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mmAaM) Si EEMESWEKNEA (BB 0.48GPa, 1573K RUTHMEMNSRHEHE Si =
0.019); HEZXRMWEBAMMERARTEEHRVHVREEN Si FRUESEHLX, X
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Table 1 Si and Mg content of spinel and Mg/(Mg + Fe) or Mg/(Mg + Cr2t)

of coexisting olivine

#HE EAH . KA o | BHE ED Rk BA HE R
(K) (GPa) | sio, Si Mg Mgi1 | (K) (GPa) | SiO, Si Mg Mgdf2
3 H s (~T} . -
T S ST B SAT | #1990 (Mg0-5i0, Cr 0Nk
1448 0.00 0.18(3) 0.011(2) 0.965(6) 0.900(3)

Takzhashi (1986)1—E S HUE R A 1523 0.96 0.37(16) 0.012(5) 0.949(4) 0.891(6)
1398 10.00 0.4 0.025 0.447 0-900 1523 0.96 0.32(8) 0.010(1) 0.961(10) 0.883(5)

Li(199)— S s Sk A 1553 0.00 0.26(2) 0.010(2) 0.961(5) 0.876(2)
1403 0.40 0.11¢5) 0.003(C1) 0.790(9) 0.883(2) | 1573 0.96 0.24(10) 0.010(3) 0.937(7) 0.877(7)
1463 1.00 0.15(7) 0.004(2) 0.801(8) 0.900(2) | 1573 0.96 0.18(7) 0.006(2) 0.951(9) 0.875(6)
1478 0.60 0.16(3) 0.004(1) 0.776(5) 0.885(1) | 1573 1.44 0.38(9) 0.012(3) 0.948(16) 0.886(6)
1498 1.00 0.13(7) 0.003(2) 0.811(9) 0.900(2) | 1573 1.44 0.41(10) 0.013(3) 0.953(15) 0.879(2)
1498 1.50 0.10(2) 0.002(1) 0.805(7) 0.890(1) | 1573 1.92 0.46(7) 0.015(2) 0.942(4) 0.880(5)
1503 0.60 0.22(7) 0.006(2) 0.812(3) 0.899(2) | 1573 1.92 0.41(20) 0.016(4) 0.937(6) 0.884(5)
1503 1.00 0.16(4) 0.004(1) 0.811(4) 0.904(1) | 1573 1.92 0.32¢10) 0.010(2) 0.962(6) 0.886(3)
1523 1.00 0.09(7) 0.002(2) 0.798(5) 0.896(2) | 1573 1.92 0.27(5) 0.012(3) 0.940(5) 0.877(6)
1523 1,50 0.19(4) 0.005C1) 0.812(6) 0.902(2) | 1573 2.88 0.48(7) 0.016(2) 0.959(5) 0.900(3)
1523 2.00 0.14(7) 0.004(2) 0.801(6) 0.892(2) | 1573 2.88 0.54(15) 0.018(5) 0.960(6) 0.902(3)
1548 1.00 0.17(4) 0.005(1) 0.821(6) 0.914(1) | 1573 0.48 0.34(6) 0.011(2) 0.940(6) 0.834(5)
1553 0.60  0.16(3) 0.004C1) 0.843(5) 0.921(1) | 1573 0.48 0.58(5) 0.019(1) 0.942(3) 0.865(2)
1553 1.00 0.10(6) 0.003(1) 0.824(7) 0.894(1) | 1573 0.48 0.43(7) 0.014(1) 0.939(5) 0.865(3)
1563 1.00 0.24(7) 0.006(2) 0.835(6) 0.932(1) | 1573 0.48 0.41(3) 0.013(1) 0.938(11) 0.860(6)
1563 1.00 0.17¢6) 0.005(2) 0.817(3) 0.909(1) | 1603 0.00 0.26(2) 0.008C1) 0.921(3) 0.818(4)
1573 1.50 0.18¢4) 0.005(1) 0.826¢7) 0.909(1) | 1603 0.00 0.28(3) 0.009(1) 0.923(6) 0.826(1)
1573 2.00 0.15(9) 0.004(2) 0.790(6) 0.885(2) | 1623 0.96 0.43(11) 0.013(2) 0.927(4) 0.837(2)
1578 0.60 0.18(5) 0.005(2) 0.850(7) 0.927(2) | 1623 0.96 0.36(11) 0.012(3) 0.924(6) 0.833(3)
1578 1.00 0.20(2) 0.006(1) 0.841(6) 0.933C1) | 1673 0.96 0.32(7) 0.010(2) 0.925(9) 0.814(4)
1598 1.00 0.21(3) 0.006(1) 0.866(7) 0.941(1) | 1673 0.96 0.28(5) 0.009(2) 0.930(4) 0.814(3)
1598 1.50 0.24(3) 0.006(1) 0.859(3) 0.926(1) | 1673 0.48 0.64(5) 0.021(2) 0.927(6) 0.860(3)
1603 0.60 0.20(5) 0.005(1) 0.844(6) 0.932(1) | 1673 0.48 0.45(15) 0.018(5) 0.896(12) 0.792(3)
1623 1.50 0.29(3) 0.008(1) 0.898(8) 0.947(2) | 1723 0.96 0.38(6) 0.013(2) 0.910(9) 0.783(3)
1623 2.00 0.21(5) 0.005(1) 0.813(9) 0.898(1) | 1723 0.96 0.44(1) 0.015(2) 0.906(7) 0.800(4)
1648 1.50 0.30(3) 0.008C1) 0.906(9) 0.954(C1) | 1773 0.96 0.47(2) 0.015(1) 0.900(10) 0.796(4)
1653 1.00 0.20(6) 0.005(1) 0.840(6) 0.903(1) | 1773 0.96 0.48(9) 0.016(3) 0.907(8) 0.811(3)
1673 2.00 0.33(3) 0.009(1) 0.892(6) 0.947(1) [ 1773 1.92 0.36(1) 0.021(3) 0.913(1) 0.853(4)
1723 2.00 0.43(5) 0.011(1) 0.942¢9) 0.979(1) | 1773 0.48 0.42(3) 0.013(1) 0.873(4) 0.754(2)
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Fig. 1 (a) Variation in solubility of Si in spinel coexisting with olivine in different
systems as a function of temperature at 1,0+0,05GPa
(b) Variation in solubility of Si in spinel coexisting with olivine in different systems as a
function of pressure at 1573+ 10K
Si represents number of cations in unit structure formula of spinel, based on 40~
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ERWRR RAFEMNE,RIERR 1 PFEREEHO L Fe Al UFEHEE R (Mg-Si0,-Cr-
Oy SE R BBt TR, B—hRAPHRRATEMEER MgCr,0,-Mg,Si0, — ¥
RABHEEER, MMM AT EER Mg,Si0,-Cr,8i0, — ik RAGHIER KO ;T Mg,Sio,
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WA SR A AR AR A AT — AR R IR alsio, = (NiR/2)" « (NSD? (NP 3R
PLa DY BAI AR h Mg 1 Si BFH), X—R KRN WK T 72 Mg,Si0-Mg
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Abstract

Chemical compositions of spinel found in natural rocks such as peridotite and lunar
rock and synthesized or reequilibrated in simple and complex systems show that, at mid-
dle-low pressure, spinel coexisting with olivine may contain some Si whose solubility
increases with temperature and pressure. Using least squares regression, we fitted the ex-
perimental data in a simple system to a simple thermodynamic model and obtained the
relation between variation in free energy for reaction Mg,Si0,(01) = Mg,Si0O, (Sp) and
temperature. The result obtained is very similar to that deduced by Navrotsky and Aka-
ogi (1984) from calorimetric and high pressure phase equibrium data. This good agree-
ment proves that, at middle.low pressure, Si may exist in the form of silicate spinel
(Mg,Si0,) in picotite, and the activity of Mg,SiO, component in MgCr,0,—Mg,Si0, spi-
nel solid solution can be expressed as a3 sio, = (Nife/2)* - (N§P)? (Ni® represents num-
ber of Mg and Si cations in unit structure formula of spinel on the basis of 40%).
This implies that MgCr,0,-Mg,Si0, spinel solid solution has perfect short range order.
The experimental and modeled results indicate that the solubility of Si in chrome spi-

nel is very sensitive to temperature and hence may serve as a potential geothermometer,



