IN REPLY REFER TO:

UNITED STATES

DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY
WASHINGTON 25, D. C.

A& 15 1954

AEC-1103/4

Mr,. Jesse C. Johnson, Director
Division of Raw Materials
U. S. Atomic Energy Commission
16th 8t. and Constitution Avenue, N.W.
Washington 25, D. C.
Dear Jesse:
Transmitted herewith are three copies of TEI-439, "Montroseite
a" and paramontroseite,” by Howard T. Evans, Jr., and Mary E. Mrose, June
1954,
We are asking Mr. Hosted to approve our plan to submit this

report for publication in American Mineraslogist.

Sincerely yours,

I A

W. H. Bradley
Chief Geglogist

JAN 2 2 200t
% JUN 198°



(AO>)
LI

Geology and Mineralogy
This document comsists of 27 pages.,

Series A,

UNITED STATES DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

MONTROSEITE AND PARAMONTROSEITE*
By
Howard T, Evans, Jr., and Mary E. Mrose

June 1954

Trace Elements Investigations Report 439

This preliminary report is distributed
without editorial and technical review
for conformlty with official standards

i
oy

SUQR&;}

DENVER

and nomenclature. It is not for public
inspection or gquotation. JUN 7 1983
1:‘ oLo LISRARY ’;‘

ic DIVY

*This report concerns work done on behalf of the DPivision
of Raw Materials of the U, S. Atomic Energy Commission.



Uses - TEI-439

GEOLOGY AND MINERALOGY

Distribution (Series A) No. of copies
Argonne National Laboratory .cscccecevceccosaceosscosncpoconeconnes
Atomic Energy Commission, Washington csssccecsssvcosscosesssanmaa
Battelle Memorial Institute, ColumbusS socascvsoccosocasccoencscnunso
Carbide and Carbon Chemicals Company, Y-12 Area .cocesccccoescss
Division of Raw Materials, AlbUQUerque ccsscosococcwomnvocssccoaa
Division of Raw Materials? Butte scaoncnocononscsoceenoncssocens ‘
Division of Raw Materials, Denver c.ccceccooccsasvccosssscevsesssooco
Division of Raw Materialsp DOuglaS G0 C0B0RC006CSOBOOSDOOOCEOD0DD0S
Division of Raw Materials, Hot Springs cccsceccesccvccavsccrcosn
Division of Raw Materials, Ishpeming cecccoscosssccscosracocscnose
Division of Raw Materials, PhoeniX ccoceccscsseccoesscnassccessoon
Division of Raw N.{aterialsy Riehfield ee806R0GORO0BO0 0000 MGD KT
Division of Raw Materials, Salt Lake City ccceccocoesccccccscscoon
Division of Raw Materials, Washington ccecccecsessescosccnsosces
Dow Chemical COIﬂPanys PittSburg P0G 0800000C00600CO0860OIANOO00000CGC
Exploration Division, Grand Junction Operations Office seesccocwe
Grand Junction Operations Office covosocsecevscccossscoscccnasccns
National Lead Company, Winchester .sccececececosecscesssecenocosona
Technical Information Service; Oak Ridge ecsssvcocccssaacocssocnan
Tennessee Valley Authority, Wilson Dam ccococecscesscccosseccavonos
U, S. Geological Surveys

Alaskan Geology Branch, Washington ccccsecaceccoesacccsccccsnascas
F1lels BraHChs, W&Shington B0 0BPOBOCAOOCOO6EOBGNDOBIDOBEECCOBOREGODOH DO
Geochemistry and Petrology Branch, Washington .ecsescccavscoscos
Geophysics Branch, Washington ..csccscovseccerocesssacccosnnoconn
Mineral Deposits Branch, Washington ccsccecoscoccsasnsscscencsccs
E, H. Balley, Menlo ParK coscoceosccooscsscosccenoscscoomssossass
A, Lo BrOk.aW9 G‘rand JUHCtion 000800000000 QROC0UIIOCODTBODOODODODG O
Ko L. Buck, DENVET cooeocnnocvoccosornopospessnosoosboonsesosoomos
Jdo R. COOpeI‘9 Denver 0P D OOO P OO0O000PADY0UCROSEGIDOCBCO0OS0GOOPCOOGES T
. M. Densons, Denver PO PO OO0 00CODOC000BOCO0COO0OROOEO0ACOTNEOOOD O
CO EO Dutton9 I&a‘d—ison C0DDbOBOYOOOOPBOODRTOOBGO00BOVOOEDOCOREOOUERS
Wo L. Emri(—'ky Plant City 300000000000 A0GND0CGE000UDOOBO00COS0CDGODO
L. S, Gard.ner, Albuquerque $00000000C60DUGNO0OEED0COBDO00D0CC000P0E O
M. R. Klepper, WaShington 608000 D00800C00D00POBOOCREB0060000050DBD
Ao H, KOSChmB.I}.ny DEnver ocuocsoccocosoceconansocceoss0b6obb008sa00as 0
R, A. Laurence, Knoxville .ccaceccocasencsscssccecsacoscosvossse
D. M. Lemmon, Washington s.ccovsosescscccsossossescsscacenscoansnse
Jds Da LOVES Laramie DO OBCONB00C0DAO0BECC00ANNGEOIODOBRGOOEDCODO B
Vo Eo McKelvey, Menlo Park cccsvssocvcoosesaccocsecscscssocassononon
Qo Ds Singewald}, Beltsville C0DEEeODEDCCODBODOEDNQPOOOOO0EO0OROIO D
Jo F. Smith,, Jrog Denver O 0CB OO RNCEO0000CGCAICONOC0O00GIOEDGTAODOSG O
-Ab 'Oo Taylory S&Tt Ilak-e City G0 pO00O0EOOPPDOOEDONOBBBTOCQGODOEAT OB
A, E, Weissenborn, SPOkane ONDNDGODOGLECCOOPABOSOEOBO0O00OB0NGO0AT
TEPCO, Denvel‘ PJ000E0000ODO2D0GC0BOO0CREE0NCOTROIBIOEOOBROOO0DOD
TEPCO, RPSg waShin-gton Y0000 OERO0OB00AI0COB0BI00OESOOODOOGEG20 00N

(Including master)

FOVH HH RO R D

o
B

d!mmHHHHHHHHHHHHHHHHHHHH



CONTENTS

Ahs-tI‘aCt BN © 860 Q60 SSIBDEENDOCIOPTEOBOOOBOLOCABSSSOCO00NVESOBITES SO

In‘trod.nction AP OBOBDO0COECROPEGCITAVIO0NDGAOTSDOCOQPEPEOEERGBOSS S

L
5
Scurce Of the data OO GONOD OO CODERE e CNOBOBOEPBTPODNO0DOBOCOADSSS O 6
Determination of the crystal structure of paramontroseite ceses 7
Refinement of the montroseite and paramontroseite structures

by the method Of least SJUAYrES cposocesoscocsoeooecescoonoooxos 8
Structural features of montroseite and paramontroseite ..seeso« 10
SOlid- state alteration of montroseite PO S0 CPOEAOEOP IS OGOBOSCOOS 11
Other examples of solid state alteration PhEeROMEDR sesceascoeves 1D

Smy CO0BO0VRIOCOPOSEOAOACOCTCRODOEGTSOONBOEOESOTDNOGOIEDNEBPSOVROEROESES 15

References cccoesocvoscasocessnssccorvasosnsocsesnescsossnsscnnsas 16

Figure 1,

Table 1.
2

§e
)'l'v

5o

ILLUSTRATIONS

Page

Buerger precession photograph of the (Okl) net

Plane of the montroseite crystal, showing sharp

and A1ffUSe SPOLS soeocososesonossonssecccnsosssnasss 2
Electron demsity projections along the c axis of

(a) montroseite and (b) paramontroseite cuessosscoce 29
Interatomic distance vectors in montroseite and
paramontroseile socvcecscevescscccsecasocssepossssesa 26
View of crystal structures along the ¢ axis of (a)
montrogeite and (b) Pammntrgseite cpoeseesevsonrsen 27

TABLES

Page

Lattice data for montroseite DhASES cescessccssssssao LI
Least squares-determined parameters and standard

errors for montroseite and paramontroseite ccescsces 18
Obgerved and calculated structure factors for
montroseite and paramontroseite saceceecccvcecssoseas 19
Interatomic distances in montroselte and para-
mntmseite P00 UCOPOERBO QO CD2CO2OGEIOCSSELSILOPSTFOOPOEODTT 26
Standard errors of atomic positions in montroselte

and paramontroseite secoecsvosssccssscovssescscesnne 2D



MONTROSEITE AND PARAMONTROSEITE
By Howard T. Evans, Jr., and Mary E. Mrose
ABSTRACT

Montroseite (V,Fe)O(OH), has been shown by Evans and Block
to have a structure analogous to that of diaspore, A10(OH). Altered
crystals of montroseite give multiple X-ray patterns, 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 diffuse phases is interpreted as a metastable farm
of V0p, resulting from the oxidation of the host crystal, and is given
the name "paramontroseite". Paramontroseite has a = 4.89, b = 9.39,
¢ = 2,95 A, space group Porm. Complete refinement of the structure of both
montroseite and paramontroseite has been carried out by electron density
synthesis and least squares analysis. The outstanding difference between
the two structures lies in the length of the oxygen-pxygen distance corre-
sponding 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 directly supported by the crystal structure anslyses, and
also by other X-ray diffraction and chemical information., The postulated
alteration mechanism is illustrated by certain other examples, notably the
alteration of lepidocrocite and magnetite to maghemite, and goethite to

hematite.



INTRODUCTION

In a recent communication by Weeks, Cisney, and Sherwood (1953),
the discovery, properties, and mode of occurrence of a new mineral from
the Colorado Plateaus region, montroseite, were described. The material
forms submetallic, greyish-black bladed crystalline masses. In cavities
it Porms small lathlike crystals with a perfect (010) cleavage. The
density was measured on one sample as 4.00. The essential constitution
of montroseite was demonstrated, by means of a detailed crystal structure
analysis by Evans and Block (1953), to consist of a vanadium oxide
hydrate with the basic formuls VO(OH), analogous to diaspore, ALO(OH).
These authors pointed out that diffraction patterns obtained from appar-
ently single erystals of montroseite are multiple, showing the presence of
at least three phases. The multiple diffraction patterns show three ortho-
rhombic lattices in parallel position, with slightly varying lattice
constants, one characterized by sharp diffraction spots, the other two by
diffuse spots. Figure 1 shows part of a Buerger precession photegraph of
the (0kl) 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.

It was tentatively suggested by Evans and Block that the sharp lattice
(for which the structﬁre 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
"diffuse B" phase, which is described in this paper, The evidence is

sufficient to define the chemical nature of the "diffuse B" phase, and



establish it as a new mineral species. Therefore, because of the para-~
morphic relationship that it has to the host mineral montroseite, as
described more fully below, we propose for the "diffuse B" phase the name

paramontroselite.

As a result of the study described herein, it has been possible to
show by the direct methods of X-ray diffractlion 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, further, the mechanism of alteration by

oxidation and dehydrogenation is revealed.
SOURCE OF THE DATA

Crystals of montroseite from the Bitter Creek mine, Paradox Valley,
Colo., were used for the structure investigations. The first crystal to be
photographed showed all three phases present--the montroseite and para-
montroseite lattices being about equally intense, the "diffuse A" lattice
much weaker. The spots were streaked in a manner to indicate a distortien
of the crystal around the ¢ axis of 10 degrees or more, a habit which is
apparently characteristic of montroseite erystals. The intensity data for
montroseite were measured by visual estimates of 99 observed (ng) reflec~
tions from this crystal registered on a Weissenberg pattern using MoK
radiation, as described by Evans and Block (1953). A second altered crystal.
of montroseite gave a nearly pure paramontroseite pattern, with only slight
traces of the strongest reflections of the montroseite lattice still dis-
cernible. This crystal was used to measure 34 observed.(gge) reflections
by visual estimates made on a Weissenberg pattern made with CuKx radiation.

No corrections were made for absorption.



Despite the distortions inherent in the crystals, the data for
montroseite give excellent agreement with those calculated for the pro-
posed 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 ensure the determination of the most likely
structures and at the same time derive the standafd errors appropriate'

10 each.
DETERMINATION OF THE CRYSTAL STRUCTURE OF PARAMONTROSEITE

The distribution of intensity among the (hkO) reflections for para-
montroseite is quite similar to, though differing markedly in detall from,
that of montroseite as reported by Evans and Block (1953). (See table 3,
P. 19.) On the assumption that the paramontroseite structure is similar
to that of montroseite, the Patterson proJjection along [QOi] was partly
computed in order to locate the V-V interatomic distance VEctoréo Peaks
were found near the expected positions, and from them vanadium parameters
were obtained from which the first set of structure factors were calculated
(oxygen atoms omitted). These structure factors for vanadium yielded
probable Fourier phases for the 34 observed (gg@) terms, permitting the
synthesls of the electron density projected along the ¢ axis. Peaks
corresponding to oxygen atoms were clearly apparent in this map, and the
second set of calculsted structure factors included all atoms in the cell,
with coordinates read from the electron density map. The usual electfon
density. synthesis-structure factor cycle was repeated twice more, until the
map coordinates were consistent with all the phases. The final electron
density projection is shown in figure 2b., Figure 2a shows the corresponding
electron density projection of monmr@éeite from Evans and Block (1953) for

comparison. The atom coordinates as measured from these maps by



parabolic interpolation are given in table 2.

REFINEMENT OF THE MONTROSEITE AND PARAMONTROSEITE STRUCTURES

BY THE METHOD OF LEAST SQUARES

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

on the structure factor function
Ecalc = e gSZZf:j cos Z')T(ba_bj +k i+ '—6-1)
:l 4 = -= <

where B 1s the temperature coefficlent, s = (sin ©) /JL, £, is the scattering fac-

g

tor for the atom J, and x., are Eﬁ are coordinates of each atom j. The

%
seven perameters to be determined are x(V), y(V), ;_g(OI), I(OI)’ E(OII),
¥(0;), and B. As all atoms are well separated in the c axis projection,
all nondiagonal terms in the normal equations were neglected., The only
matter of Judgment concerns the manner in which the observations should be
weighted in deriving the normal equations., Using these comsideratiomns, the
normal equations reduce to a series of independent linear equations in

terms of correction terms A}_:, to be applied to each of the structure

parameters:

[Zuw(@E) Jax =2 o (5E a€)

where AF = (Fypg - Fegich X 1s the structure parameter x(v), y(v), x(01),
ete,, and'\/-v_? is the welight given to each observation. If intensity as

measured is a logarithmiec function of film density in which errors of



estimate by the eye are assumed to be distributed normally, it can easily

be ghown that the appropriate weighting factor is

o= 1 /E
Although experience seems to show that such an assumption is somewhere near
the truth, the point 1s controversial, and we have carried gut analyses with
both

(weighted) and

|
W=

ANw = | (unveighted).
We accept the structures derived from the weighted ammlysis as the best,
but it is observed that the difference between the weighted and umweighted
results is generally less than the calculated standard errors. The standard

error of F is

where n is the mumber of observations (99 for montroseite, 34 for para-
montroseite) and p the number of parameters (7, including the temperature

factor, B). The standard error of x, éx, is given by

¢i= 3 é -
o ZwlES
The AF values were ¢btained by scaling F . by muiltiplying by
k= ZIFoll|Fobl
B Z IE;bslz
for unweighted calculations, and

) '-'—‘Z |F obs |

for weighted calculatioms., Actually, the value of k is not very critical,

except in the case of the weighted calculations of AB for the temperature

corrections, where it was found necessary to take account of the cross-
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product terms between AB and Ak.

The results of all calculations for both montroseite and para-
montroseite are given in table 2. The final parameters for montroseite
and paramontroseite used to determine bond lengths in the following section
are those listed under the columns labeled "weighted" in this table,

The reliability factor

R = = |2F]
- Z lEa\osl

cbtained with
k = > | Fealel
"ZlEaL:l

has a value R = 0.113 for 99 observed reflections for montroseite, and

R = 0.2k for 34 non-zero reflections for paramontroseite. Observed and
calculated structure factors for montroseite and paramontroseite are listed

in table 3%,
STRUCTURAL FEATURES OF MONTROSEITE AND PARAMONTROSEITE

The interatomlc distances defined in figure 3 are tabulated for both
structures in table 4, The stendard errors of the lengths shown are
derived 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 Y

between atoms A and B are given by:

¢f =€l + €+ (er)

-

1
where 6IJis the error of lattice measurement in percent.

———

*Because of an error made in the calculations, the values of gé 1c
for reflections with k odd in table 2 of the paper by Evans and BloGk &
(1953) are incorrect. This error does not affect any other data given in

that paper, except that R = 0.1l instead of 0.21.
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It 1s clear that the essential principles of coordination and
vanadium-oxygen bonding are the same in both montroseite and paramontrose-
ite. The main difference between these structures, as shown by the ¢ axis
elevations shown in figure 4, lies in the fact that the zig-zag oetahearéﬁ
chains have rotated some 28 degrees around the ¢ axis diregtion in passing
from one to the other. This process has been accompanied by two important
changes in the structures

(1) PFirst and most important, the interoxygen distance, H,' is short
(2,63 A) in montroseite, but very long (3.87 A) in paramontroseite., The
former value 1s very reasconable for a hydrogen bond, as suggested by Evans

and Block (1953), but the latter is far too large for such a bond. As

there is no other logical place for hydrogen in the structure, the conclusion

must be drawn that hydrogen is absent in paramontroseite. ‘

(2) Second, the vanadium-oxygen distances are slightly, but probably
significantly shorter in paramontroseite than in montroseite. The change
is close to that which would be expected when one electron palr is added to
the montrosiete vanadium bond coordination system; i.e., when vanadium is

oxidized from +3 to +4 through the loss of hydrogen.
SOLID STATE ALTERATION OF MONTROSEITE

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

(a) The mineral montroseite, VO(OH). (with some Fe usually
replacing V), is deposited in crystalline masses, byl an unknown process, in
the sandstone matrix,

(b) The crystallized montroseite is oxidized by oxygen in the
atmosphere or in ground water to paramontroseite, at temperatures below
500 ¢, according to the reaction:

2VO(OH) + 0y —> N0z + Ho0
(Montroseite) (Paramontroseite)
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(¢) The oxidation process is accomplished by a migration of
the hydrogen atoms through the montroseite crystal structure to the
crystal surface where they combine with oxygen. The close-packed oxygen
framework is slightly shifted in this process but is not broken down.

The process may pass through an intermediate stege involving the "diffuse A"
phase.

(d) The end product of this solid state alteration process,
paramontroseite, 1s 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 diffraction pattern,
suggesting normal crystal growth of a primary phase.

2. The paramontroseite diffraction pattern is diffuse, suggesting
that this phase oecurs as alteration nucleiil finely disseminated through
the host crystal, as would be expected to result from the postulated
diffusion of hydrogen atoms.

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

4, The crystal lattices of montroseite and paramentroseite are in
parallel position.

5. The average temperature vibration amplitude for montroseite

= AB/872) 1s 0.21 A indicating a firmly bound, stable structure, whereas
the average amplitude of paramontroseite is 0.5% A indicating a much less
stable structure. The difference in temperature vibration accounts for the
much larger and more diffuse appearance of the vanadium atoms in the
electron density mep of paramontroseite as compared with montroseite (fig. 2).
6. The hydrogen bond length of montroseite has greatly increased

in paramontroseite, indicating loss of hydrogen,
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T. The vanadium-oxygen distances in momtroseite are longer than
in paramontroseite, indicating oxidation of the vanadium.

8. The powder patterns of montroseite can be indexed on a lattice
which conforms most closely with the paramontroseite lattice (Weeks,

Cisney, and Sherwood, 1953). Actually, calculated and observed inter-
planar spacings show fair agreement, using lattice parameters inter=-
mediate between the "diffuse A"™ and "B" lattices.

9. Chemical analyses (Weeks, Cisney, and Sherwood, 1953) show exten-
sive, in some cases nearly complete, replacement of Va0s by Vso04. Also,
the water content is decreased consistently with the oxidation of VO(OH)
to V0z.

It has been mentioned that there is evidence for a third phase present
in montroseite crystals, referred to &s the "diffuse A" phase. The true
nature of the "diffuse A" 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 the case, the "diffuse A"
phase may be Vp03(0H), having the space group @212 (Cgv) or 2212_111 (gg‘v)’
with 2 formula units per cell. This non-centrosymmetric phase would c;rrew
spond to the montroseite struc‘i:ure with half the hydrogen atoms removed.
Alternatively, the "diffuse A" phase wAy represent some sort of separated

Fe-rich phase, but its constants are not the same as those of goethite.
OTHER EXAMPLES OF SOLID STATE ALTERATION PHENOMENA

It is well known that the cubic polymorph of Feps0s can be prepared by
warming magnetite (Fes04) in a stream of oxygen at low temperatures (< 250°C ) .

At higher temperatures the cubic y-FezOs is converted to the rhombohedral
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a-Fez05. 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 diffuse
outward until the spinel-type unit cell contents Fesy0zz is reduced to
F821%932° Evidently, 7-Fez0s 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 Magnet Cove, Ark., are coated with an oriented
over-growth of maghemite (7-FezOs). Maghemite also is known (Sosman and
Posnjak, 1925) as an alteration product of lepidocrocite, FeO(OH), which has
a structure based on a cubic close-packed oxygen lattice, whereas hematite
(@-Fez03) is a common alteration product of goethite, which has the diaspore
structure like 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 paramontroseite structure,
but rather a distorted rutile structure (Andersson, 1953). Paramontroseite
is probably also metastable like maghemite. and can only exist through
solid state alteration from the stable montroseite at low temperatures.

These minerals are most nearly analogous to groutite (MnQ(OH)) and
ramsdellite (MnOs), both having the diaspore structure, but unfortunately
there has been no study yet of the paragenetic relationships of the two
manganese minerals which would enable us to compare our conclusions regard-

ing the vanadium minerals.,
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SUMMARY

The crystal structures of montroseite, VO(OH), and pafamnntroseite,
VOz, havg been refined by the method of least squares. Both are based
on the diaspore structure type. Montroseite crystals give multiple
X-ray diffraction patterns, a sharp pattern which has ylelded the data
for montroseite, and a diffuse pattern which gave the data‘for para-
montroseite., An outstanding difference between the two phases revealed
by the structure analysis is that a hydrogen bond which is present in
montroseite is absent in paramontroseite. Thus, the chemical nature of
the two phases is confirmed and paramontroseite ls established as a new
;peciesq In addition, the paramorphic relationship between the two is
well explained.

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

to hematite.
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Table 1l.--Lattice data for montroseite phases.
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. W - Paramontroseite
Montroseite Diffuse A "Diffuse B"
Formula VO(OH) V203 (0H) (?) V02
a (A) k.54 4,80 4 .89
b (A) 9.97 9.63 9.39
c (a) 3.03 2,93 2.93
v (%) 136.9 135.4 134,k
d (calc. for 8% FeO) 4,11 4,15 4,18
Z (formula units) 4 2 L
Space group Pbrm Pb2,m (?) Pbnm
18
(D2h) (Cav) (Dzh)
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Table 3.-~0Observed and calculated structure factors
for montroseite and paramontroseite.

Montroseite Paramontroseite

E.nbs ;.F.ealc Eobs ;Ecalc

18.9 -19.5 13

ko 2 -46.,0 8 -14

32.3 36,6 1k 27

5.l 5.6 17 26

27.4 -34.8 11 -17
9.6 -10.7
28.6 23 .6
- b3
12.6 -13.6
14.6 18.7

56,2 51,7 3h 43

33,9 22,2 46 - -ho

53.9 -48.9 46 -48

52.2 4,6 5 7

14.0 -13.2 -1

9.6 ~11.9 13

ho.2 3.1 26 26

1.9 16 -17

11.8 =15.7 , -3

1,10,0 2.6 -4

1,11,0 28.0 -29.0 -12
1,12,0 - 1,0
1,13,0 17.7 19.7
1,140 1.3
1,15,0 11.h 8.4
1,16,0 11.8 13.2
131790 17\,:’) "-15 °5
1,18,0 - 2,3
1,19,0 1.7
1,20,0 - 4.2
1,21,0 1%.8 12.7

19.3 17.7 16 3

1k 19.0 15 -2h

11,2 -11.7 32 -21

12.6 9,8 32 -3k

52,6 -h2,.8 19 =27

58 a_l'l“ "’35 08 55 14)4’

24 .2 23,8 o}

5.9 - 6,2 7 -9

25.6 28.2 2

20.6 24,5 10 -1k

21.0 -25.5 e -8
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Table 3.--0Observed and calculated structure factors
for montroseite and paramontroselte--Continued.

Eéalc

Parsmontroseite

z:obs

—cale

Montroselte
g;bs

WO NO =M\
® 8 o 5 @ © & » o
Q= ON OO
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-37.0
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603
174
13.6
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(BN S o

O I~00 O
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JRRER
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5 % e @ B w o ©B ¥ b
8589E82

14,6

COO0OO0OOQOQOOOO
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L R S S S R Y

YA IOU Y MY MDY RO Y NOY Y DO
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Table 5,--Observed and calculated structure factors
for montroseite and paramontroseite--Continued.,

Paramontroselte

Montroseite

Feale

Eobs

E.calc

%m

A QO M b=
o q © ° £ a
NO O KN~

] it

14.8

OCOO0COOO
L T T N O

O 00 O
EEEREE

Lo T N S N B

R g P O

=10
=10

e MO N~ N O - WO\ M-z

L] ¢ o aq o L3 © ° ° © L3 L [

52056001576%1235
i

N o a\
(N i 1 8

t~c0 0.4 O | el [0) =
o o © ° L3 © L] © L
O O Kb (o] [es) [
N o~ Qd Mﬂ» i 1 i

OCOCOOCOCO
R S . T T B

Q Nk 1NN
llmllll

coo oo
123W%67 - » o -
" A N 555%%5%55%55
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5“8 o 5 % ¢ o o & 6 & & o 6 © o
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Teble 3.--0Obsgserved and calculated structure factors
for montroseite and paramontroseite--Continued.
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Montroselite Paramontroseite
ééi Ebbs §kalc Eabs Ecalc
50 6.1
760 12.0 -12,8
T?O 12 98 "]—2 u6
780 10,8 9.8
190 7.1
7,10,0 3.7
7,11,0 11.0 12,4
79 12 9 0 - 8 93
800 20.8 -21.7
810 9.5 11.1
820 2.9
830 3,8
8h0 12.6 10.7
850 = 703
860 11.0 - 9 »-3
870 ha
880 e loh‘
890 5.1
8,10,0 11..8 11.9
91.0 lQQO - 805
920 345
930 15.5 k.3
gko 5.0
950 0.5
960 - 2,1
970 5.7 11.8
10,0,0 9.5 5.7
10,1,0 - 0.9
10,2,0 2.9
10,3,0 0.5
10,4,0 11.6 11.9
10,5,0 - 1.3
10,6,0 8.5 - 7.6
10,7,0 0
10,8,0 10.0 -10.4
11,1,0 - b7
11,2,0 - 3,6
11,3,0 9.1 9.5
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Table 5.--Standard errors of atomic positions in montroseite
and paramontroseite,

Montroseite Paramontroseite
€y 0.0037 A 0.015 A
é'o 0.015 A 0.070 A
€ I., 0.5 percent : 0.5 percent




Figure l.—-Buerger precession photograph of the (O&Z) net
plane of a montroseite crystal showing sharp and

diffuse spots,

LLél
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(a)

(b)

Figure 2,-~Elcctron density projections along the ¢ axis of
(a) montroseite and (b) paramontroseite. Dotted contour
2 .
represents 2 electrons per A ; other contours at intervals

of 2e/A2.

6Ly gl
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Figure 3.,--Interatomic distance vectors in montroseite and

paramontroseite, (See table 4.)

Table 4,--Interatomic distances in montroseite and paramontroseite.

Atoms Vector Montroseite (A) Paramontroseite (A)
V-0; A 1.9k + 0.017 1.88 + 0.07
B(2) 1.96 + 0.017 1.91 + 0.07
V-0;; c(2) 2.10 + 0.017 2.00 + 0.07
D 2.10 + 0.017 2.13 + 0.07
0;-0;; E(2) 2.91 + 0.02 2.88 + 0.10
F 2.68 + 0.02 2.65 + 0.10
Gg(2) 2.96 + 0.02 2.79 + 0.10
H 2.63 + 0,02 3.87 + 0.10
01=07 J(h) 2.93 + 0.02 2.86 + 0.10
c-axis (2) 3.03 + 0.01 2.93 + 0.02
0717011 K(2) 2.59 + 0.02 2.65 + 0.10
L(2) 3.31 + 0,02 3.0k + 0,10
V-V 3.306  + 0.011 3.16 + 0.03

6L el
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Figure 4.-~View of crystal structures along the ¢ axis of

(a) montroseite and (b) paramontroseite.

LR NS



