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KAVAJOITE A 3JEW VANADIUM OXIDE FROM ARIZONA

By

"R T!ln OTrT|h PiA'n ^T^ll A"1 ^'^ra^/lip^ Mjjj: © jLiiJ ^'V'ii^^"6^.) ')ii^ I-Jb « ^^LJJ-JL, £^tj^ {^ r£^f3^^^ t̂ ,v̂ r^, Jt*i

ABSTRACT

Navajoite, hydrated, vanadium pento:<ide s is a sew mineral found in 

the Monument Ko« 2 mine, on, the Navajo Indian Reservation,; Apache 

County? Ari3 e It occurs as a coating arcrmd pebbles and sand grains 

aii'i in tnin seams m sanit'tone and c^ay jjenses .m a vs-riadxiH 

deposit in the SMjaaruznp conglomerate (Trlasslc} 0 It is dark 

soft5 and fibrous, -with silky luster and brcvn streak* The specific 

gravity measured on the Berman balance is 2,560 The mineral is optically 

Ma.xi.al, probably negative, has parallel extinction^ and a = 1*905 

4 O.OO^s (3 about 2 B 02. and 7 slightly above &.02, X = yellowish bro¥n^ 

Y - yellowish brown, Z -- dark brown parallel to fiber length. A chemical 

analysis shows V205 Tic 68 per cent, Y2C4 5 e 08, PesG3 J 8 ?8 S E20 20<,30 5 

3ICv 1.20, CaO Oe22 s total 100.06 percent, and indicates the formula

VsCsOHaOo The d spacings and intensities of lines in the X-ray powder

/- °pattern are listed a The y^iit cell length along the fiber is J 6 65 + OoOJ A,

Tentative indexing of the powder pattern suggests that the mineral is

o , o
monoclinic with ao = 1T»^3 + 0«10 A 9 l»Q ~ 3»65 + OoOJ Aj co ~ 12 B 25 + 0«10
o
A s p - 9T + 30% and Z = 6.

IFTRODUCTIOI AID ACKNOWLEDGMEM'S

Several impure samples of rmvajolte were collected from the 

Monument Ho 9 2 mine,, in the Garnet Ridge quadrangles, Apache 

Arizona3 in 1951° The first seen by the writers was collected by





Ao Rosenzweig, at that time mineralogist for the Atomic Energy Commis­ 

sion in Grand Junction^, ColOe In July 1951 A a D« Weeks, D» Ho Johnson , 

and other Uo S s Geological Survey mineralogists collected several 

samples c Clifford Frondel of Harvard University sent the writers a

that had "been submitted to him* AH of these

sandstone or shaly impregnated with, the Tbrom vanadium mineral, 

Tbut they contained too small a concentration of pure mineral for 

chemical analysis,?

In July 1952 A 0 Bo Weeks and Mo E O TtacpsoB. visited the 

with several S'orvey geologists fotmd enough, relatively pizre material 

to establish the mineral o

¥sen the chemical composition was found to Ibe hydrated vanadium 

pentoadlde, an effort to compare this mineral with alaite reported

specimen has 'been located and the original description gives no chemical 

analysis or adequate description of physical properties  It has "been 

suggested that alaite my Tbe iiewettite or metahewettite (Hille'brands 

Merwin, and Wright, 191^ p» ^9? and Persian, 1930^^ 33)? probably 

because of its red color* Therefore it unwise to use the uncertain

alaite for the new Arizona material and the navajoite been 

chosen in honor of the lava Jo Indians ©n reservation this new 

mineral occurs*

Thanks are gratefully extended to A 0 Rosenzweig and Clifford Froadel 

for an opportunity to their samples, to 3HU T 9 Evans for X=ray





AH of the samples collected "by the uriters from the South 

Rim workings of the Monument Io 0 2 m±ae 3 operated by the Vanadium 

Corporation of America in Apache County, Ari^ 0 (it is not known 

 whether Frondel's and Rosen2weig B s samples from the part 

of tie mine 0 ) The mine is in a vasadi'am-Tirani'um deposit located jnst 

north of Comb Ridge in Monument Valley,, The ore occurs in a wide,, 

complex channel that is filled with SMnaromp conglomerate (Erlassie) 

and that extends down through the Mbezikopx formation (Triassic) into 

the DeChelLy sandstone member of the Cutler formation (Permian) 

(Witkind and others, 1953)-

The mineral navajoite impregnates conglomeratic sandstone and 

silty sands tone, forme IZL the sandstone and crescent-shaped 

coati:cgs above and below pebbles, and fills small fractures in clay 

lenses. The best specimens the thickest crescent-shaped coatings 

and seam, fillings with fibers perpendicular to the nail rock* The 

rock is porous and friable and most of the ore in this portion of the

T*"4 and V+5 ? eorYusitej the rest fully oxidized: tyuyamuaite, 

ranvite, hevettite 3 steigerite, and limonite s





$ <a f'lssi^lf c-^TK'voif'ii'ff.s'TfTi Q*? 1 1rtr Hh IS d&i Jt^DiOwIlp bJLJLlLy L>

and adamantine luster on freshly broken surfaces * The fibrous 

appearance is due to the growth habit as minute columns build up 

perpendicular to a fracture surf 0 The fibers are very soft and 

 when finely ground on a glass slide they smear out to form a -waxy 

yellow ̂broira, film. Some eorvusite has a similar growth habit 5 but 

it may "be distinguished Tty its blue -black color and especially by 

its greenish color when smeared thin on a glass slide 0 The hardness 

of navajoite is less than 2 and the specific gravity, measured on a

T°h 
«L u

biaxial , probably negatives has parallel extinct ion 9 and a = 1 

0«»005j P approximately 2«02, and 7 is slightly higher than 2 0 02. 

X » yellowish br©ii2. 3 I = yellowisii bram,, Z   dark brown parallel to 

the fiber length. .Although optically the mineral appears to be ortho 

rhomb ic 5 X-ray study indicates it may be monoelinie and elongated 

parallel to the b^ axis ? as hewettite was proved to be by Barnes and 

Qurashi (1952).

The samples collected in 1951 contained quartz, clay* or -other 

contaminants and were not suitable for a chemical analysis to determine 

the composition of a mineral« In one of the 1952 samples a crescent- 

shaped of aafajoite around a quartzite pebble about an inch and a 

half ia diameter very pure. About 1 g -of this was prepared for 

chemical analysis a portion of the original specimen. saved to





8

show the occurrence. The outer and inner surfaces of the crescent 

were scraped to remove any he¥ettite or rauvite that eoated them? then 

the navajoite -was ground and examined under the binocular microscope 

for impurities,, A semiquantitative spectrographie analysis made by 

E» ¥« Worthing on 10 Big of the purified sample is as follows:

If w

1 ~ 10 Fe

0.1 - 1.0 Si,' 'Ca^ Al 

OoOl - 0«1 Bay Ha, Mg 

0.001 - 0 9 01 Cr s Ti ? Sr, I, Mi, Cu

Because the analysis shows the constituent elements of the contami­ 

nating quarts and clay to be eaeh less than one per cent , this sample 

was the most suitable one available for chemical analysis .

Table 1 0 --Chemical analysis ©f uavajoite. A 8 Me Sherwoodj, analysts

58

CaO

The interpretation of the chemical analysis is chiefly concerned 

with the water content and with the question of impurities in the 

sample or the solid solution substitution of some minor constituents   

The Io20 percent ©f silica is probably due to quartz impurity., The





9

0«,22 percent of CaO may represent contamination by about 3 percent 

of hewettite although no lines of hewettite show in the X-ray powder 

pattern of navajoite» The presence ©f a small amount of hewettite 

would not affect the calculation of the formula for navajoite because

minerals e The X-ray pattern of mavajoite does not have any lines 

which would indicate that the 3<*!>8 percent of Fe20s is present as an 

impurity of goethite or of fervanite (Pe4Y40is»5H20)« Probably the 

iron substitutes for vanadium in this mineral as it d0es in montroseite 

(Weeks, Cisney, and Sherwood, 1953? and Evans and Block, 1953)  If ^-Q 

3*08 percent of Y2C>4 is present in admixed eorvusite and if its formula 

is Y204<>6v2Gs »15E2Qj corvusite would make up nearly 28 percent of the 

analysed sample 0 Such a high contamination is unlikely for the following 

reasons; (l) the color is brown and the streak yellowish brown instead 

of black and greenish black as in corvusite; (2) the X-ray powder pattern 

of aamjoite has been indexed (table 5) with reasonably satisfactory 

results and not seem to be a mixed pattern °, (3) the presence of 

eorirasite is probably not indicated in the pattern ©f navajoite although 

the two minerals may have some structural features in common. The pattern 

of eorrusite is not very well established and seems to be somewhat variable 

It is believed that navajoite formed by oxidation of corvusite at the 

Monument Wo B 2 mine and that the conversion to navajoite structure took 

place in this sample before the oxidation was completed*

A redetermination of the water as HgO (-) and H20 (+) made nearly 

a year after the original chemical analysis shows 10*21 percent of HgO (-) 

and 8.10 percent of H2Q (+)  This represents a loss of 1«99 percent 

water while the sample was stored in the laboratory and indicates that





part of the water is easily released^ perhaps -as interlayer  water. 

The 8elO percent of H^O (+) indicates that one molecule of "water 

is held in the structra*e« Although the molecular proportion of 

-water to YS05 in the chemical analysis ie slightly less than 5, the 

formula is probably Ya05 e 5H2Q with two molecules of inter layer -water

drat ion studies will be made*

X-BAY DIPJKACTION DATA

The X«ray powder pattern (table 2) of navajolte distinguishes it 

readily from hewettite and eorvusite which it resembles in physical 

appearance » The best fibrous sample (same as chemically analyzed) 

gives an oriented X-ray pattern,, The fibers are too small for single 

crystal X-ray photographs. However, a rotation photograph (taken by 

H O T* Evana ? U* So Geological Survey) of a email bundle of fibers 

indicates the unit cell length along the fiber is about 3*65 A« A 

large-scale photograph of the zero layer was then obtained by placing 

the fiber bundle in a powder camera and using chrome radiation. An 

attempt to index the layer by use of the logarithmic form of 

Bjuretrom's chart (Bunn, 19^6 s p B 580) failed, indicating that the two

other than the fiber length are not at right angles to each other 

and navajoite is probably monoelinie e

The reciprocal lattice spacings (1/d) of the (hOl) lines with 

spacing larger than l/cl^Q were plotted. The best graphical solution

» ' ° £
HPVviinTurf^ "hi^r HhT0 ^ & 1 CITH^ ^<y>°YQ â̂ av^ cj^if^ryoe?Hhc3 ^"Hsa 0!" sa = *1 7 iL*^ «iU f*li "1 f\ A lr\ °  ^ fTt^ -4°AUJUliAl uy IL*X AfeLJL obilUL ^=T,FOJu fes I'Jggts fe u to ullclu f%  * "^ I & -^ ^* cXM J%,j UQ   a/e l-'-X »

0^05 A, c0 = 12^25 + 0 01Q A s and p = 97° + 30 ? » This unit cell would 

hold approximately 6 formula wei^its of Va05°5a20 0 The tentative indexing





Table 2 B  X-ray diffraction powder pattern of naYajoite (averai 
of 5 patterns). CuKa radiation

d (meas)

vs

9 o^l F

8067 F

To^ F

3*53 ¥ 

3>? ¥

M

2A9 ¥

2.39 VP

2 6l8 F

2,12 M

1,99 ¥





of the larger d-spacings is given in table 3°   It IB hoped that 

larger crystals will be found so that the crystallography may "be 

checked.

Table 3.«-Ten,tatiYe indexing -of hOl lines of navajoite 
powder pattern * Cr/V radiation

I

w

vs

M

VF

F

d (ijjeas) 
A

1 7 lia. I P*T

12.1

10 06

9*4

8,66

d |ealc) ,,_ 
A

17,33 (100)

12.15 (001)

10*58 (101)

9*42 (101)

8*65 (200)

Assume ;

o 
a0 = 17.43 A

o
b0 - 3.65 A

0
«   IP PR AVQ   J.C.   C.^ M,

& - 97°

V205 '3H20

Z - 6

Wb 5-79 5«767

F 4,32 4,325

F 3.95 5*951
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