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.SUMMARY OF THE MINERALOGY OF THE COLORADO PLI\TEAU URANIUM 0~ 

By 

Alice D. :we·eks, Robert G. Coleman, and ~ry . E., Thompson 

In the Colorado Plateau uranium . . has been. :produced , chie:fly from yery 

shallow mines in .c~rnotite ores (oxidized vanadiferous uranium ores) u.ntil 

re-cent deeper mining penetrated hla.ck tmoxidized ores in water-saturated 

rocks and extensive exploration has discovered. ,many . d.e:po.si ts of low to 

.nonvanad.iferous ores & ~he uranium .ores includ-e a ·wide range from highly 

vanadiferous to nonvanad.iferous and from as much as one percent to a tra.ce 

oi' copper, a.nd .. contain a small amount of iron and traces of' lead, z,inc, 

molybdenum, cobalt, nickel, silver, manganese, and other me·tals. 

Recent investigation indicates that the ea.rnotite ores have been de­

rived l)y progressive oxiQ.ation of primary (unoxidized) black ares that 

contain low~valent uranium and, .v&nadium oxides and si-l icates o, The uranium 

mineral.s, uraninite and ,coffini tie, are associated with coalified wood a-r 

other carbonaceous material. The vanadium mir:terals, chiefly montroae ite, 

roscoeli te, and other vanadium silicates, occur 'in the interstices of' the 

sandstone and in siltstone and .clay pellets as well as associated with 

fossil wood. Calcite, dolomite, barite a .nd minor amounts o-f" sulfides, 

arsenides, and .selenides occur in the unoxidized ore. 

Partially oxidized .vanad.if:erous ore is blue black, purplish brown, or 

greenish black in contrast to the ·black o.r d.ark gray unoxidized .ore. ,Vana ... 

d,ium combines with uranium. to form ra.uvite •. The excess va.nadiUlll is :pres.ent 



in corvus i te, fernandini te, melqnov~n.adi t.e ~nd many . ·other quadri valent 

and quinquevalent vana.Q.i:um minerals as well aB in vanadium . . si-licates .. 

-Pyrite and part or all o:f . the calei te a.re re:f>laced by :i.ron .o~idea and 

gypBlUtl"" 

. In o:x;idized vq.nadiferous uranium ores the ura.n.;ium is fixed in the 

rela.tl.vely insoluble minerals ca.rnoti::te and tyuya.munite, and the excess 

varu:tdium commonly combines with one or more of the f'·o.llo,wing~ calcium, 

sodium, potass.i:um, mgnesi.u.m, aluminum, iro.n, copper, manganese, or 

barium, or rarely i.t f'o:rms the hydrated pen.t.o..xide q_ · TJJ.e relatively stable 

vana.¢iium silicates are little affected by oxi.~.a.tion_~ 

,T:ne unoxid.ized nonvaradi:ferous o.res contain u:r:a:o.ini te and eoffini te 

in clase association with coalified wood. and -iron and .eop~er sulfides, ~d 

trEJ.ce.s of· many other sulfides , ~senides and sel.enides ~ The oxidized -

nonvana.dife.rous ores di:tfer :from the vana.diferaus ares because, in the 

absence of vanadium to complex the ura;nium, 81". great variety of seconCi.&ry 

yellow a,..'1.d greenish-yellaw ur~yl .m:i.nexals ~zoe f"oxme.d.. The u.ranyl suJSates 

and carbonates are more comman than the ox:tdes, phas~phates , arsenates, and 

si.licates,. Be.ca;u.se the sulfates and carbonates are much less stabl-e t han 

carnotite, the oxidized .non vanadiferous ores occur only as halos around 

cores of uno-xidized are and do ncrt form large oxidized de:posi ts close to 

the su.rtace of the ground as carnotite ores. 

Oxidation has taken pla,ce since the lowering of the water table in the 

:pres.ent erosion cycle • Because of' local structu.res and the higb.ly lenticu­

lq.r cha.racter of the fluviat.ile host rocks perched .water tables and :water .... 

saturated lenses of sandptone are common high above the regional water 

table • . unoxidized Gre has been preserved .in the.se water·""isaturated .rocks 

and.. the boundary between .oxidized .a.n.d un.oxidized ore is very irregular. 
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INTROI:)UGTION AND ACKNOWLEDGMEWJ:!S 

Vanadi:rerous uranium ores were :discove.red i:o. sandstones in .western 

Colorado in 1898 Etnd .carnotite, a yellow secon~ry ura.nyl vanadate min-

eral, was named the following year (:Friedel .and Cume:n,ge, 1899 ) .. At first 

the ores were mine4 chiefly for radium, later for .vanadium, and recently 

for uranium (Coffin, 1921; Fischer, 1942; fischer, 1950). For many years 

the :production ,was from oxidized ore in sh~llow .mines, and the _Plateau -Ores 

became characterized as carnotite ores (Hillebrand and .Ransome, 1905; Hess, 

1933)... Recent extensive exploration and .deeper mining, in many pla..ces in 
,-

the Plateau, have :penetrated black unoxidized .vanadiJ·erous ore _ below 

perched .water tables or close to the main water table. Also nonvanadiferous 

ores, both oxidized and unoxidized, have been found • . Much of the present 

uranium production in the Plateau · is from unoxidized or primary ore. ~e 

deposits are now generally referred to as sa.ndstone=tY.Pe uranium deposits 

rather than .carnotite_ de:posits. 

The chief' uranium producing horizons in the Colorado Plateau are in 

the Morrison formation of Late Jurassic age and contain vanadiferous ll.:ra-

ni'llln. .ore. Important :production also comes from the Shinarump conglomerate 

and the basal sandstones of the Chinle formation of Late Tria.ssic age.. These 

contain vanadiferous uranium ore in Monument Valley, Arizona; Big Indian 

Valley, -San Juan County, and the Temple Mountain area, Emery County, Utah; 

copper-uranium ore in the White Canyon and Red Canyon areas of San Juan 

County, Utah; and ,uranium ore in other areas of' Utah .a.,.7J.d Arizona. The 

Todilto limestone of ){iddle Jurassic age on the northeast and east of the 

Zuni uplift . in New Mexico .contains uranium and a little vanadium. The 

Entrada formation al,ong the eastern margin of the Plateau in Colorado eon-



tains va .. 11.adiu,m ore with low urtil:nium content~ Bo.th a geographic and 

stratigraphic variation in .metal r~tios occuxs in tne ·Platea:u ores, 

Thanks are due ~ny of ·our colleagues on the Geological .. S'U.X'vey who 

have advised .or participated in this study~ Chemists_, spectrographers, 

&nd ·X-r-ay crystall.Qgraphers have done much anal.yi:;iea~ work, ~nd many 

field geologi.sts, both of' the Geological Survey and Atomic Energy CommiS= 

sio.n, and .mining eom;pany employees have ai-ded us ill thi.s study. Re;ferences 

to -the ge.ology and .mineralogy of v~rious urani'llJ"'ll deposits on the Colorado 

Plateau by J~ w. Gruner, P:. f. Kerr, and many others have bee:a compiled 

by Cooper (1953~ 1954) •. 

CLASSIFICATION 

The Plateau uranium: ores are classified on the basis of whether or 

not a significant -4mount of v~nadium is associated With the u.:r.'~:O.iUlll (Weeks 

and Xho.m.:pson, 1954) .4 The presence o.:f vanadium. has an important che:m:lcal 

.and mineralogic control on the uranlum during the oxi&ttion of' the ore. 

Vanadiferous u,ra.nium ore ranges in v~u ratio, from more than 15~1 to .1 :1 and 

.contains traces af' eop:per and .other metals, but in general the copper 

content is less than . . in nonvE;na.diferous ores. . The uranium ores referred .to 

in this report as nonvanadifero.us may ,contain .traces of va.nadiwn, and 

-cQmmonly contain lnino.r ~mounts of copper and o-ther lJle.tals , lqcally . as mueh 

as l percent of' :cowera: The two main types may b:e subdivided .according _to 

the degree of oxidation ·that has taken place.. Minera.logically the types 

differ greatly .because the affinity of vanadium for ·ura.niu.m tends to make 

the uranyl va.nadates, carnotite and tyuy4munite, the chief lJ.ranium Jni:aerals 

in oxidized .vallFtd_if'ero:u,s ore, whereas ·the oxidation of ura;n.:tnite in nortvana.­

.diferpus ore :p;roduces a greater variety of secondary yellow and greerdsh-
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yellow 11.ranyl .minerals such as hydrated oxides, carbonates, sulfates, 

phosphates, arsenates, and .silicates (tables 1 and 2) d· Subdivision o:f 

the nonvanadiferou.s uranium ores on the basis of copper content (Finch, 

1954) is unnecessary .because the co-pper is unimportant .commercially and 

it does not control the uranium during oxidatj,pn by complexing as does 

vanadil.ll:I4, The uranium ore at Temple Mountain in the eastern part of the 

San .Rafa,el s-well in Utah h~s been referred to as ~.spha.lti te ore (Hess, 1922) 

because of the al::mndance o:f asphaltic or other carbonaceous material~ 

However, higher.-thanc~average carbon content does not :preyent classlf:t-.ing 

~this ore on the basis o:f mineral assemblage With the other va.nadife:rous 

uranium ores,. .All of the .Plateau :ur~nium de:pos.i ts have associated .. carbor.a~ 

ceous m.a.terial and -the Temple Mountain ores d:Lffer more in degree than kind. 

Much more va.nadif'erou.s than nonva.n.a.diferous uran.ium ore has been mined 

on .·~he Colorado Pl~te.au~ Th.is is due to the influence of' inte~.sive m:Lo.ing 

of' va.nad.ium. just :prior to the recent interest in uranium miningQ Se·ven o:f 

the ·nine processing _plants on the Platea.u in 1955 handled .vanadif'erous ore 

and. recovered. both vanadium and uranium (Ritter, ~955). Re-cently . the 

pro.duction of low vanadiferous and _nonvanadi ferous ores has increased o ·The 

sandstone-type uranium deposits on the south and west flanks of the Black 

Hills, South DakQta and. :Wyoming, are moderately va.nadiferous and resemb-le 

the carnotite ores of the Colorado--Plateau._ However, the sandstone-type 

ur~nium deposi.ts in the Powder River basin of Wyoming seem to be low 

vanadi.ferous and thos-e in the Wind ,River basin of. Wyoming and. in ·Karnes 

County, Tex •. , may contain more uranyl phosphates and .a.rsenates than ura..nyl 

vanadates._ 
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Table 1.~-Uranium minerals found on the Colorado Plateau. 

Oxides~ Uraninite U02+ 

Becquerelite 2UOs•3HaO 

Schoepite UO.z .. 2H20 

Gummite (fine-grained mixture consisting in part ot 
hydrated oxides) 

Carbonates -~ Rutherfo rdine ( UO.e) { C03 ) 

Sulfates~ 

Schroeckingerite NaCa3(UOa)(COs)3(S04)F·lOH~ 

Bayleyite ~(UOa)(C03)s•l8H~ 

A,ndersoni te NaaCa( UO,e) (COs )s·6H~O 

Liebigi.te Ca,a(UO~) (C03 ) 3 •lO-llRaO 

Rabbittite CasMg3 (UO,e)a(C03 )a(OH)4•18HeO 

Uranopili.te (U02)a(S04) (OH)~o·l2Ha0 

Zippei te, Basic sulfate of U, uncertain :formula 

.. zippei te "~like minerals 

Phosphates~ Autunite Ca(UO~)a(P04)a•l0-~,. ­

Torbernite Cu(UOa)a(PC4)a•l2HaO 

:Bassetite Fe(UOa-)a(P04)a•8HaO 

l. l. 
Meta-autunite Ca(UO.e).e(P04)2•.s2-62Ha0 

Metatorbernite Cu(UOa)g(P04)a•4-8H,eO 

Phosphuranyli te Ca ( UOa )4 (PC4 ).a ( 0H')4 • 7Ha0 

Sabugalite HAl(UOa)4(P04)4•16HaO 



Table l(I'~ .... Uran].um minerals found on the Co.J.orad.o ·Plateau ... ..;Continued. 

.Arsenates~ 

Silicates~ 

Vanadates~ 

Unknowns~ 

Zeuneri te Cu ( UOa)a{As04 h~ Q 10-12Tlfa0 

Abernaotb.yit.e Ka(UQ2)a(As04)af;8H~ 

Metaze-uneri te Ctt(U02 ) 2 (As04}2•8ll,g0 

Novacekite Mg( UOa)~(As04)aa8-lOH~O 

Coffinite U(Si04)2 -x(OH)4x 

Uranophane Ca(UOa)?(Si03)2(0H)a•5HaO 

Beta .... u:ranophane Ca(U02)a(SiQs)a(OH)a~"5H20 

Cuprosklodowski te. .Cu ( UQz) a( SiOs)a( QH) 2 "'5H20 

Sklodowskite Mg(U02)a(Si03 ),a(OH)2 .. 6Re0 

Soddyite (U0a)5 (Si04)2(0H)ac.5He0 

Carnotite Ka(U02)2(V04) .a .. ~. l-3Ha0 

_ Tyuyamunite Ca(UOa)(V04} a ··5 ... ~aO 

Meta tyuyamunite Ca ( UOa) a-( V04)2 • 3-5H.e0 

Rauvi te CaO "2U03 ·" 5V:a05 "l6Ha0 

UvanJte 2U0s"'3V20s•l5Ha0 

Severa l sulfates, phosphates, and silicates 



Vana.(iyl 

Mont:r·o.sei.te VO( OH) 

New Ya.:nadi.um Jnin.eral ];./ V20(0H)4 

lil.ew vanadium (IV) mineral f./ 

Duttonite VQ(QH)2 

vanadates ~ Mela..nov~n.adJ. te 2Ca0 •2V~04 P-:?Y20s j)R~O ( 1) 

. New vanadil.m (XV ~nd V) mineral (tetragonal erys tals ) 

Fe:rnan.d;in.i te CaO ~.v~4 • 5V .eOs . .,lli-H-20 

Urm{:).med iron vanadyl va.n.a®te 

Vanadates ~ Cale tove>lborthi te ( Cu, Ca )~( V04.) ( OH) ~ ' 

Ves igniette c~~a{\lP4. ) 2( OH )~ 

Volborthl. te C"ll\3 (V04.) 2 o.3H;;?0 

Carnotite K2(U02).e(V04Je•3Re0 

TyuJS,m.uni te Ca.( UO.e) 2·( VQ~Jz •5=~~ 

.Meta~tyuyamu.n.;i.te Ca{U02)2('V0~)2~3 ... 5H~ 

Fervan.lte 'Fe?'( V04) 2 -~~ 

Ste:igerite A12'(V04Ja~6tH~o 

Rossite CaV20.eo.4H?9 



1·~ 

-./ 

Table 2. ~-Va:nad:tu.m minerals fo1.:m.d o.n the Colorad.a ~1.ateau .... - Continued.o 

.Rewettite CaVsO.:ts•9H20 

Silicatesg Roseoelite K(.Al,V)2(Al,Sis)Olo(OH,F)~ 

Va.nadium-beari:ng chlorite 

1/ Personal e.oxrmrunicat:Lon., R. •r,. Evans~ 
2/ J?e;rsona.l ea.mm:u:niea tion , 'T ~ Wp . Si;ern.p 
3/ Barnes~ W. B:~ , 1955, Hewettlte and m.e·tahewettite: Ant• .M:L:o.e:ral.ogl.~t, 

v. 4o--; P~. 689.,.·69lp. 
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MINERALOGY OF T".tiE .PRIMARY ORES (UN OXIDIZED) 

Vanadife.rous ores 

The primary vanadium-uranium ores are characterized in general by 

their black color and by the presence of low ... v:alent uranium and vanadium 

oxides and sllieates, and .copper, iron, lead, and zine sulfides, arsenides, 

and selenides (table 3). These ores should not be confused with the blue .. 

black or corr.l.Si te ores which represent an intermediate stage of oxidationo 

The ores have a wide range of vanadium. content and for convenience in 

description they have been divided into groups on the basis o:f their 

vanadium-uranium ratios .. 

Vanadi1.un-uranium ratio greater than 15~1 

Vanadiferous ores with low uranium content are characte.rized by the 

dominance of vanadium silicates over vanadium oxides and by the general 

lack of .fossil wood,. The un.oxidiz;ed .ores in the Entrada sandstone (Jurassic) 

o:f the Rifle and. Placer-ville di.stricts in western Colorado are representative 

of' this group and appear to have a .monotonous and simple mineralogy (pl~ 1). 

At Placerville roscoelite (table 4) is the dominant vanadium mineral occupy ... 

ing the intergra.nular areas as fine-grained micaceOl) .. S aggregates, and at 

Rii'le it is accompanied by some vanadium-bearing chlorite and mixed layer 

mica-montmorillonite (or so-called hydrolill mi,ca). No vanadium hydrous 

mica is present in the primary roscoelite ore at Placerville. In roscoelite­

ri-ch thin layers either concordant with or cutting across bedding planes the 

quartz is strongly corroded and m.icrostylolites (Fischer, 1942, p. 380) 

develop where the quartz grains are in juxtaposi ti.on. Montrosei te (Weeks, 

Cisney, and Sherwood, 1953) is interleaved with the roscoelite aggregates 
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Table 3.~-Sul:fides, arsenides, selenides, a.nd other accessory metallic 
mi.nerals found on the Colorado · Pla.te~uo 

Elements~ Native arsenic 

Native selenium 

-Sul.fides ~ .Py:ri te FeS2 

Cobalt ian pyrite (Fe,Co)S2 (as much as l percent Co) 

Seleni an :py-rite Fe(S,Se)2 . (as much as 5 percent Se) 

:Marcasite FeS2 

5e.lenian marcasite ·Fe(S,Se )2 (as much as 1 percent -S.e) 

Galena PbS 

Spha.leri t.e Z.ns 

·Chalcocite C'U,2S 

Digeni te Cu.2-:¥.:8 

Bornite C-usFeS4: 

Chalcopyrite CliFeS~ 

Greenoekite CdS. 

Covellite CuS 

Molybdentte MaS2 

Jordisite }=/ Mo sulfide ( 1) 

Realgar AsS 

Arsenides g Domeykite Cu.sAs 

Selenidesg Clausthalite P"bSe 

Eu.cai:~;•i te CuAgSe 

];_/ Gruner a.n.d Gard,in.er (1952) !l 
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Plate l 

A. Primary vanadiferous ore 1700 feet in from the portal, Fall Creek 
mine, Placerville, Colorado. The irregular white areas are strongly 
corroded quartz sand grains. The gray groundmass is roscoelite and 
the black opaque areas are montroseite, some showing radiating, 
bladed crystals. Thin section. 

B. Primary vanadiferous ore 7000 feet in from the portal, Garfield mine, 
Rifle, Colorado. The irregular white areas are quartz grains showing 
some corrosion. The gray intergranular areas are roscoelite and the 
black opaque grains are montroseite. Thin section. 



SiOz 

·Ti02-

FeO 

C02 

MnO 

LiQz 

1 

N~aDc* 

1~58 

0 .~83 

8 .. 28 

0.53 

.0 .. 20 

o~o2 

none 

99.o.75 
Le.ss 0 ~ F · 0 .. 06 

17 

18"'31 

17o.57 

lo69 

o .. 4o 

3a;l0 

2.42 

OqOll 

lq_626 

1.061 

.Q..,Q92 

Ou.039 

Metal atoms 

4,000 

1 1.081 

Calci.te impurity 

1. Roscoe.lite from Placerville, Colorado (Fischer, HaiT, ~nd Rominger, 1947, 
p. 124) ·" Analys.t ? v~ . North o 

2o Ro,scoelite from Fall Creek mine, Placerville, CoJ.orado, collected 'Qy 
A, L,. Bush. Analyst, Hp; -Levine •. 

* NoD •. , not determ:ined ... 
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as small d.i.screte crysta lline rb;oet~tes (). Pa,.ram.ontrosei'te (Evans and .Mrp.se, 

19:55) 71l;ly . locally su;pe:rsede montrosei te where o.Y.idB.tion has commenced$ 

-Calcite or dolom.i te commonl y a ccompanies the mon·troselte and xQ.sco.eli.te 

and appecp::"s to ·be con:temporaneous with the v~nadium minera.lj.zati.on ~ Minor 

l:m,t :persistent galena (with clausthalite in solid !*C)lu:tion) anCl. chalco. ... 

pyrite are accomp~n.ied by sp~rse pyrite and ,ma,;rcasiteo SntalJ,. .~ounts of 

uranium are present; , but its m.:Lnera.lpgic oecu.:rr·ence has not been determined 

. eom.:pletely. 

·v""a.nad:i:u..m ... u.r.a.niu.m: ratlo ·bet.wee:r:t 15 ~ 1 and 1 : 1 

Ores with vanadium,..u.ra.nium raticwcs rangi.ng between 15~1 and _l ~l occur 

extensively i.n the Sa,l.t Wash S$d.stone member o:r the .Morrl.son f ormation 

(Late Jurassic) and to a lesse.r exte.nt in the Sh.ina:r.u.nrp conglomerate anA 

.Chin~e torma t:ton ( Tri~ sic ) and in ether f.orxr.Ia'tions o 

The ur~n:ium. OJ\-::c.urs in uranini te ( t.a.ble 5 ) and. co:f:fi.ni te ( Stie:ff, Stern, 

and. She;rwood., 1955) ln the :primary ore and a lmost ·w:!:thout exception is 

as.sociated .wlth coa li.:f led ."Wood. or other ca!rbonaeeo:us ~~terialii, Vari ouJ;; 

. Ertages of uraa.iu.m .sa_t:t.u"ation of the coalified ·wood ba;ve been observed o An 

ord,inary X=ray (ii:ff,raction. :powder photograph may not detect uraninite sr 

.Gof'Tinite .unless several pereent uranium is :present~ 

_Uranin.ite _preferentially.reyla.ces the cell -walls of the wood structure 

(pl. 2A). Cammor.tly . the eell lumens (cavities) are filled ·by sulfides 

(pl. ·2B-) ,, -~ut if . the l-umens are 'Vacant the uranin,:i'te als-(l :forms in this 

area;. .Wb.ere the original w~9d ._structure was colla:pse.Q. or vi tra.tnized or 

both d:u:ring d i agenesis , the uxanir1ite intimately impregna.tef3 or replaces the 

coal. and faithfully re·tains the coaly structures ,. ,Urani:nite deposited in 

the sandstone bordering fossil wood may sho-w· replacement o:f earlier suJ£ides, 
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.Table 5~--Analyses O·:f uranini·tes o1p2/ 

uas 
uo2 

.. ThQ;l 

.PbO 
CuO 
Ni20s 
.coaOs 
Fe~s 
.Ti02 
AlaOs 
ZnO 
MnO 
Si02 
CaO 
Ba.O 
,SrO 
HaC)+ 
H:aO~· 

VzQs 
.s 
.As 
.Se 
F 

0 ~or F 

Total 

SpeeLftc gravity 

Un1t cell 

Jlo08 
52a28 

n:Ll 
.QQ74 
2o96 
N4D .. * 
Noll..,* 

NQD . .,* 
Oo}O 
NaDo* 
N'a.Do.·* 
2o..8'7 
:2.62;2 

J Ool5 

00,99 
Oo28 
Oo.54. 
1a70 
OoOO~J. 
rd.l 
o~;:21 

97 o51+ 
Oa11 

20.58 
42n49 

N.D.*· 
1~48 
N:liD,.* 
o.4o 
o~6J+ 

. 1 p~3 

Ot~29 
1o l 8 
4o09 
QQ22 
4a.35 
2!)40 
5o2l 

·0~34 
lg17 
0 .. 70 
0.22 
4o35 
OP013 
0~003 
0.:28 

92o}4 
0 .91:2 

8._6 

1/ Analyst~ Glen E~gington, Uo So Geological Su.rveyo 
2/ Age detenn.ination.s on these uranini tes have bee.n ;published by 

Stieff and Stern (1952)~ 
* N.,D: .. , not d.eterm:i.nedl!! 

l"' .Happy Jack mine, V.P.ite Canyon, Utah.o .:t;roba.bl.y contains qu1a.rtz, pyrite, 
chalcoei te ~ and ehalcopyri te as minor 1.ra:puri ties o 

2 .. Shin~rump No., 1 mine, Se"'\Ten Mtle Canyo:n, L!rand County, Utah. Probably 
contains pyrite, quartz, calcl t.e, and bar:i. te as m.inor impu~rities., 
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Plate 2 

A. Primary vanadium-uranium ore, Mi Vida mine, San Juan County, Utah. 
Uraninite (light gray) replaced cell walls of coalified wood and 
partially infilled the lumens. Calcite (dark gray) filled the 
remainder of the lumens and fractures along the wood rays. Polished 
section. 

B. Pyrite associated with primary ore, Marshbank Canyon mine, Temple 
Mountain, Emery County, Utah. Pyrite (white) replaced the cell walls 
of coalified wood and impregnated the lumens. The dark particles are 
quartz. Polished section. 
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or detrit a l qu.artz, or be intimately intergrown .with calcite or dolom:tte~ 

.Coffinite is a lways f ound withi.n coalified. wood .where j.t fi.lls the cell 

cavities 0: . ".Most of the O(::Currences crf cof'finite ~.re in vanadiferous ores, 

and many of' .t hese are in the Salt .Wash san~stone member of t he Morrison 

formation in t he Urava:n. minera.l belt o.f westt,1rn Coloretdo .(Fi s cher and 

Hilpert, 1952) 1). 

Detailed study .o.:f polished sections of m.in.eralized .carbon~c-eous mate­

rial indteates that much of the so-calJ_ed. aspha.l tite o:r.e is sandst.one con­

tai.ning many small ,detrital fragments of coall:f.ied :wood with som.e inter .... 

stitial insoluble car•bonaee ous matter that ls an.ls tropic and. does not sh-ow 

any cell structure.. Ttle quartz grains in the impregnated. sandstone border­

ing the woad are commonly ccrrodedo_ P£trttcul a.rly in. the Temple Mountain 

area this t-y:pe of' ore is further impregnated or coated. along joint su.r.f'.aces 

with thLck brown crude oil• The chemical character of' th€se ca-rbonaceous 

rna terials is discussed by . Breger and -Deul ( 1955) o 

In the prl mary ores of tb.is gr0;up vana.dj;u.m. -oxid.ee appea:r t o be more 

abu.ndant loca lly than ve.Ba\tlJ:t.J.m. s:t1ieates o Th.e chief primary oxide, mont~ 

roseite VO(OH), is easily oxidized .to .t he more eommanly ob se:r•-ved param.ount­

rosei teo .Another primary vanadium oxide VaO( OH )4 has recently be.en iden.ti­

:f'ied from South Dakot..a. and New Mexico .(personal communicati¢n, Hp. T. ·Evans, 

J • . Wo Adams, and Ao. G. King) o. In :places mcmtro;s.ei te i111;pregnates t.he :fossil 

wood by fill ing ce~l eavities , but the grqwt h of" its elongat e crystals 

soon obscures the wood struc-ture o T"J.Pically its strong .crystallinity 

c auses the forma,tion of rosettes a.nd. bands of intricate and sinuous nature 

either in contra;cti.on :fractures in f ossil wood (:plo 3) or in :Lnterstttial 

areas of the sand,.stone (Weeks , Cisney, and .Sherwood., 1953, :Po 1237) e 
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Plate 3 

A. Partly oxidized uranium-vanadium ore, Mi Vida mine, San Juan County, 
Utah. Light-colored needlelike paramontroseite crystals replaced by 
dark-gray, massive new vanadium (IV) mineral. Polished section. 

B. Primary uranium-vanadium ore, Oversight mine, Montrose County, Colorado. 
Banded aggregates of montroseite fractured and healed later by calcite 
(dar~ gray). The medium gT-ay patch along the bottom is coalified wood. 
Polished section. 



Asso:ciated with the IllOntroseite a:n.d pa.ramontros:ei.te in the tnt.er-

may be one of . the m:cu:st :i.mport~.t vanadilll'll s il:ica:tes in th-e primary ores !) 

Intensive study of· a small number af sam-ples (Hathaway-, 1955) indica.tes 

that roscoelite is not ~n important mi:aeral in this group, but that . va~= 

dium. .hydrom.ica, cha;ra;cterized as a mixed layer miea-mo:n:tmox'illonite clay, 

is c·ommanly pre.sent ~nd. may :c-ontain considerable a.mo.unts of vanad:iurn.IJ The 

in. thin section .sho-w· a . mode.rate bi.re:fringenc·e .and a ll'larked,. pJ.eoch.-roism~ 

A ~mall amount of ka.o.linit:e ma:y also. be presen:t out . does not . co:ntain Eru.bsti~ 

tuted .vanadil.Ult. 

Pyrite and. .marcasite are the mo.st .comm.on sulfides a.ssoctated with the 

·-:prtma.ry ores and two di .. stinct genera.tions of tron sulfides ba.ve been. recog ... 

nizedo ; Sulfides formed during d:tagem.esis impz·egnate or form :ps.eudomorphs 

of wo.od .or occur a.s nodules and are conside:red .P~rer-ooreG Etlhedr~l a.n.d . . ma.ssive 

pyrite as sQc ia'ted with u.ran.ini i.~e and galena a.r·e eorwi dered pe.necontem.poraneou.s 

shows that those assoJ:!ia:ted with mineralization hav-e been enrlched . i n .. e~bal t 

and nickel relati·ve to the d .. tagenetic sulf'id-es o ·Galena is comm.O:nly present 

within t:he urarU.n;ite and as later vein material cutting n:r:"'c:tni:aite, indicat ... 

ing two gen~..ra tions r> Cha.lcopyri te , cha,leo.c:i:te, d..i..geni te , sphalerite, 

molybdenite, greenockl te, native arsenic, and ,realgar oc-cur sparingly in 

the -;primary v:an.ad.:i.f'erous ores • 

Ca1ci te and. .Q.olomi.te .or either with a s.maller ~mount of barite :make up 

a .large ;part of the gangue~ The pril'.flary ore :tram some mines contains less 

tha.n 6 percent CaCQs, the l:i.mit ,a,llGwed in the :m;:ill :processing ·Of lo:w .... l:l.me 

ores, but same -pri:ma.ry ore .contains much more ealciteo .At Mi Vida mine, 



San Juan Ccnmty, Utah~ c.oarsely crystalline, whlte e-..aleite is inti:tnately 

associated .with 'both rnaHatrosei.te and .uranini.te ~.na. f.ilL7 s:paees. originally 

o.ecupied by flattened branches and twigs ot fossil wood., Small re!D.lli:Ults 

O:f' eoa,llfied wood as well .as the sba,pe of, the· calcite masses indica.te that 

.wood wa.a re-:pla.ce:d by .ealeite-. The outer border or . the ea.lci te mas.s :I.s 

com.mo:nly penetrated by mo.ntraseite needles t'Qrming a thin blac·k shell. 

GrQss (1955, Po. 31) estimates that the · calcite content of'.Jli Vi-da ore 

~verages 16 percent or higher and that t:Q.e calcite content of the host rock 

(Chinle fGrrnatian) averages between 22 and 28 ;perc~..,...TJ.t .. Samples of barren 

Salt . wash sandstone from. drill core a. t . depths of several hundred feet have 

a wide range of calcite content (personal communication, .N •. Archbold., 1955). 

-Locally the sands.ton.e host rock is cemented wi~thpre"""Qre gypsttrn as in the 

Jo Dandy area on the faulted Il':larg.im -o:f the ~ra..dox salt anti.;;line, Mont;r-ose 

C.o.u.nty, Colo() 

.Minor t;mo:unts o.'f' selenides :i.ncludi:ng clausthalite and eucairite are 

found in ore within the Sa.lt Wash member of the -Morrison :fo.:rma.tiono 

, Seler:dan marcasite, pyrite, and. eha.lcocite are also .conunon in~ the Salt Wash 

deposits and may contain .as mu.ch as 5 percent Se subs-tituting for sulfur,. 

Selenium .has been detected in -ore bodies from other s.tratigra.phic horizons, 

although prima.ry selenldei.? have not be:en identi:fied as. yet within these 

deiJoSits!t 

Nonvanadiferaus ores 

Deposits in which vanadium is negligible and . uranium is the only 

metal of importance (exce:pt ·where copper may 'be locally of eommercia..I. 1m:por­

ta.nce) oceur chiefly i.n the Shinarump conglomerate an<l ba.sal s'~ds tones in 

the Chinle, formation (Triassic). The ore is ~ound ,:I'JUlinly in cha.nnels that 



contain carbo~ceous material ~nd .:rr.tf.lliSto:ne 'bed.~ J the.se channels are -along 

the. thin edge (pi.neh""crut) of' the f"o:rmatio.n. where conglomerate t:tnd sa.nd-.. 

stone beds :fill cu·ts 1n the urA.erlyin,g formation (Finchj 1955).: -The Ha:ppy 

Jack m:ine, . San Juan , Co:u.nty, and the Hi.dden Spl endor (Delta) mine, Emery 

C.G:unty, Utah., are gOQd e~mples o:r nanva;n.ad.iferous Q)reo 

In general these primary ·o:.res are lighter in -eolor than the vanadi-.. 

ferous ores ·because the black Y~nadiu.m oxide, montrosei te, is lacking, out 

a . few ore.s with high sulf'ide content are dark colored<~, .Uranium is contained 

chief'ly in uranini te, and .co:ffini te is se,!a.rce ·or lacklng., Coa.lifted wood 

and diagenetic sulf:ides are the Min controls o:f uranin.ite deposition, and . 

the ·wood is replaced in the sa.me manne;r as described .ab.ove .. 

.A.bu.n.dant su;lfides are associated .with uranini'te in some of thes.e ores 

(example, Happy Jack mine, Utah), and a more (!Om.plicated mineralization 

sequence is evidenc ed. by ambiguous relations ·between the ura.nini te and 

sulfid.es~ Two generations of pyrite have been .estab-lished i.n these :primary 

. ores with the :pyri t.e in the uranin:i te sho~w-lng rims of .unidentified n:ie;kel 

a.nd cobalt minerals-.,.f'urthe:r evidence of" ni.ekel.~eobalt enrichment &ccampany.., 

ing the l.U'antum mineraliz.a tlon (pl. . 4B) ·" Co_pper sull'i.des, :tnc ludi . .:r:~.g 

chaleopyri te, bornite, cha.lcoci te, and. eovelli te a.re d.Qminant in some mines 

and lead,. zinc, and .iron sulfid.es dominate in -others~ -Galena. is commonly 

associated with uraninite either as early eU.:hedral cubes or a..s late vein 

.;materialo. _Sphalerite is very li.ght colored with a low .iron content (as at 

Happy Jack and Delta mines) indicating a temperature o;r format.ion below 

138° C accord"ing to the method of .Kullerwii. ( 1953) ., J4olybdenum. ,sulfide{ 1) 

in trace amount .commonly occurs in mineraliz-ed wood., Silver has been noted 

in spectrographic analyses c:f sulfide c-oncentrates, but no silver minerals 

(other tb4n those :previ.ously known at Silver Ree:f, Washington County, Utah, 
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Plate 4 

Primary uranium-vanadium ore, Mi Vida mine, San Juan County, Utah. The 
mottled, dark-gray groundmass is an intimate mixture of uraninite and 
coffinite. Zoned crystals of pyrite show selective replacement by galena, 
uraninite and coffinite. Two well-developed crystals of galena are in the 
lower left of the picture. The light irregular patches are also pyrite and 
they show strong corrosion by the uranium minerals. Polished section. 

Primary nonvanadiferous ore, Delta mine, Emery County~ Utah: Detrital 
quartz (qtz) and massive pyrite (py) replaced by calclte (cL). The . 
light-colored zoned crystals in the uraninite (~) are second ~cneratlon, 
cobalt-rich pyrite. A band of sphalerite (sp) lS along the rlght hand 
border of the picture. Polished section. 
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and the eueai:rite at Cougar mine, San Miguel Ca,uxtty:; Colo .~. ) have been 

identified.~ Some u:r.a;nin:tte ores have ver:y little aceontpan.yin,g sulfide; 

thes.e .ores are d.ifflc·t.Ut t :o recognize ln the fie~d. and . . .mu.st be. :pro.s:peeted 

'by ca.reful Sc"arch wi'th a Gei.ger e>r sein:ttllatio:n. equ:t'lter .,. 

C:a.lc;Lte content :Ls high :Ln so,m.e m.in.es as .at Seven..,..mile C~.on; near 

.MQab, Uta.h.o. . :Barite. is present in small qu.a,:n~i ty in SG1ine non.V4nadif'erous 

are, as at Dirty Devil nQ,.. 6 mine, Emery C~unty, Uta.:h., and seems to 'Pe 

less eo:rmn.on than in the vanaitiferou.e ores of the Mar•:rtsol'l fo:r7IlEl.tielna 

The pri.mary cres are stable in reduci.ng en:vir9nm.ents .a.f,ter emplace-

ment and generally r ·etaj_n. their original .. ·m,iner.aJ.s a.:o.d textures if . they· are 

not exp0sed tz o:~ldizing co:rulltionso ~r.b.ose ores whi~t'!h ~ve remained below 

the zone o:f oxi~tion, i pe ro;, water table, retain their prir.nary character. 

In the Colo~rado Plateau. vwiaus sta~es o;f . o*ida,tio;m, r$.y be found SUJ~X""' 

ilnpQSei on the priJta:ry ores be~'!ause the d.e:pos:tts Qil:~:CJJ.r .i:n ma!'l .. y dlffe:rent 

situations with reSJ>eet to the wate:r table and alRCl becall$e of va.riable ll.ater~ 

:retention eapaeiti.es of the :pore space of the ore sandstones~. 

The n;u.merous· va-nadium minerals a.re very se:nsitive to change~ in oxida.= 

tiO:n potential and pHo. Most o.:r them have small fields ·of stability {Garrels, 

1953; Gax:rels and C:brist, 1955; a.nd. Evans, 1955) and l;.herei'ore serve as eon .... 

venient indicators to the degree o;t ox;idation and the pH of the eavirGli,... 

ment during oxidation., Mclntro:seite, VO( OH), o.xidi.~es :rea;di1y to pa.ra. .... 

montroseite, VO.z, (Evans a,n.d Mrose, 1955) when: expt:l.l£?ed. to air, a.s e1fide:n.ced. 

by the tact tha.t mon:troseite s:pecimen.s in the lahoratcrry .commonly alter tO' 



VQ:i!: in a few n~tont~ r tiw.e .~ · Four crtb.e.r new va.na.d1u:m (IV) minerals , prob­

abl.y :all a.lte;rs;t~crn pr~~ts of mqntroselte, are cu.r.rently being studied 

by the U •. sa GeQl.Oglc.a,l Suxveyo . fur.ee of -t;hese. occur ::tn. several l .tlcali-: 

ties .. ~ the .:fourth one , VO( OH );a, is .knl::f:wn. fr4Jm only ·~ l()cali ty as yet, 

the Peanat mine, MQ:r.rtrQ.Se CQU;.nty, Colo: 0c 

Uraninite 11s ru'te:red. as uranium (IV) oxiu.zes to u:rani:um (VI), ·without 

:producing any mega.sca:pieally observable change~ Coffin.tte seems to be 

slightly mo:r·e re.slS.'t;ant; to oxida.t:1.on t."tu~;o ur.a;o}:.n.it;e'C The early oxld.a.tion 

Of the primary :u.ra.:tti"Ulrt JDinerals a.p~·en.:t;ly dis:pers,es 'the uranium int!) blaek 

8;ln.Qrpho:us eo1la;i .. ds;l phase , an i:nterJ'ltediate s-t;(e:p bet·ween u.:r>an.:tni te aad 

coffin.i te, and the yellow uranyl minerals .~ No x ... ray pattern o.f .:any . uranium 

min-erals f~an be obta.i.n.ed f"rom slightly o~idized orep, Consider:a.ble oxida.tio.n 

Of · yana;d_ium. takeS plaee bet~wee:n. the time Of alte:rati .O'.r:t .of ura.:nlnite ana 

,coffi:r.d:te a.n.a the a:ppeara,nee o.:f uxanyl va:nadat es irt corvusi t.e ore. The 

sulfides e.re still £resh ,a:rld. tul.altered. after o:g~ida.tio.n Gf :urarlinite a.n.d 

mont:roseite has eomme:a:eed.., 

Further oxidatiO-n of the ores causes a change in color from 'black to 

blue b lack in. ores of" the eorvu.si te stage... Same gree:rdsll=bla.ek a.rul bro"WD. 

colors s.lso a.pp.ea,r at this stage.o As. soo;n. as a..ll the vanadium {III) has 

oxic ized to ( rv) ~ the vanadiu.rn (IV) nd.nera..ls alter to a group of compoun.as 

eGntaining "\t'S..r ious p:r.o:pert:i.o:ns o:f vanadium (IV) .a;ad (V) with s<»ne ea.leium; 

and iron.. 

All av:a.ilabl.e ·u:r.a:nium (VI) is eOltJ.bined. with va:rta~tlllt (V) to· fGr.m the 

widespread .but ilJ .... aetfinei. a.nd sometimes in..co:aspif~UClU.S mineral .rs;uvite 

(Res$, l925) which may he dispersed in m:tcroseo:pic graJna in Jnassive cor.-. 



29 

vu.a.ite or form. glassy O.t' gel.lik~ 'CQ'atin,gs on quartz grains, pebbles, or 

contraction fractures in mineralized wood,.. Rauvi te ra.n,ges in color from 

purplish black ami bro:wnish red in the gellike varieties t:o orange ... red in 

the :po-wdery aggregates(). Its chemical :formula is. uncertain .be·caus.e sa1ItPles 

giving the same x ... ;ray powder pattern have slightly different chemical 

:COlllJ?OSitio:ns. The :calcium content may not be esse.n.tial but all rauvite 

samples have a hi.gher v~v ratj.o than carnotite and tyuy:mnunite. The rs;re 

and even-less -well""'kno:wn :m.i.ner~l uva.ni te is intermecLiate in V~U ratio 

between rauvite and carnotite and was f'oun.d with rauv:Lte at Temple Moti.Il.tain., 

Utah, by Hess . ( 192·5) ~ 

The best crystallized. of the vanad:.tum. (IV, V) :minerals is mela,.novans.-

d.i te , for many years kno-wn only from the type locality in Peru and no:w 

:recogniz.ed in a number of mi:o.es in the Plateau.. MQ.st .of the vanadium. (IV,V) 

material, ho:weve.r, i.s poorly erysta.lliz:ed. and shoiNs a very complex and 

intilriate mixture of m:i.nerals quite slmila.r in appearance and generally 

referred to in tne field as "corvusii,;e.u :llJl.e molecul-ar ratio. of vanadium (V) 

to (IV) ranges .f:rom. 6 in the corvu.si te orig:Lnall.y described _{Henderson and 

Hess, 1933) to somewhat lower values in other cCY.r·vu.~ite-like minerals 

(analyzed by A. Mo Sherwood and R. Meyro.wit.z, 1954). The vanadium (V) to 

(IV) ratio decreases in this group of minerals as the calcium .cante~t in-

.c·reases, with a possib.le series .from corvu.si·te ( 6) tbxo,ugh fern,andini te ( 5) 

to :melanovanadite (lj), so-mewhat like the navajoite, hewettite, pascoite, 

rossi te series describea below~ A new vanadium (IV .ami. Y) mineral with 

some iron probably su.bsti tuted for vanadium oceurs in Kummer, North Star, 

and Peanut mines, a.ll j.n Montrose .Ct;)u.rtty, ColoQ It is a dark-red fibrous 

mineral stmilar in appearance to hew~ttite and. is being investigated., 



sulfides .alter t .o O:Xi.des a:rui s.ultates , B.Ili the. selenides a.ltE}r either 

New MexicQ, and CO:loraiio a:re known~ Dei>end.:..ing on the .relative abundance of 

calcite with respect to pyritore in the prima.ry ore, a wide ra;nge of :pR is 

ing salutions may remain a cld. or be neutra..liz.ed by calcite • Part or all of 

the calcite ga.ngu.e and cement in the sandstone may b:e dissolved antl. tb.e 

san:dston.e ma.;r pe .:partJ.y reee!llented by gypsum a.:rtd iron oxides. (The :po.ssiole 

ad.fition o.f calei:utn .earb.on,ate as recent eal.iehe is nQted on p. 44.) • 

-- C;a.rnotite O"r.e, highly qxidi~~d 
it itt' .- . .. 

from rauvite, -a;nd some ma.y fa:em in other wa,ys (ixrvest:t~t:ton in progress) • 

. ()nee crystalli:zet, the carnot-ite is remarkably stable and fixes the :uranj.:u:m 

very effectively. The minerals eontaining v-a:oaditUtt (IV) -and (V) of the 

formed :depend .closely on I>~ con-ditions (persana;l eo:mmunieati()n., .Marvin an.d 

Evans) , on the :presence of' eertaJ.n catlons tQ eombin.e with va.nadium, and 

v:anadates, a;nd the excess va•;dlu.rn may farm the hydrated pentoxid.e, nava,j.oite 

(Weeks, ThQm]?sQn, and Sherwood, -195·5) or mJ;.teh more commonly it combines 

with other eleme.nts ;- th-ese i:nelude ealcl'Ullt to. f'o.rln b.ew:e.tti te and pB$COite 
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:p.otassi:um an.ii magn.esJ..u.m ·to :fQ::rm hum.rnerit;e (Weel-ts and IJ:hompson, 19.54), 

sodium . .for sodlUJll vana.Q.ate (Weeks and TJ1ompso:a.:1 1954), al'U.ll'dnu.m. f'or 

stei-Je:rite (He.nd.e:rson~, 1935), iron. ;fcyr fert~.ni:te (Hess and 1Ienderson, 1931), 

'C'()p:per far vo1bor·th:t te and ,caleiovolborthi te , or b;a;riUln and copper for 

vesigrde.ite (Guillend.:a, 1955) ~ Th~se va:n.ada·tes range. ln .eQ.lQr from brown 

through red, ~ange, yellow, and green to nee;rly colorless., .Hewett.ite 

rea;dily dehyd;rate.s to nletahewetti te .. (:&trnes, 1955) and ross:tte dehyd;ta.tes. 

t .a meta:r.oss i te -~ 

Although. the p:resen~ee of ty-tl.yamuni te in the nea.:rnatit~e ores'' o:f the 

Colorado Plateau has been knQ"Wn :tor ;many ;y-etLr'$ (Hilleb:t".a:nd, 191.3, and 1924), 

the relative. al>'Ulld.ance -of the tw:O minerals is not knoWn. q'l.m:ntitatively • 

. Neither is ;it kncnm hew mu.ch tyu;yarnun.ite ha;.s bee:tl cl)nve:rted to: carnotite 

(or viee versa) by cation. exchange (Hi11ebran41, 1913, 1924, Murata, Ci.sney, 

. Stieff, and ~worykin, 1951}~ The co:mmon .a.ssUtn:ption that ea.r.not:i,.te is mo;re 

abundant than tyu:yaw~rdte i;m. the Uravan mineral belt of Co1.oradp is .difficult 

to evalua.te in tJ:ds min.eralogl.e .stuay, beeause more identif:Leations have 

been mane Of .m.inera,l SpeCimens :from joi;nt cQa.tings and ,min?ra.li:ze.d l@g'S t .han 

o.f average o.re sandstQ)ne with fine ... grained u.ra:nyl va:nad.ates dissendnated 

in.t.erstitially between the quart.% gra.ln.s and impregnated in ela.y. Most o.t 

the :yellow coatings on jQi.nts and som:e of the richly :z:rJineralized logs (suc:Q. 

as t .hose fe>un.d in. 1950 in the Charles."T 1Vo~ 2 mine in the Sliekrack district, 

San Miguel Cou:r.rtyj) Colc.o) are tyu.yamunite, but these a~eount fo;r a small 

part o.f the total uranium tlla.t ha.s been :mined from oxidize,d .ore, $( :eEU"no­

tite "'UJtf.Y be the dt:aminant mineral in the Ura~~n belt., Howe-ver, in the 

Lu.kE4ehukai group ef ndne.s, Apache .Cts:u.n.ty, Ariz"" , and especially in -the mines 

in Tod.ilto limestone in the 'Girants dist.ri-e·t, MG:Ki:nley and ·Valene~a Counties, 

N .. Mex., tyuyamunite seems to ·be mQre abundant than :earl:totite. TQ.e reeent 



formation of tyuy$;m.Unite on Joints and f"ra..:ctw.es j_s :related. to the ea.leium 

:content and al.kallne :DAtu.re o:r. the grQ:tmd water eauzed by the pres.ent semi ... 

aria ,elilnate a.nd -to t he high calcite cox.rbent o;f the ec,~-untry rock,. Phoenix 

( 1952) -elasse.d mO;:st o:f the grGu,nd..-_water samples .from the salt :Wa~h sandstone 

member of ·the Morr.ison as caleium b:ix~aroona:te ·waterso. Re f"ound these water 

s.amples were a~line as did a*' F~ ,Ma.;rvin during :fiel.d W!lrk in 1954 and. 19-55 

(pers~:rual e.onnmm:tcation) o_ 

Although in the labora.to;ry tyu:y~;m:unite is rea.dily base-excha.n,ged t o 

earnoti·te in the :pres,ence r:Jf :p.crta;s$lu.m.,.bear:i:ng _ s;_olu~tiOins, eviQ.ence :Ls lack ..... 

ing that the bu.lk ,of Plateau .ea.r£LOttite has u.nd-ergone ;exchange. A general 

.rule on the :Plateau. is t.bat .carnotite is typically f i ner-grained than 

ty1ljlamlm.1 te although some -exceptions te this rule are knO-'Wn:• If much o::f the 

carnotite had tO:rm.ed by exch~rJge, one would. expect the _grain si~e and b.abit 

tG be simila;.r to: that of tyu-yamu.nite. .CarnO:tlte a:ppareatly o:ceurs where 

potassium ls .a.vaj_lable in the interstitial hydrous mi~a o.f the sandstone, 

and tyuyam:unite foo'mS where ca.lcium i~ a.vailab.le fiorn the hpst r mek or 

ground wa;te:r • Tyuyamuni te contains more water than ea:rnoti te and :when 

tyuya.mu.nite Qres a:re mined .the minera.l readily dehydrateS. t.o. .:metatyuyam.u.ni·te 

(S-tern, .Stieff, G-irha.ra, and .Meyrowitz, in press)_. 

In the o:x:idized .ores of' the Urav.a.n beJ.t ca;rno-ti te ~ tyu.yam.u,nite, a;.nd 

the various brightly co;lored va.neiiateJ3 are locally aburul.ant b:ut in the bulk 

of the o-re ·are aetua;l.ly l-ess ahunds.nt than the f'ine-gra;iued, ~eenish .... gray 

.and light-bro'Wil va.nadiu:m sili.cates that :contributed much af' the vanadium 

:m:i.ned _in the Pl.atea.u. .(Fischer, 1942) :p:reviou.s to .World. _war II,.. _,.Mineralogic 

an-d. chemical study of ·these V$;.ruidium silicates :is in progress by -Foster, 

IIatha:way, Weeks, an-d ethers , aud there :fore the pre~len.t de:s,cript;Lon of' these 

min.e:rals ts ten:tative~t Th.e otrt-e.rop Qf ore sandstone ls co-llllll.Only gray with 



little Gr none of' the brightly colored. minerals • The probable ;Leaching ,of 

the vanada.tes from the outc.ro.J? is discussed l-ater. These gray sandstone 

ares ha.v:e co'lmil.O;nly ~be.en termed rascoeli te ores in eQn~ast. to .earno:ti te 

Qres, but prelim:i.Jlary stuey su.ge.sts that true roseoeli te is eollJlllC)n oAJ.y 

in the Rifl-e and ,Pla:cerville- districts rJf C-o-lo'rado.e: In the Ur~va.n belt, 

vanadium-bearing chlQr:ite, and hydrO'U$ mi,ea or mixed ... layer :clays seem to be 

ma:re abundant t~ true r:Q:s_cQelite. iGmie of the VB;Mdi.Ul'll .sil!eat~ inter= 

st.i tial in the sanutone iS believed tp have persisted. p;ractieal;J..y unehan~ii 

!rom the unoxidized -~re, wb.ereaa some elay may ba·v-e ·o-ecome ,i1IlJ?regnated :with 

v:anadiUlll solutions m.i.gra.ting during o:xiilation .. 

In areas where the vanadium.-uranium. ratio is low or the van.a.diwn is 

mod-erately lo;w a;:nd irregularly distrir~uted, s:mall amounts o:r oth~r uranium 

min.erals may occur, as ur~:phane near Grants., N • . ~x .• , and autunite, 

a;nder~lonite, schroeekingerite, a.nd ztppeit.e in the Thompsons district, Grand 

-CQ:unty, Utah... .Study is in :progress on the UI"a~n.iu:rn. lie:posi ts in the Brushy 

Basin :mentber of the )19rr1SG-ll and in the Todil to :Limestone O-f the Grant.s ana 

Laguna areas in New Nexlco :which r~nge .from lo:w to nonva.na.diferous _. 

The nonvanadit:-erous ~um ore.s differ notably from the va;nadiferous. 

be_ca.use Qxi-da:ti()n of uranini te in the abse·nce o£ a significant am.o'UIJ._t of 

vanadillllJ. :pr~uce.s a greater variety of seceon.:Qa..ry u;r:<4D.iu.m mine;r~ls. These 

includ-e hydrate a oocides, e.a.;rbona.tes, sulfates, :phQspb.$.tes., a.rsenates, and 

si1icates _. They :are microc;cystallL11e or ussive and range in .cqlor from 

ora;nge thrnugh yellow, a:nd &reenish yellow ·tQ; green., They fill pore- spaces 



or minute fractures tn sands tone, conglomerate, or fosSil 'Wood -and .. coat 

joint surface-s and mine wall:s., .Arn<:>ng thefi\e minerals nt)ne is a_s }>r:ed.o:~.mmt 

a$ .earnQ:ti te and tyuya:.m.unj.te are in the o~idized vanadiferous ore (WeekP 

and,_ Thompson, 1954) i4 In general these se-con-dary mlnerals form. i:rregul~ 

rims ~und .un-Qx_id:L~ed re:mrllltntS of the pri~y minerals • ~e:r develop 

next tQ: th:e core. o-f unoxitized m.inera~s .and are rem:Qve-d from the Quts-.ide. of'" 

the rim until the SQurc-e is iOne • These sec-o.nrl.ary -u.rani'Ulll minerals generally 

do not form J.a:rge de:p.o.-ait~ of C-Oin.J?letely o-xidized. o:re as d,.oes carnot;i. te, a.s 

theLr re.lative solu})ili-ties are mue:t;t greater tha.n. that of ·carnotite~ 

. The hydrated .-u::r'anium Qxid-es ~e rare and small in quantity because 

suJ.fate, carbonate, or some other an:i.o11 is usua.l:ly present to oGmbine with 

_ Ul"aniu.m... -Small SJD.Ounts of beequ.erelite, sehoe-:pite ,_ .an,:-d. fou;rma.rieri te -!U"e 

elGsely asso.eiated .with ,o,xldizi~ -ur.anin;tte , •. 

In the O-xidation of sul:r:i.de-rich uraninlte ore th-e most a.bunda_.n.t secondary 

uranium minera~s are the lU"anyl su.lfa.tes·~"'"'joha.nni.te, uxaD.O}?ilite, z:i:ppeit.e, 

and .ether u.n.iden.tified .zi.ppeite .... Iike minerals,. .T.he.se green, yella-wish=green.., 

and deep-y:ello:w minerals are beautifully -developed by e.vaporation on the 

walls Q;f Happy Ja:e·k mine in White Canyon, Sau Juan CQunty, Utah (Trites aad 

Chew, 1955)., 

-The uranyl -earbon.ates are co-mmonly deve.l.oped ,Where<Ver the ·sulfide eo:ntt;!nt 

of' the ore is ~o:w- and tb.e ho.st roek, or g~_ngue, .con.tai.ns sufficient carbonate, 

as at Shinarump Noo 1 I11ine, u·tah (Finch, 1954) , or where the grQund water is 

carbonate rieh,. -S.ix UI"a.ll:yl ea.rbo:raate.s ha:ve be.-en fo.u.:rui on the Colorado .Plateau., 

inclu:ding ruther'ford .. i:ne (rare) ~ lieb:l.gi te, and schroeckingeri teJ and three 

new ·earb.o~tes, an__de,r-s.Qnite (Axel:rod e·t al., 1951) ~ bayleyi te (Axelrod et a;l. , 

1951; -Stern an.:d :Weeks 1 l952), an:.d rabb,it:tite (T.h.ont:p.s,on, Wee~s, and _Sherwood, 

195,5)-. Small amounts of rutherfordin.e are found associated .Ul'ectly nth 



_uraninite, All the uranyl carbonates except rutherfordine form on mine 

wa1.ls and on fracture surfaees by evaporation of uranyl carb-onate soJ,.u­

tions. Only because of the semiarid climate on the Plateau are these 

carbonates temporarily preserved. Occa_sional heavy rai.ns wash away -the 

carbonates, sueh a.s bayleyite at Hideout mine and, an.dersonite at Atomic 

King mine in Utah, and ·then they gradually accumulat e again during a dry 

season,. 

The uranyl phosphates are ra.re in the Plateau be,r;ause the sandstone 

host rock is low in phosphate except very locall y ·where foss:i.l bones are 

preserved. Small amounts of autunite, meta=autunite, phosphlU"anylite 

(possibly an alteration produGt of' autunite), torbernite, metatorbernite, 

an.d ba.ssetite have- been found. Small amounts of uranyl arsenates are 

present~ metazeunerlte at a number of localities, in White Ca;nyon an¢1. in 

the San Rafael swell, in Utah; and novacekit e (Stern and Annell, 1954 ), 

abernathyite (Thompson, Ingram, and Gross, 1956), and zeunerite at one 

locality each a The uranyl silicates, uranophane 11 skl odo,wskite 1 and cupro­

sklodowskite, are not abu.ndant in the .Plateauo The unknown sulfates, 

phosphates, a.nd silicates that are being studied probably include several 

new minerals. 

Secon~y m.inerals .of copper and other metals 

Copper, the chief' assaciated _metal in some of the nonvanadiferous pre 

as well as in some of the vanadiferous deposits, occurs in many secondary 

minerals, commonly as malachite, az;.uri te, chalcanthi te;; antleri te ~ brochantite, 

and chrysocolla, and rarely as conichalcite, chalc·oalunrlte, and volborthite. 

Several other metals are present a.nd diff'er in abundance from one mine to 

another~ iron and. manganese in limonite ~nd .:wad; cobalt in bieberite 
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(commonly dehydrated), eob~ltocalcite, erj'-t!,l.ri te, or r;oba1toan pickerin.gi te; 

molybdenum in ilsemannite or ferriomolybd.i te ~ and. traces of lead, z.inc, 

nickel, and silve.:r (Weeks and Thompson, 1954)o 

The presence of brightly colored. copper:~ cobaJt, and molybdenum 

secondary minerals on the rock outcrop or on join.t surfaces Within a few 

feet o:f' the cliff :face is helpful to the prospec·tcr:; but many small copper 

deposits on the Plateau do not contain commercial quantities of uranil..lln. 

Associated minerals 

Clay lenses in the ore and mudstone or shale lL'Yl.:derlying .ore a:re 

commonly bleached. During oxidation, especially of the sulfide=rich ores~ 

the clays are altered further by development of one or more of the following~ 

kaolinite, tjarosi te, alunite, or gibbsite ;• Fluorescent uraniferous opal and 

allophane coat some joint surfaces and many serve as prOSJ>ecting guides .. 

RELATION OF OXIDATION TO WATER SA?0RATION OF ORE 

Second only in impo;rtance to the range of prima.ry composition of the 

Colorado .Plateau uranium ores is their range in degree and depth of oxida­

tion. Oxidation depends on access of air to the ore~ as in exposed roeks 

with no soil cover and where evaporation is high, in relatively continuous 

:permeable sandsto,ne beds above the water table, and in strata truncated 

downdi:p by a ca,nyono Oxidation has been prevente.d or retarded .where water 

is held in the :pore space of the ore sandstone, as in strata :protected by 

thick soil cover, in lenticular sandstone beds surrounded by clay, in strata 

below a perched water tab.le or the main wa.ter table, and. in strata that dip 

away from the valley w.allo 



Uno4l:id:ized ore i.n wet mines at or close to ·the_ wat;e;r table 

A good example of wet unoxidized ore is at the School Section No. 3-6 

mine, T. 30 s •. , R~ 25 E .• , near the south end of the :floor of 'Lis'Qon Vlltlley, 

·San Juan County, Uta;h~ At a depth of about 70 feet a relatively s]4~rp 

"boun.dary occurs between partly oxid.ized ore and wet unoxidized ore eont~j:n ... 

ing fossil wood _replaced by uranin.tte and calcite .¢t 
1The mine is at the foot 

of a lang, north-.fa.cing .slope that rises nearly 2~000 feet to the Monticello 

Plateau, is centered with vegetation, and ho.ld.s consi derable moisture. 

The Basin No. 1 mine on the east side of Cotton:~:rood Creek, west of' 

Blanding, San Jua.n County, -Utah, is wet because it is below the level of 

the creek bed. The mine is in a blanketc,type deposit and the wettest and 

least tlX:idize:d. are is spotted, cemented with calcite, a:n.d contains small 

eoali.fied wood fragments~ U:pdip, above the west side o£ the ereek, are 

many old mines in .more oxidize-d ore j>_ 

The llllOXid:Lzed ore at the Peanut mine, Montro~1e County, Cello .. , is 

described by Roach and Thompson, 1955• During .mir~t.ag operations at the 

Peanut mine, the S<~hool Section. No. 36, and .. many other mines in unoxid.tz:ed 

ore, considerable water was released from saturated sandstone lenses that 

contained unoxi.dized ore .o 

Partly oxid).zed de:posi ts, above the main wa.ter table but 

in protectetl, locations where some mo,isture is he)-d. 

The Corvu:s:tte mine on Bee.ver Mesa, Grand County, Utah, is a good 

example of partly oxidi:;ed ore wi t.h small re:mnants or un.oxidized ore • The 

deposit was mined lntermi ttently for more than 4o yea.rs and wa..s the type. 

lO:eality for the inineral corvusite (Henderson and ness, 19.33) • The mine is 

located on the updip sid.e oX the mesa toward the La Sa.l Mo:u.n:tains, and the 



cu·e i.s in richly min.erallzed fo,ssil trees and relati·ve,ly small sa.ndsto11e 

lenses interbedded with thiek clay so t .bat the ore remains saturated _with 

water • The mesa Js more than 7, 500 :feet ahave sea level, has considerable 

soil cover and vege,ta..tiQn, cool temperature, low· eva.p('tt'ation, t:tnd possibly 

mGre ra.in:fall t~ the lower parts of the Plateau.. .All of these f'a.ctors 

cootribute to the continue.d dampne.ss of' the ore and have prevented mGre 

than partiEtl oxidation although the mine is high above the u.in regional 

wa te:r table .• 

At the Bitter Creek mine on the north sJ.de of Paradox valley, Montroae 

County~ Colo~, the Salt W~sh san-dstone .member of the .Morrison. formation dips 

15° t .o the northea$t, a-wa;y .from Paradox valleyo These strata are truncated 

by the San Miguel Ri.ver some distance to ·the north, a.n.d water in the mine 

drai.ns slowly downdip'"' At .Bitter Creek, the ore at t .he surface of the 

ground is oxidized, lo:wer than a;ve:.rage grade in both vanadium. and urani'Ulll, 

and .contains gypsum"' Mining has :progressed several hu.ndred .feet dG,wndi:p 

through a thiek transition zone o:f partly Oe!tidized ore -eonsistlng .. chie:fly of 

corvusit.e .a,n.d rauvite With remnants o:f un.ox.idized montrosei te or pa.ra­

montro.seite and :pyrite o The -water-soluble efflores.cence ~ paseoi te, forms 

Gn the moist corvusite-rich layers. At de:pth., gypsum and iron oxides are 

absent and the barren rook is gray rather than buf'f ,... Partly oxidi~ed rich 

ore pockets commonly cont~in a small amount o! radioactive barite~ ,This 

indicates that recent oxidation of the pri!Qary uranium minera-ls separated 

trace SJllOu.nts of radium which, p.roba.bly :as su.lfa.:te, formed a. coating .. on the 

c.rystals of' barite in the gangue. Inasmuch as radium.. has .a. half -life of 

:abqut 1~500 years, the ra-dioactive eoating on. the bari."te would. lose more 

tha.n 99 percent o:f its r~dioaetivity in 15,000 years. ~ Possibly the radio­

a .etive coating was :formed ccrn.siderably less than 15 ~000 years ago. The 
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lo:wer grade of' t he Gre in. the -old _open pit workings. is probably due to; 

leaching at the o:u:t e:rop rather than -to ditsseminat:io.n. or spreaii.ng -of 

small high-gra.d.e ore bodies as proposed by Heyl (1955) ,._ 

The J. J~ mine, Montrose Coun~ty, Co.loo, shows the transitio:;n from 

.unGx:ldtzed .:to Qxid;i,Z;ed ore at a perched water table o 

Dry mines 1'1i th oxidi~ed vanadiferous _ ore 

The dry mines with hig.b.ly oxidized ore may be cla.ss.if':i.ed in t _hree 

groups • Mao.y carno-ti t.e deJlosits apparently have been. oxidiz.ed in place 

with practically no .movement o.f materialo Some have been rnodifie.d during 

an interm.edia te stage of o.:rlda tion by migra..tio:n -o:f vanadium and possibly 

of ll.!"anium do-wndip_. Ore sandst.one directly a.t the su.:rtaee of the ground 

probably has been lea..chea of some uranium and. va_nadj:um by aJ$al;Ln.e suxta.ee 

and ground wa.ter. 

Oxidation in place 

Where there is little or no ca,tc:tun.en.t area to supply ground .water to 

the ore sandstone, moist air .oxidation takes plaee witho-ut significSJ!t 

migration or vanadium and uranium. The supply o;f ground water is small 

or n~gligible in is.olated knolls, in small taul t blocks along the borders 

o£ the collapsed sal-t anticlines, o.:r where strata ~-di:p E4WS.Y trom a -valley 

w.ll0: , ExaJH:ples of mines situated thus are the Rattlesnake mine in the north 

end of Lisbon -valley, Sa.u Juan County, Utah; several mines in the Jo Dandy 

group alQ'n;g _Pa,raoox -v'1tll-ey; a.n.d the Dolores group . of mines on the 'beD;eh o-r­

Atkinaon Mesa .above -the Dolores River, Mont,rose County, Colo. 

The Rattle.s:nake mine in Lisbon .valley bad (in 1954) highly oxidJ.zed ore 

in dry friable s-andstorte .. The yellow and bro:wn. ore had _spotted and bapde-d 



textures resembling those i:r.l uxl.oxidized o,re :and gi v·ing the appearance of 

0xidation with little ar no :m.ovemen:t; of :mater:t2.l ~ ll-ewetti te, ·the red 

Galcium vanadate, seems to be more abu..u.dant irt the ·ores of the Jo Dandy 

and Do,lo:.res gro:ups of m:tnes than in the -ores of the Club grou:p (see below) 

of mines through which ocxid.i.t:i:ng solutions probably have migrated. In 

gene:ra.l, if the vanad.ium-uxaniUJ'll l'B;tio. is high, ore.s that have been oxi- · 

dized in place by moist alr h~ve more of the brightly colo.red va;nadates 

than other ores. 

·'Xhe ca..rnoti te~ and. tyu.:yam.unite .. ;rleh logs fe»xn.d in :variQus mi:p.es appet;r 

to: be the oxidized product o:r :fossil -wood partly replaced ·with uranirdte 

and .impregnated w:lth montro-sei te.., Some of these have been oxidized :with 

very little spreading or dissemi:na:tion o:f uranJ.um ·and. vana.Uum~ -The d-etailed 

wood cell struet:ure so co:mmonly OlHse::rved in polished sections of uraninite 

(pl, .. 2.!) is destroyed by .volume ehanges du.r:l;tg oxidation, a;nd carnotite logs 

show only the gross feature or the t,.:r.crod.o Only one j~r'stanee of wood (!ell 

structure preserved :Lo. secondary :min.e:r·a.ls ha8 been noted=-tha:t of a narrow 

rim of becquereli te ar·01u:ad .ur'8XLi.r.d.te.-.:r-ep1a<!ed fossil WOC)d . .a.t Monument Noll' 2 

mine, Apache Co:unty, Al"iz~, (perso:nta.l conull:t.Utica'tion, :p. H. Johnson). 

Modification durLng .oxidation 

Ores in strata that have a gro;u.nd-water catchment area u.pdip and tha.t 

are truncated do;wnd.i:p by a ea~yon may ha.ve been modified .during oxidation 

by migratio-n o:f -wa;t.er ... soluble VB.IladJ.:um and po.sstbly selenilJID. and other ·col'l­

stituents, es}lecially if' the strata are moderately :permeable. .Vanadium is 

read:Lly leached from pa.rtly oxi.d,ized ore by ·water; 50-g samples of blue=blaek 

ore (from the Bitter Creek m..ine, Montrose County.,. Colo •. , and the Corvusite 

mine, Grand County, Utah) in 500 ml of distilled water yielded solutions 



With .PH belO)l' 2 :and con.:tained uranium :a.s -well as vanaditl.ltt . .-. Oxidizing 

ground ,wate.r mG:ving -d.Qtw:nd.ip .thr·clugb. or·e w-ould lea.ch .van.adium from. the 

vanadyl vana;dates more easily than from the v.a.nad~um silicates~~- The water 

wOUld b.e acid untll :aeut;r:ali:z;.ed .b.y soJ.ution of _ca.rbonat.e .cement •. 

. The Club group Qlf m.i;rl.es (Fische:r, 1Q42, pel )86) on ~he bench f'·ormed 

by the Salt Wash san.dst:Qne member of the .MQrrison forma.tion above the San 

.Miguel Canyon at Uravan, Montrose County, Colo.,, .a:re :dry with .chiefly 

oxidized ore and the G-re, rolls have. ttbreaka:way su.rfaees ~t'n The stra t.a dip 

toWr-d the .canyon all~wing wa.-ter t.~ -d:rain tb,::r"oug.b. the more permeable s~-d~ 

.. atone beds ·'" Higller . on -Club Mesa. t:h.e I.asalle Mining Company • s 260-.fo~t 

s.bart mine i .s also -dry a.nd has well~ .. de1i"el.oped r@lls ·ttL oxidized. ore; a 

little eOX'-'V'U$;lte ore and radioactive barite :tn Jnin,eralized logs; and. some 

blanltet-like ·' s:petted ore. -w"i th -ealcite eenrent in. the deepe.at, least oxi-· 

-diz.ed portion of the :mil'le_6 Tb-e ba;rite is coote.d "With radioactive daughter 

:pro,duetJ3; . p.ro:bahly rad.iu:m. s.ul:f.ate , ·preei;pi "b;tted £rom recently . oxidized 

primary ore minerals. ~ :t;:va;pora.tio.n. of moist:u.re -on. certain beds ·t;>.f' samtstone 

along the miae. wa;lJ..s t'o~ p~sc.ol te ~ . Still h.lgher on Club .. Mesa .the 

Shattu.ek Denn Cempany's 5QO...,.f'oot sha.f't mine is In.QQ.erately dry altru..1u:gb. 

certain hori.zo.u in the Bru.sh:r .Basin sruue member o;f the )t)rrison to.rmatip:n 

had .eQnsiderable water when the operators were sinking the mine shaft. 

The · Qre is. partly :oxid.t.ze.d ld'tb. a few rem.nants o.f .eOf'.fini:te .and montrQS.ei.te 

and a traee o:f see.ondaJ:"y yellow appearing on the joint Purtaees • The "Ore 

~s .~ undulating .surfac.e bu.t no typical 1~b:reakaway roll sur..r.ces • u 

The C<;lUgar .mine i.n the Lower Gx·o.u:.P at . Slick.roek ,. . San Mi8t4el C.Q:unty, 

ColQ.• , ia lGCate.d. -~n . 'a bench O.f Jial t jfash saruis t.~ne that dipS tQ'Ward th~ 

Do-lores River ca.n;yon and ha.s the same stru.etu;ral s;ttuati.o-n as the Clu.b 

mines-. Around the rim of the ben.ch a-re ~· . old ad.tts a.nd. .on to:p o:f .the 



bench old open ... pit workings -which sho:w mined-o.-ut rolls with ''breakaway 

surfaces. vt The underground workings have n:umerous rolls in severa.l sar.~;d ... 

stone lenses se:parated .by thin ~clay beds o Away from the surface an-d cl].f:f 

face some less ... oxidized. pa-tches of ore persist and lo-ea.lly copper sulfides 

and copper, le~d, a .nd. silver selenides occur; &.nd the vanadiferous ore is 

in the corvusi·te stage o Up the hill .a few hundred yardS from the ClQ:~:tgar 

mine is the Little Muriel shaft about 35 or 40 feet deep o In the summer 

of 1954 a.fter the :mine had -been abandoned for a. ti.me, .a.bout a foot o:f 'b!Jate:r 

had aecu:m.u.l.ated, an.d seepage :rro.m a layer of cor"iTtlS:it;e ore had :f"o:rm.ed a 

.thick coating .of pascoit.e art t he mine wallo .Also alteration of seJ..e:td.des 

had produced a pink ei'florescence, the unstable monoclinic torm .of na t :tve 

selenium., Here is indication that water seeptng through a partly o.xld.lzed. 

deposit can transport vana~imn, selenium, and probably other .con.stit·:J.ents o 

Bo--th the Cougar and Club "I'Il.ines are on the downdip side o:f areas that 

would f'eed 'Water inter.m..i ttently through them., s:pread,lng the v-ra.nadium and 

_modifying its distribution~ Vanadium sillcate ore see:ms to be more ab:urJ.da.n.t 

than vanadate ore in these mines probably beeause of leachin.g of cor1.nJ.si te • 

The o;re rolls have well-developed ''breakaway su:rJ*a.cesn that ·11a;v·e been 

.accentuated during oxidation by one or more o:f the follo-wing _processes: 

solution of pyrite, vanadates, and some or the car·bonate cement, and. ,vol:ume 

changes due to .oxidation an.d changes in hydratj.on. These m.tnes i11u..strate 

the gradation f:ro.m oxid.i:4ed ore near the SUc-rface 'to less oxidized _ore l"'-8;ck. 

from the outcrop<¥ 

Qre sandstone directly at the surface of mesas 

Where sma.ll dry mesas are capped by ore sandstone as. at the Eastside 

Carri~o mines, west of Shiprock, N. Mex"' the chie.f vanadium mineral is 
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v:an:adiu:m ·Chlorite, hydrom:tca, or other vanadium silicate mineral. The 

ore of light even gray color is low'- in .urard.WI1 which ls :present in thinly 

disseminated. yellow grains of -t:~ru.:vaxn:un.i te in the sandstone or as a coating 

of tyu:yar.nun:lte on the jOJ:l.nt su.r:races belc.tw a thick caliche-like crust" Ura­

nium seems to- ha1re been lea.~~hed from these sllrface de:posit.s probably by 

.recent alkaline ground -water p Hewettite probably has been leached from 

the surface by aJ.kaJ_i:ne ground wat;er also; only a f-ew rem.nants o:f hewettite 

occur under a hard eemented san-<Lstone bed itt the d-eepest part of one Of the 

abandoned mines in the Easrtside Carrizo groupo 

Other areas ha.1.ring ·va.:n.adiu.:m silicates with very little carno:ti te or 

other "V:anadi'l.llll minerals in. ore outc:r.::Jps on top o:f mesas or broad benches 

include Flat Top Mesa. in the middle o:f the syncline south of Ga tewa.y, 

Colo,e, and anr.lther Flat Top .Mesa (also ,called Shi:naru.m:p Mesa), west-southwest 

of T.em:ple .Mountain, Err!e:rr•y Cotulty, Utah. 

A salt crust consisting p:rinci:pa.11.y of soaJ.~. suJ.fate, ldth some 

carbonate and other salts, accumulates near the foot of the Brt'Lshy Basin 

shale outcrops :at the Cact.us Rat mines in. the Thompsons rlJ..strict, Utah~ 

The surf'ace water sa:t11.ra ted. with these salts has afi'ected the recent oxida­

tion. of' the -ore in th.is area, causing the develctpm.ent of sodium vanadate, 

schrc:eckingerl te, andersani·te, zippel te, and other minerals not typical in 

vanadi:ferm:~.s 0res. 

The highly alkaline condition o:f the ground wa.ter an<L the thick salt 

crusts probably first developed. in the Altithermal part o.f the Recent--a 

warm dry period. of great ,callche formation. from Wyoming (Leopold and Miller, 

1954) south to Texas and P~xico .. (A .. . W • . Reeks, 1945) .... .--a.nd ha.ve continued on 

a SQm.ewhat les.s intense scale to the present time I) 
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RELATIVE STJ.\.BILITY MlD SIZE OF OXIDIZED DEPOSITS 

Because of the stability of carnotite, large oxidi.Zed -d~posi ts of 

carnotite have developed at shallow d-epth in the Colorado Plitteau. In 

the progressive alteration of' the black lo:w ... v~lent ores, the corvu.site 

stage is the critical stage when_ the minerals are rather unstable a.nQ. 

vanadium or uranium or both could be leached if water moved through. As 

soon as the ca.rnoti te stage is reached the depo.sit becomes :re].at~vely 

stable under shallow dep-'ch cond,ttions and little happens to ~t until, 

uncovered by .erosion, it reaches the caliche zane at or close to the out ... 

crop • Then in the alkaline enviromn.ent carnotite appears to be slowly 

leached. 

During oxidation of non-vanadiferous uran:tu.m ores on the Plateau, l.U'anyl 

carbonates and sulfates seem to be more common than hydrated uranyl oxides, 

phosphates, arsenates, and siJ_iea:tes • T'.ne carbonates .and sulfate::? a r e the 

least stable (Garrels and CP.rist, 1955) of the secondary u.:t>a.hiu,m nP.nerals 

and do not accumulate to form large oxldized deposits in sitll. as does carno­

tite • The secondary minerals form around oxidizing uranini te &nd spread 

into joint fractures or along bedding planes but do not rema.;tn if' water 

moves through the fractures·~ 

Preservation of nonva.71B.diferous deposits in a dissected plateau sucll 

:as the Canyon Lands of' Utah depends on local structural and ,sedimentary 

features o Ore in a channel that is parallel to the ·regional stri;ke has a 

better chanc'e of preservation than ore in a .channel parallel to the dip, 

especially if the channel ts in strata that dip away from a canyon wall 

rather than toward the ,c·aeyono In addition to condi.tions fayoring origtna.l 

d,eposition of ore, the prospec-'Gor should consider the favorable conditions 



fo-r preservatl.<;m o,f n.onva.uad:if~~-us ore ~ The Ha·ppy Jack min~ on the south­

west side o:r White Canyon is :Ln a mut..:J:l more r&tvo:r~able s.ituation. f or :prese:r.va ... ., 

tion of' ore tl::LaA the ntLnes ~n the s o:ut:hwest end. of Dee-=r flat'1l where there is: 

less. eover and the strata dip tcfw-a;rd the can.yon; these are on the west :f.la.uk 

of the Moau.m.ent Uplift. i:r1- .. S&n Juan. County, Utah~ The are of the Ridden 

·Splendor (Del.ta) ndne is :protected. 1rt lts locat.ion uud.er the steeply d.i:pping 

Wingate sandStone along the IllOJJ,O-Cline o:f th.e, southeast side of the San .Rafael 

.swell in Utah,. 

Se·conda.ry enrielunent is u..YLlike :l.y in most. o.f .t .he va,r.ilad.tfero:o.Js 1Xr'a:135:um 

ore bGdies for the following reasons~ 1) the ore bodies are s:ma.l2. t a:::"'t:ila.:r 

or :pod ... like bodies with the long .dimens :ton(s) parallel to: the be.ddir-tg; ~ 2) 'tb~ 

thickness is rarely more than 25 f'eet an_d co;tmnDnly le~;; s than. 10 feet ; 3) in. 

moist-air oxidation little it any m:i.g:r.ation takes plaee;: 4) !pXidati on Of" the 

slllZ:tll ore bodies is rapid; 5) carnoti-te the chief o::~idized uran1um m.ine.:ral 

has very low seitluhil.it:rl :a,.nd. 6) the s;,u:f:tde content Clf _vanaclJ_f·erous ore l.s 

lQw. 

Only a few nonvana.d,if;ero.us uranium ore bo'dies in the Pla,teau., such as. 

that a.t Hap:py Ja.ck mine, Utah, have abundant sulfides and a favorable struc,, 

tu.re :for migratiun of solu.t.ia>n.s t:ro:m. oxiaiz~e.d into . . lmoxid.i2i€.4l ore where 

sno.ty pit.chblenQ.e, .chalcocite, a:~d cCYvelli.te a:r·e ·deposit~ed t~ fa:~~. a. 4'lir;;ne o f 

secondary enrichment. The chief" oxirliz.ed proilucts of non:tra,na.diferous lll'S:­

nium. ore are much more soluble than carnotite and are generally washed .away 

rather than bein,g red.epo.sitetlo 



TIME AND DEF'.rH OF OXIDATION 

The oxidation of the .Colorado Plateau u.r~nium ores took place since 

the water table -was lowered following the ca.nyon ,.cutting o~ the :present 

erosion cycle. As the regional w.ter table dro-pped, vrater vras retained 

in the pore spaces of 1r.1any rocks high above the main water t~ble. This is 

particularly true in the fluvial .... type s:.edinl.ents that. a.re the common host 

.rocks of the Plateau u.r~udu:rn. ores. Tolman {1937, P• 156-157) st..ates that 

the so-called capillary fringe zone may be much thicker ·a.bave a sinking 

~ter table than above a . rising water table,. 

Detailed study in the Ura:van mineral belt sho:ws that in"4erbed-ding of 

,shales, shaly sa.nds.tone~;, an:ci lenticular sands together with a folded and. 

faulted structure a.llowB ll'la.IlY .varied situa.tions with respect to perched 

water tables., retention of moisture, and ·the location o:f preserved U."YlOX;idized 

ore.. The depth to Jll!Q:Xl~lized ore ranges from a few :reet to ma.ny hll!ldreds of 

f'eeta Because o:f the moder~tely low rainfall a.nd. the wide range of perme­

ability o.f the sedimentH some deposits have had .almost no water moving 

through during oxida tiQ:n and others have had enough to lll.Odif'y the deposit 

appreciably. 

Bateman ( 1950, Po ~~65-269) states that submerged oxiOJ_z~d zones are 

comn1on in western Uni te(l States. Possibly when more detailed knowledge o.£ 

the oxida.tion pattern of the Col.oradc Plateau. ores is obtained, a history of 

fluctuating water tables may be found, but as yet no- . submerged oxidized 

zones have be.en recognized in Plateau ores,. The irregu.lar boundary o.f 

oxidation high ahove th~~ regional -water table more clo.s,ely f:Jlts JUs d.e;scrip­

ti.on of stra...uded oxidized Z()nes (:Ba.t~man, 1950, p. 265), "If the water table 

is depressed ra.:pidJ.y, oxidation may not be a"ble t-Q ke.~,p ·paclie wi~ll .it ·.~ Ute 



bottom of oxidation .may become strancled above the water table." The oxi-

dationhistory _of' the Plateau ores appears to be a one-way process follow ... 

ing a lowered :water table .. 

lhe smll amount of' raCL"loa.ctive baXite found in sever·al mines betwe:erl 

Ura;va.n :and Par:a..:dox Valley indicates that some of the oxidation is Recent~ 

Studies of the· :Ra: ... U equilibri:qm of several b.igh-grade ea:r-noti te :and 

tyuyamunite samples by Stieff and Stern (personal collml.unication) indicate 

that in some m.i.nes. oxidation occurred during ;the Pleistocene;. 
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