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C. OseonNB Humow, Stanford LIniversit"t, Cali,forni,a.

Ansrnecr

Yavapaiite, a new mineral from Jerome, Arizona, has the composition KFe3+(SO),
rvith two formula units in the unit cell. The mineral, associated with sulphur, voltaite, and
other unidentified sulphates, forms pale pink, brittle, adamantine crystals, elongate parallel
to [010], with perfect {100}, 1001}, and distinct {110} cleavages, and strong conchoidal
f r ac tu re .The fo rmse {001 } , d {101 } , l l 20 l ) ,  o {100 } ,  andm l l l } l  appea r tobemos t f r e -
quent ly developed. H:2+-3,  S.G.:2.88 (meas),  2.92 (calc.) ;  a:1.593,  p:1684.

t : 1 . 698 ,7 -a :0 .105 ;2VN, :30 .5 "  ( - ) ,  p l v s t r ong ;b :Z , c [X :6 ' ,  a :Y ,  o r  nea r l y  so .
ao:8.12 A,  +O.Of A,  bo:5. t+ A,  co:7 .92 i t ,  p:gq" 24' ;  as:b6:cn:1.5797: l :1.5214.
Measured cell weight:936.41 X 10-% gms. Monoclinic, with space grotp C2, CZ/m, or Cm.
Decomposed in boiling water, but readily soluble in HCI to give stable solutions.

The mineral is named for the Indian tribe that inhabits that oart of Arizona in which
the inactive mining center of Jerome is situated.

OccunnnNcB

The most complete study of sulphates formed under fumarolic condi-
tions at the United Verde Copper I'Iine at Jerome, Arizona,* was made
by Lausen (1928), and without exception, all of the sulphates reported
in that work are hydrous minerals. Furthermore, most of them appear
to have crystall ized as the result of the extensive fire that f irst started in
the mine in the fall of 1894, although Lausen (1928, p. 205) points out
that many of the sulphates may have crystall ized "when water was first
used to put out the fires. Conditions, however, must have varied from
time to time, as the various sulphates are not mutually intergrown, but
rather occur as crystals of one composition resting on those of another."

The mineral described herein was collected by Mr. Scott J. \A/i l l iams of
Scottsdale, Arizona, in 1941. Of very l imited occurrence, it formed a ce-
ment in rubble that was exposed in the open pit operations of the United

* For a more comprehensive account of the geology and ore deposits of Jerome in par-
ticular, and the region in general, reference may be made to Lindgren, W. (1926), Ore de-
posits of the Jerome and Bradshaw Mountains Quadrangles, Arizona: LI.S.G.S. BwlI.
782, pp. l-792.
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1106 C. OSBORNE HUTTON

Verde Extension Mining Co. Operations at the pit ceased very soon after

1941, and all traces of the occurrence are now unhappily lost.

The only specimen that was available for study consisted of an irregu-

larly shaped fragment, 20X25 mm. with saccharoidal texture. Yava-

paiite, which makes up 90-95 per cent of the specimen, forms rather

equidimensional grains that average about 0.2 mm. in diameter, although

here and there, in vugs, short, stumpy crystals with some terminal faces

occasionally preserved, may reach 0.6 mm. in length' The mineral in

question has formed upon very coarsely crystali ine voltaite, and at the

same time it is dusted over with very minor quantit ies of sulphur, jaro-

site, and at least two other sulphates which have not been satisfactori ly
diagnosed at this time; alunite may be present but its occurrence here

has not been definitely proved.
The mineral has been given the name yavapaiite-Y A' V A P A I I T1

or yd.' vd. pai ite2-after the Indian tribe that inhabited that area of Ari-

zona in which Jerome is situated.

Pnvsrcer PnopBnrrBs eNt CnvsraLLocRAPHY

Crystals of yavapaiite exhibit perfect transparency, vitreous lustcr

that is almost adamantine in some instances, and very pale pink color
with a slight purple hue (close to Ridgway's shell pink-11"f, Piate 28) .

The streak is white but the color of the finely powdered mineral is very

pale yellow; the mineral, however, is perfectly colorless in transmitted
light, even for fragments 2-3 mm. in thickness. Hardness is 2l-3, and the

measured specific gravity, determined by centrifuging in bromoform-
diiodomethane-acetone mixtures is 2.88 at22" C., whereas the calculated
value is 2.92.The former value was obtained only after the sample had

been finely crushed, dried in air at 110o C. for two hours, and then placed

in vacuo; if this procedure is not followed, a value oI 2.81t0.02 was ob-

tained for all specimens so measured. The mineral is exceedingly brittle,

and those fracture surfaces not determined by cleavage are usually sub-

conchoidal to uneven.
The crystals of yavapaiite do not exceed 0.6 mm. in length, and are

usually very much less than this. fn some instances, they are singly termi-
nated, but no examples were isolated that would permit accurate and,

therefore, worthwhile goniometric treatment. The crystals are short and

stumpy in form with the longer dimension parallel to [010]. For one in-

complete crystal (Fig. 1) that permitted identification of the faces,

{001 }  i s  dominan t ,  w i t h  {101 } ,  { 100 } ,  { 201 } ,  and  un i t  p r i sm {110 }  l ess

I English usage, following the Royal Geographical Society (R.G.S. II) system.
2 American usage.



YAVAPAIITE FROM ARIZONA

Frc. 1. Incomplete crystal of yavapaiite from Jerome, Lt\zona, showing development
of  c{001},  dt l } l \ 'J lz} l l ,  o{100} '  and m [110i .

well developed; other faces are poorly represented as the result of frac-

ture or deep growth pits.
Per fect  [001] ,  {100} ,  and d is t inct  {110}  c leavages occur '  and the

dominance of the two former directions leads to the development of slen-

der prismatic fragments with roughly rectangular cross-sections when

crystals are crushed.
A very poor choice of crystals was available' but one doubly termi-

nated fragment (Fig. 1) was selected for measurement with a stage

goniometer. The interfacial angles thus determined are set out in Table

1, together with the corresponding angles calculated from data deter-

mined by the r-ray study. Most faces exhibit some curvature, and as a

result they yielded reflections over a range of as much as 30' in some in-

stances; these data, which should be considered to be within *30'of the

correct  va lues,  lead to a l inear  ax ia l  rat io  a lb lc :1 '59:1:1.52,  and an

interaxial angle of 94" 30'.
The calculated elements and standard angles for yavapaiite are l isted

in Table 2, and these data have been derived from cell dimensions deter-

mined by the ro-ray work.
The optical and other physical properties of yavapaiite are given in

Table 3, where they may be compared with similar data for the mono-

hydrate, krausite, and the quadrihydrate, goldichite.

Tenr-n 1. MBasunno eNo Car,culerro INtBnllcrar, ANGr,Bs lon Ynv'q'pe[tr

Measured Calculated

100n 110
001n 101
001n 201
201n 100
001n011

5 / -4)',

41"30'
59'30',
260N'
56'30',

57"35',
41o48'
59'08',
26"28',
56"36'
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Teerr 2. Alrcrr Tanr,r lon yavaperrrn

aibic:7.5797i1;1.5214; F:g4"24';  ?o:qo.ro:o.g631:1.516g:1; r2ip2iq2:0.65g210.6349:
1 ; p : 85'36'; p n' : 0.9658, qn' : 1.5274, xo' : 0.07 69.

c 001
o 100
m ll0
w  0 1 1
d l0l

J 20r

90'00'
90 00
32 25

90 00
90 00

4"24',
90 00
90 00
56 43
46 t2
63 32

85'36',
0 0 0
0 0 0

85 36
43 48
26 28

90"00'
90 00
32 25
33 23
90 00
90 00

0"00'
85 36
87 38i
J O  J /

4t 48
59 08

85'36',
0 0 0

57 35
87 35
43 48
26 28

When mounted in refractive index media, and due to development of
perfect {001} and {100} cleavages, the crushed powder provides a large
number of fragments with approximately maximum birefringence, and
about an equal number that yield nearly centered, negative, acute bisec-
trix f igures (Fig. 2); the latter orientation, however, is the more obvious
one owing to striking anomalous interference tints displayed therein.

X-Rev Wonr

Rotation and Weissenberg photographs about the a, b, and c axes were
taken with a 57.29 mm. diameter camera; nickel-fi l tered copper radia-
tion (CuKa:1.5418 A) *as employed, and although some degree of f luo-
rescence resulted thereby, it did not prevenl satisfactory study and meas-
urement of f i lms.

Appropriate measurement oI zero layer \A'eissenberg films, calibrated
with quartz, gave unit cell dimensions as folows:

ao :8 .12  A ,  +  0 .01  h ,  bo :5 .14 ;  16 :  7 .82 ;  B :g4 "  24 , .

These data lead to a l inear  ax ia l  rat io  of  1.5797: l :1 .5214,  compared
with the figures derived from crystal measurement, viz. a:b:c:1.Sg
: l : 1 . 5 2 .

Indexing of Weissenberg films and a study of the systematic extinc-
tions therein indicates that the space group is C2, C2/m, or Cm. IJn-
fortunately this ambiguity could not be resolved further at this time.

The r-ray diffraction powder pattern is set out in Table 4, column 1,
and the l ines therein have been indexed on the basis of the unit cell con-
stants determined for yavapaiite by single crystal work, and the reflec-
tions recognized on weissenberg films. rndexing is not complete in the
sense that each reflection observed on single crystal weissenberg photo-
graphs has had a corresponding d-value calculated for it, since, at angles
greater than about 79" 20, most of the lines are weak and many are quite
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T.tsls 3. CouplnrsoN ol. Y.lvlpettrr wrTH THE MONOnVOnatO ANI QUAOttnVlnerr

B
^l

a -  a

issoo A
l -2v1s8e0 t.
[7200 A.

Optic sign
Dispersion

b
Extinction

Color

Cleavage

Symmetry
Space group

Yavapaiite
K Fe3+(SO+)r
('fhis study)

1 . 5 9 3 + 0 . 0 0 2
1 .684
1 .698
0.  105
2 9 . 5 "
30 .  5"
33  .0 '
( - J

horizontal with

p>r,, strong
Z
c, \X:6"
o:Y, or nearly so.

colorless in sectionl
otherwise very
pale pink.

Ioo1], {1oo} perfect;
| 110f distinct.
monoclinic

C2, C2/m, or Cm

Krausite

K Fe3+(SODz.HzO
(Foshae, 1931)

Goldichite
* U"t*1SOn)r.4HrO

(Rosenzweig and

Gross, 1955)

1 .588
1 .650
1 . 7 2 2
0.  134

I
llu.e"
) "

Z
cfiX'?:35'

colorless in section;
pale yellow and

weakly pleochroic

in thick grains.

[001f perfect,

{1001 good.

monoclinic

1 582
r .602
1 .629
0.047

82" (calc.)

(+)
1(tr, strongr

X
c /12:11"

colorless in sectionl
greenish-yellow

and lavender in

artificial light.

I 1001 excellent.

monoclinic
P 2r/c

I Determined by the present writer upon material from the type locality-Dexter No. 7

Mine, Calf Mesa, San Rafael Swell, Utah.
2 Palache, Berrnan and Frondel (1951, p. 463) incorrectly state that the angle Y/\c

Frc. 2. Optical orientation of yavapaiite.
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difiuse; under these circumstances indexing is uncertain. rt shourd be
realized, however, that many reflections, additional to those observed in
the powder patterns, have been recognized on single crystal f i lms; for in-

'I'aer,a 
4. Pownnn ParronNs ol Yevepe.rrrl, eno Anrrlrcrar, K Fna+(SOr):.

Camera diameter: 114.59 mm. Radiation: CuKc: 1.5418 A.

hkt

001
1 1 0
200
002
t l 1
1 1 1
201
201
1,12
202
112
202
003
020
021,
3 1 0
3 1 1
1 1 3
203
3 1 1
1 1.3
220
022
203
221

221
400
401
312
004
222
401
222
402
023
3 1 3
201
r 1 4
t14
402

d calc. hkt d meas d, calc d neas d meas I

.5

l
1

< l

8
1

1 5 B

7  . 8 5
4 . 3 5
4 . 0 5
3 9 0
3 8 7
3 . 7  3

3 4 9
2 9 7
2 9 2
2 . 8 4 2
2 705
2 603
2 572
2 . 4 1 1
2 .394
2 330
2 283
2.260

2 -200

2 . 1 5 1

2 116

2 . 0 6 5
2.O27
1 996

1 951
1 933

1 867

1 824

r 712

7  . 7 9
4 .  3 5
4 0 5
3 9 0
3 . 8 6
3 . 7 3
3  . 7 1
3 4 9
2 9 6
2 9 2
2 .843
2 . 7 0 8
2 600
2 . 5 7 0
2 . 4 4 1
2 . 3 9 1
2 330
2 . 2 7 0
2 . 2 6 6
2 -241
2 . 1 9 1
2 170
2 . 1 4 7
2 . 1 1 5
2 113
2 -102
2 068
2 . 0 2 4
1 996
1  - 9 7 2
1 950
1 930
1 . 9 2 5
1 865
1 .856
1  . 8 2 8
| 822
|  .812
1 .806
L 752
I 743

7 8 8
4 . 3 5
4 . 0 6

3 8 8
3 . 7  4

3 . 4 S
2 . 9 8
2 9 2
2 846
2 703
2 602

2.396
2 . 3 3 0
2 285

2 192

2 152

2 . 1 1 6

2.069
2 . O 2 7

1 . 9 5 2
1 . 9 3 4

1 865

1 .824

1 . 7 5 9
r . 7  4 2

7 8 2
4 3 3
4 . 0 5

3 8 6
3 . 7 3

3 4 9
2 . 9 7

2 842
2 702
2.606
2 . 5 7 0
2 441
2 .394

2 282

2 tgl

2 152

2 . 0 2 7

1 .953
1 . 9 3 4

1 . 8 6 7

| 824

t . 7 5 9
r . 7 4 1

90
5

40
2

80
75

60
100
< 1
75
2
5

80
< 1
20

< 1

25

30

< 1
5

< 1

< 1 8
20

25

3.58

1 0

| . 7 0 6

1  . 7 0 0
1 6775

| 647
1 636

l  57 t
1  . 5 6 0

1 . 5 5 3

1 . 5 3 4

I  J 1 5

1 . 4 9 3

| 117

|  .425

t . 4 0 2

1 707

1 700
1  6 7 7 5

1  . 5 5 2

1 . 5 3 4

1  5 1 4

1. 492

1 710

1 . 7 0 1
1  . 6 7 7 5

1.617

1  . 5 5 3

1 . - i 1 0

l  .490

1 166

1 446

| 125

1 . 4 0 2

1

20

1.5B

10

30B

10

1 590
1  . 5 8 0
1 -564
1 560
I  554
1  . 5 4 9
1 ..545
1 544
1 540

l .  J . t l

I  5 1 9

l 'r. sosl
J I

t r
I  I  .487J
1 . 4 8 1
1  4 7 3
1 . 4 6 3
1 461

( r .++s\
i t
l r '
l r  . 4 4 i  )
1 . 4 1 3

I I .4.33 i
J I

t r
i l .422)
1 .424
| 419
1 . 4 1 2
1 402
1 . 3 9 9
1 .395
1 . 3 7 5

204
3 1 3
22i
1.30
403
1 3 1
1 3 1
223
120
421,
31.1
005
024
132
5 1 0
403
205

132
5 1 1
4zz)

I

T r s l

221
512
314
401
1 r.5)

t(
330J
422
3;r)

I(
224)
205
1 3 3
3 3 1
512
13.3
423

I  .466

1 448

| . 4 2 6

1 403

I
(Co ntinued. on Jaci.ng page)

1. Yavapaiite, Jerome, Arizona
2. Powder pattern yielded by R. C. Corey's material (author,s own difiraction pattern).
3. Artificial K Fea+(Sor)r; compound prepared by the Dow chenical company, Midland, Michigan, and

r-ray work by tlte present writer.
I:Intensities determined visually and referring specifically to yavapaiite in colmn l.
B :Broad and usually difiuse line.
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Tasla 4 (Continued)

1 1 1 1

d meas. d meas d nrears d meas d meas I

1
108

1B
I
1 B
1

< r
1

< 1 8
<18
< 1

I 3.s0
1 322
1 . 3 0 6
1.286
1  . 2 6 6
1 . 2 1 4

1 170
1 .  1 5 8
1 1.15
1 . 1 1 1

I
5
1

I J

45
1 0
I J

10
10

1

1

stance, between 0.884 and 0.811,41 reflections have been observed whose

d-spacings were calculated, but are not reported here.

In the first instance, the nature of this mineral was suspected on ac-

count of the similarity of its powder pattern with that recorded on

ASTI{ card No. 3-0617 for artif icial * p.a+(SOr)z supplied to the Dow

Chemical Company by R. C. Corey of the Combustion Engineering

Corporation. Through the generosity of Dr. H' W. Rinn of the Dow

Chemical Company of Midland, Michigan, the present author ob-

tained a sample of Corey's material; furthermore, a second sample of

K Fe3+(SOa)r was generously made available, and this had been pre-

pared by Dow Company officers by vacuum crystallization of a solution

containing KzSO+ and Fe3+z(SOa)a in 1: 1 mol ratio and subsequent heat-

treatment of the crystall ized product at 400o C. The f-ray powder pat-

terns yielded by these two artificially prepared samples (Table 4, col-

umns 2 and 3) are closely similar to that obtained with Jerome, Atizona

mater ia l  o f  natura l  or ig in.
At angles greater than about 65" 20, many of the reflections in the pow-

der photographs become rather broad and diffuse, especially so at angles

greater than 79o 20, so that precise measurement thereof is not always

possible; nor is there any distinct resolution of a1, and az l ines. This dif-

f iculty was not resolved by careful heating of the mineral, because the

patterns yielded by yavapaiite heated in air to 280" C. and 400o C' for

periods of 17 and 8 hours respectively, were in no sense distinct from the

pattern recorded for the unheated material.

Cnplrrcar- PnopBnrrr's

When finely powdered yavapaiite is added to hot water, the mineral

decomposes immediately with concomitant precipitation of ferric hy-

droxide, and production of a weakly acid solution. In cold water, on the

r  350
|  . 3 2 2
1 .306
1 -286
1  . 2 6 8
|  215
1 .  1 9 8
1 . 1 7  |
1 .  1 5 8
1. 1.1.5
1 . 1 1 1

I 098
| 012

.993

.96r
947

.920

. 9 1 1
884

.  8 1 1

. 7 9 6

. 7 8 1

r  .098
I  . 0 4 1

993
961

.948
919

. 9 1 r

.884

. 8 1 0

. 7 9 6

. 7 8 1

r  .098
I o+2

.993

.961

.941
920

. 9 1 0

.884

. 8 1 0

. 7 9 6

. 7 E 1
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other hand, solution is extremely slow and precipitation of the hydroxide
is not evident for several days. The mineral is readily soluble in warm
2N HCI to give a pale yellow solution that appears to be quite stable.
When yavapaiite is heated in air to about 500o C. the mineral turns pale
brown, and slightly stronger heating results in a deep red-brown powder.
In a closed tube, the mineral decrepitates slightly, and a strongly acidic
water is evolved.

Tasln 5. AN,rr,ysrs eNn Eupnrcll UNrr Crr,r, CoxrnNrs ol yava.pnrrrr

SiOz*insol.
AhOa
TiOz
Fezo:
FeO
CaO
Mgo
KrO
NarO
SOa
HzO at 105'C
HzO-

1 . 9 9 8 0  2 . 0

1 .8836\2  n
. 1 r M J - ' "

4.0012 4 .0

0 . 2 6
0 . 1 1
nil

27  .69
0 . 0 7
tr.
0 . 0 8

1 5  . 3 9
0 . 6 2

5 5 . 5 8
tr
0 .  1 4

99.94

0 . 1 1

2 7  . 8 2
0 .07

0 . 0 8
1 5 . 4 6
0 6 2

55 .84

27 .89

1 5 . 5 0
0 . 6 2

5 5 . 9 9

. oo14l
I

.eewl2.or

.00s1 I
I

.01081

.87881 | oo

.1r4s)-  "
9928 3.99

2 7  . 8 2

16 40

5 5 . 7 8

Cell contents: (K, Na)r sg(Al, Fe3+, Fe2+, Mg)2 or[SOa]3 ee or (K, Na)zFes+r[SOrl,
1. Analysis of yavapaiite (analyst: C. Osborne Hutton).
2. Analysis of yavapaiite with SiOz removed; total recalculated to 100.
3. Cations on the basis of 16 oxygen atoms per unit cell.
4. Analysis of yavapaiite with SiOz, AizO:, FeO, MgO removed; total recalculated to

100.
5. cations for analysis in column 4 on the basis oI 16 oxygen atoms to the unit cell.
6 Theoretical composition of K Fe3+(SO)2 in weights per cent.

A complete chemical analysis was made of a sample composed of crys-
tal fragments that. had been concentrated by hand-picking, and any
particles that appeared to be contaminated with sulphur, voltaite,
jarosite, or any other extraneous material were rejected. Accordingly, it
is believed that the analysis (Table 5) is representative of very nearly
pure yavapaiite. Small amounts of SiOz, Al2O3, FeO, and MgO were
found to be present, and SiOr, at least, is possibly an impurity; this
oxide has been set aside from the analysis reported in column 2, whereas
the other three oxides have been omitted in column 4. In both cases
(columns 2 and 4, Table 5) the empirical unit cell contents have been
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calculated on the basis of 16 oxygen atoms. The total quantit ies of ions

other than Fe3+, K, Na, and S are very small, and the results of calcula-

tions set out in column 3 do not differ significantly from those listed in

column 5. It is not clear, therefore, whether the small amounts of AI,

Fe2+, and Mg represent contamination of the sample of yavapaiite by

minute amounts of other compounds, or not, but the results of a spectro-

graphic analysis (Table 6) of very carefully selected water-clear crystal

fragments of this mineral tends to support the conclusion that small

amounts of AI and NIg are present in the pure mineralland the same may

be true for SiOr as well.

Tesln 6. Spncttocnlprrrc ANrt'Lvsrs ol Yev.lparrtr
- -

Maron Er,nlmx:rs:
Fe> 10 per cent.
K) 5 per cent.

MrNon Er-nurxrs:
Na(0.3 per cent. Mn:O.005-{.01

Si :0 .1  -0 .2  Mo:0 .005-O.01
Ca:0 . 1 -0 . 15 Cu:O .001_o .005 (part of this could come from electric mo-

A1:0 .05-0. 1 tors in operation nearby).

Mg:0 .01-O.05 Ag:9 .001 +
8 : 0 . 0 1  B a : 0 . 0 0 1 +
Ti:0 .01-O.03 Rb seems to be present, but lines are obscured by CN lines'

Er-nunNm Urontrctnn:
Li, Sr, V, Cr, Co, Ni, Lr,Zr, Cd, Hg, Sn, Pb, Bi, Sb, As, Te, P, Be, Ga, Ge, Th, U,

Zr,Irt,W, Cs, rare earths, and platinum.

Attempts were made to prepare yavapaiite by careful dehydration of

krausite, goldichite, and potassium iron alums, but these experiments

failed in every case; none of the products obtained yielded *-ray diffrac-

tion patterns that were in any way comparable to that typical of yava-

paiite.
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