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Metavivianite, Fe.(POu),.8HrO, a New Mineral'
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Abstract

Metavivianite, Fe*(POn),'8H,O, is a new mineral occurring with kryzhanovskite in solution
cavities in triphylite at the Big Chief pegmatite near Glendale, South Dakota. It is triclinic,
with a - 7.814, b - 9.084., c - 4.65A, a - 94.77", F - 97.15", r -  107.37", and is
isostructural with symplesite, Fe"(AsO.),.EH,O. Electron probe analysis indicates that it is a
polymorph of vivianite. Vivianite and parasymplesite are therefore isostructural, monoclinic
dimorphs cif the isoetructural and triclinic minerals metavivianite and symplesite.

fntroduction

The pegmatites of the Black Hills, South Dakota,
are well known as sources of a variety of primary
and secondary phosphates. In 1969, Dr. David
Garske of the South Dakota School of Mines kindly
donated to us specimens of phosphate minerals
which are products of the alteration of triphylite.
Crystals from one of these specimens were used
in a single-crystal study, with preliminary results
indicating that they were triclinic, and similar to
symplesite, Fes(AsOa)2.8II2O. However, chemical
analysis indicated the presence of P but no As.

Symplesite is the triclinic dimorph of monoclinic
parasymplesite. The mineral vivianite, Fes(PO+)2.
SH2O, is isostructural with parasymplesite (Mori
and Ito, 1950).Our preliminary results thus indi-
cated that our specimens were a dimorph of vivian-
ite and related to that mineral as symplesite is to
parasymplesite. Detailed examination has verified
this relationship. The name metavivianite has been
chosen to emphasize the dimorphous relationship
to vivianite, as with the phosphates (meta)vauxite
and (meta)strengite. The nature of the existing
names for the two related arsenates unfortunately
precludes a choice of names which would more
clearly illustrate the isostructural relations between
-;Co"triUution 
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the two phosphates and the two arsenates. Type
material of metavivianite is present in the collec-
tions of the U. S. National Museum (Smithsonian
Institution) and the Department of Geology and
Mineralogy, The University of Michigan. The min-
eral and the name have been approved by the
I.M.A. Commission on New Minerals and Mineral
Names.

Occurrence

The mineral occurs on one specimen collected
at the Big Chief pegmatite mine, one half mile south
of Glendale, Pennington County, South Dakota
(43"52.3' N, 103'22.1' W). Phosphates from this
locality have been described by Roberts and Rapp
( 1965 ). Crystals of primary triphylite, some measur-
ing up to 6 feet in diameter, have been altered by
late-stage pegmatitic solutions. Secondary minerals
are abundant and include ludlamite. hureaulite.
beraunite, rockbridgeite, laueite, heterosite-purpu-
rite. and strunzite.

The metavivianite occurs on a specimen of mas-
sive triphylite containing veinlets of spessartine-rich
garnet, pyrrhotite, sphalerite, and quartz. The sur-
face of the triphylite is pitted with solution cavities
up to I mm in diameter which generally follow the
traces of cleavages. The metavivianite occurs in
the solution cavities, intimately intergrown with
dark red kryzhanovskite. The identity of the latter
mineral was established using single-crystal diftrac-
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tion (a = 8.26 A, b : IO.I2 A, c : 9.37 A, space
group Pcnb) and qualitative microprobe analysis,
with comparison with the data of Moore (1971).

Kryzhanovskite is the only mineral observed to be
in an apparent equilibrium relationship with meta-
vivianite, although hureaulite is present in some
other cavities.

Physical Properties

Metavivianite occurs as flat, prismatic crystals,
elongated,along c, and with principal form {110}.
Some crystals having more regular cross-sections are
striated parallel to c. There is a perfect (110)
cleavage. The color is leek-green. Most crystals are
opaque to translucent, but small grains are trans-
parent. The specific gravity was not measured due
to the small size of the crystals and the presence
of impurities. Thb calculated density is 2.69 gmf cml.

Optical properties bf metavivianite are generally
similar to those of Vivianite. By direct measurement,
2V" is +. 85 :L 5o. Indices of refraction ore a =

1.579 ! 0.006, B = 1.603 :L 0.002 and y = 1.629
i 0.002. The relation between the opticdl ,direc-
tions and cleavage is X I (110), YZ ll (110). The
pleochroic formula is X > Z > Y, with X = light-
blue to blue-green, Y - yellow-green to light green,
Z - yellow to light green. The pleochroiG colors
are presumably intensified by oxidation of the iron,
but the physical properties were measured on light-
colored grains.

CrystallograPhy

Single crystals were studied using Weissenberg and
precession methods. Unit-cell parameters are a :

t.st(z) A, b : 9.08(2) A, . : 4.6s(l) A, o :
94.77(10)", p : 97.15(10)o, y : 107.37(10)'. The
space group is Pl or Pi. X-ray photographs showed
the presence of two twinned lattices. The crystals
are twinned on {110}. Wolfe (1940) showed that
the lattices of the monoclinic members of the vi-
vianite group (parasymplesite was not recognized at
that time) are closely related to the lattices of the
triclinic phases (e.g., symplesite). The twin iilane
{l l0} of the triclinic phases is structurally equivalent
to the true mirror plane (010) in the monoilinic
phases. We have verified this relation by comparing
photographs of untwinned vivianite and twinned
metavivianite. Twinning was not observed optically.

Data from an FeKa powder photograph are listed
in Table 1. Calculated interplanar spacings and
indices were obtained using lattice parameters from
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the single-crystal study. One other line not listed

in Table 1 with a spacing of 3.47 A appeared on

the photographs. This was not indexable using the

metavivianite unit cell, but since it varied in in-

tensity from 2 to 30 on different photographs, and

since some impurity was present in all X-rayed

samples, it is assumed to be due to an impurity.

As expected for two isostructural compounds,

the patterns of symplesite and metavivianite are

similar. The larger interplanar spacings for symple-

site, relative to corresponding lines for metavivian-

ite, result in clear differences between the patterns.

The patterns for vivianite and metavivianite are also

similar, as expected from their structural similarity'

The patterns of each have unique features with

respect to the first peak at approximately 8 A.

Chemical Analysis

A specimen of metavivianite and a vivianite from

an unknown locality were analyzed using the electron

microprobe. The results are listed in Table 2. The

metavivianite is very similar to the vivianite, both

phases having essentially the same wt/percent ratios

of Fe/Mn, approximately 10:1. Only traces of

other elements are present in the metavivianite'

There is less than 0. I percent As since it was not

detected using repeated, slow spectrometer scans.

The slightly high totals of wt/percent oxides and

cations sums are probably due to oxidation of part

of the iron and concomitant loss of some water'

We conclude that metavivianite and the vivianite are

nearly identical in composition for the elements
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Tesrn 2. Chemical Analyses

M e t a v i v i a n l t e  V i v i a n l t e  F e 3  ( p o b ) 2 , g H 2 O

The samples were imbedded in KBr pellets. A spec-
trum of KBr blank showed no absorption above
400 cm-'. and no noticeable lines due to absorbed
HzO. The spectra of vivianite and metavivianite
show broad absorptions around the regions of 3400,
1600, 90O, and 50O cm-1. The first two broad peaks
indicate the presence of water, and the last two
peaks are characteristic of POas-. The qualitative
spectra indicate the similarity in composition and
crystal structure of vivianite and metavivianite.

Discussion

Metavivianite and vivianite are members of a
series of hydrated iron phosphates: Fes(PO+)z'
nH2O, which includes phosphoferrite (n : 3),
ludlamite (n = 4), and anhydrous sarcopside
(Moore, l97l).'z All these minerals show substan-
tial solid solution with Mn, and are easily oxidized
to Fest with loss of H-.

The members of this series are related by simple
reactions with increasing temperature:

vivianite or
,"tuuiuiunit" 

-ludlamite * HrO+ phosphoferrite * HzO
+ scarcopside + HrO

The coexistence of metavivianite and kryzhan-
ovskite (the oxidized equivalent of phosphoferrite)
may be due to the solid solution of Mn and the
potential for oxidation, or it may represent a dis-
equilibrium assemblage. If metavivianite-kryzhan-
ovskite is an equilibrium assemblage, them some
oxidized Mn-bearing ludlamite of equivalent com-
position cannot be stable at the same conditions.
Moore (197l) has also argued for the persistent
stability of the series phosphoferrite-kryzhanovskite
and the relative instability of crystalline ferric
equivalents based on crystal-chemical and struc-
tural considerations.

The P-T relationships of vivianite and meta-
vivianite are unclear. Insufficient data are available
on vivianite and metavivianite solid solutions to
infer which has the larger cell volume for the same
composition. Since these polymorphs have sub
structural elements in common, the free energy
differences are probably small. The formation of
a specific polymorph may be controlled by non-
equilibrium factors rather than P-T-X variables.

'Moore (written communication, 1973) informs us of
the existence of still another iron phosphate hydrate with
n = 1 ,
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O p e r a t i n g  c o n d i t i o n s :  0 . 0 0 6 p 6  s a b p l e  c u r r e n r  o n
c a l c i t e .

,-  _correct ions: using Ruckl idge's EMPADR vII  program
( J .  R u c k l l d g e  a n d  E . L .  c a s p a r r i t r i ,  D e p .  o f  G e o l o i y , - U n i v .
T o r o n t o ,  w r i t E e n .  c o n n . ,  1 9 6 9 )

with Z ( 1O and therefore by analogy with vivian_
ite, the formula of metavivianite is (Fe,Mn)g(pO+)z
'8Hro'

Infrared Spectrum
The infrared absorpion spectra, shown in Figure

I for vivianite and metavivianite, were obtained
with a Beckmann IR-12 using the fast scan mode.

Infrared absorption spectra of metavivianite (a)
and vivianite (b).

Frc.
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