry, which can miss some of

the subtle uranium'phases,,particu]ar]y in cases where the uranium species is

© poorly crysta]lized or where the Uranium is'bound to some cation exchange.

'_med1um such as humates, clays or zeo]1tes.

The structural geology of the Karnes County - depos1ts is genera]ly
uncomplicated. - However, there are a number of joints tend1hg approx1mate1y.
parallel to the strike. Often these joints are filled withvmontmoriilonite
(fig@;ll). These,dikes‘areggehera11y71ess than antinch wide but may extend

1,000 feet~horizonta11y andhup'tox80'feet vertically. They act -as almost

1perfect vertical permeab111ty barr1ers. These clay dikes could‘be‘dismissed‘

as insignificant. geo]og1ca1 cur1os1t1es except that they will have profound

o effects in in s1tu 1each1ng

The uranium in Live Oak. County 11es on the f]anks.of a M1ocene alluvial
system (fig. 15). The sand was depos1ted as a point-bar sequence. Sandy
point bars accumulated along the inside of meander loops, where the current
was weak. ’Figurezl6 ii]ustrates.some of thekimportant features of a point-bar

deposit.” There is a decrease in grain size -diameter and, consequently,

21
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FLUVIAL FACIES IN OAKVILLE SANDSTONE

A

o :‘Catahoﬁla Tuff, Miocene , o
P Channel facies in Oakville Sandstone.
| 1 Interchannel facies in Oakville Sandstope.
K 5
7
_—k
.C]ay,;Wesz& !
| - Burns Deposits
1
A ~ —
' 0 - 40 Kilometers ‘ ~ A
— — P ,
| 0 24 Miles -
S ' A’

Clay, West & . Felder Mine
" Burns Deposits T '

Figure 15.--Fluvial facies in M}ocene Oakville Sandstone. a, Map showing areal extent.
: b, Schematic cross section.

(Modified from Klohn and Pickens, 1970.)
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- Figure 16,?-Cross'section'of the Bkazds point bar near Richmond, Tex.
(After data in Barnard and others, 1970.)



berﬁeabiiity upwardlin the sequénce. This contraets wifh the coérsening
upward- sequence in the barrier islands. |

To'i]1ustrate the jmportance of these differences;in‘textUreAand‘
sedimentaryistrdcture, a’hypotheticaltideal point bar is shown'fn figure 17.
The*Sequence has permeabilities as high as 2,000 mi11iderc1es (mD) in the
- lowermost™ zones and grades'upWard to permeabilities of 10 mD (fig. 17a).' As
anfore-bearing»so1ufion is 1ntrodueed; ore is depdsited»in.the.zones-of lower
'=permeability.andfis tranéported.through"zones of,high-pefmeability'~resu1ting
in an prebody Tike thatushown,fn figure 17b. The oke, occurring in
interstitia15spaces, decreases the upper-zone permeability. - If a Teach fluid
. were injected-fn the left hole (fig. 17c)-andzwithdrawn;from the right, most :
of theyleach fTuid;would f]othhroughvthe highest permeability zones,
bypassing the ore in thelless permeable zones. The permeability relationships
within real (noﬁ-idea]) pofnt bars can be comp]icted,.because point-bar
~sequenee5vare often nested;’ SCOQring and redeposition make permeability "
re]afions within point-ber.sequences difficult to predict.

The structdre in Live Oak,Counfy is‘straightfofward. -The beds dip
gulfward at‘about 1°-2°, and no majqr,fo1d$'are known to affect the Oakville
system.“There are,Lhowever,:numerbus faults in the area (fig. 18). .Generally
these strike parallel” to the Gulf and are downthrown on the Gulf side. - Some
of these faults offSet.the Miocene rockseby as mueh'as 300 feet and are
assumed to be'jntimetely connected with geﬁesfs'of the ore deposits as shown
on'figure 19. In?1each1ng'0rénium from fau]tecqﬁtroTTed depdsité, exteeme_

care should be taken to understand the structure of the deposit. -

24



Figure 17.--Schematic illustration of the changes
- © 1in permeability caused by introduction and sub-
' - sequent leaching of ore.

-a. Natural state permeability. ,
~'b. Permeability altered by ore deposition.
. €. Permeability further -altered by leaching.
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F1gure 184--Fau1t offsetting host sandstone. Kop]in Mine,
Live Oak County, Texas.
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‘McLIéan 1, Live Oak Co.
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(15 Meters) HIGH - GRADE U ORE
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Figure 19.--Distribution of ore along fault plane, Live Oak County, Tex.
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. Wyoming

AyOrérhas”been produced from four.méjor basins in Wyoming--Wind River,
Great-Divide; Shjr]ey,:and4P6wder River Basins. »A]]'four bésins.pkoduce ore
frqn.arkosicAsahdstones_and conglomerates of Eocéne age. 'Theihoétfrocks‘were
derivéd from the erosion of Precambrian granites which were uplifted during
the Eocene. | | | “ o V _

The Gas Hi]ls<dfstrict; which has produced'aboﬁt 121pércent.of thé total.
~ U.S. uranium ore, lies immediately-north-of the Granite Mpuntainsw Ore occurs -
iﬁ permeéb]eﬂarkosic_sands of the.Eocene Wind River Formatidn.‘ Within the
Wind RiverAFormatfon;.ore occurs primarilyﬁin the Puddle Springs Arkose
Member, a coarse to very coarse-arkosé.with minor amounts of other
Tithologies, including boulder -conglomerate, fine sandstone, mudstone, and
. carbonaceous units. . The 'source of sediments-in‘the'PUdd1e.Springs was the
. nearby Granite Mouhtains. The Puddle Springs formed as:an alluvial fan on.fﬁe
f1anks-offthe Granite Mountains.~'Rapid'deposition»and proximity to the rising
: mountéin resulted in aﬁ arkosé in which the grains have undergone little
'chemica1 or mechanical weathering. - The sediment is-poor]y sorted and not well
cemented. Only incipient graded'bedding oCcuks (fig- 20). The diverse
lithologic typesfand poor,sorting'haygresult in problemé with 1eaching; In
the Gas Hills district ‘there are Severa1 h1gh-ang]e faults associaﬁed with
the uplift of the Granite Mquntains. These féd]ts may act aé vertical

permeability bérriéré.‘ — 7 | |

South of the Granfté Mountains, in the Great Dividé Basin, is the Crodks-
Gap distritt,(fjg. 21). 'The'Crooks Gap ore occurs in the Eocene Bétt]e Spring
- Formation, which is very similar to the Wind River Formation in the Gas
Hills. It is also an alluvial fan with'simi1af lithologies represénted; the

predominant ro¢k type is granite fragments derived from the Granite -

28
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st Post-Battle Spring rocks '

Battle Spring Formation (Eocene)

E'Greén River and Wasatch Formations (Eocene)
1 Paleocene rocks
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- Figure 21.--Generélizédigeology of Great Divide’Basih, Wyoming. (Modified
from Bailey, 1963.) o
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Figure 22.--Structure of Crooks Gap district, Wyoming.
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..Mountains.‘}fhe Crooks Gap district, thowever hasfundergone more-strUctdra] -
mod1f1cat1on than most other uranium d1str1cts in Wyoming (fig. 22)' |
- Compressional fo]d1ng occurred contemporaneous]y with the depos1t1on of the
‘Battle Spring Formation. . Folding and fau]tlng continued through 1ate Eocene
‘time and the Battle Spring Fonnationvwas deformed extensively Although this
_structura] complexity has not great]y affected the convent1ona1 mining of
uran1um 1t has 1mp11cat1ons w1th respect to in s1tu 1each1ng.

Uranium depos1ts_1n the Shirley Basin, east of the Granite Mountains,
-also. occur ‘in the Eocene Wind River Formation. The mineralogy-and
stratigraphy of this formation here are:very similar to those in other. uranium
'diStricts.‘iThe'Shir]enyasin‘fs a-small.Tertiary basin.surrounoed by
Precambrian, Pa]eozoic, and Mesozoic rocks. Faults with'snall displacements
are reporteovin the uraniumvpits, and many other major faults are present in -
+ the area. LThesevfau1ts did not:.affect open-pittminingihut4w111 affect
leaching. | '. | - |

The Powder River Basin, a]though 1arger than other uran1um producing
- basins, 1s s1m11ar in many respects. The units known to contain uranium
- include the Paleocene Fort Union Formation, the Eocene Wasatch Formation, and
the.dligocene.White River Formation. The High]and mine of Exxon produces from
the Fort Union, and many other depositS'oecur in the Wasatch Formation. -The
host,rocks.are finer grained herefthan inrother Wyoming basins. Sand was
oerived~from the Sweetwater arch to.the south and -spread north’into the
~basin. ' Arkoses:and sandstones-werevdeposited:in the basin by large s]owQ
- moving streams. Fluvial envtronments are better developedothan in other
_producingﬂbasins. The rocks are eomposed of ‘quartz, feldspar, rock fragments,
clayg'and oaleite;f~01fferentia1 cementation. by-ca]cite-has occurred, and some
-~ of the prev1ous]y discussed problems are present, so the- necessary precautions

should be taken. ‘
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©_.Figure 23.--Faults in the Ambrosia Lake disfrict, New Mexico. -

(Modified from Thaden and Santos, 1963.)
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. Colorado Plateau:

. The largest resourﬁes'of.high—grade urahium fodnd in.the Unfted States
_obcur'in tHe Grants minéra]xbé]t, in the'sduthern ColoradovPIafeau. These
Aeposits\occur primarily in the Wesfwater,Canyon-Member and an 1nfqrma1 unit,
thé Jackpilé sandsone,fbf,thg Jurassic Morrison Formation. At Ambrosia Lake,
the Westwater Canyon. orebodies are as much as 3,000 feet long and extend
1nterm1ttent1y,m§ny miles aiong trend.  The host rock isba‘fluvial arkosic
sandstone consisting of nests- of disconformable fluvial systéms. "The
traceable eXtent.of these unconformities is-general]y only a few tens of
feet. The disconformities terminate either by being cut out by another.

: disconformity of‘by dyingvbut'in surrouhding crossbeds" (Granger and others,
1961, p. 1185).<'Thus3the 1bca1 permeabilities are quite heterogeneous and are
re]ated'to ]ocal sedimentary structures. Thg Ambrosia Lake distrfct also |
- contains a good deql»of>féu1ting (fig. 23). One set of faults wifh 1arge
displacements trends northwest, and ményvémalTér faulté ake'present;
- The.grain size is quite vériabTe, Eanging from very fine to very
‘ cbarse.. The mineralogy is primérily quartz andvfeldsbah, but lesser amounts
»of.b1ay, calcite, chert, andlérganic‘matter are also presént; The ore
'consists“of-coffinité and pitchbleﬁde. which are quantitatively related to
carbonacgous matéria] or humate.- This-carBonaceous ﬁate?ia1<formed by
coagu]ation'of humic'aéid énd<1atef acted as a permeability barrier to ore-
bearing f]ﬁids. Thevorejis intimatejy associated With the materié1A(fig.
’24). The néture of theidranium-organic associatioh is only partially -
'undérstood; The carbonaceous material will affect the flow of leach solutions
| by actfng‘qs a permeability barrier and may alfer the combosifion of Teach

solutions.
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Figure 24.-—Uraho-organié material occupying interstitial pbrelspiée. 

,Ambrosia‘Lake_diStrict, New Mexico. (Photo courtesy of
John B. Squyres, Amoco Minerals Co.) '
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Another major deposit in the southern Colorado Plateau is the Jackpile-
Paguate deposit (fig. 25). The Jackpile deposit occurs in the Jackpile
sandstone, a local sandstone uhit occurring primarily in ségs on top of the
Brushy Basin Member of the Morrison Formation; The Jackpiie host rock is
similar to that in the Westwater Canyon; it is a fe]dSpathic sandstone with
large quantities of vo]cahic, sedimentary, and metamorphic rock fragments.
The sands are moderately well cemented With calcite and silica. The ore is
predominantly an‘urano-organic complex contéihing coffinite, and it occurs as
" coatings, interstitial fillings, and massiVe replacements of the detrital
matrix. Where the organic-uranium material has replaced the detrital matrix,
the ore itself aets as a permeability barrier.

North of the Gramts district, on the Colorado P]aﬁeau, the major
producing unit is the Salt Wash Sandstone Member'of the Morrison Formation.
It was deposited as a large eliuviai fan, whose'apex-lies:hear the area where
the Colorado River crosses fhe Arizona-Utah border (fig. 26).' The fan
diverges radially from the apex, where it is some 300 feet thick, to the
dista] edge where it exists as a series of sandstone 1edges 30 to 50 feet
thick within finer-grained material. The important uranium districts seem to
be localized within paleochannels along a ?one at which the fan sediments
change distally from dominantly sand to dominantly silt and clay.

The sandstone consists of sedimentary orthoquartzie, tuff, and rock
fragments; Most of the sandtone ié cemented with caicite and silica. The ore
occurs as carnotite; montroseite, corvusite, uraminite,'coffinite, and a
variety of other secondary minerals. The ore minerals occur as grain coating
and as massive replacements, and the dre zones are often the Teast permeable
parts of the sandstones. In situ leaching of the Colorado Plateau uranium

deposits will probably be more difficult than the leaching of deposits in
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"Figure 25. --Isopachous map of Jackp11e sandstone, New Mex1co (Aéég;vKitte1,
1963 f1g 3. ) ‘ :
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SALT WASH MEMBER OF THE MORRISON FORMATION
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Figure 26.--isopachous map of the Salt Wash Member of the Morrison Formation,
Four. Corners area. (After Craig and others, 1955.)
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Wyoming or-TexésAfor several reasons. First, many of the deposits contain as
much or more vanadium than.uranium,vand the presence of vanadiuﬁ will make the
chemistry dfrthe required 1eachatevmore comp]ex. Second, the ore is more
discontinuous and will require careful delineation. Third, the sandstone is
less permeable than the Tertiary sandstones fn the Wyoming and Texas uranium

districts.

SUMMARY

Successful in situ leach mining of uranium deposits depends on an
understanding the local permeability patterns, which will control the movement

of leach fluids and pregnant liquors. Features that are trivial in

_ conventional mining, such as porosity, clay matrix, cementation, mineralogy,

and the reactivity of minerals, bécome vitally important in leaching.
Differences in these,features directly affect the ability to remove .ore
efficiently. Permeability iskthe most important control of the flow of the
lixivant, and the permeabi]ity‘canlbe affected by texturaf'differences,

sedimentary structures, lithologic differences, structure, and composition.

.Often the presence of the ore itself is a major permeabi]ity-reducing feature.

Although these features may cause problems in in situ leaching, such
problems can be diécoveréd and appropriate measures taken before leaching
begins.‘ Aoiding these problems requires some special techniques and é more
careful examination than is generally accorded geological féatures in‘open pit
and uﬁdergroﬂnd mining. The results should prove to be worth the time and

effort.
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