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MONTROSEITE, A NEW VANADIUM OXIDE FROM THE COLORADO PLATEAUS 

Alice D. Weeks, Evelyn A. 

by l 
Cisney, and Al xander M. Sher~ood 

ABSTRACT 

Montroseite, a new vanadium mineral named from Montrose County, Colo-

rado, has been found in four mines in weste n Colorado and in two mines in 

eastern Utah. It is black, Opaque, s,ubmetaJ lie, and occurs in microscopic 

bladed crystals of the orthorhombic odpyram · dal class. The axial ratio is 

a:b~c = 0.509~1~0.310, the common forms are b { 010], m [110], p {121 }, and 

a large vicinal form is approximately [ 0, 10, 1} • The observed specific 

gravity is 4.0 and the calculated specific bvity is 4.15. The co~sition 
is essentially VO(OH), with some iron commo~y substituted for vanadium. 

Partial oxidation to V02 has taken place. bhemical analyses and X-ray 

diffraction data are given. Single crystal study indicated that the space 

group symmetry is Pbnm(D2 h 16 ). 

INTRODUCTION AND ACKNINTS 

Montroseite Yas first collected by L. R. Stieff, T. W. Stern, and 

M. N. Girhard of the U. s. Geological Surv+ during the summer of 1949 at 

the Bitter Creek mine, Montrose County, Co~o. , and studied by the writers 

l.• n 1950 • co.llec~t· e d bYfl A .• More montroseite was _ D • . Weeks from the Jo Dandy 

mine, Montrose County, and the Ma tch1ess Mesa County, Colo • .J in 1950; 

from the Bitter Creek and the Whitney mine , Montrose County, Colo.) in 

1951, and from the Juniper mine, Gra1id Co ty, Utah1in 1952. It was 

collected. from the Rex No. 2 mine at Temple Mountain, Emery County, Utah) 

in 1952 by A. Rosenzweig of the Atomic Ene1gy Commission.· 
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The mineral was named, after preliminary niorphologi.c and x-ray study, 

and · chemical analysis sho.wed. _it to be dii'fe.rent :from any known vanadium 

mineral ~Weeks, .Cisney,. and -Sherwood., 1950) ~ It was not tully ·described 

·at that time because o::f ·the probl·em. ·pf a sa.ti'sf-actory chemical for:tn:ula .• 

The small unit cell d:etermined by x-ray study indicated a. siiD.pler ·formula 

t.ha.n -was obtained from the chemical analysis .• 

Thanks are extende.d to L • . R •. Stieff', T. W • . Stern, :and M. N. Girhard 

who -collected the first sample; H. T. Evans and. Stanley Block. of .the 

GeOlogi-cal Survey whQ· ·,determined ·the crystal structure and the c·orrect 

chemi.cal formula.; also George .SWitzer ·of t,he U •. s. National MU.Seum who 

furnished material for ·comparison with the new mineral. 

·OCCURRENCE 

Four of the mines in whi.ch montrose! te has been. rec-ognized are located 

in the Uravan mineral b.elt (Fischer and Hilpert, 1952) in western Colorado. 

T_he fifth. locality, the Juniper mine,. near ·Thompsons, Utah, is along a ·possible 

northwest extension of the prayan belt • . These f'ive ·mines ·a.re in the Salt 

Wash sandstone .member of the Morrison for.ma.tion (Late Jtirassie) •. ·The sixth 

lOcality is the Rex No .• . 2 _mine i.tt Sh:I.narump c~nglomerate (Triassic) at 

Temple Mountain on the southeast side of the San Rafael swell in Utah,. (See . . - . 

f.ig. 1.) 

MOntroseite occurs in black, relativ~ly un.ox:I.dized vanadium-uranium ore, 

and is more abundant at the :Sitter Creek anP,. the Whitney ndnes where the ore 

is predominantly blacker than a.t the Jo: Dandy mine where the ore is generally 

-oxidized and consists o.f :rninerals such. as carnotite,, hewe.ttite, · a.nd. hll1Il1Jleri teo 

A SIIJl.il 'a.xnoun.t o~ pitchblende found at the Juniper a"nd the ltex NP.- 2 mines 

iS further indi-cation o.f th,e relatively tln.oxi,dized ·env:irOn.ment of montrosei te. 
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'At the liitter ·C~ek ·s;na -Whitney mines man.trO$eite is the chief ~um 

·,ore mineral in tke 'blaekest are bttt is less abundaltt thatl eorvusite in the 

~montroseite •s fQll:ncl in ·a band · ~t e.orvusite o:re with thin seam :fillings :of 

hewetti te.. The mntro~e.ite is in mi·cras·eopic crystals inte~stitial t~ the 

quart~ grains ·:of the ~,t;e .. bearin.g sandstQne. The accu;rre.nee. at the JQ. Dandy 

mine ·may represent a f\t:tth..er Q.eve~a~nt of' the. sit:uat_i()ll at the~ )fa.tchle.s.s 

mine,; · at Jo Dand:y there is a vecy small amount .of m()lltroseite in small .da:rk 

pat~.s o·f ·corvusit.e ·o-re -~ -At the JUDip~r mine ·a specimen :Q:f lllf~erali,Zed 

-fossil hone was fo.u.tut to have mie:ro,seopic tubelike fi.llings of -~t.roseite 

in brown apatite. 

-A few· milligrams ·Of near:l.y- wre montroseit.e from the 1le.:x "o• 2 :mine 

were .sent to the ltti:hers for i®nti.f'leation by A• -R9Sent.ll'eig, 9.t ·the Atomic 

Energy Commission. It e-ons~isted .of cleavage .f":ragments a.rui ·.aggrega:tes of 

grains larser ·than thgse ·in o.the.r samples, .and liaS the ()ll].y specitnen suj. t.able 

MOntroseite is bl.aek1 opaque 1dth s'\illmetalllc luster 1 ·and b1a:ck streak·., 

It fo.nns ttdcroscopic .crystal$· randomly ·nrieni;.ed in mastsly.e: ore, _' filling 

_intersti:ees bet:~ en quartz: saaa grains;· ·or :tilling :s:mall ·tubelike openings 

in fossil bone:-, Only the samples from. the B.itter Creek mine -eon.t·a.in,ed. sin:gle 

·crystals l~u•ge_ enough for gonj.ometri.e and x~~ray single erysta.l st:-aify.. . These 

bladed · crystaLs o,f the Qrth()rhom.bie d.ipyra.m;i:dal ·:c·lass ·are :e~nly attached 

at one end and. ter.minate.d Jd.th dome and. pyramid taees on the Qther end. The 
. . 

crystals ha-ve go:oa clea--vage _parallel to. th..e lezwth o'f the b~de, { 100}, ··and 

'_are brittle. -Supe.r .ficially the appearance or znon:tro.seite r.esem)>les that ·of 
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:melanovanadite in that both form :elongated black crystals, but 'montroseite 

is orthorhombic and opaque whereas mela.nova.nadite is triclinic and strongly 

J>leochroic in black and, re.dct, -From 'the unit ·cell 'P.:Lmensions and ·chem:Lc·al 

:formu.la., the speci.fic gravity of' :montrosei te is calculated to be 4 ~15 •. The 

only specimen suitable for measurement of specific gr-avity, fro-m ·the Rex 

No·. 2 .miD:e, Emery County, Utah, gave 4.0. Montroseite .ca,n be separated or 

concentrated from ·the mi.nerals nth which it ·occurs by ;the use of methylene 

io.dide and by the Frantz isodyna.tn.ic separator because it is heaVy .a.nd more 

magnetic than the associated minerals -~ 

Goniometric .mea._surements Hlade on several .crystals were inaccurate 

because of poor reflections~ small fa..ce.s, ·and multiple growth. of crystals .. 

They ·o.nly served to. -determine the :forms present, and the angl,e table (table 1) 

has been compU.te.d from the unit cell lengths fo:und by X-ray diffraction. The 

bladed crystals (fig • . .2) consist .chiefly o;;t" the brachy:pinacoid. and a steep 

brachydome, both nth ro.ugh surfaces ~ The~ angle ¢f p { ~21} could be 

determined better by finding a small -circle inclu.d.ing some reflection from 

the four SIJUlll faces than by measuring each individua1ly1 and this angle 

was betveen 40°31 t ·and 41°, in good agreement with the calculated angle CJ, 

X--RAY_ DIFFRACTION DATA 

The X•ray powder pattern of montroseite distinguishes it from the other 

bla.ck vanadium ndnerals : melaru)vana.di te , corvusi te , and xanpxite ( c·ons id.ered 

a doubtful species by the writers) .• , .Morpho·logic study indica. ted that 

montrose! te b.elongs to the ort..nprhomb.ic system and thj.s ;l.$3.S bor.ne out by 

X -.ray stu-dy.. Rotation and Weiss.enberg photographs taken around. the ~ and · 

·!!. ~es - lf~re I>Qo.r ·and did nat give sharp refle.ctions, but the extillct.ions 

indicated the space grOU..p t~ be .Pbnm {:D~h 16 ) ~ . f.ro)!l approximate measureme.nts 

.on the Weissenberg photographs the powder pattern va.s indexed .(t-a.:t>.le 2) and 
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'Table 1. --Angle ta.ble of montrosei te 

Orthorhombic; dipyramidal, 2/m 2/m 2/m. 

a~b:c ::; 0 .• 509 :·1 :0 •. 310 

'fi1:r1:P~ = 0.509:1.645:1 

Po_:qo:rQ; = o ..• -6o8:Po}1Q:l 

r2:_p2:·Cl2 = 3.226~1:.961:1 
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Figure 2. •-Crystal dr~wing :of 'nlOntrosei te 



-hkl 

,020 

uo 

120 

130 

101 

'021 

111 

121 

220 

131 

2;30 

o4l 

221 

241 

321 

151 

250 

002 

061 

112 

170 

132 

11 

Table 2 •. -~x--ray diffraction :powder pattern o.f montr.osei te. 
D-spacings _and relative inte,nsity (Cu.K"cX radiation). 

Spacings · in A units 

c·a.lcula:ted 

4.74 

4 •. ~. 

3~38 

2.643 

2'.50-7 

~.495 

2.,424 

2!0216 

2.:L49 

1.-963 

1.917 

1.:843 

1.7.34 

1.-690 

1 • .6Qo 

1.,5·12· 

1.491 

1.-467 

~-.391 

1.388 

1~304 

1 •. 283 

_Me~sured 

4,15 

4.3.1 

3.38 

2 •. 644 

-2.495 

2.423 

2.217 

2.151 

1.965 

1.918 

1.:841 

1.731 

1.6.89 

1.605 
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1 .. 391 
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'the unit cell lengt}U) were recalculated, fi'am: ·m.easu.rement~ Qn the powder 

pattern.. The tinit cell lengths,_ a_0 = 4.8a, bo, ::c 9.48, and. ~e0 = 2 -t~93, 

obtained .in this way -agree n10re c·lase.ly vi th the diffuse lattices than 

the sharp lattice of E~a.ns and Block ( 1953).. This is probably because 

the samp~e used fo:r the povder pattern w:a.s considerably altered to vo2, 

·)rhereas the single crYBtAls contained a well~~crystallized portion o~ ·the 

original VO(OH) -~ 

CHEMICAL ANALYSES 

Montroseite presented a. problem in chemical analysis be.ce.use the 

vanadium ·is commenly in. t)l'P: ·valences and s_ome iron substitutes fu:r vanadium. 

A portion o.f the sample was es ted in H~04 ~ in the absence of' air ·and 

and FeO ·to Fe2~. A seccpnd p: tion was digested in the same manner and 

was titrated ·:with KMn04. is. tit.ration V2 03 is oxidized ·to V 20s, V 204 ; 

to V 2,0s, ·and FeO 'to Fe2 03 • 1 V an_d Fe were determined on separate 

portions-. The analyses · (tahl 3) were compute.d from these d,eterminations: 

total FeO :and V~.03 , total red: -,c·ing ·ability ·of' the mineral, total V, ·- .and . 

to.tal .Fe. 

The ehemical analyses 

obtained by X•ray structure s 

original compo-sition of' ·montr. 

req,uires an equivalent. amount 

be interpreted in ·the light of' information 

dy (Evans and ];lock, 1953 ) • Jdea.lly the 

VO(O.H), but the substitution of 'FeO 

In. the chemical analyses, ·the amount 

of V2 04 in excess Gf -that req red to balance the FeO represents the oxi-

. dation of the original minera The amount o:r· -water decreases as VO( OH) 

alt_ers to. V02 •. Calcula,tion o the analysis (table 3, cOO.UilUl-3) Of' the 

sample from the Matchless , Colo·. , indicates a. bout 35 perce.nt of' 
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Table 3 -- --chemie~l analyses of ·montroseite (in percent) 

Analyst: A. M. Sherwood,. u .•. -S., Geological Survey 

1 2 3 4 

V20s -89.29 10.5 11.10 

V204 72·5 66.90 69.35 

V20s 0.48 

FeO 8.:8 8.26 

Fe2 0s 10.33 

H20 10.71 5·0 4 .• 82 10.60 

Si02 6 .• 12 3.56 

Al2 03 3.00 l.B7 

-uas 2 •. 60 

MgO o,.56 

Ca.O 0 •. 24 

-s 0.-09 

_Total 100.00 96.7 100.20 99·68 

1 HV02 or V2 03•H20 

2 Partial analysis on 120 mg _from Bitt.er Creek. mine, ·colo. 

3 Matc-hless mine~ Golo. • 

. 4 }ilhitn.ey mine, Colo. 
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r(' +2 +4 ) . +31 ( ) . 6 . ·. ~.Fe •V ,V JO OH ·and about . 5 percent of V02, 

None of the montro-seij:;e samples c-ould be separated cQmpletely from 'the 

associat.ed ·minerals chiefly because montroseite- o.c·curs in such fine-grained 

miXtures.. ·.The sa.:mple (table '3, co.J.umn 2) from. the Bitter Creek mine ·( 120 mg) 

was a loose aggregate oi' ··crystals and. probably the purest o:.f ·the three 

analyzed samples . ., The sample f'rom the Matchle.ss mine. (table 3, column 3} 

co-ntaJned. microscopic grains oo--montroseite 'between ('tl8XtZ, _grai_:ns ·and i:s 

·only about 90 I>ercent pure. The san:tple (about 12 ·g) from the Whitney m:ine 

(table 3, c9-lUllln 4) is not more than 85 perc'ent pure and contains clay, 

p9ss:tbly ·corvusite and a new black uranium mineral, and a little :pyrite~ 

PARAGENESIS 

Montrose! te is the J.:east oxidized vanadium Jllineral thus far found in 

the Colorado _Plateaus uranitim·va~dium ores and it is thought to be a 

primry mineral • . It :occurs ..,ith or in the same environment as pitchblenq.e 

and. a n.ew black uranium Eineral not yet described, as :well ·as pyrite, ·galena, 

and other sul:fides. In the ~one o.:f o.xi~tipn it is altered to corvusite, 

m.ela,nova.nadi te, and the quinquiyalent vanadiun1 minerals~ hewetti te, pas:coi te, 

and humm.erite, 

E.vans , H. T. , and Blo.ck 1 S • , 1953 , Montrosei te , a ·new vanadium .analog :of the 
diaspore group o:f minerals: U. S. Geol. -Survey Trac·e Elements Inv. 
Rept • . (in preparation) .. 

F.ischer, ·R. P. , and. ·Hilpert, · L • . S., 1952, Geology of 'the Ur~van mineral .belt: 
U .. s. Geol -. Survey Bull. 988~A, 13 pp •. 

Weeks, A • . D-., Cisney, E .. A., ·and. Sherwood, A • . M.,. 1950, Hummerite and 
montroseit.e, ·two new vanadium minerals from Montrose Colinty, Colorado: 
GeQcl.- . .So.c •. -America. Bull. , vol. 61, p. 1513, (abstract) • 
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