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Abstract

R h o d o n i t e  w i t h  u n u s u a l l y  h i g h  m a g n e s i u m  a n d  l o w  i r o n  c o n t e n t s ,  M n r  6
Mgo rsCao urFeo.o.SiuOru, occurs in a metamorphosed sedimentary evaporite sequence at
Balmat, New York. l t  coexists with an unusual pyroxene having average composit ion close to
MnMgSirOu, talc, calcite, and a number of other minerals. Refinement of the crystal structure
using single-crystal X-ray dif fract ion data shows that Mg has a marked preference for the M4
site (Mg'{?Mno.ur), and that Ml, M2, and M3 have nearly equal Mg occupancies of sl ightly
more than 0. l .  Relat ions with coexist ing phases indicate that both the Mg content and degree
of ordering of Mg in M4 are near the maximum to be expected for natural ly occurring
rhodonite.

Introduction

Two samples of rhodonite were found by miners in
different areas of the Balmat Mine No. 4, and saved
only because of their attractive appearance and
uniqueness. Portions of each sample were kindly
made available to us by Dr. Dil l of the mine staff, and
we refer to them simply as samples I and 2, respec-
tively. The rhodonite of sample I occurs with a py-
roxene of approximate composition MnMgSirO.
which is currently under investigation, and Iine-
grained talc and quartz. The second sample also has
both rhodonite and the pyroxene, but also contains
barite, anhydrite, manganoan calcite, apalite, quartz,
hauerite, and a phase tentatively identif ied as dato-
lite. These two samples were recovered from inter-
layered metasediments (evaporites) consisting largely
of talc, tremolite, calcite, and anhydrite, which are
the host rocks for the ore body. The deposit has been
regionally metamorphosed with estimated conditions
of P : 6.5 + 0.5 kbar, T : 625 L 25"C (Brown et al.,
1978).  The condi t ions for  equi l ibrat ion of  rhodoni te
and its coexisting phases are thus reasonably well-
defined.

Preliminary energy-dispersive analyses using the
electron microprobe revealed that the rhodonite was
unusually rich in Mg and poor in Fe. Quantitative
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spectrometer analyses were therefore obtained for
rhodonite from both samples, and. the results are
presented in Table l. Single-crystal X-ray diffraction
confirmed that the analyzed material had the rhodo-
nite structure. Because this rhodonite has a Mg con-
tent greater than that of most other rhodonites, and
because the iron content is exceptionally low, we
concluded that a structure refinement would provide
definit ive data regarding the occupancy of Mg over
the octahedral sites.

X-ray diffraction data

Unit-cell parameters were determined by least-
squares refinement, with data for nineteen reflections
obtained from a powder diffractometer pattern as
corrected with quartz as an internal standard. The
parameters are a : 9.791(3), b : 10.497(3), c =

12.185(4)A, a 108.55(4), P : 103.02(4), t :

82.49(4)" . The space group is C I . We use this setting,
recommended by Ohashi and Finger (1975), as well
as the atom nomenclature ofthose authors, because it
provides a more direct means of comparing pyroxe-
noid structures. Powder diffractometer data are l isted
in Table 2.

Intensity data were obtained from a cleavage frag-
ment measuring ppproximately 0.15 X 0.20 X 0.40
mm, mounted for rotation about the c axis on the
Weissenberg-geometry diffractometer. Mor(o radia-
tion, monochromated with a flat graphite crystal and
detected with a scinti l lation counter, was used. The
Supper-Pace automated system was used, employing
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Table l. Electron microprobe analysis of magnesian rhodonitel

ox ide  wr .  Z M o l a r  r a t i o / 5  S i

Refinement

Refinement was carried out using the program
RuNr2 of Finger and Prince (1975), employing scat-
tering factors of Doyle and Turner (1968), the weight-
ing scheme of  Cruickshank (1965,  p.  l l4) ,  and be-
ginning with the structure parameters of Ohashi and
Finger (1975). Reflections having individual discrep-
ancy factors greater than 0.5 were rejected. During
the first stages of refinement all of the Mg was as-
sumed to be in the M4 site and the Ca to be in the M5
site, with additional Mn completing the occupancy of
these sites, and Mn being exclusively assigned to the
Ml,  M2,  and M3 s i tes.  Fol lowing the convergence of
positional parameter refinement, site occupancies
were allowed to vary with both Mn and Mg assigned
to Ml  through M4, and Ca and Mn assigned to M5.
No bulk-chemistry restraints were placed on the oc-
cupancy factors. Refinement was completed with
refinement of occupancy values, atom coordinates,
and isotropic temperature factors. The final R value
is 4.8 percent for all data and 4.2 percent excluding
rejected data. Structure factors are l isted in Table 3,2
atom coordinates and isotropic temperature factors
in Table 4, and site occupancies in Table 6. Selected
interatomic distances as calculated using the program
Onrrn (Busing et al., 1964) are l isted in Table 5 with
standard errors calculated from standard errors of
unit-cell parameters and the variance-covariance ma-
trix from the final cycle of refinement.

Discussion of cation ordering

The rhodonite crystal structure has been described
in detail elsewhere (e.9. Peacor and Niizeki, 1963)
and wil l not be further described here. We are princi-
pally concerned with the occupancies of the Ml-M5
sites. Peacor and Niizeki concluded, on the basis of
M-O interatomic distances and peaks in a difference
electron-density synthesis, that the Fe and Mg prob-
ably occupied the M4 site and that Ca was confined
to the M5 site. The formula of rhodonite from the
locality serving as a source for the crystal used in
that diffraction study was (Mnn.orCao.rrMgo.ruFeo.rr)
(Si4.rrAlo.02)O,u.,. The coordination polyhedra about
Ml, M2, and M3 are only slightly distorted octa-
hedra, having average M-O distances of 2.219,2.215,
and 2.229A respectively, in good agreement for occu-
pancy only by Mn. The M4 coordination is highly
irregular, however, approaching five-coordination
because one of the six M-O distances is 2.88,4,. Two

2 To receive a copy of  th is mater ia l ,  order document AM-78-076
from the Business Olfice, Mineralogical Society of America, Suite
1000 lower level ,  1909 K Slreet ,  N.W.,  Washington,  D.C.,  20006.
Please remit  $1.00 for  the microf iche.

s io2  47  '66

AL|O3 0 .06

l' lno 42.62

M g O  4 . 7 2

F e o  O . 3 7

C a o  4 . 5 8

sun 99 .99

5  . 00

0  . 00

3 . 7 3

o . 7 3

0 . 0 3

0 . 5 1

- S t a n d a r d s  
u s e d  w e r e  s y n t h e t i c  t e p h r o i t e  f o r  l ' l n ,

A N U  r h o d o n i t e  f o r  S i ,  I r v i n g  k a e r s u t i t e  f o r  A l ,
C a ,  F e ,  M g .  D r i f t ,  a t o m i c  n u n b e r ,  f l u o r e s c e n c e ,
absorpt ion and background correct ions were
a p p l i e d  t o  t h e  d a t a .

a scan across each reflection with background mea-
sured on each side. A total of 2473 intensities were
measured, of which 152 were unobserved, up to a sind
l imit  of  0.46 and an /  index l imit  of  13. Al l  intensi t ies
were corrected for Lorentz-polarization and absorp-
tion effects (p : 51.5 cm-'). A modified version of a
program Assnp written by C. W. Burnham was used
for the absorption correction.

Table 2. X-ray power diffraction datar
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M4-O distances ( 1.98 and 2.04A) are the smallest of
all M-O distances, and this was good evidence that
the smaller Mg and Fe preferentially occupy this site.
The more irregular seven-coordinate M5 polyhedron
has an average M-O distance of 2.42A, the smallest
distance being2.26A, a reflection of the strong prefer-
ence of Ca for this site.

Dickson (1975), on the basis of an interpretation of
Mcissbauer spectra, concluded that most of the Fe in
rhodoni te is  in  the M1,  M2,  M3,  and M4 s i tes,  wi th
only a slight preference for the M4 site. He notes that
such a large proportion of Fe in Ml, M2, and M3 is
at variance with the conclusion of Peacor and Niiz-
eki. That Fe does not have a marked preference for
M4 was further indicated by the fact that the relative
occupancies of Fe in the various sites was the same in
both low- and high-Fe rhodonites.

Ohashi and Finger (1975) refined the structure ofa
rhodonite having formula Mno..rFeo.orMgo.oeCso.os
SiOr, and concluded that Ml, M2, and M3 are pref-
erentially occupied by Mn, Mg and Fe prefer M4,
and Ca is ordered in M5, although they note that
some Ca may also be in M4. All three investigations
cited above thus agree that M4 is preferred by Fe
(or Mg) and M5 by Ca, although the interpretations
differ in detail.

Table 4. Atom coordinates and isotropic temperature factors
(standard errors in parentheses)

Atom

Table 5. Cation-anion interatomic distances (A) (standard errors
in parentheses)

M1-OA1
0A1
oA2
oA4
0A5
oA6

2. L82(3)
2 .333(4)
2 .268 (4 )
2 . 2 5 3  ( 3 )
2.  L39 (3)
2 .L37  (3 )

2 .2 I9

2 . 2 s 3  ( 4 )
2 . 1 1 8 ( 3 )
2 .392 (3 )
2 .L98 (4 )
2.  ro4 (3)
2.234(3)

142-OA2
oA3
oA3
oA4
oR2
oB3

ave ,

M4-OA1
oA5
oA6
oB1
oB4
oc5

ave.

sit-oAI
0B1
oc1
oc5

ave.

si3-oA3
oB3
oc2
oc3

si5-oA5
oA6
oc4
oc5

ave .

2 .2L3  (3 )
2 . 2 4 2  ( 3 )
2 .28O (3 )
2 .3s3 (4 )
2 . 1 s 0 ( 4 )
2 , 0 8 9 ( 4 )

ave.
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oA4
oA6
oB1
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oc4
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ave.
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a v e .
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2.2t7
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2 . 2 2 4 ( 4 )
2 .236  (4 )
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2 . 2 2 r
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2 . 7 7 0 ( 3 )
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2 .334 (3 )
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1 . 5 9 0 ( 3 )
1 . 6 s 7 ( 3 )
r . 6 4 2 ( 3 )

1 .  630

2 . 4 0 6

1 . 6 1 3 ( 3 )
1 . 5 9 8 ( 3 )
r ,  65s  (  3 )
1 . 6 3 8 ( 3 )

L . 6 2 6

r . 6 1 7 ( 3 )
1 . 5 8 7 ( 3 )
r . 6 3 2 ( 3 )
L .644 (3 )

2 .  613  (  3 )
1  . 501  (  4 )
r . 6 5 7 ( 3 )
r . 6 2 6  ( 3 )

7 . 6 2 2

1 . 5 9 7 ( 3 )
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1 .  660  (  3 )
r . 6 s 9  ( 4 )

r . 6 2 0 L . 6 3 2
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s i 4  0 . 2 1 3 8 ( 1 )
s i s  0 .2069  (1 )

oA1  0 .1276 (3 )
oA2  0 .1192  (3 )
oA3 0.1151 (  3)
oA4  0 .1185  (  3 )
oAs 0.7274(3)
0A6  0 .1005 (3 )

0 .03004 (6)
0 . r27 45(6)
0  . 20418 (6 )
0 .26488 (8 )
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0 . 4 4 8 7 ( 1 )
0 . 3 6 5 5 ( 1 )
0 .  5 7 8 7  ( 1 )
0 .5061 ( r )
0 .  701s  (1 )
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0 .  0141  (  3 )
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0 . 8 3 2 7 ( 3 )
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o .  7100  (  3 )
0 . 3 8 0 7 ( 3 )

o .4672(3)
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o . 5 3 7 7  ( 3 )
0 . 6 4 2 5 ( 3 )
o .5927  (3 )

o .L4764 (6 )
0 . 4 4 5 3 5 ( 6 )
0 . 7 3 0 8 6 ( 6 )
0 .02469 (  8)
0 . 3 0 2 s 8 ( 7 )

0 . 9 1 2 6  ( 1 )
0 .6546 (1 )
0 .5302 (1 )
0 .2616  (1 )
0.7252(r)

0 . 0 3 9 0 ( 3 )
0 . 3 2 1 9 ( 3 )
o .  4359  (  3 )
0 .7324 (3 )
o  . 8s47  (3 )
0 .  1301  (  3 )

0 . 9 0 4 6 ( 3 )
0 .6114 (3 )
0 . 5 9 1 1 ( 3 )
0 . 1 8 3 5 ( 3 )

0 . 7 7 8 8 ( 3 )
0 .5632 (3 )
0 . 3 8 7 5 ( 3 )
0 . 2 2 1 5 ( 3 )
0 . 9 9 5 8 ( 3 )

0 . 1 2 6 9 ( 3 )
0 . 1 2 4 s ( 3 )
0 . 1 2 7 3 ( 3 )
o .1 ,254 (3 )

0 . 1 7 0 r ( 3 )
0 .  1602 (3)
0 . 1 6 4 9 ( 3 )
0 . r s 9 s ( 3 )
0 . 1 4 6 s ( 3 )

o . 7 o ( 2 )
0 .74 (2 )
0 . 7 2 ( 2 )
0 . 9 3 ( 2 )
1 . 1 1 ( 2 )
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o . 7  4 ( 2 )
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0 . e 3 ( 4 )
0 . 9 8 ( 4 )

1 . 1 8 ( s )
1 . 0 5 ( 4 )
1 . 5 8 ( 5 )
1 . 2 1 ( s )

r . 0 2 ( 4 )
1 . 3 7 ( 5 )
r . 1 0 ( 4 )
0 . 9 8 ( 4 )
0 .8e  (4 )

0 . 8 9  ( 1 )
0 . 1 1

0 . 8 6 ( 1 )
o . r 4

0 .  8 6  ( 1 )
0 .  1 4

0 . s 3 ( 1 )
o  . 4 7

0 . 4 0 ( 1 )
0 .  6 0

The results of our refinement are partially con-
strained by two assumptions regarding occupancies,
namely that all of the available Ca is constrained to
M5, and that no Mg occupies this site. We believe
that these are reasonable assumptions, based on pre-
vious results. The final occupancy factors (Table 6)
result in the formula Mnr.unMgo 6.Cao..oSiuOru, in fair
agreement with the results of the electron microprobe
analysis, Mnr.rrMgoTrCao.6rFeo.e3Siborb. The differ-
ence in results l ies in higher values for both Ca and
Ms in the formula obtained from the refinement.

Table 6. Refined site occuDancres

's tandard 
deviat lons in parentheses ln unlts of f lnal

l"ftr

Mn
Ca

ltr

Ifn

I'tr
Mg

oBl
oB2
oB3
0B4

oc1
oc2
0c3
oc4
oc5

d ig i t  shm.



I  t40 PEACOR ET AL.: MAGNESIAN RHODONITE

The M l, M2, and M3 sites are nearly identical in
occupancy,  having 0.  l l ,  0 .14,  and 0.  l4  Mg respec-
tively. This is consistent with their similarity in coor-
dination polyhedra. All three are octahedrally
coordinated, with average M-O interatomic dis-
tances of  2.219,2.221,  and2.2 l7A respect ive ly .  Indi -
vidual M-O distances show no major deviations from
the average values, while the deviations which do
exist are similar for each site. Ohashi and Finger's
average M-O distances for Ml, M2, and M3 (2.213,
2.228, and 2.217A) and their Mg2+ site occupancies
(0.07, 0.07, 0.09) are very similar to our results, al-
though their crystal had less than half the Mg of our
rhodonite. lt should be noted that the rhodonite of
Ohashi and Finger (MnoouFeo.ruMgo.roCao.ruSiuOru)
contained substantial Fe in addition to Mn, Mg, and
Ca, resulting in some ambiguity in the interpretation
of composition as a function of occupancy factors, as
indeed they recognized.

The coordination geometry of M4 is consistent
with the absence of Ca in that site. Although the
average of six M-O distances is 2.228A, nearly identi-
ca l  to  the average values for  Ml ,  M2,  and M3,  one
value is exceptionally large (2.770A). The M4 coordi-
nation polyhedron is nearly five-coordinate, as noted
by Peacor and Niizeki (1963). Excluding the one long
bond distance results in an average of 2,210A for the
remaining five. This is clearly consistent with the site
occupancy of Mno.urMgo.nr, determined assuming that
no Ca occupies this site.

The very irregular seven-coordinated M5 has a
geometry consistent with occupancy by all the avail-
able Ca, as verif ied by the site occupancy refinement.
The average M5-O distance is 2.4064, only slightly
smaller than that reported by Peacor and Niizeki
(2.418A) for a rhodonite with approximately 0.8 Ca
per five large cations. Ohashi and Finger reported an
average M5-O distance of 2.395,A in a rhodonite with
0.25 Ca per five large cations, although therr occu-
pancy factor for Ca appears to be consistent with a
Ca content even less than that. The average M5-O
distance thus appears to be relatively insensitive to
variation in the relative proportion of Ca and Mn,
despite the significantly smaller radius of the latter.
We should note that  our  value of  Ca occupancy
(0.60) is very close to that found by the analyses
(0.51)  and conf i rms the val id i ty  of  the assumpr ion
used throughout refinement that Ca occupies the M5
site exclusively.

In summation, this refinement has confirmed that
Ca preferentially occupies M5, that Mg substitutes in
almost  equal  proport ion in  Ml ,  M2,  and M3,  but
that there is a marked preference for Mg in M4 by a
factor of more than four. These results for Ms con-

trast with those of Dickson for Fe, in that he showed
that although there is a preference for Fe in M4, it is
not a marked preference, and the total Fe in M l, M2,
and M3 is greater than that in M4. The difference in
the substitution roles of Mg and Fe'+ appears to
relate directly to their ionic radii. Those of Mn2+
(0.83A) and Fe2+ (0.78,4.) are more nearly alike, com-
pared with that of Mg'+ (0.72A) (Shannon and Pre-
witt, 1969), resulting in similar occupancies for Ml
through M4, despite the fact that there is a preference
of Fe2+ for distorted sites due to a crystal-f ield stabil i-
zation energy factor.

It might be argued that rhodonites forming at
lower temperatures might display a greater degree of
order of Mg in M4 than is displayed by this material,
which formed at about 600'C. We have determined,
however, that the pyroxene with which the rhodonite
equil ibrated has a submicroscopic exsolution texture
and consists of two pyroxenes which have space
groups P2r/c and C2/c respectively. Diffusion of
large cations thus occurred in the pyroxene over dis-
tances much greater than those necessary for order-
ing of Mg in the rhodonite. This was presumably a
retrograde metamorphic effect, occurring at temper-
atures well below 600'C. The cation distributions
may therefore represent a near-maximum ordering
condition in natural samples. Refinement of an Mg-
rich rhodonite from a greenschist-facies terrane is
needed to confirm this conclusion.

Rhodonite phase equilibria

The Balmat rhodonite appears to be the most mag-
nesian known, with 100 Mg/R'?+ : l5 percent. Pyro-
xenoids generally have litt le magnesium in solution,
95-100 percent of the composition being represented
by the components CaSiOe-FeSiOr-MnSiOr. Ohashi
et al. (1975) plotted rhodonite and pyroxmangite
analyses on a diagram with components CaSiOa-
MnSiO.-(Fe,Mg)SiOa. They observed that pyrox-
mangites are less calcic than rhodonite, as also found
by Momoi (1974). We have replotted pyroxenoid com-
positions on this diagram (Fig. I ), considering only
pyroxmangites and rhodonites which have been well-
characterized. Bustamites, wollastonites, pyroxfer-
roites, and inverted ferrobustamites (see below) are
also included for completeness. Some more calcic
pyroxmangites which overlap compositionally with
the least calcic rhodonites have been reported. Unfor-
tunately these have not yet been adequately charac-
terized by X-ray diffraction and may actually be
rhodonite or two-phase mixtures; these have been
excluded from Figure 1. The two-phase pyroxenoid
pairs of Hodgson (1975) from Broken Hil l, of Mason
(1973, 1975) from Broken Hil l and Franklin, as well
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as unpublished material by the writers, have also
been plotted to give some feeling for possible mis-
cibil i ty gaps at metamorphic temperatures (estimated
to be 650 + 100'C for all these occurrences). The
most Fe-rich rhodonite-bustamite pair from Broken
Hill (A, Fig. I ) coexists with manganoan hedenber-
gite. A ferroan bustamite (B), which has inverted to a
hedenbergite-bustamite mixture, is also plotted (Ma-
son, 1973), as well as a ferrobustamite (C) inverted to
fe rrohedenbergite from Skaergaard (Wager and
Deer, 1939). It is clear that bustamites richer in iron
than that in assemblage A are less stable than equiva-
lent hedenbergite or hedenbergite * Fe-poor bus-
tamite t rhodonite at these temperatures. The pyrox-
fe r ro i t es  (D ) ,  wh i ch  a re  i sos t ruc tu ra l  w i t h
pyroxmangite, are from rapidly-quenched lunar ba-
salts. Experiments of Lindsley and Burnham (1970)

suggest that they are metastable with respect to faya-
lite * sil ica t hedenbergite at ordinary crustal pres-
sures. The two Mn-rich pyroxmangite-rhodonite
pairs are constructed from the data of Ohashi et al.
(1975) for Japanese materials from Taguchi, Aichi
and Watsuka, Kyoto. Ohashi (personal communica-
tion) states that the materials are from either end of a
single hand-specimen and may be close to equil ib-
rium. The tielines are reasonably consistent with each
other and with a possible miscibil i ty gap defined by
our unpublished data shown as circled crosses and
circled dots.

Rhodonite shows extensive substitution of Fe for
Mn, with up to 35 mole percent FeSiOr. In view of
Dickson's (1975) conclusions on Fe distribution, it is
unclear how much Fe can be accommodated in
rhodonite. The Balmat rhodonites have very l itt le
i ron s imply because the rock is  low in i ron.  The
maximum Mg possible in rhodonite is also unknown.
The Balmat rhodonite coexists with a phase close to
MnMgSirOu in composition, f ixing the Mg content in
the rhodonite by a reaction such as:

Rhodonite * Pyroxene X

= Mg-rhodonite

(MnSiO,)""  *  xMnMgSirOu 
( l )

a (MnSiO') ' * , (MgSiO3),

or the more complex reaction

Rhodonite * Pyroxene X * Calcite * Quartz

a Mg-rhodonite + CO,

CaMnnSiuO'u * 4xMnMgSirO. Q)

l- 2xCaCO,r .| 2xSiOz

= (CaMnnSiuO,u),*,(CaMgnSiuO'u)" I 2xCOz

Fig.  t  Plot  of  pyroxenoid composi t ions in CaSiOt-MnSiO'-
(Fe+Mg)SiO. space. Coexisting pairs are connected by tielines.

M g - r h o d o n i t e s  a r e  s h o w n  b y  O ,  p y r o x m a n g i t e s  a n d

pyroxferroites by x, rhodonites by o , bustamites by O ,
wollastonites by I L inverted bustamites by *. The @ and O are

unpubl ished analyses f rom Frankl in,  New Jersey.  A,  B,  C,  and D

are referred to in the text

The rhodonite from sample number I coexists with
talc t quartz, and this also fixes (MgSiO.)* in rhodo-
nite for the reaction:

Rhodoni te f  Talc
;: Mg-rhodonite + Quartz * Vapor

(3)
(MnSiO3)"" f xMgrSi.O'o(OH),

a(MnSiOr),(MgSiO')3, * xSiOz *xH,O

Any or all of these reactions could fix the Mg content
of the rhodonite. However, any quantif ication must
wait unti l the MnMgSirO. phase is fully character-
ized. The first reaction is controlled by P-7, the
second reaction 6y P-T-JCO, and the third by P-Z-

JH.O. The nature of these reactions suggests that the
Mg content of the Balmat rhodonite may be close to
the maximum possible in a naturally occurring phase,
however. It should be noted that Wang (1936) re-
ported the occurrence of a high-magnesian rhodo-
nite-l ike phase which he called hsihutsunite. His anal-
ysis is subject to question, however, because when
normalized to 5 Si it yields 5.86 octahedrally-coordi-
nated cations, a value much in excess of that required
for the rhodonite structure.
. An examination of the experimental petrology l it-

erature would suggest that the stabil ity of rhodonite
in P-T-X space is well known (Maretsch and Mot-
Iana, 1976 Peters, l97l). However, it should be
noted that the solid solutions exhibited by rhodonite
have important implications for its stabil ity in struc-
tural transformations as well as solid-solid and de-
carbonation reactions. The small AS, AV, AH, and
AG changes accompanying a solid-solid reaction
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mean that substituting ions (Mg,Ca) wil l have a large
effect on the experimentally-determined equilibrium
P-Z relations. Application of Maretsch and Mot-
tana's data on the rhodonite-pyroxmangite transfor-
mation should allow a maximum pressure to be as-
signed for a given temperature, inasmuch as the
pyroxenoid present is rhodonite and not pyroxmang-
ite. Direct application of their data yields the not
surprising conclusion that P ( 12 kbar at 600.C.
However, since the effects of substitution (i.e. Mg/
Mn or Ca/Mn) on the transformation are unknown,
it is not possible to quantitatively shift the curve to
apply to the natural compositions. An examination
of ionic radii suggests that the addition of Mg wil l
stabil ize pyroxmangite, whereas Ca wil l stabil ize
rhodonite. Whether the net effect of these opposed
shifts wil l yield a more instructive pressure l imit than
<.12 kbar remains to be experimentally determined.

Peters (1971) has located the decarbonation reac-
tion for rhodochrosite plus quaftz at 2 kbar. He
found that for the calcium-free system pyroxmangite
and not rhodonite was formed. Natural bulk compo-
sitions may shift the rhodonite-pyroxmangite trans-
formation enough to change the pyroxenoid pro-
duced by the breakdown of rhodochrosite * quartz,
and allow an estimate of XHzO/ XCO, to be made for
the assemblage rhodonite * quartz * carbonate.
Even in this case, modeling the reaction would be
diff icult without knowing the activity-composition
relations in the carbonate and rhodonite phases.
Qualitative examination of probable shifts in the de-
carbonation reaction suggests that rhodonite is stable
at relatively low XCOr, consistent with the estimates
of Valley and Essene (1976) for the Adirondack mar-
bles in general. Further careful experiments are
needed in the system CaO-MnO-SiOr-COr-HrO to
quantify these equil ibria for natural impure composi-
tions. Incautious application of experimental equi-
l ibria data on MnSiO, to natural impure rhodonites
without proper consideration of the impurit ies and
their distribution within the structure may lead to
serious errors.
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