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Constraints on the Source of the Lunar Mg-Suite by Thermodynamic Simulation
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Abstract: Mg-suite is one of the most important lunar samples. It is generally believed that the parent magma of Mg-suite
was sourced from the decompression melting of cumulates deep inside the moon caused by the overturning of lunar mantle
or the hybridization of the bottom part of lunar crust. However these two models neither can reproduce geochemical char—
acteristics of relatively low Cr,0, content in olivine of the Mg—suite nor explain the chronological overlap of Mg-suite with
other lunar samples. In this study we have carried out thermodynamic simulations to test the two hypothetical models by
changing parameters including the compositions of source materials melting degrees melting and crystallization modes.
Our simulating results indicate that the lunar Mg—suite could be multiple origins: (1) the Mg-Suite could be formed by the
equilibrium crystallization of the melt derived from the decompression melting of lunar mantle materials with its olivine
containing low Cr,0, content; (2) the decompression melting model can only be used to explain the overlapped ages of
some lunar samples but the lunar Mg-suite shows little variation on composition while the compositions of Mg-suites cal—
culated by using the hybridization model vary in a relatively wide range.
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Fig.1 Two different petrogenesis models of the lunar Mg-suite
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1

Table 1 Selected starting compositions of relevant samples in this study

. o 1 2 3 4 5
o KREEP®
: :KREEP 75:25:0 50:50:0 25:75:0 47.62:47.62:4.76 45.45:45.45:9.10
Si0, 43.32 45.10 50.27 43.77 44.21 44. 66 44.50 44.76
TiO, 0.03 0.00 2.00 0.02 0.01 0.01 0.11 0.20
Al,O4 0.56 34.67 15.12 9.09 17. 62 26. 14 17. 50 17.39
Cr, 04 0.30 0.00 0.18 0.23 0.15 0. 08 0.15 0.15
FeO 5.28 0. 40 10.29 4.06 2. 84 1. 62 3.20 3.52
MnO 0.08 0.00 0.14 0. 06 0. 04 0.02 0.05 0.05
MgO 49. 84 0.16 8.29 37.42 25.00 12. 58 24.20 23.48
Ca0 0.57 19.01 9.79 5.18 9.79 14. 40 9.79 9.79
Na, O 0.0033 0.63 0. 94 0.16 0.32 0.47 0.35 0.37
K,O0 0.0015 0. 04 0.96 0.01 0.02 0.03 0.07 0.11
99.99 100. 00 97.98 99.99 100. 00 100. 00 99.90 99. 81
Mg* 94. 4 41.3 59.0 94.3 94.0 93.3 93.1 92.3
An 99.3 97.0 87.3 97.2 97.0 97.0 96.5 96. 1
(%) ; @ LPUM ; @Taylor ~ Warren( 1989)
( fractional melting) o Prissel  (2014)
0.3 GPa o
0.2 GPa ; 0.1~0.2 GPa.
0.5%
o CaO Mg*
(0.2 GPa) 1 km( Shearer et al. 2015) .
KREEP 0.0001~0.3 GPa
( Prissel et al. 2014) 0. 0001 GPa
rhyolite-MELTS_v1. 0.x 0.2~2.0 o
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2
o 2.1
Cr,0, Cr rthyolite-MELTS_v1. 0.x
e 0.38~0.50 ( Elardo ( 2.
et al. 2011) 0.44 Melt A Melt B -
Cr203 o o
1.2
Magfox ~ Magpox
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o Magfox 0.2 GPa
Magpox 1508.2 C
5.5%Mg" 89.7( Melt A) . Melt B
( Longhi et al. 2010) pMELTS Magfox
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2
Table 2 Compositions of melts produced during the melting process
p t 1% R
- : S Mg An
/GPa  /°C /% Si0, TiO, Al 0; Cr,0; FeO MnO MgO CaO Na,0 K,0
Melt A 0.2 1508.20 5.5 55.38 0.51 8.41 0.56 4.68 0.11 22.95 7.30 0.06 0.03 100.00 89.7 99.0
Melt B 1.8 1575.18 0.5 45.04 1.98 9.93 0.67 5.03 0.11 22.40 14.29 0.27 0.32 100.03 88.8 97.1
Melt B2 1.3 1548.93 0.6 46.17 1.38 10.77 0.66 4.97 0.11 22.46 13.36 0.17 0.00 100.06 89.0 98.9
Melt B3 1.0 1538.92 0.6 47.47 0.89 11.24 0.66 4.93 0.12 22.60 12.01 0.09 0.00 100.00 89.1 99.3
Melt B4 0.8 1531.83 0.5 48.75 0.61 11.42 0.65 4.87 0.12 22.66 10.91 0.05 0.00 100.04 89.2 99.6
Melt B-5 0.6 1524.29 0.5 50.40 0.38 11.37 0.65 4.78 0.12 22.69 9.66 0.03 0.00 100.07 89.4 99.8
Melt B-6 0.4 1516.20 0.6 52.54 0.22 10.91 0.60 4.65 0.12 22.69 8.28 0.01 0.00 100.00 89.7 99.9
Melt B=7 0.2 1508.20 0.7 55.26 0.11 9.76 0.54 4.52 0.11 22.76 6.77 0.01 0.00 100.00 90.0 99.9
Melt C 1 0.2 1279.00 10.0 50.15 0.20 19.95 0.04 1.64 0.07 12.31 15.12 0.36 0.10 99.01 93.0 97.5
Melt C2 2 0.2 1278.00 10.0 50.21 0.14 19.86 0.04 1.74 0.07 12.22 15.17 0.32 0.17 99.01 92.6 97.5
Melt C3 3 0.2 1278.00 10.0 50.15 0.07 19.90 0.04 2.04 0.06 12.10 15.05 0.31 0.20 99.01 91.3 97.4
Melt C4 4 0.2 1243.00 10.0 52.36 1.03 18.79 0.09 1.82 0.07 10.82 14.13 0.30 0.52 99.01 91.4 96.1
Melt C-5 5 0.2 1231.00 10.0 52.03 1.83 18.16 0.10 2.08 0.07 10.22 14.26 0.31 0.85 99.01 89.8 94.8
Melt C-6 2 0.2 1292.00 50.0 48.45 0.03 22.05 0.00 1.70 0.05 12.73 14.44 0.46 0.04 99.01 93.0 97.1
Melt C7 3 0.2 1294.00 50.0 47.78 0.01 22.16 0.00 1.79 0.03 12.91 14.74 0.46 0.05 99.01 92.8 97.0
Melt C-8 5 0.2 1274.00 50.0 48.72 0.40 21.91 0.01 2.40 0.06 12.05 13.63 0.52 0.21 99.01 89.9 95.8
*Melt A Melt B 19 °
Melt C o Mg"
KREEP Mg#
(0.2 GPa)
50% o Mg" ;
N KREEP ) Mg# o
o Melt CH
75:25 KREEP Mg# o
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Melt C-5 KREEP DY =0. 44 Cr,0,
Mg* Cr,0, 0
o 2.2
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Mg# ( 2)o Mg# 89 Melt B o Melt A

. Mg 96. 1
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