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The effect of manganese on the stability of ferrosilite relative to fayalite + quartz has been experimentally deter- 
mined to assess its importance to orthopyroxene barometry. Reaction reversals in a piston-cylinder apparatus were 
obtained to within 0.1-kbar intervals indicating instability of FsgsRhs below 10.3, 10.9, 11.4, 12.2, 12.9, 13.7 
kbar and Fs9oRhl o below 9.8, 10.4, 10.9, 11.6, 12.4 and 13.2 kbar at 750, 800, 850, 900, 950 and 1000°C, respec- 
tively. Each mole % MnSiO3 extends the pyroxene stability by approximately 0.12 kbar relative to FeSiO a. Electron 

• • . opx-oliv microprobe analyses of run products indicate a small preference of Mn for pyroxene over olivine with K~ Mn-Fe = 

1.2-1.5, similar to values observed for natural pairs. M6ssbauer spectra are consistent with a random distribution 
of Mn between the M1 and M2 sites in the orthopyroxene. These experimental data allow downward revision of 
pressure estimates based on the orthopyroxene barometer in areas where Mn is a significant component in ortho- 
pyroxene. 

1 .  I n t r o d u c t i o n  

Reactions involving minerals with solid solutions 
have long been recognized for their potential in deter- 
mining or limiting pressure and temperature. Minor 

components can shift the stabilities of reactants and 
products of a solid-solid reaction over a wide range of 
pressures and temperatures. Theoretically, these types 
of reactions should be much more useful than uni- 

variant or nearly univariant that result from limited 
solid solution. Unfortunately, there are rarely suffi- 
cient activity data available to allow calculation of 
the effect of  additional components on a given reac- 
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tion boundary, and the usefulness of many potential 
barometers and thermometers is greatly reduced unless 
experimental data can be obtained• It has been shown 
in the previous paper [1 ] that the reaction olivine + 
quartz ~ orthopyroxene is of potential use as a geo- 
barometer, but activity data are unavailable or insuffi- 
ciently well refined to unambiguously calculate the 
effects of solid solutions. Order-of-magnitude calcula- 
tions suggest that additional components can extend 
the stability of pyroxene to lower pressures• Smith 
[2,3] experimentally investigated the effect of MgO 
in olivine and in orthopyroxene in the system 
Mg2SiO4-Fe2SiO4-SiO2. He showed that 30 mole % 
MgSiOa stabilizes the pyroxene over olivine + quartz 

at 900°C and atmospheric pressure; in the Mg-free 
system (at 900°C), ferrosilite is stable only above 
12.6 kbar [1 ]. Other components including Mn, Ca, 
Na, A1, Ti, and Fe a÷ will also probably enhance 
pyroxene stability, because they are preferentially 
concentrated in the pyroxene. MnSiOa is a major 
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impurity in some natural Fe-rich orthopyroxenes, 
such as at Lofoten, Norway [4], where it is the most 

significant additional component. Consequently, the 
writers have undertaken piston-cylinder experiments 

to calibrate the effects of 5 and 10 mole % rhodonite 
solid solution on the stability of Fe-rich ortho- 

pyroxene. 

2. Experimental methods 

With a few exceptions the experimental methods 

used in this study are identical to those described 
in detail in the previous paper. Starting materials were 
prepared from electrolytically reduced iron powder, 
synthetic Mn304 and Brazilian quartz. Equimolar 

mixtures of fayalite95 tephroites + quartz and 
fayalite90 tephroitelo + quartz were synthesized in a 

CO2/H2 gas-mixing furnace and served as one set 
of starting materials. Fa9sTes + quartz and Fa9oTelo - 
quartz were reacted in a piston-cylinder device (20 
kbar, 900°C, 1 - 2  wt.% H20) to synthesize ferro- 
silite9s rhodonites and ferrosilitego rhodonitelo, 
respectively. These served as the other set of starting 
materials. Starting materials were analyzed by optical, 
X-ray, electron microprobe and M6ssbauer techniques 
to insure that they were stoichiometric and homo- 
geneous. The experimental apparatus, furnace assem- 
blies, capsules, run procedures and criteria for reac- 
tion direction for the piston-cylinder experiments are 
also identical to those discussed in the previous paper. 
For most runs (see Table 1 and 2 for run data) equi- 

molar mixtures of Fs9sRhs-FagsTes + quartz and 
FsgoRhlo-Fa90Tel0 + quartz were used for deter- 
mination of the 5 and 10 mole % boundaries respec- 

tively. To reverse the K o ,  an initially high-K 0 starting 

TABLE 1 

Run data (5 mole % Mn2SiO4, MnSiO3) 

Run No. T (°C) P (kbar) Duration Products 
(hours) 

62 750 10.5 26.3 o p x  + oliv + qtz 
64 750 10.3 24 o p x  + oliv + qtz 
67 750 10.2 23.5 oliv + q t z  + opx 
55 800 11.0 23.5 o p x  + (oliv + qtz) 
58 800 10.8 24 oliv  + q t z  + (opx) 
61 800 10.9 24 oliv  + q t z  + opx 
63 850 11.5 24 o p x  + (oliv + qtz) 
70 850 11.4 24 oliv + q t z  + (opx) 
54 900 12.0 24 oliv  + q t z  + (opx) 
57 900 12.2 24 oliv  + q t z  + opx 

1133 * 900 12.2 10 oliv  + q t z  + opx 
60 900 12.3 24 o p x  + (oliv + qtz) 
65 950 13.1 19 o p x  + (oliv + qtz) 
68 950 12.9 19.5 o p x  + oliv + qtz 
69 950 12.8 22.5 ol iv  + q t z  + opx 
37 1000 12.5 27 oliv  + q t z  

40 1000 12.9 22 ol iv  + q t z  

48 1000 13.2 24 oliv  + q t z  + (opx) 
50 1000 13.5 23 oliv  + q t z  + (opx) 
51 1000 13.4 21.5 oliv + q t z  + (opx) 
52 1000 13.6 24 ol iv  + q t z  + opx 
56 1000 13.7 22.5 oliv  + q t z  + opx 
59 1000 13.8 25 o p x  + (oliv + qtz) 

Italics show the dominant phase(s). 
Parentheses indicate very minor to trace amounts. 
* Starting material was equal-weight mixture of Fe 1.80Mn0.20Si206 and FalO 0 (+ SiO2). 



TABLE 2 

Run data (10 mole % Mn2SiO4, MnSiO3) 
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Run No. T (°C) P (kbar) Duration Products 
(hours) 

77 750 9.5 23.5 oliv + q t z  + (opx) 
80 750 9.9 24 o p x  + oliv + qtz 
84 750 9.8 24 oliv + q t z  + opx 

1152 750 23.0 193 o p x  + qtz 
72 800 10.3 24 oliv + q t z  + (opx) 
79 800 10.5 23.5 o p x  + oliv + qtz 
83 800 10.4 23.5 oliv + q t z  + (opx) 
95 850 11.0 24 o p x  + (oliv + qtz) 
96 850 10.8 21.5 oliv + q t z  + (opx) 
73 900 11.7 21 o p x  + (oliv + qtz) 
78 900 11.5 29 oliv + q t z  + (opx) 
87 900 11.6 22 o p x  + oliv + qtz 
76 950 12.4 22.5 o p x  + (oliv + qtz) 
82 950 12.2 22 oliv + q t z  + (opx) 
86 950 12.3 24 oliv + q t z  + opx 
75 1000 13.3 23 o p x  + (oliv + qtz) 
81 1000 13.0 19 oliv + q t z  + (opx) 
85 1000 13.2 23 o p x  + oliv + qtz 

Italics show dominant phase(s). 
Parentheses indicate very minor to trace amounts. 

material (Fs90Rh I 0 - F a l  0o + quartz) of  average com- 
posit ion Fs95 Rh s was used. Microprobe analyses of  
run products were obtained using equipment and 
techniques described in the previous paper. The 
analyses are listed in Tables 3 and 4. Each analysis 
represents an average o f  4 - 5  points taken on different 
grains in each run product .  Maximum deviations 
among the points within a single analysis were less 
than 1 .5-2% of  the amount  present for each element 
analyzed. 

M6ssbauer spectra of  a few powdered run products 
were obtained at room temperature using a constant 
acceleration, mechanically driven M6ssbauer spectrom- 

eter. Samples of  5 0 - 1 0 0  mg were used with a 10 
mCi STCo in Pd source. Duplicate spectra were 
recorded in 512 channels o f  a multichannel analyzer 
using a velocity increment o f  0.03 mm per second per 
channel. Counting times were sufficient to obtain 
several million counts per channel and peak dips on 
the order of  l0  s counts. The spectra were fit with 
lorentzian doublets constrained to equal widths for 
the low- and high-velocity components.  Chi-squared 
and addit ional goodness-of-fit parameters suggested 

by Ruby [15] were calculated for each fitted spec- 
trum. 

3. Experimental results and discussion 

The effect o f  5 and 10 mole % rhodonite solid 
solution on the stability of  ferrosilite has been cali- 
brated at 50°C intervals from 750 to 1000°C, and the 
results are shown in Figs. 1 and 2. For comparison, 
the end-member reaction boundary is also shown. It 
can be seen that 5 and 10 mole % rhodonite extend 
the stability of  the pyroxene by nearly 0.6 and 1.2 
kbar, respectively, relative to fayalitic olivine + quartz. 
All three reaction boundaries change slope from 
approximately d P / d T  = 10 bar/°C to d P / d T  = 15 bar/ 
°C, where they intersect the a-/3 quartz transition. 
Our indirect location o f  the a-/3 quartz transition 
agrees well with the determinat ion o f  Cohen and 
Klement [5]. We have obtained microprobe analyses 
of  run products of  coexisting or thopyroxene and 
olivine to determine the partit ioning of  manganese. 
The analyses are compiled in Tables 3 and 4, and the 
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Fig. ]. P-T projection showing the effect of 5 mole % rhodon- 
ite solid solution on Fe-rich pyroxene stability. • indicates 
that pyroxene grew from olivine + quartz• A indicates that 
olivine + quartz formed from pyroxene breakdown• The ferro- 
silite stability [1] is shown for reference• 
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Fig. 2. P-T projection showing the effect of 10 mole % 
rhodonite solid solution on Fe-rich pyroxene stability• 
Symbols indicate reaction direction as in Fig. 1. For reference 
the stability curves for ferrosilite and ferrosilite - 5  mole % 
rhodonite are shown. 

compositions of  coexisting phases are represented 
graphically in Fig. 3. At 900°C we have reversed the 
Ko * (runs 57 and 1133, Table 1) by using initially 
low-K D and high-Ko starting materials in runs at the 
same P-T. The K o at 900°C is constrained between 
gopx-o l iv  _ D-Mn-Fe- 1 •2--1•5, consistent with most natural 
Fe-rich orthopyroxene-olivine pairs [6-8] .  At other 
temperatures half-reversals Of KD indicate that the 
gopx-o l iv  D Mn-Fe is greater than 1.15 in all but one of the 
temperatures investigated. We have also obtained 
M6ssbauer spectra to determine any cation ordering 
in our experimental products• This amounts to deter- 
mining the intracrystalline KD which, together with 
the intercrystalline KD, are important parameters 
when attempting to thermodynamically model this 
system. 

M6ssbauer spectra were obtained on five ortho- 
pyroxene samples synthesized in 24-hour runs at 2 0 -  
23 kbar, and having MnSiO3 components of 0% 
(900°C), 5% (750 and 900°C) and 10% (750 and 
900°C). The limit of detectability of Fe a+ in these 
samples under the measurement conditions employed 

* KD, the distribution coefficient is defined as the ratio of  
• opx-oliv 

cations in coexisting minerals. K D Mn-Fe reflects the rela- 
tive proport ions of Mn and Fe in orthopyroxene and olivine 

• K op x-oily [ FeOliv/ and is calculated: D Mn-Fe = [Mn°PX/Fe°px] 
Mn°nv]. 

is estimated as less than 1% of the iron present and 
no Fe 3÷ was detected in any sample. The 10 mole % 
samples showed 1-2% of the iron to be present in an 
impurity phase, apparently garnet• Other than this 
minor component, the samples were single-phase 
orthopyroxene. 

The M6ssbauer spectrum of orthopyroxene, near 
the ferrosilite end-member composition, consists of 
two slightly and asymmetrically separated ferrous 
doublets. The outer doublet results from Fe 2÷ in the 
octahedrally coordinated M1 site of the orthopy- 
roxene structure and the inner doublet results from 
Fe 2÷ in the more distorted M2 structural site. The 
evidence for this assignment and a summary of 
previous orthopyroxene M6ssbauer spectra is given 
by Bancroft [14]. For the samples measured here, 
the average isomer shifts and quadrupole splittings 
(Fe in M1 1Spd = 0.97 ram/s, Qs -- 2.50 mm/s; Fe in 
M2 1Spd = 0.92 mm/s, Qs = 1.92 mm/s) are closely 
similar to previously reported values. Observed peak 
widths varied slightly from 0.29 mm/s for both the 
inner and outer doublet at pure FeSiO3 to 0.30 for 
the inner and 0.33 for the outer doublet at 10 mole % 
Mn component. 

Site occupancies of Fe 2÷ were calculated from the 
fitted spectral peak areas assuming equal recoil-free 
fractions for the two sites. The occupancy estimates 
and their least-squares fitting errors for each com- 



TABLE 3 

Microprobe analyses of run products for 5 mole % Rhss and Tess starting composition 
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Run No. 62 Opx 62 Oliv 64 Opx 64 Oliv 55 Opx 
Temperature 750 750 750 750 800 
(°C) 

55 Oliv 58 Opx 
800 800 

SiO2 46.9 30.6 46.5 30.5 46.8 30.3 45.9 
MnO 2.8 3.2 2.8 3.3 2.7 3.2 2.7 
FeO 51.1 66.0 50.9 65.8 51.1 66.4 50.7 

Total 100.8 99.8 100.2 99.6 100.6 99.9 99.3 

Si 2.04 1.04 2.04 1.0 2.04 1.03 2.03 
Mn 0.10 0.09 0.10 0.09 0.10 0.09 0.10 
Fe 1.86 1.87 1.86 1.87 1.86 1.88 1.87 

Run No. 58 Oliv 63 Opx 70 Oliv 57 Opx 57 Oliv 
Temperature 800 850 850 900 900 
(°C) 

60 Opx 1133 Opx 
900 900 

SiO2 30.4 46.6 30.4 46.4 31.3 46.6 45.6 
MnO 3.2 2.7 3.5 2.8 3.0 2.7 3.1 
FeO 66.2 51.1 66.1 51.1 66.4 51.1 51.3 

Total 99.8 t 00.4 100.0 100.3 99.7 100.4 100.0 

Si 1.03 2.04 1.03 2.02 1.03 2.03 2.00 
Mn 0.09 0.10 0.10 0.11 0.09 0.10 0.12 
Fe 1.88 1.87 1.87 1.87 1.88 1.87 1.88 

Run No. 1133 Oliv 68 Opx 68 Opx 69 Opx 69 Oliv 
Temperature 900 950 950 950 950 
(°C) 

56 Oily 59 Opx 59 Oliv 
1000 1000 1000 

Si02 29.8 46.3 30.7 46.1 30.6 30.1 45.5 30.3 
MnO 2.7 2.8 3.1 2.9 3.1 3.5 2.9 3.1 
FeO 67.5 51.2 66.9 51.3 66.3 67.1 51.9 67.0 

Total 100.0 100.3 100.7 I00.3 100.0 100.8 100.3 100.4 

Si 1.01 2.02 1.03 2.02 1.03 1.02 1.99 1.02 
Mn 0.08 0.11 0.09 0.11 0.09 0.10 0.11 0.09 
Fe 1.91 1.87 1.88 1.87 1.88 1.88 1.90 1.89 

position are given in Table 5. The equal occupancy, 

within experimental error, o f  the two sites for the 

pure iron end-member lends confidence in the assump- 

tion o f  equal recoil-free fractions. The spectra are 

o f  sufficient quality that the probable errors in site 

occupancy, even considering small additional system- 
atic errors, are only a few percent of the amount of  

iron present. Mn occupancies and any resulting Mn 

site preference, however, rests on the difference 
between the iron contents o f  the two sites. As these 
differences are small in all cases and only slightly 

larger than the estimated fitting imprecision, a Mn 

site preference, if  any, is not well determined by 

these data. As shown in Table 5, all the spectra are 

consistent with a random distribution of  Mn between 

the M1 and M2 orthopyroxene sites. The deviations 

of  the fitted results from those expected in the case 

o f  complete ordering of  Mn in either the M2 or the 

M1 site are generally greater and probably beyond 

reasonable experimental error. 

In addition to site occupancies, the activity o f  

fayalite component  in tephroite solid solution and 
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TABLE 4 

Microprobe analyses of run products for 10 mole % Rhss and Tess starting composition 

Run No. 80 Opx 80 Oliv 79 Opx 79 Oliv 73 Opx 
Temperature 750 750 800 800 900 
(°C) 

78 Oliv 87 Oliv 
900 900 

SiO2 44.9 29.3 45.1 29.9 44.6 29.0 45.6 
MnO 5.4 6.5 5.4 6.6 5.3 6.5 5.5 
FeO 49.5 65.2 48.8 65.1 49.8 63.4 49.3 

Total 99.8 101.0 99.3 101.6 99.7 98.9 100.4 

Si 1.98 0.99 2.00 1.00 1.97 0.99 2.00 
Mn 0.20 0.19 0.21 0.19 0.20 0.19 0.21 
Fe 1.82 1.83 1.79 1.81 1.83 1.82 1.80 

Run No. 87 Oliv 76 Opx 82 Oliv 86 Opx 86 Oliv 
Temperature 900 950 950 950 950 
(°C) 

75 Opx 81 Oliv 
1000 1000 

si02 28.7 44.7 30.4 44.7 29.3 44.9 29.3 
MnO 6.2 5.4 7.1 5.4 6.2 5.3 6.9 
FeO 64.4 49.7 63.0 48.3 64.8 49.8 64.0 

Total 99.3 99.8 100.5 98.4 100.3 100.0 100.2 

Si 0.98 1.97 1.02 1.99 0.99 1.97 1.00 
Mn 0.18 0.20 0.20 0.21 0.18 0.20 0.20 
Fe 1.84 1.83 1.78 1.80 1.83 1.83 1.80 

the distribution coefficient (Ko) for Fe-Mn between 

olivine and orthopyroxene must also be known to 

properly evaluate the mixing properties of  MnSiO3 

in FeSiO3 from the experimental data presented. 

These variables are either unknown or are only poorly 

defined, although the site-occupancy data are of  some 

limited value. The M6ssbauer spectra of  the run pro- 

ducts are consistent with a random distribution of  Mn 

in the M2 and M1 sites of  orthopyroxene.  Yet in 

natural materials, Mn shows a strong preference for 

the M2 site in orthopyroxene. Because the inferred 

mixing parameters will be dependent on site occupan- 

cies, the differences between experimental and natural 
materials must be considered. Because of  uncertain- 

ties in KD, the activity of  fayalite component in Fe-Mn 
olivines, and site occupancies, the existing data are 
insufficient to unambiguously define the mixing 

parameters o f  Fe-Mn orthopyroxene solutions. How- 
ever, the data do allow calculation of  models that 

make specific predictions about K o and Fe-Mn mixing 

parameters in orthopyroxene,  which can be tested in 

future experiments. Table 6 shows models calculated 

to demonstrate certain features of  Fe-Mn ortho- 

pyroxene mixing. * Models la  and lb show cal- 

culated activity coefficients for FeSiO3 component 

in orthopyroxene (7~e[i03) assuming that the K o  

* The models have been calculated assuming an ordered and 

disordered pyroxene where activity of ferrosilite in the 
o x • . o x x 2 orthopyroxene (a~PeSiO3) Is given by (-Y~eSio3X°F~e) for 

the disordered case and by "y~e~iO3 (1 - X ~ )  for the 
, .  • . o l i v ~  ordered case. The activity of fayalite in onvme taFa ) is 

. oliv voliv~ 2 calculated as UrFe2SiO4AFe ) in all cases. AP is then 

calculated: 

-RT(41.84) oliv o x 
AP~ AVp, T ln(aFa /a~s ) 

for the reactions: 

Fe2_xMnxSiO 4 + SiO 2 = 2 Fe l_yMnySiO 3 

(disordered pyroxene) 

Fe2_xMnxSiO 4 + SiO 2 = Fe 2 _ y M n y S i 2 0 6  

(ordered pyroxene) 
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Fig. 3. T-X projection of compositions of coexisting Fe-Mn 
olivines and pyroxenes in run products as determined by 
electron microprobe analyses (see Table 3 and 4). • • indicate 
the final compositions of olivine and orthopyroxene with 
starting composition of Fa95Te s and Fs95 Rh s . t, ,a indicate 
the final compositions of olivine and orthopyroxene with 
starting composition of Fa 1 ooTe 0 and Fs9 oRhl 0 (Fs95 Rhs 
bulk composition). The abscissa shows moles Mn/2(Fe + Mn). 

is independent of  P and T for a disordered (model 
la)  and completely ordered (model  lb)  pyroxene and 
assumes further that fayali te-tephroite solid solutions 

, oUv = 1) for models la  and lb .  These are ideal I')'Fe2SiO 4 
constant-Ko models require that either 3 ' ~ i o a  
decreases with decreasing T or, in the event Fe-Mn 
olivine solutions are also somewhat non-ideal (1 c), 

o l i v  that " ) ' F e 2 S i O  4 increases much more rapidly than 
7~e~io3 with decreasing T. Greater deviations from 
ideality might be predicted for Fe-Mn pyroxenes 
because o f  the substantial miscibility gap between 
FeSiO3 and MnSiO3, compared to Fe-Mn olivines for 
which there is complete solid solution between 
Fe2SiO4 and Mn2SiO4. However, that Fe-Mn 
pyroxenes should become more ideal at lower temper- 
ature or that the non-ideality of  olivine increase more 
rapidly than or thopyroxene with decreasing tempera- 
ture seem somewhat unlikely based on data of  other 
silicate solutions. Models 2a and 2b show that if 
Fe-Mn solutions in or thopyroxene and olivine are 
ideal, or nearly so, a model with a temperature-depen- 
dent KD might fit the data. Unfortunately the 
required KD values are near the lower limit allowed 
by the data. At 900°C, the inferred models with 
Ko's of  1.18 (2a) and 1.15 (2b) are permitted by the 
data only if errors in the microprobe data are con- 
sidered. The difference between KD of  1.15 and 1.20 
(the lower half-reversal of  the K D at 900°C) is equiv- 

alent to a difference "¢ vopx  = + 0.002 for Fe + Mn = v ~  ~LFe 
2.0, which is beyond the accuracy and precision of  
the microprobe analyses used to infer the KD. Never- 
theless the KD'S required by models 2a and 2b are 
significantly below typical  values (1 .3 -1 .4 )  obtained 
from natural pairs [ 6 - 8 ]  that appear to have equili- 

TABLE 5 

Iron site occupancies in Fe, Mn orthopyroxenes from M6ssbauer spectra 

Composition Temperature Fe 2+ content 
(°C) 

M1 M2 

Random Deviation from 

Mn in M2 Mn in M1 

Fe1.00 900 0.99 (1) 
Feo.95Mno.o5 750 0.98 (1) 
Feo.9sMno.os 900 0.98 (1) 
Feo.9oMnO.lO 750 0.88 (2) 
Feo.9oMnO.lO 900 0.92 (1) 

1.01 (1) lo - - 
0.92 (1) 3o 20 8o 
0.92 (1) 3o 2o 8o 
0.92 (2) 20 80 5o 
0.88 (1) 2o 60 9o 
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TABLE 6 

Activity models for Fe-Mn pyroxenes 

Constant K D models 

Temperature Model la 
(°C) 

Model lb 

KD= 1.2 K D= 1.4 K D= 1.2 K D= 1.4 
Mn disordered in opx Mn ordered in opx 

opx opx opx opx 
TFeSiO3 7FeSiO3 7FeSiO3 "YFeSiO 3 

Model lc 

K D = 1.4 
Mn ordered in opx 

opx oliv 
3~FeSiO3 3'Fe2SiO4 

700 0.998 1.005 0.999 
800 1.000 1.007 1.002 
900 1.001 1.008 1.005 

1000 1.003 1.010 1.007 

Variable K D • opx oliv models assuming 7FeSiO3 = TFe2SiO4 = 1 

1.014 1.026 1.006 
t.017 1.025 1.004 
1.020 1.024 1.002 
1.023 1.023 1.000 

Temperature Model 2a Model 2b 
(°C) Mn disordered in opx Mn ordered in opx 

KD KD 

700 1.26 
800 1.21 
900 1.18 

1000 1.17 

Variable K D models assuming T°.PX..~ 
r ~ o l u  3 

1.21 
1.18 
1.15 
1.14 

t ~-~ oliv = 1 
= i.vu/ 3,Fe2SiO 4 

Temperature Model 3a Model 3b 
(°C) Mn disordered in opx Mn ordered in opx 

- K D KD 

700 1.46 1.32 
800 1.40 1.27 
900 1.38 1.24 

1000 1.35 1.21 

brated between 750 and 850°C. It is possible that com- 
ponents outside the Fe2SiO4-Mn2SiO4-SiO2 system 
are affecting the K o  of  natural coexisting phases, 
causing them to appear slightly higher than the 
synthetic phases. If  the equilibrium KD is larger, per- 
haps 1.35 + 0.05, then models 3a or 3b might fit the 
data. These models require that K o  increase with 
decreasing T and that Fe-Mn orthopyroxene be some- 
what non-ideal. Similar but  more complicated models 
wherein 7~e~io3 and T ~ s i o 4  vary with temperature 
and 3'~e~io3 > T ~ s i o 4  can be constructed. But any 
such model ye t  considered requires an increase in KD 
with decreasing temperature.  Our data allow changes 

in K o  with temperature but  tighter reversals are 
necessary to confirm or deny them. Based on the 
present experimental  data and data from natural 
minerals, it  would appear that  the mixing of  10 mole 
% MnSiO3 in FeSiOs may be somewhat non-ideal. 
However, nothing defmitive can be stated without  
tighter reversals o f  K~P~l'°!iFVeand accurate activity 
data for fayalite-tephroite solid solutions. 

4 .  A p p l i c a t i o n  in  field areas 

Manganese is not  commonly the most significant 
impuri ty affecting the stability o f  Fe-rich ortho- 
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pyroxenes. Typical proportions of MnSiO3 in ferro- 
silite-rich pyroxenes range between 1 and 4 mole % 
as a cursory look at analyses of pyroxenes from 
field areas such as the Adirondacks [1], Nain [6], 
Minnesota [7], and the Labrador Trough [9] will 
show. In these areas, pressures inferred from the 
orthopyroxene barometer can be revised downward 
to account for the effect of manganese, although the 
magnitude of the correction will be small. Unfortu- 
nately, pressures in some of these areas might still 
be somewhat uncertain because of the uncalibrated 
effect of other components such as Ca, Ti, A1, and 
Fe 3+. In the Adirondacks, there is typically less than 
3 mole % rhodonite in orthopyroxene and tephroite 
in fayalitic olivine, requiring <0.35 kbar correction. 
However, there are a few field areas in which ferro- 
silite-rich pyroxenes and/or fayalitic olivine + quartz 
have significant amounts of Mn. Frisch and Bridg- 
water [8] describe orthopyroxene-olivine-quartz 
assemblages from South Greenland with up to 6 mole 
% MnSiO3 in the orthopyroxene. Pressures of 3.9 to 
5.4 kbar were estimated (for temperatures of 750-  
900°C), but the writers noted that the pressures 
might be in error because of the effects of com- 
ponents outside the Fe2 SiO4-Mg2 SiO4-SiO2 system. 
The experimental work described here and in the pre- 
ceding paper indicates that emplacement pressures for 
the intrusions described by Frisch and Bridgwater are 
1 -2  kbar lower than previously estimated. 

In the Lofoten area of Norway, Krogh [4] and 
Ormaasen [10] report Fe-rich orthopyroxenes where 
Mn is the major diluent. In fact, a manganoan ortho- 
pyroxene that coexists with pyroxferroite reported 
by Krogh [4] is essentially FsvsRh22, with all other 
components making up only 3 mole %. Extrapola- 
tion of our data for this pyroxene requires minimum 
pressures of approximately 9 kbar at 800°C or 10.5 
kbar at 950°C. In similar rocks less than 70 km away 
from those reported by Krogh, Ormaasen reports 
orthopyroxenes (Fe 87_ 91Rhs_8En 1_2W01_2) 
coexisting with fayalitic olivine + quartz in textures 
which suggest that orthopyroxene is growing at the 
expense of olivine + quartz. Our data require pres- 
sures near 8 kbar at 700°C or 9 kbar at 800°C; these 
pressures are somewhat lower than those previously 
estimated. Other Fe-rich orthopyroxenes with signifi- 
cant rhodonite solid solution have been reported by 
Tsuru and Henry [11], Saxen [12], and Sundius [13], 

but they contain relatively large amounts of enstatite, 
wollastonite, and tschermak's component, which 
make pressure estimates uncertain. Experimental 
calibration of  the effect of these other components 
would be useful. 
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