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Abstract

is in shades of blue with absorption X > Y > Z.

crystallographic data are reported for the synthetic compound voso-'3H,O' which is

m o n o c l i n i c ,  s p a c e  g r o u p  P 2 , / a , w i t h a -  1 2 . 2 2 4 ( 2 ) A , b - 7 ' 4 1 6 ( l ) A , c  =  7 ' 3 9 4 ( l ) A ' P  =

108.85( I  )  ",  and cel l  contents of 4 formula units.

Introduction

Minasragrite, a blue vanadyl sulfate from
Minasragra near Cerro de Pasco, Peru, was de-
scribed briefly by Schaller in 1915 and in more de-
tail in 1917. Minasragrite occurs in an effiorescence
on patronite as minute crystals, spherulites, and
granular masses. Schaller suggested the formula
(V2Or)H2(SOr)r' 15H',2O based upon an analysis
of the effiorescence, after subtracting the propor-
tion of melanterite, morenosite, gypsum, and patro-
nite necessary to combine with the FeO, NiO, CaO,
and insoluble matter found in the analysis. Schaller
reported approximate values for the indices of re-
fraction. These were later refined by Larsen (1927,
p. 110). Still later, Palache (1934) described the
habit of the crystals.

Until now, although minasragrite has appeared to
be a discrete mineral species, its chemical nature has
not been clearly defined. In this paper, we show that
the mineral corresponds uniquely to the well-known
vanadyl sulfate pentahydrate, VOSO+.5H2O, as pre-
viously suggested by us (Lindberg, Marinenko, and
Breger, 1966).

Optical Characterization

Reexamination of Schaller's type material, con-
sisting of mixed effiorescent minerals on patronite,
shows blue vanadyl sulfate crystals identifiable as
minasragrite from their optical properties: biaxial

'Publication authorized by the Director, U.S. Geological
Survev.

negative, 2V meditm-large, no = 1.513(2), np =

1 .536(2) ,  n r  =  1 .545(2) ,  B  -  '032 '  The p leo-

chroism is in shades of blue, with absorption X )

Y > Z. Schaller reported that minasragrite was bi-

axial negative, but he recorded indices of refraction

which correspond to biaxial positive chatactet: n" =

1 .515,  np  =  1 .525,  f fn  =  7 '545,  B  =  '030 '  Our

measurements are in fairly good agreement with

those o f  Larsen (1921,  p .  110)  i  ko  =  1 .518(3) ,

n p  =  1 . 5 3 0 ( 3 ) ,  n ,  =  1 . 5 4 2 ( 3 ) , B  =  ' 0 2 4 '

X-raY Diftraction Studies

Minasragrite is monoclinic with space group

P21/a. X-ray powder diffraction data are given in

Table 1. Identical powder patterns were obtained
from discrete crystals and from fine-grained spheru-

litic masses, both obtained from the type specimen.
The material X-rayed represents the color range pale

aquamarine to vivid cobalt blue. Refinement of the
unit cell parameters from the powder diffraction
data by the least squares method of Evans et aI'
(1963) gives: a = 12.947Ai .002A, b = 9.748 !

.001, c = 7.005 + .001, F = t10o56 -L 1' ;  volume
= 825jA". These parameters are consistent with
those reported previously from measurements of
Weissenberg and Buerger precession patterns (Lind-

berg et al, 1966).
Palache (1934) obtained the elements a:b:c =

0.7196:1:0.6656, F = 110o57'by opt ical  goniom-
etry. This is in good agreement with the elements
c : b : a / 2  =  0 . 7 1 8 6 : 1 , : 0 . 6 6 4 1 ,  B
transformed for comparison from the X-ray diffrac-
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TenI,e 1. X-ray Powder Diffraction Data for Minasragrite,

M t  d ( c a l c )  d ( d s )

7.416 ! .001,  c  =  7 .394 -+  .001,  F  =  109o51 ' -+
1' ;  volume :  634.343; a:b:c = 1.6483:1:0.9970.
Our measured powder data are listed in Table 2.

Tudo (1965), in a general study of vanadyl(IV)
sulfate hydrates, has reported data for VOSO+'nHeO
with n = 1, 3,4, 5 and 6. (His unindexed powder
data have been included in section 19 of the Powder
Diffraction File of the Joint Committee on Powder
Diffraction Standards as cards no. 1412, 1413, 1414,
1415 and 1416). Tudo's data for VOSO4.3H2O
appear to correspond to ours, although his spacings
are consistently smaller by about 0.8 percent.
His data for VOSO4.5HzO do not at all correspond
to ours.

Ballhausen, Djurinskij, and Watson (1968), in
a spectroscopic study of VOSOr.5H2O, have found
and characterized three polymorphs of this hydrate.
They give unit cell data as follows (estimated errors
in parentheses):

Form:

1 1 0
001
200
Tu
201
o1l
2IO
020
ZLL
120
1 1 1
12I
0 2 r
31r
20I
220
310
2 2 L
2II
1 2 r
2 0 2
1 1 2
oo2
2L2
401
32r
r30
320
o 1 2
4 1 r
400
2 2 L
312
1 3 1
0 3 1
4lo
230
3 1 1
122
2 2 2
1 1 2

7 . 5 a 9
6 .  5 4 3
6. O46
5 . 6 r a

4 . 8 7 4
4, aL2

4 . 4 8 3

3 . 9 0 9
3 . 4 2 6
3 813
3 . 7 9 5
3 . 7  2 5
3  6 5 4
3 . 5 5 1
3 . 5 0 5
3 437
i . 2 8 4
3 . 2 7 L
3 . 2 4 I
3 , 2 t 1
3 . 1 6 4
3 . I 3 8
3 . 1 0 6
3 . 1 0 1
3 . 0 5 5
3 . 0 2 3
3 . 0 0 3
2 , 9 9 7
2 , 9 3 8
2 . 9 t O
2. AA7
2 . 8 6 2

2 . 4 3 7
2 .  a o 9

6 . 6 6 3
2 .645
2 .566

2. L52
2. r25
2. LO6
2 . 0 4 6
2 . 0 7 3
1 . 9 9 9
I . 9 8 8
L . 9 7 4

I . 9 4 3
1 . 9 2 1
I . 9 1 2
t .  s 5
1 . 8 7 1
r . 8 5 6
1 . 8 2 0
r . 8 0 9
1 . 7 8 9
L . 1 6 7
r . 1 4 4
f . 7 3 r
f , 7 0 3
r - 6 7 1
r . 6 1 2
L . 6 4 2

I . 6 0 9

I . 5 8 3

L . 4 9 1
1 . 4 6 0
r . 3 7 0

1 . 2 9 5

402 2.1A6
1 3 1  2 , 1 3 3
o 2 2  2 . 7 t 6
22I 2.683
4I2 2.662
3 2 2  2 . 6 4 6
420 2.569
3 3 1  2 . 5 6 I
32I 2.547
3 3 0  2 . 5 3 0
2 0 2  2 . 5 2 4
5 r 1  2 . 5 0 2
I 2 2  2 . 4 9 6
2 3 1  2 . 4 7 3
2I2 2-444
0 4 0  2 . 4 3 7
4 0 I  2 - 4 3 3
422 2-406
I 4 0  2 , 3 a 9
I 3 2  2 . 3 1 7

4 1 I  2 . 3 6 I
5 I 0  2 . 3 4 7
2 0 3  2 . 3 3 5
5 1 2  2 . 3 2 A
o 3 2  2 , 3 0 5
1 4 1  2 . 2 9 7
s 2 1  2 . 2 A 7
4 3 1  2 . 2 A 6
o 4 I  2 . 2 A 4

3 3 2  2 . 2 6 2
240 2.26A
222 2 24I
l l 3  2 . 2 3 3
3 1 3  2 . 2 3 0
2 4 I  2 - 2 n
430 2 2I3
3 3 1  2 . 1 9 9
I 4 1  2 . t 9 5
003 2 1a0

2 . 9 9 6

*Sanpfe fron fliEsraqra, cetto de pasco, petu.

bbge-Scherfef nethod, A7 intetfrl standard, tadiation Ctrc, \=2.2g,g A.
sinqJe crgsAl jrtensities (I! fron Fecession and Weissfrerq latternsi

s=stonCt Mdiw. @@k, vaerg, aebsent, nd=not delernjrd.

tion results. Transformations are: Smith to Palache,
001/Or0/+00; Palache to Smith OO2/0IO/100.

Reflections suggesting the possible presence of a
partially dehydrated phase, VOSO4.3H2O, were
looked for but not observed either in patterns from
the analysis sample or in patterns from other min-
eral grains in the eflorescence. We obtained a pattern
for synthetic VOSO4.3HzO that corresponds to that
reported for synthetic (V5.O)z(SOr)e.16H2O by
Hanawalt, Rinn, and Frevel (1938; A.S.T.M. powder
data file no. 1-0323). Hanawalt's suggested formula
for the vanadyl sulfate differs from Schaller,s sug-
gested formula for minasragrite (Va-O)2H2(SO4)s.
15HrO only in relation to the valence of vanadium,
that is, one atom of oxygen. Our synthetic sample
yields (in wt. percent) 39.4 percent yO2, 37.l per-
cent SOs, and 23.6 percent H2O (J. Marinenko,
analyst; Va- determined titrametrically with perman-
ganate); theoretical wt. percent for VOSO+.3H2O
are 38.2 percent, 36.9 percent, and 24.9 percent,
respectively. Synthetic VOSO4.3HTO is mono-
clinic, space group P2r/o. Unit cell dimensions
obtained from Buerger precession patterns and
refined by least squares analysis of the powder
diffraction data are: a : 12.2244 = .002A. b :

p 110.9 (3)
2 4 2 0 2

Clearly (when the a and c il(es are interchanged),
their "Stable Form" corresponds to minasragrite.

TesI"r 2. X-ray Powder Diffraction Data for Synthetic
voso..3H,o*

Space group:

o, A.
b , A
c r A

Stable

P2t/c

6.9e(3)
9 .73(3)

12.98(4)

16.12(7)
2r.r2(ro)
12.22(s)

2 .  3 3 0  1 8
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Pmmn Pmnm
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4 .  3 0 1
3 . 8 8 4
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t . a %  I
3 . 4 4 r

3 . 3 0 S
3 . 2 8 5

3 . 1 9 7
3 . 1 6 4
3 . 7 2 2
3 . O 5 6
3 . O 4 2
3 . 0 3 4

7 . 0 0 6

6 .  r 1 2
5 . 7 8 0

5 . 1 0 8

4 . 5 6 3

3 . 8 8 7
3 , 7 0 9

3.497

400
!!2
4 1 1
3 r l
32t
402
4 r 0
227
320
202
I z z
222
o22
412
2L2
203
r30
401
322

A 2 L
1 3 1
003
2t3
0 3 r
3 2 I
1 1 3
st l

2 . ] 8 0
2 . O 4 0
o . o 2 7
r . 9 7 9
1 . 9 4 0
L . 9 2 5
I . 9 1 7
r . 8 8 8
L . 4 7 1
L . 7 6 6
L . 1 4 9
1 . 7 1 9
1 . 7 0 1
L . 6 1 7

l - . 6  3 9

1 . 5 0 8
I . 4 4 9

1 . 3 8 1
r . 3 4 7
I . 3 0 8

ro0
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2 . 4 9 2
2 . e 4 4
2  . 4 1 5
2 . 1 1 6
2 . 7 0 1
2 . 6 e 8  J
2 . 6 9 4  J

2 . 6 4 0

2  . 5 4 5

2 . 4 5 6
2 . 4 L 7  \

2 . 3 5 2
2 . 3 3 4 1

; . ; ; i l
2 . 3 3 1  I
2 . 3 2 9  )

4 2

L 2
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hk l  d (caLc)  dCobe)  I

*Debge-Scherret nettpd, Al lntqnaL stanttaill, taatiation CtKa, ),=2.29O9 l.
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These authors have also carried out a full crystal
structure analysis of this phase, which will be dis-
cussed below. We have made no attempt to recon-
cile the powder data reported by Tudo (1965) for
VOSO4'5H2O with the other polymorphs reported
by Ballhausen et al ( 1968 ) .

ChemistrY

A new sample of minasragrite was hand-picked
from the type material for chemical, spectrographic,
and thermal analyses. The various minerals of the
effiorescence were first separated at the grain
boundaries by means of ultrasonic vibrations, using
carbon tetrachloride as a dispersing medium. It is
estimated that our sample is 99 percent minasragrite,
0.6 percent patronite (water-insoluble vanadium sul-
fide), 0.2 percent potash alum, and 0.1 percent each
of gypsum and melanterite. The microspectrographic
analysis of this sample by C. L. Waring showed a
major vanadium content, approximately 0.1 percent
K, and 0.01 percent each of Na, Ca, Al, and Fe.

The microchemical analysis, including the specific
gravity determination, was accomplished on a 45
mg sample. Classical volumetric and gravimetric
methods were applied for all chemical determina-
tions. The specific gravity was determined using car-
bon tetrachloride as the displacement liquid in a
specially constructed micropycnometer.

The chemical analysis of the new sample is com-
pared with Schaller's previous analysis in Table 3.
Schaller's sample "necessarily contained all the min-
erals of the effiorescence, which were separated from
the patronite by cold water" (Schaller, 1917). Total
sulfate in Schaller's sample was distributed among
minasragrite, melanterite, morenosite, and gypsum;
total water was calculated by difference. The sul-
fate of any mineral present in the effiorescence but
not accounted for in the distribution of sulfate be-
tween phases would be allotted to the sulfate in the
minasragrite fraction; the cations combined with such
a sulfate would be included in the HsO by difierence.
Octahedra of potash alum occur in the effiorescence.
It is suggested (see Table 3) that excess sulfate in
Schaller's minasragrite fraction be allotted to potash
alum, and that the KzO and Al2O3 necessary to form
potash alum be subtracted from the water by differ-
ence. fn the proposed recalculation of Schaller's
analysis, water by difference is low, since 5.75 per-
cent water is required to maintain the ratios
VzOa:SOs:H2O = 1 :2 : I0 .

A thermogravimetric analysis of minasragrite was

T.rnr,e 3. Chemical Analyses and Calculations

- 
e. uimsragrite. hand-Picked sdple

bnlbnent calc.  conP.,r  halyses,2 At@ic bt ios3
ft .  perc'  d- perc.

V Z O S  3 . O
u i o u  3 2 . 7 1  2 9 . 8  v  4 . 0 1

" O a  
3 1 . 6 3  3 2 . O  S  4 ' 0 4

H z O  3 5 . 6 0  3 4 . 5  B  3 9 ' 1 4

r n s .  i n  H 2 o  0 . 6  O  4 0 ' O O

T o b l  1 0 0 . 0 0  9 9 . 9

s p e c .  g r a v .  2 . 0 3 6  2 . o 3 + o . l o

a. Minasragri te plus a&i-xed sulfates (Schal ler,  1917)

Mrysis4 uimsra- uelant- rcreno-
grite' erile site

o . 9 ' 7  O . 9 7
I . 9 2  1 . 9 2
o . 4 6

I O . 9 2  7 . L 2  . 0 8  2 . 0 6

1 4 . 2 A  9 . 0 6  r . 6 8  3 . 2 4

contrEnent

Vzo+
Fe0

Ni0

Ca0

so3
h s .  i n  H 2 0

H2O by  d i f f .

cypsu In$luble

o .  4 6
o . 6 6

66. L6
0 . 3 0

T o a t  I O O . O O  -  2 I . 4 7  +  3 . 7 3  +  1 . 2 2  +  ! . 4 2  +  6 6 . 1 6

c. Suggested recalculation of nimslagrite fraction of schaller sePle

poushalm6 Mimsragri teT
5 . 2 9

2  . 0 1  5 .  L l
K z O  O . 5 9
A 1 2 0 3  O . 6 4
H z O  2 . 7 1  5 . L 2

5 . 9 5  + 1 5 . 5 2

contrDnent AMlysis
V z O q  5 . 2 9
S 0 3  7 . I 2

" E z o  b y  d i f f . "  9 . 0 6

T o b l  2 r ' 4 7  -

xotes i  l .  Ca lcu fa ted  @E$Es i t ion  fo r  v0504 '5H20 =  vZ04 ' -2505 ' lOHZ0.

2 ,  J .  Mar inenb,  amfgsx .

3. ktios caJ.cuJateil to bAL oxvgen = 40. V2O5 ass@ed to represett

v2O4+H2o as a tesult of oxgdation duting sanPLe ptetrnraxioa.

4 .  A tu lgs is  bg  W.  T .  Sc IEI le r .

5 .  Rat jos  caLcuTated bg  Sc tBT leE,  v204:503: f l2o  =  1 .02 t2 .86 :16 .17-

6 .  Excess  so3>7/2v2o4ts03 =  7 : f  ca lcuTated  to  Ibush a fun ,  K20 '  A7203 '

H2o to forn pash alun deilucteil fron "820 bg ditf"-

7 .  v204:a13:820 =  l :2 '9 .26 .  Enx i re  e t to t  o f  d iv id ing i  503 and H2o 
_  -

arcry nireZragrite, relanxerite, rcrenosite' qgpsn, dd lDtasi alun

is  aT lo txed to  the  "8"0  bg  d i f f . "  in  n inasrag t i te .

made by F. O. Simon of the U.S. Geological Survey'
His conclusions are: "Minasragrite starts to lose
water at 70"C.'The loss appears to be complete at
150'C although this is masked to some extent by
an inflection in the curve (150' - 250"C) which is
presumed to correspond to the oxidation of Vn* to
Vu-. The onset of the loss of SOs is also masked by
the oxidation of vanadium, but it appears to begin
at 250"C and is complete at 600'C. There is no
loss in weight from 600o to 920" (maximum tem-
perature attained). The final weight corresponds to
what would be expected for a residue of V2O5."

Discussion

We first suggested the formula V(OH)zSO'+'
4H2O as an alternate formula to VOSO+'5HzO
(Lindberg, Marinenko, and Breger, 1966) to show

e During hand-picking, the temperature of 70"C may have

been occasionally exceeded in the heat of the microscope
lamp. Some grains liberated water, becoming sticky, first
dissolving in the ambient film of water, then solidifying.
The sample was then discarded and hand-picking was re-

sumed on a new sample.
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that some of hydrogens were involved in bonding.
In 1968, Ballhausen, Djurinskij, and Watson de-
scribed the polarized absorption spectra of three
polymorphs of VOSOr'5H2O of which their "stable
phase," VO(H2O)4SOr.H:O, is identifiable from
their unit cell data as a synthetic minasragrite. Pre-
viously a crystal structure had been proposed for
VOSO+.5H2O by Palma-Vittorelli et a/ (1956), but
the distances from the free water molecule to the
coordinated water molecules in their structure are
too short  to be plausible: HzO(2)-HrO(s) =
1,.574 and H2O(4)-HrO(s) = 2.38A. Unfor-
tunately, this structure determination cannot be ac-
cepted as reliable.

In their report of the pentahydrate polymorphs,
Ballhausen, Djurinskij, and Watson (1968) briefly
describe a complete structure analysis of the "stable
phase." This study clearly shows the presence of
SOa tetrahedra, a VO group forming one vertex of
an octahedron containing one SOa and 4 HgO
ligands, and one uncoordinated HsO molecule. The
oxygen atoms of the VO and SOr groups, and of the
5H2O molecules, are all further linked together by
a complex network of hydrogen bonds.

In view of the correspondence of the crystallo.
graphic properties, the new chemical data, and the
thorough characterization of the synthetic com-
pound VO(H,rO)rSO{.H3O by Ballhausen et al, we
believe that the identity of minasragrite with this
compound and its validity as a mineral species are
now firmly established.
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