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Abstract

Rhodonite with unusually high magnesium and low iron contents,

Mny 45

Mgy 73Cao 51 Fe0.0381:045, Occurs in a metamorphosed sedimentary evaporile sequence at
Balmat, New York. It coexists with an unusual pyroxene having average composition close to
MnMgSi, O, talc, calcite, and a number of other minerals. Refinement of the crystal structure
using single-crystal X-ray diffraction data shows that Mg has a marked preference for the M4
site (M go.47Mnygs3), and that M1, M2, and M3 have nearly equal Mg occupancies of slightly
more than 0.1. Relations with coexisting phases indicate that both the Mg content and degree
of ordering of Mg in M4 are near the maximum to be expected for naturally 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. Dill of the mine staff, and
we refer to them simply as samples 1 and 2, respec-
tively. The rhodonite of sample 1 occurs with a py-
roxene of approximate composition MnMgSi,O,
which is currently under investigation, and fine-
grained talc and quartz. The second sample also has
both rhodonite and the pyroxene, but also contains
barite, anhydrite, manganoan calcite, apatite, quartz,
hauerite, and a phase tentatively identified 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 £ 25°C (Brown et al.,
1978). The conditions for equilibration of rhodonite
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 1. 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
definitive 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 = 9.797(3), b = 10.497(3), ¢ =
12.185(4)A, a = 108.55(4), 8 = 103.02(4), v =
82.49(4)°. The space group is C1. We use this setting,
recommended by Ohashi and Finger (1975), as well
as the atom nomenclature of those authors, because it
provides a more direct means of comparing pyroxe-
noid structures. Powder diffractometer data are listed
in Table 2.

Intensity data were obtained from a cleavage frag-
ment measuring approximately 0.15 X 0.20 X 0.40
mm, mounted for rotation about the ¢ axis on the
Weissenberg-geometry diffractometer. MoKa radia-
tion, monochromated with a flat graphite crystal and
detected with a scintillation counter, was used. The
Supper-Pace automated system was used, employing
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Table 1. Electron microprobe analysis of magnesian rhodonite*

Molar ratio/5 Si

Oxide wt. %

SiO2 47.66 5.00
A1203 0.06 0.00
MnO 42,62 3.73
MgO 4.72 0.73
FeO 0.37 0.03
Ca0 4.58 0.51
sum 99.99

1St:amdards used were synthetic tephroite for Mnm,
ANU rhodonite for Si, Irving kaersutite for Al,
Ca, Fe, Mg. Drift, atomic number, fluorescence,
absorption and background corrections were
applied to the data.

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 sinf
limit of 0.46 and an / index limit of 13. All intensities
were corrected for Lorentz-polarization and absorp-
tion effects (u = 51.5 cm~'). A modified version of a
program ABsSRP written by C. W. Burnham was used
for the absorption correction.

Table 2. X-ray power diffraction data?

hkl  d{calc) d{obs) 1 hk1  d{calc) d(obs} 1
0% 7.105 7.1 50 338 2.260_ 2.259 3
Hox 6666 667 15 3%0 2222
200* 4.763_  4.76 50 205 2.221
021+ 4113, 403%  2.220 | 2-220 24
201 4113 . 8 223 2220
‘811 331 2,207 2.208 8
ng 3.802 .81 15 2%3{* 2178 2.178 53
. 3 2.154
220% 3,557 77355 85 31 g5 212 6
131% 314017 3.40 11 332 2.115
221 3.254]__325 12 33 2.113) 23 M
223 3231 - 420 2.083° 2.084 7
131* 3137 313 76 1BT* 2,061 a
221 3.088]_3 e 042 2.059 [ 2061 8
310 3.082 . 332 1.950
310 2.970°  2.969 100 512 1.949 |—3.949 &
113*  2.927_  2.925 63 511 1.949 |
131 20812 513 1.894
311 2.809 —2.809 10 510 1.894
313 2.807 283 10890 | ...
3% 2.782°  2.781 26 13 1.ss9 [ 1882 1
228 2.748  2.748 46 315 1.888
023* 2.648  2.648 18 006  1.888 |
gg* 2593 2593 3 B3 1.864
53 025  1.861
332 2.533]_2-535 7 36 1.861 | .
31* 2,506 2.505 65 352 1.ge1 | LBE0 13
243 20428 211 1.860
401  2.428 [—2.427 10 403 1.857
N5 2426 33 1.832]
a0 2.382 2.382 8 512 183 .
330 2.368  2.369 16 44 1.3 1831 7
422 2312 2312 4 | 405 1830

]Observgd values were obtained using a Phillips Diffractometer,
employing CuK g radiation monochromated with a curved graphite
crystal. Quartz was used as an internal standard. Indices
were obtained for the C-centered unit cell.

*

These reflections were used for the refinement of lattice
parameters. Where ambiguity exists in the choice of hkl,
decisions were made on the basis of intensities as determined
using the single-crystal diffractometer.
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Refinement

Refinement was carried out using the program
RFINE2 of Finger and Prince (1975), employing scat-
tering factors of Doyle and Turner (1968), the weight-
ing scheme of Cruickshank (1965, p. 114), and be-
ginning with the structure parameters of Qhashi 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
M1, M2, and M3 sites. Following the convergence of
positional parameter refinement, site occupancies
were allowed to vary with both Mn and Mg assigned
to M1 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 listed 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
ORFFE (Busing et al., 1964) are listed 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.g. Peacor and Niizeki, 1963)
and will not be further described here. We are princi-
pally concerned with the occupancies of the M1-MS5
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 MS site. The formula of rhodonite from the
locality serving as a source for the crystal used in
that diffraction study was (Mng ,Ca, s Mgo.16F€0.20)
(Si4.00Al0.02)O15... The coordination polyhedra about
M1, M2, and M3 are only slightly distorted octa-
hedra, having average M-0O 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 2.88A. Two

2 To receive a copy of this material, order document AM-78-076
from the Business Office, Mineralogical Society of America, Suite
1000 lower level, 1909 K Street, N.W., Washington, D.C., 20006.
Please remit $1.00 for the microfiche.
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M4-0 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 being 2.26A, a reflection of the strong prefer-
ence of Ca for this site.

Dickson (1975), on the basis of an interpretation of
Mdssbauer spectra, concluded that most of the Fe in
rhodonite is in the M1, M2, M3, and M4 sites, with
only a slight preference for the M4 site. He notes that
such a large proportion of Fe in M1, 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 of a
rhodonite having formula Mng g Feg ezMgo.06Cag.05
SiQ,, and concluded that M1, M2, and M3 are pref-
erentially occupied by Mn, Mg and Fe prefer M4,
and Ca is ordered in MS5, 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 X ¥ z B(A™)
ML 0.00123(6)%  0.03004(6) 0.14764(6) 0.70(2)
M2 0.00119(6) 0.12745(6) 0.44535(6) 0.74(2)
M3 0.01589(6) 0.20418(6) 0.73086(6) 0.72(2)
M4 0.05527(8) 0.26488(8) 0.02469(8) 0.93(2)
M5 0.99616(8) 0.35153(7) 0.30258(7) 1.11(2)
Sil 0.2045(1) 0.4487(1) 0.9126(1) 0.72(2)
Si2 0.2121(1) 0.3655(1) 0.6546(1) 0.69(2)
8i3 0.2160(1) 0.5787(1) 0.5302(1) 0.73(2)
Si4 0.2138(1) 0.5061(1) 0.2616(1) 0.74(2)
Si5 0.2069(1) 0.7015(1) 0.1252(1) 0.70(2)
0A1l 0.1276(3) 0.0734(3) 0.0390(3) 1.01(4)
0A2 0.1192(3) 0.1585(3) 0.3219(3) 1.02(4)
0A3 0.1151(3) 0.9216(3) 0.4359(3) 1.00(4)
0A4 0.1185(3) 0.0141(3) 0.7324(3) 0.96(4)
0A5 0.1274(3) 0.7895(3) 0.8547(3) 0.93(4)
0A6 0.1005(3) 0.8327(3) 0.1301(3) 0.98(4)
OB1 0.1269(3) 0.3212(3) 0.9046(3) 1.18(5)
OB2 0.1245(3) 0.2342(3) 0.6114(3) 1.05(4)
OB3 0.1273(3) 0.7100(3) 0.5911(3) 1.58(5)
0B4 0.1254(3) 0.3807(3) 0.1835(3) 1.21(5)
ocl 0.1701(3) 0.4672(3) 0.7788(3) 1.02(4)
oc2 0.1602(3) 0.4556(3) 0.5632(3) 1.37(5)
0c3 0.1649(3) 0.5377(3) 0.3875(3) 1.10(4)
0oC4 0.1595(3) 0.6426(3) 0.2215(3) 0.98(4)
ocs 0.1465(3) 0.5927(3) 0.9958(3) 0.89(4)
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Table 5. Cation-anion interatomic distances (A) (standard errors
in parentheses)

M1-0Al 2.182(3) M2-0A2 2.213(3)
0Al 2.333(4) 0A3 2.242(3)
0A2 2.268(4) 0A3 2.280(3)
0A4 2.253(3) 0A4 2.353(4)
0A5 2.139(3) 0B2 2.150(4)
0A6 2.137(3) OB3 2,089(4)
ave. 2.219 ave. 2.221

M3-0A3 2.253(4) M4-0AL 2.090(3)
0A4 2.118(3) 0A5 2.770(3)
0A6 2.392(3) 0A6 2.195¢4)
OB1 2.198(4) 0B1 2.026(3)
0B2 2.104(3) OB4 1.954(4)
0C4 2,234(3) ocs 2.334(3)
ave. 2.217 ave. 2.228

M5-0A2 2.270(3) Sil-0A1 1.629(3)
0AS5 2.224(4) OB1 1.590(3)
0B3 2.236(4) ocl 1.657(3)
OB4 2.239(3) oc5 1.642(3)
ocl 2.631(4) ——————
oc2 2.708(4) ave. 1.630
oc3 2.532(4)
ave. 2.406

§i2-04a2 1.613(3) S$i3-0A3 2.613(3)
0B2 1.598(3) OB3 1.501(4)
ocl 1.655(3) ocz 1.657(3)
oc2 1.638(3) 0oc3 1.626(3)
ave. 1.626 1.622

Si4~0A4 1.617(3) Si5-0A5 1.597(3)
OB4 1.587(3) 0A6 1.609(3)
0c3 1.632(3) 0C4 1.660(3)
0C4 1.644(3) 0C5 1.659(4)
ave, 1.620 ave. 1.632

The results of our refinement are partially con-
strained by two assumptions regarding occupancies,
namely that all of the available Ca is constrained to
MS, 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 Mng 5,Mgg 66Cag 60515015, in fair
agreement with the results of the electron microprobe
analysis, Mng 3Mgo 75Cag 51 F€0,0351;0,;. The differ-
ence in results lies in higher values for both Ca and
Mg in the formula obtained from the refinement.

Table 6. Refined site occupancies

3Standard deviations in parentheses in units of final
digit showm.

M1 Mn  0.89(1) M4 Mo 0.53(1)
Mg 0.11 Mg 0.47

M2 Mo 0.86(1) M5 Mn  0.40(1)
Mg 0.1l4 Ca 0.60

M3 Mn 0.86(1)
Mg 0.14
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The M1, M2, and M3 sites are nearly identical in
occupancy, having 0.11, 0.14, and 0.14 Mg respec-
tively. This is consistent with their similarity in coor-
dination polyhedra. All three are octahedrally
coordinated, with average M-QO interatomic dis-
tances of 2.219, 2.221, and 2.217A respectively. 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 M1, M2, and M3 (2.213,
2.228, and 2.217A) and their Mg?* 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. It should be noted that the rhodonite of
Ohashi and Finger (Mn,osFesasMgo30Cag.25515015)
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-
cal to the average values for M1, 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 Mng ;3sMg, 47, determined assuming that
no Ca occupies this site.

The very irregular seven-coordinated M35 has a
geometry consistent with occupancy by all the avail-
able Ca, as verified by the site occupancy refinement.
The average M5-O distance is 2.406A, 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 M5-0O distance of 2.395A in a rhodonite with
0.25 Ca per five large cations, although their 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 confirms the validity of the assumption
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 proportion in M1, M2, and M3, but
that there is a marked preference for Mg in M4 by a
factor of more than four. These results for Mg con-
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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 Fein M1, 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 Mn**
(0.83A) and Fe?* (0.78A) are more nearly alike, com-
pared with that of Mg?* (0.72A) (Shannon and Pre-
witt, 1969), resulting in similar occupancies for M1
through M4, despite the fact that there is a preference
of Fe?* for distorted sites due to a crystal-field stabili-
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
equilibrated has a submicroscopic exsolution texture
and consists of two pyroxenes which have space
groups P2,/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?* = 15 percent. Pyro-
xenoids generally have little magnesium in solution,
95-100 percent of the composition being represented
by the components CaSiO;~FeSiO;-MnSiO;. Ohashi
et al. (1975) plotted rhodonite and pyroxmangite
analyses on a diagram with components CaSiO;-
MnSiO;—~(Fe,Mg)SiO;. 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. 1), 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 Hill, of Mason
(1973, 1975) from Broken Hill 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-
cibility 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. 1) 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
ferrohedenbergite 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 4+ rhodonite at these temperatures. The pyrox-
ferroites (D), which are isostructural with
pyroxmangite, are from rapidly-quenched lunar ba-
salts. Experiments of Lindsley and Burnham (1970)
suggest that they are metastable with respect to faya-
lite + silica + hedenbergite at ordinary crustal pres-
sures., The two Mn-rich pyroxmangite-rhodonite
pairs are constructed from the data of Ohashi ef 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 equilib-
rium. The tielines are reasonably consistent with each
other and with a possible miscibility 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 FeSiO;. 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 little
iron simply because the rock is low in iron. The
maximum Mg possible in rhodonite is also unknown.
The Balmat rhodonite coexists with a phase close to
MnMgSi,O; in composition, fixing the Mg content in
the rhodonite by a reaction such as:

Rhodonite + Pyroxene X
= Mg-rhodonite
(MnSiO;)es + xMnMgSi, O, (1)
= (MnSi0;),.,,(MgSi0s).
or the more complex reaction
Rhodonite + Pyroxene X + Calcite + Quartz
= Mg-rhodonite + CO,
CaMn,Si;04s + 4xMnMgSi;O 2)
+ 2xCaCoO, + 2xSiO,
2 (CaMn,Si;045):4:(CaMg,Si;045)x + 2xCO,
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Fig. 1. Plot of pyroxenoid compositions in CaSiO;-MnSiO,-
(Fe+Mg)SiO; space. Coexisting pairs are connected by tielines.
Mg-rhodonites are shown by % , pyroxmangites and
pyroxferroites by x, rhodonites by e , bustamites by O ,
wollastonites by| |, inverted bustamites by *. The ® and ® are
unpublished analyses from Franklin, New Jersey. A, B, C, and D
are referred to in the text.

The rhodonite from sample number 1 coexists with
talc + quartz, and this also fixes (MgSiO;)s, in rhodo-
nite for the reaction:

Rhodonite + Talc
= Mg-rhodonite + Quartz + Vapor
(3)
(MnSiO;)s + xMgSi,0,(0OH),

2(MnSi0;),(MgSi0;)s, + xSiO, +xH,0

Any or all of these reactions could fix the Mg content
of the rhodonite. However, any quantification must
wait until the MnMgSi,O; phase is fully character-
ized. The first reaction is controlled by P-T, the
second reaction by P-T-fCQO, and the third by P-T-
fH,0. 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-like 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 lit-
erature would suggest that the stability of rhodonite
in P-T-X space is well known (Maretsch and Mot-
tana, 1976; Peters, 1971). However, it should be
noted that the solid solutions exhibited by rhodonite
have important implications for its stability 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) will have a large
effect on the experimentally-determined equilibrium
P-T 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 will
stabilize pyroxmangite, whereas Ca will stabilize
rhodonite. Whether the net effect of these opposed
shifts will yield a more instructive pressure limit than
<12 kbar remains to be experimentally determined.

Peters (1971) has located the decarbonation reac-
tion for rhodochrosite plus quartz 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 XH,O/XCO, to be made for
the assemblage rhodonite + quartz + carbonate.
Even in this case, modeling the reaction would be
difficult 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 XCO,, 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-Si0,-CO,-H,0 to
quantify these equilibria for natural impure composi-
tions. Incautious application of experimental equi-
libria data on MnSiO; to natural impure rhodonites
without proper consideration of the impurities and
their distribution within the structure may lead to
serious errors.
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