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AssrRlcr

Montroseite, (V, Fe)O(OH), has been shown by Evans and Block to have a structure

analogous to that of diaspore, AIO(OH). Altered crystals of montroseite give multiple

r-ray pattems showing one sharp orthorhombic lattice corresponding to the host crystal

and two diffuse lattices of similar symmetry and dimensions in parallel orientation. The

more prominent of the difiuse phases is interpreted as a metastable form of VO2, resulting

from the oxidation of the host crystal, and is given the name "paramontroseite". Paramon-

troseite has a:4.89, b:9.39, and c:2.93 A., with space group Pbnm. The structure of

boti montroseite and paramontroseite has been completely refined by electron density

syrrthesis and least squares analysis. The outstanding difference between the two structures

lies in the length of the oxygen-oxygen distance corresponding to the hydrogen bond in

montroseite. This length increases from 2.63 to 3.87 A., in going from montroseite to

paramontroseite, indicating the loss of hydrogen during the alteration. The concept of an

alteration process involving a migration of ions and electrons through an unbroken oxygen

framework is thus directJy supported by the crystal structure analyses, and also by other

*-ray difiraction and chemical information. The postulated alteration mechanism is illus-

trated by certain other examples, notably the alteration of lepidocrocite and magnetite to

maghemite, and of goethite to hematite.

INtnoructroN

In a recent communication Weeks, Cisney, and Sherwood (1953) de-

scribed the discovery, properties, and mode of occurrence of a new miner-

al, montroseite, from the Colorado Plateaus region. The material forms

submetallic, grayish-black bladed crystalline masses. In cavities it forms

small lathlike crystals with a perfect (010) cleavage. The specific gravity

was measured on one sample as 4.00. The essential constitution of mon-

troseite was demonstrated by means of a detailed crystal structure analy-
sis by Evans and Block (1953), to consist of a vanadium oxide hydrate

with the basic formula VO(OH), analogous to diaspore, AIO(OH).
These authors pointed out that diffraction patterns obtained from ap-
parently single crystals of montroseite are multiple, showing the pres-

ence of at least three phases. The multiple difiraction patterns show three

orthorhombic lattices in parallel position, with slightly varying lattice

constants, one characterized by sharp difiraction spots, the other two by

diffuse spots. Figure 1 shows part of a Buerger precession photograph of

the (0ft1) plane on which the sharp and the "diffuse B" lattices are clearly

visible. The data given for these lattices by Evans and Block are repro-

duced in Table 1.

* Publication authorized by ttre Director, U. S. Geological Survey.
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;

Frc. 1. Buerger precession photograph of the (0fr1) net plane of a
montroseite crystal showing sharp and diffuse spots.

It was tentatively suggested by Evans and Block that the sharp lattice
(for which the structure analysis was carried out) represents the original
host phase which subsequently alters by atmospheric action to give rise
to the diffuse phases. New information has now been obtained concerning
this alteration process as a result of a complete structure analysis of the
the "diffuse B" phase, which is described in this paper. The evidence is
sufficient to define the chemical nature of the "diffuse B" phase and to
establish it as a new mineral. Therefore, because of the paramorphic
relationship that it has to the host mineral montroseite, as described more
fully below, we propose for the "diffuse B" phase the name pard.rnon-
lroseite.

Tesrr 1. Llrrrcr D.rre ron Monrnosrrre Pnesos

Formula

a (A)

b (A)

c (A)

I/ (A)

d. (calc. Ior 8/6FeO)
Z (formula units)

Montroseite

4 . 5 4
9 . 9 7
J . U J

136.9
4 . t l
4

Pbnm
(Dzn'6)

"Diffuse A"

VrO3(OH)(?)

4 . 8 0
9 . 6 3
2 . 9 3

135 .4
4 . 1 5
2

Pb2tm(?)
(C2,2)

Paramontroseite

"Diffuse B"

4.89
9 . 3 9
2 . 9 3

r34.4
4 . 1 8
i

Pbnm
(Dznl6)

Space group
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As a result of the study described herein, it has been possible to show
by the direct methods of *-ray difiraction and crystal structure analysis
that the naturally occurring crystals of the mineral are actually, in part
or wholly, pseudomorphs of the new mineral paramontroseite after the
original montroseite. The anomalous and variable results of chemical
analysis are fully explained and, furthermore, the mechanism of altera-
tion by oxidation and de-hydrogenation is revealed.

The work described in this paper was carried out on behalf of the
Division of Raw Materials of the Atomic Energy Commission.

Souncn ol rnr, Darl

Crystals of montroseite from the Bitter Creek mine, Paradox Valley,
Colorado, were used for the structure investigations. The first crystal to
be photographed showed all three phases present-the montroseite and
paramontroseite lattices being about equally intense, the "diffuse A"
lattice much the weakest. The spots were streaked in a manner to indi-
cate a distortion of the crystal around the c axis of 10o or more, a habit
that is apparently characteristic of montroseite crystals. The intensity
data for montroseite were measured by visual estimates of 99 observed
(hkl) reflections from this crystal registered on a Weissenberg pattern
using MoKa radiation, as described by Evans and Block (1953). A second
altered crystal of montroseite gave a nearly pure paramontroseite pat-
tern, with only slight traces of the strongest reflections of the montroseite
lattice still discernible. This crystal was used to measure 34 observed
(hk\) reflections by visual estimates made on a Weissenberg pattern made
with CuKa radiation. No corrections were made for absorption.

Despite the distortions inherent in the crystals, the data for montro-
seite give excellent agreement with those calculated for the proposed
structure, but those for the diffuse phase are of very poor quality. Both
sets of data have been treated by the method of least squares as described
below, in order to insure the determination of the most likely structures
and at the same time derive the standard errors appropriate to each.

DnrBnnrwarroN oF rul, Cnysrer SrnucrunB or Pan,qxtoNTRosErrE

The distribution of intensity among the (hkl) reflectionS for paramon-
troseite is quite similar to, though difiering markedly in detail from, that
of montroseite as reported by Evans and Block (1953). On the assump-
tion that the structure of paramontroseite is similar to that of montro-
seite, the Patterson projection along [001] was partly computed in order
to locate the V-V interatomic distance vectors. Peaks were found near
the expected positions, and from them vanadium parameters were
obtained from which the first set of structure factors was calculated
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(oxygen atoms omitted). These structure factors for vanadium yielded
probable Fourier phases for the 34 observed (2ft0) terms, permitting the
synthesis of the electron density projected along the c axis. Peaks cor-
responding to oxygen atoms were clearly apparent in this map, and the
second set of calculated structure factors included all atoms in the cell,
with coordinates read from the electron density map. The usual electron
density synthesis-structure factor cycle was repeated twice more, until
the map coordinates were consistent with all the phases. The final elec-
tron density projection is shown in Fig. 2a. Fig. 2D shows the corre-
sponding electron density projection of montroseite from Evans and Block
(1953) for comparison. The atom coordinates as measured from these
maps by parabolic interpolation are given in Table 2.

RrrrNBannxt oF TEE MoNrnosrrrE AND PanauournosErrE Srnuc-
TURES By rHE MBrnoo oF LEAST Seu.tnBs

Because of the distortions in the electron density maps caused by inac-
curacies in the intensity measurements and series termination effects,
the method of least squares was used to derive the most likely structure
consistent with the original data. The method was applied in a straight-
forward manner as described in several other places. (See, for example,
Shoemaker, Donahue, Schomaker, and Corey, 1950.) The analysis is
based on the structure factor function:

F""u : r-BPL fi cos 2r(hri I kyi * l,z)

where B is the temperature coeffi.cient, r: (sin 0)/\, Ji is the scattering
factor for the atom j, and ri, !i, a,rE z; are coordinates of each atom j.
The seven parameters to be determined are *(V), y(V), *(Or), y(Or),
*(On), 1r(Orr), and B. As all atoms are well separated in the c axis pro-
jection, all nondiagonal terms in the normal equations were neglected.
The only matter of judgment concerns the manner in which the observa-
tions should be weighted in deriving the normal equations. Using these
considerations, the normal equations reduce to a series of independent
linear equations in terms of correction terms Ar, to be applied to each of
the structure parameters:

where AP: (Fou-F"ou), * is the structure parameter r(V),1(V), *(Or),
etc., and t/u is the weight given to each observation. If intensity as
measured is a logarithmic function of film density in which errors of
estimate by the eye are assumed to be distributed normally, it can easily
be shown that the appropriate weighting factor is

lL-(#)'l*: z,(#^,)
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" 6 : : . t f  l

Although experience seems to show that such an assumption is some-
where near the truth, the point is controversial, and we have carried out
analyses with both

1
t6: ^ (weighted) and

t , ' l

.v6:1 (unweighted).

We accept the structures derived from the weighted analysis as the best,

(a)

Frc. 2. Electron density projections along tle c axis of (o) paramontroseite and

(b) montroseite. Dotted contour represents 2 electrons per A.'; other contours at intervals

oI 2 e/i,2.
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Tasrr 2. Lusr Squ,lnrs DnrrnurNen Pauunrrns nxo Srarroeno Ennons
lon MoxrnosurE AND Peneuoxtnosutn

Montroseite

From least squares analysis

Paramontroseite

From least squares analysis

,(v)
y(v)

c(0r)
y(0r)

r (0u)
v(orr

B

From
electron
density

- 0 . 0 5 1

0.  145

o.297
-o.197

- 0 . 1 9 7
-0  051

Unweighted
Param- e

eter

From
electlon
density

0 .094
0 . 1 4 5

o . 1 2 7
-0 .243

-o  232
-o.otz

Unweigh ted
Param- G
eter

Weighted
Param-

eter

-0 .0511 0  00086
0 . 1 4 5 7  0 . 0 0 0 3 5

0.300 0  0034
-o .20r  0 .0016

-0 .199 0  0030
-0 .053 0  0016

Weighted*
Param- G

eter

-0 .0517 0 .00054
0.1455 0 .00019

0 301 0 .0021
- 0 . 1 9 7  0 . 0 0 1 1

- 0 . 1 9 8  0 . 0 0 2 1
- 0 . 0 5 4  0 . 0 0 1 1

0 3 2 0 . 0 4 1

0.091 0 .0048
o. r44  0 .0027

0 . 0 9 1  0 . 0 1 7 4
-0  254 0 .0099

-o.231 0.0197
-0  018 0 .0097

0.088 0 .0034
0 . 1 4 3  0 , 0 0 1 5

0 . 1 0 6  0 . 0 1 8 1
-0 .235 0  0054

-0 .227 0 .0 t57
-0 .013 0 .0039

2 42  0 .867

t The reflection (970) has been omitted from this analysis because of its disproportionately high weighting
factor.

but it is observed that the difierence between the weighted and un-
weighted results is generally less than the calculated standard errors.
The standard error of F is

0.49  0  033

," : 'l/ I w(LF)2

where nis the number of observations 1OO to. montroseite, 34 for para-
montroseite) and 2 the number of parameters (7, including the tempera-
ture factor, B) . The standard error of fi, e., is given by

^ eF2

" " : - , ,  (a .y
" ' \ a x  /

The AF values were obtained by scaling Foo"by multiplying by

,  :  Ll  u* |  r" '"1
I t F,o" t'

for unweighted calculations, and

P - l 7 l ' n " " ' " |
n  -  

l Fa "1
for weighted calculations. Acutally, the value of ft is not very critical,
except in the weighted calculations of AB for the temperature corrections
where it was found necessary to take account of the cross-product
terms between AB arrd Ah.

The results of all calculations for both montroseite and paramontroseite
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are given in Table 2. The final parameters for montroseite and paramon-

troseite used to determine bond lengths in the following section are listed

under the columns labeled "weighted" in this table.
The reliability factor

obtained with

.  LIp"*"1' : t rF  
" l

has a value R:0.113 for 99 observed reflections for montroseite and R

:0.24 for 34 observed reflections for paramontroseite. Observed and

calculated structure factors for montroseite and paramontroseite are

listed in Table 3.*

Srnucruner- FparunBs or MoNrnosErrE AND PenerroNrnosErrE

The interatomic distances defined in Fig. 3 are tabulated for both

structures in Table 4. The standard errors of the lengths shown are de-

rived from those associated with the parameters given in Table 2. It is

found that the errors in location of most atoms are practically isotropic

and have magnitudes shown in Table 5. Errors on interatomic distances

r between atoms A and B are given by:

e r 2 : e A 2 * e n z * ( e n ' r ) z

whe +

Frc. 3. Interatomic distance vectors in montroseite and paramontroseite (see Table 4).

* Because of an error made in the calculations, the values of F"nr" for reflections with

fr odd in Table2 of the paper by Evans and Block (1953) are incorrect. This error does not

afiect any other data given in that paper, except that R:0.11 instead of 0'21'

)- | lr'l
\ - ,  n .  ,
/ -  |  L  oos l
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Tenn 3. Ossnnvro ewo Cetculerm Srnucrur_n Facrons
lon MonrnosnrlE AND Peneuonrnostrrp

Montroseite

Fou. F"ah

1 8 . 9  - 1 9 . 5
42 .2  -46 .0
32  .3  36 .6

J . I  J . O

27  .4  -34 .8
9 .6 - tO.7

28.6 23 .6
-  4 . 3

1 2 . 6  - 1 3 . 6
14.6 t8.7

I J

8  - 1 4
14 27
t7  26
11 -t7

43
-40
-48

7
t

I J

26
- 1 7
- 3

A

-12

-24
-21
-34
- z l

A I

0
- 9

z
1 l

2,10,o
2 , l l  , o
2 , r 2 , 0
2,13,0
2,14,0
2  ,  1 5 , 0
2 ,16 ,0
2 , L 7 , 0
2,L9,0
2,19,0
2,20,O

310
320
330
340
350
360
370
380
390
3 ,10 ,0
3 ,  1 1  , 0
3 , 1 2 , 0
3 , 1 3 , 0
3 ,74,0
3 , 1 5 , 0
3 ,  16 ,0
3 , 1 7  , o
3  ,  19 ,0
3 , 1 9 , 0

400
410
420
430
440
450
460
470
480
490
4 ,10 ,0

- 8

8  - 9

48 -35

3
7 1 7

- 3
11 22

- 4

10 -15
- 1

24 -22
t4 - t6
16 17

-10
10 15
18 16

- 3
- 2
- 6

o - /

Montroseite Paramontroseite

Foa". F*t". Fa* F"ob

020
040
060
080
0 ,10 ,0
0 , t 2 , o
0 , 1 4 , 0
0 , 1 6 , 0
0 , 1 9 , 0
0,20,0

110
120
130
r40
150
160
170
180
190
1 , 1 0 , 0
1 , 1 1 , 0
l , l 2 , o
1  ,  13 ,0
1 ,14 ,0
1 , 1 5 , 0
1 , 1 6 , 0
l , l 7  , 0
1  ,  18 ,0
1  ,  19 ,0
1 ,2o ,0
| , 2 t , 0

56.2
33 .9
53 .9
52.2
1 4 . 0
9 . 6

L r 7

st.7
2 2 . 2

-48.9
- 4 . 6
-13.2
-r1.9

43.1
1 . 9

- l J . /

2 . 6
-29 .0
-  1 . 0

t9.7
l . J

8 . 4
1 3 . 2

-  1 5 . 5
-  2 . 3

t . 7
-  4 . 2

1 2 . 7

26
l o

J+

{+o
46

5

16
15
32
32
t9
35

2 l  . o  -25 .5
8 . 7  - 1 1 . 8

5 . 0
6 . 3  -  6 . 2

t7 .4  18 .8
13.6 14.7
10 .8  -10 .3

2 . 6
1 1 . 6  -  9 . 6

-  6 . 1

1 1 . 0  1 0 . 1
42 .2  37  .O
37 .6 -37 .O
5 . 1  -  5 . 3

4 . O
20.6 -24.4
20.2 21 .0
26.5 28.7

0
7 . 4  8 . 0
8 . 7  -  6 . 8

22 .3  -25 .2
8 . 7

8 . 2
r l . 4  9 .5
14.6 -13.3

-  8 . 3
_  2 . 9

17 .0  t 7 .O
39.4 40.7

-  J -  '

1 7 . 0  r 7 . o
8 . 1  -  8 . 0

23 .4  -27  .4
7 . s  7 . t
9 .1  12 .3

t . 4
2 2 . 2  2 t . 6

-  6 . 6

28.0

t 7  . 7

tr.4
1 1 . 8
17  .3

13  .8

200
2r0
220
230
240
250
260
270
280
290

r9.3 17.7
t4 .4  19 .0
rr  .2  - t t .7
t 2 . 6  9  8
s2 .6  -42  .8
38.4 -35.8
24.2 23.8
5 . 9  -  6 . 2

25 .6 28.2
20.6 24.5 10
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"Irnr-n 3-(continued.)

869

Montroseite ramontrosei

1 0 . 8  - 1 2 . 2
-  2 . 6

22 .3  -19 .0
5 . 2

1 0 0
-  0 . 8

3 . 3
-  J .  /

1 4 . 8  - I 7 . 1

J .  /

30.7  32 . r
10 .8  10 .3
1 3 . 8  - 1 5 . 0
7 . 4  -  6 . 2

2 1  . 0  - 2 0 . t

2 2 . 7  2 r . 9
_  J . I

1 0 . 4  7 . 0
-  6 . 1

1 8 . 9  - 2 0 . 2

1 . 6
2 . 6

-  J .  /

t7  .4 r3.4

-  6 . 0
14.4 13.4

3 . 3
6 . 5  8 . 7

8 . 5
28.4 -27 .O

-  5 . 8
-  4 . 6
-  6 . 6

2 2 . 0  2 1  . 7

10.2 -11 .9
_  1 . 5
-  5 . 4
_  J . J

12.8  16 .4

E .

Montroseite

t 7 . t  1 6 . 0
8 . 1  6 . 7

t 2 . 6  - 1 3 . 0

6 . 1
t 2 . 0  - t 2 . 8

1 2 . 8  - t 2 . 6

1 0 . 8  9 . 8
7 . r
J .  '

1 1 . 0  r 2 . 4
-  8 . 3

2 0  . 8  - 2 r . 7
9 . 5  l l . L

2 . 9
3 . 8

12.6 tO.7
-  I  . 5

1 1 . 0  -  9 . 3
4 . 1
1 i

5 . 1
1 1  8  1 1 . 9

1 0 . 0  -  8 . 5

15 .5  14 .3
5 . 0
0 . 5

-  2 . t
5 . 7  1 1 . 8

9 . 5  5 . 7
_  0 . 9

2 . 9
0 . 5

tt.6 rt.g
1 . 3

8 . 5  -  7 . 6
0

10 .0  -10 .4

i ,

_  3 . 6
9 . t  9 . 5

F"r" F,"u.

4 , t t  , 0
4 , r 2 , 0
4 , 1 3 , o
4 , t4 ,O
4 ,  15  ,0
4,16,O
4 , 1 7  , O
4 , 1 8 , 0
4,19,O

510
520
530
540
550
560
570
580
590
5 , 1 0 , 0
5 , 1 1 , 0
5 ,12 ,0
5 , 1 3 , 0
5 , 1 4 , 0
5 , 1 5 , 0
5  ,  16 ,0

600
610
620
630
&o
650
660
670
680
690
6 , 1 0 , 0
6 ,  1 1  , 0
6 ,12,0
6 , 1 3 , 0
6,14,0
6 , 1 5 , 0

710

720
730
740
750
760
770
780
790
?,r0,0
7  , l l  , o
7  , 12 ,0

800
810
820
830
840
850
860
870
880
890
8 , 1 0 , 0

7

19

- 1 0
- 4

19
1

I J

1
- 1 0

910
920
930
940
950
960
970

15 - t4

10 ,0 ,0
1 0 , 1 , 0
10,2,o
10 ,3 ,0
10 ,4 ,0
1 0 , 5 , 0
10 ,  6  , 0
10 ,  7 ,0
10 ,8 ,0

1 1 , 1 , 0
tL,2,0
11 ,3 ,0
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Tesln 4. Ixtenaroutc Drsr,qrTcrs rN MoNrnosnrrE AND PARAMoNTRosETTE

(See Fig. 3)

Atoms Vector Montroseite (A) Paramontroseite (A)

V-Or

V-Orr

Or-Orr

Or-Or

Orr-Orr

v-v

B(2)
c(2)
D

E(2)
F
c(2)
H

J(+;
r-axis (2)

K(2)
L(2)

1 9 4
1 . 9 6
2 t o
2 . 1 0

2 . 9 1
2 . 6 8
2 . 9 6
2 . 6 3
2 . 9 3
3.03
2 . 5 9
J . J I

3 .306

+  0 .017
+  0 .017
+  0 .017
+  0 .017

+  0 .02
+ 0.02
+0 .02
+  0 .02
+  0 .02
t  0 .01
+  0 .02
10 .02

+0 .011

1  . 8 8
I  . 9 1
2 . 0 0
2 . 1 3

2 .88
2 . 6 5
2 . 7 9
3  . 8 7
2 . 8 6
2 . 9 3
2 . 6 5
3 . 0 4

3 . 1 6

+  0 .07
+  0 .07
t  0 .07
+  0 .07

+ 0 . 1 0
+ 0 . 1 0
+ 0 . 1 0
+ 0 . 1 0
+ 0 . 1 0
+0 .02
+ 0 . 1 0
+  0 . 1 0

+0 .03

It is clear that the essential principles of coordination and vanadium-
oxygen bonding are the same in both montroseite and paramontroseite'
The main difference between these structures, as shown by the r axis

elevations in Fig. 4, lies in the fact that the zigzag octahedron chains have

rotated about 28o around the c axis during the change from montroseite
to paramontroseite. This process has been accompanied by two important
changes in the structure:

(1) Most important, the interoxygen distance, H, is short (2.63 A)

in montroseite, but very long (3.87 A) in paramontroseite. The former

value is very reasonable for a hydrogen bond, as suggested by Evans and

Block (1953), but the latter is far too large for such a bond. As hydrogen
has no other Iogical place in the structure, the conclusion must be drawn
that it is absent in paramontroseite.

(2) The vanadium-oxygen distances are slightly, but probably signifi-
cantly shorter in paramontroseite than in montroseite. The change is

T,q.sm 5. SrnNunn Ennons ol Arourc Posrrroxs rN
Moxtnosnrtn .nm Peneltontnosorrr

Montroseite

0.0037A.
0 .015A.
0.3 per cent

Paramontroseite

0.015A.
0.070A.
0.5 per cent
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(b)

Frc" 4. View of crystal structure along the c axis of (o) paramontroseite,

and (b) montroseite showing hydrogen bonds'

871
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close to that which would be expected when one electron pair is added
to the montroseite vanadium bond coordination systeml that is, when
vanadium is oxidized from *3 to *4 through the loss of hydrogen.

Sorrl SrarB Ar,rBnarroN ot MoNrnosBrrB

In light of the known facts, the history of the mineral montroseite
may be outl ined as follows:

(a) The mineral montroseite, VO(OH) with some Fe usually replacing
V, is deposited in crystalline masses, by an unknown process, in a sand-
stone matrix.

(D) The crystallized montroseite is oxidized by oxygen in the atmos-
phere or in ground water to paramontroseite, at temperatures below 50o
C., according to the reaction:

2VO(OH) * *Oz- 2YOz + H,O
(Montroseite) (Paramontroseite)

(c) The oxidation process is accomplished by a migration of the hy-
drogen atoms through the montroseite crystal structure to the crystal
surface, where they combine with oxygen. The close-packed oxygen frame-
work is slightly shifted in this process but is not broken down. The proc-
ess may pass through an intermediate stage involving the "difiuse A"
phase.

(d) The end product of this solid state alteration process, paramontro-
seite, is itself unstable and is subsequently destroyed by weathering
action and replaced by the corvusite type of minerals.

These conclusions are drawn from the following established facts:
1. The montroseite phase gives rise to a sharp difiraction pattern, sug-

gesting normal crystal growth of a primary phase.
2. The paramontroseite difiraction pattern is diffuse, suggesting that

this phase occurs as alteration nucleii finely disseminated through the host
crystal, as would be expected to result from the postulated difiusion of
hydrogen atoms.

3. The structure of montroseite and paramontroseite, especially the
nearly hexagonal close-packed oxygen framework, is the same.

4. The crystal lattices of montroseite and paramontroseite are in paral-
lel position.

5. The average temperature vibration amplitude for montroseite
(: {EF"t) is 0.21 A, indicating a firmly bound, stable structure, where-
as the average amplitude of paramontroseite is 0.53 A, indicating a much
less stable structure. The difierence in temperature vibration accounts for
the much larger and more difiuse appearance of the vanadium atoms in
the electron density map of paramontroseite as compared with montro-
seite (Fig. 2).
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6. The length of the hydrogen bond in montroseite is much less than
the corresponding distance in paramontroseite, indicating loss of hy-
drogen.

7. The vanadium-oxygen distances in montroseite are longer than in
paramontroseite, indicating oxidation of the vanadium.

8. The powder patterns of montroseite can be indexed on a lattice
that conforms most closely with the paramontroseite lattice(Weeks,
Cisney, and Sherwood, 1953). In fact, calculated and observed interpla-
nar spacings show fair agreement, if lattice parameters intermediate be-
tween the "difiuse A" and "B" lattices are used.

9. Chemical analyses (Weeks, Cisney, and Sherwood, 1953) show
extensive, in some cases nearly complete, replacement of VzOg by VzOa.
Also, the water content is decreased consistently with the oxidation of
VO(OH) to VOz.

It has been mentioned that there is evidence that a third phase is pres-
ent in montroseite crystals, referred to as the "difiuse A" phase. The true
nature of the "diffuseA" phase is unknown. Its relation to the montroseite
and paramontroseite suggests that it may represent an intermediate
step in the alteration of one into the other. If this is so, the "difiuse A"
phase may be V:Oa(OH), having the space group Pb21m(C2,2) or P2tnm
(G"7), with 2 formula units per cell. This noncentrosymmetric phase
would correspond to the montroseite structure with half the hydrogen
atoms removed. Alternatively, the "difiuse A" phase may represent some
sort of separated Fe-rich phase, but its constants are not the same as
those of goethite.

Orunn Exerupr.Bs ol Sor-rp Sr,lrB Ar,tpnerton Pnnxonnma

It is well known that the cubic polymorph of FezOa can be prepared
by warming magnetite (Fe3Oa) in a stream of oxygen at low tempera-
tures ((250o C.). At higher temperatures the cubic "y-FezOr is converted
to the rhombohedral a-FesOs. It is understood that the oxidation occurs
without disturbing the cubic close-packed oxygen framework of the
spinel structure of magnetite. The oxygen lattice grows at the crystal
surface, and the Fe atoms difiuse outward until the spinel-type unit cell
contents FezOaz is reduced to Fe213O32. Evidently ?-FerOa is wholly
metastable and can only exist as a result of a low-temperature chemical
change in the solid state from a stable phase.

This phenomenon probably accounts for the observation by Newhouse
(1929) that magnetite crystals from MagneL Cove, Ark., are coated with
an oriented overgrowth of maghemite (y-FezOa). Maghemite also is
known (Sosman and Posnjak, t925) as an alteration product of lepido-
crocite, FeO(OH), which has a structure based on a cubic close-packed
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oxygen lattice, whereas hematite (a-FezO) is a common alteration prod-
uct of goethite, which has the diaspore structure Iike montroseite. These
two examples do not involve oxidation, but the alteration process is
probably similar to that of montroseite and magnetite.

Artificial vanadium dioxide does not have the parmontroseite struc-
ture, but rather a distorted rutile structure (Andersson, 1953). Paramon-
troseite is probably also metastable like maghemite and can only exist
through solid state alteration from the stable montroseite at low tempera-
tures. These minerals are most nearly analogous to groutite, MnO(OH),
and ramsdellite, MnO2, both having the diaspore structure, but un-
fortunately no study has been made of the paragenetic relationships of
the two manganese minerals which would enable us to compare our con-
clusions regarding the vanadium minerals.

Sunu.qnv

The crystal structures of montroseite, VO(OH), and paramontroseite,
VO2, have been refined by the method of least squares. The structures of
both minerals are based on the diaspore structure type. Montroseite
crystals give multiple n-ray diffraction patterns-a sharp pattern, which
has yielded the data for montroseite, and a diffuse pattern, which gave
the data for paramontroseite. An outstanding difference between the
two phases revealed by the structure analysis is that the structure of
montroseite includes a hydrogen bond, whereas this bond is absent in
the paramontroseite structure. Thus, the chemical nature of the two
phases is confirmed, and paramontroseite is established as a new mineral.
In addition, the paramorphic relationship between the two is well ex-
plained.

Crystal structure data, lattice studies, certain diffraction phenomena
and chemical data have all led to the conclusion that montroseite alters
to paramontroseite through weathering action, by means of a solid state
reaction at low temperature. This process involves the migration of hy-
drogen atoms through an unchanged hexagonal close-packed oxygen
framework. Paramontroseite is evidently a metastable phase. The altera-
tion of montroseite to paramontroseite is apparently analogous with that
of magnetite to maghemite, lepidocrocite to maghemite, and goethite to
hematite.
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