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High temperature and high pressure experimental study on the reaction of
silicon-rich melt with mantle olivine and its implications for the property trans-
formation of the subcontinental lithosphere mantle in the North China Craton

CHEN Kang"*®, JING Yongkang'?, WANG Yuanwei'?, ZHANG Long"?,

DENG Nan'?, WU Junwei'?, ZHANG Yi**, LI Fawang"?, LIU Peiwen"?
(1. Technology Innovation Center for Gold Ore Exploration, China Geological Survey, Xi‘an 710100, China;
2. Xi'an Center of Mineral Resources Survey, China Geological Survey, Xi'an 710100, China; 3. State Key
Laboratory of Continental Dynamics, Department of Geology, Northwest University, Xi‘an 710069, China)

Abstract: This paper is the result of research on the lithospheric mantle.

[Objective] In terms of petrological and geochemical studies on a large number of mantle xenoliths, melt-peridotite reactions always
occur in subcontinental lithospheric mantles, especially in the North China Craton (NCC). Based on the mineral metasomatic
characteristics of mantle xenoliths and the related element geochemical signatures, the reaction between silicate melt and peridotite
is the main type of melt-rock reaction within the NCC lithosphere mantle. However, the direct evidence of experimental petrography
about the mechanism is insufficient. [Methods] In this contribution, natural olivine of harzburgite from Hebi, Henan province, and
tonalite from Sandouping, Huangling, Hubei province were collected as starting material. The Si-rich melt-olivine reaction
experiments were performed at conditions of 1 200 ~ 1 400 °C, 1.0 ~ 1.5 GPa, on LC25-0300/50 piston-cylinder apparatus equipped
at Key Laboratory of High-temperature and High-pressure Study of the Earth’ s Interior, Institute of Geochemistry, Chinese
Academy of Sciences, which explored the reaction mechanism and kinetics of the melt-peridotite reaction. [Results] The main
crystallized phase under experimental conditions is orthopyroxene, its En content ranges from 73 to 100 discriminated into enstatite.
After reactions, the MgO content of reacted melts increased and linearly correlated with the temperature, while the contents of SiO,,
Al,O, and K,O decreased linearly with the increase in temperature. As the temperature increased, more forsterite was dissolved in the
melts, and with more orthopyroxene generated, the SiO,, Al,O, and K,O of melts decreased which changed the composition of the
melts. Under the pressure of 1.0GPa, the temperature rises from 1 250°C to 1 350°C, the SiO,, Al,O,, and K,O in the residual melt
decrease from 66.20%, 17.24% and 1.40% to 61.91%, 16.02%, and 1.28% respectively, however MgO in the residual melt increases
from 3.93% to 8.26%. Under the pressure of 1.5 GPa, the temperature rises from 1 250°C to 1 400°C, the SiO,, Al,O, and K,O in the
residual melt decrease from 65.79%, 17.64% and 1.36% to 61.74%, 15.78%, and 1.23% respectively, however MgO in the residual
melt increases from 3.11% to 7.07%. [Conclusions] The pressure has a much less influence on the chemical composition change or
residual melts than the temperature. In all reactions between Si-rich melt and olivine, orthopyroxene was newly formed the
experimental results also explain the composition of the peridotite in NCC and the phenomenon of the orthopyroxene veins in the
peridotite, which can transform the lithosphere mantle from refractory into fertile.

Key words: experimental petrology, Si-rich melt, mantle olivine, melt-mineral reaction, dissolution-crystallization, North China
Craton

Highlights: Based on High-pressure and temperature experiments, it confirmed that the orthopyroxene veins in the peridotite are the
reaction results of the Si-rich melt and olivine reaction , and provided experimental petrological evidence for the lithospheric mantle
transforming from “refractory” into “fertile”.
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Table 1 Chemical compositions of the
starting material (wt%)
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Table 2 Experimental conditions and phase
assemblages of the run products

Gi's R /oC MEBTHr JEJI/GPa BEEl/h WAR4LG
YG13 1200 1:1 1.0 42 Ol+G1+0px
YGO3 1250 1:1 1.0 72 01+Gl+Opx
YGI10 1300 1:1 1.0 11 Ol+Gl+0px
YG14 1300 1:1 1.0 28 Ol+Gl+0px
YG16 1300 1:1 1.0 34 01+Gl+Opx
YGI5 1350 1:1 1.0 72 01+Gl+Opx
YGO04 1250 1:1 1.5 72 Ol+Gl+0px
YGO02 1300 1:1 1.5 52 Ol+Gl+0px
YGI11 1300 1:1 1.5 72 Ol+GI+Opx
YGO8 1350 1:1 1.5 72 01+Gl+Opx
YGI12 1 400 1:1 1.5 34 Ol+Gl+0px

Si0, TiO, ALO, FeO® MnO MgO CaO

YPRNK IR 63.30 045 1690 5.10 0.2 273 429
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Mo 033 - - - 9811 092
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Fig.1 The sketch map of the sample assembly
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Table 3 Major element compositions of orthopyroxene formed in reactions

Eica YG13 YGO3 YG10 VYG14 YGl6 YG15 YG04 YG02 YG11 YG08  YGI12
P(GPa) 1.0 1.0 1.0 1.0 1.0 1.0 1.5 15 1.5 1.5 15
T(°C) 1200 1250 1300 1300 1300 1350 1250 1300 1300 1350 1400

t(h) 42 72 11 28 34 72 72 52 72 72 34

N 5 4 5 4 5 5 7 10 5 6 6

Sio, 53.93 54.99 56.18 55.22 54.71 57.26 52.98 57.58 54.91 54.50 56.43
TiO, 0.28 0.11 0.10 0.11 0.10 0.09 0.15 0.08 0.11 0.10 0.10
AlLO, 4.02 4.89 4.36 5.13 4.09 3.82 7.47 4.26 6.66 5.27 4.77
Cr,0,4 0.37 0.49 0.78 0.34 0.54 0.24 0.42 0.24 0.58 0.52 0.38

FeO 15.50 8.42 7.78 6.06 8.02 5.90 10.63 4.15 8.74 7.82 6.40
MnO 0.43 0.17 0.20 0.10 0.23 0.17 0.26 0.09 0.17 0.18 0.15
MgO 24.96 29.17 30.27 31.55 30.48 32.36 25.71 33.29 28.08 29.25 31.08
CaO 0.74 0.82 0.75 0.63 0.13 0.61 1.30 0.48 0.99 0.84 0.71

NiO 0.11 0.21 0.20 0.05 0.96 0.06 0.18 0.23 0.09 0.13 0.14
Na,O 0.04 0.07 0.08 0.06 0.10 0.07 0.21 0.09 0.22 0.09 0.09
S 100.37  99.34 100.68  99.24 99.36  100.57 99.31 100.49 100.55 98.70  100.23
Mg# 0.74 0.86 0.88 0.90 0.87 0.91 0.81 0.93 0.85 0.87 0.90

Wo 2 2 2 1 2 1 3 1 2 2 2

En 73 84 86 89 85 90 79 93 83 85 88

Fs 25 14 12 10 13 9 18 6 15 13 10

T R TSI A A I B o v T R S A 4 R I 0 T—IRLEE P— R ) N—A R L TR M s NG TR L

Ca,51,0,(Wo)
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Table 4 Reaction zone width formed in reaction
between Si-rich melt and olivin

s REZ/°C HJI/GPa JRNIRTIE] /h SN FEEE [ pm
YG13 1200 1.0 42 7
YGO03 1250 1.0 72 11
YG10 1300 1.0 11 13
YG14 1300 1.0 28 16
YG16 1300 1.0 34 18
YG15 1350 1.0 72 23
YGO04 1250 15 72 14
YG11 1300 1.5 72 23
YGO08 1350 1.5 72 37
YG12 1400 1.5 34 45
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Fig.3 The composition of orthopyroxene formed in
reactions between Si-rich melt and olivine
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WORLRUEE 1 3% i Al b /E I (Morgan et al., 2005;
Wang et al., 2013) .
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Table 5 Major element compositions of
olivine after reactions

%= YGI3 YGO3 YGIO YGI4 YGI6 YGI5 YG02 YGII YGI2
PGPa) 10 10 10 10 10 10 15 15 15
T(C) 1200 1250 1300 1300 1300 1350 1300 1300 1400
) 42 72 11 28 34 72 52 72 34
N 5 5 5 5 5 5 4 5 4
Si0, 42.53 4140 4274 42770 41.36 4237 42.03 41.94 4226
FeO 7.88 7.88 7.52 7.62 7.66 7.54 802 7.88 7.54
MnO 0.3 0.3 011 0.2 010 0.11 013 015 0.10
MgO 49.94 4942 50.16 49.67 50.65 49.16 49.35 49.75 49.36
Ca0 004 007 009 0.13 007 007 0.11 007 0.07
NiO 039 035 031 036 035 034 034 037 036
JAE 10092 99.25 100.93 100.60 100.19 99.59 99.97 100.15 99.69
Mg# 092 092 092 092 092 092 092 092 092
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Fig.5 Plot of olivine Fo content versus temperature
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Table 6 Major element compositions of the residue melts

BT WAL 20 A . AEAS SCIZH S i R
1E£1.0 GPaJE /1, M 1 250°C FH5 45 1 350°C, ik 444

47 YG03 YGL0 YGL4 YGI5 YGO4 YGIL YGO8 YGI2 fk f1 ff§ SiO,. TiO,. Al,O,. CaO. K,0. P,0. 4+ il
P(GPa) 10 10 10 10 15 15 15 15 . , . . . .

TO) 1250 130 1300 1350 1250 1300 1350 1400 06:20%.0.47%.17.24% 4.71%.1.40% 0.17% T B
t(h) 72 11 28 72 72 72 72 34 % 61.91%. 0.41%. 16.02% . 4.32% . 1.28% . 0.13%;
N 4 3 5 5 2 6 4 4 e .
S0, 6620 6496 6291 6191 6579 6560 6513 6174 €0 MJO.NaO 51 4.42%.3.93%.2.95% Tt 2
TiO, 047 042 042 041 047 043 047 045 4.74%.8.26%.3.06%, fF1.5GPaJt /i ~,M1250°C

ALO, 1724 1639 1651 1602 17.64 1689 1682 1578 o o . :
FeO 442 483 484 474 468 414 441 494 Tty 22 1400°C, ARSI 119 S10,.TiO, AL, CaO
MnO 016 012 013 010 016 o010 o011 o018 K,O.P,05 73 il M 65.79%. 0.47%. 17.64%. 4.85%.
MgO 393 555 755 826 311 410 477 707  1369%0.22% T4 61.74%.0.45% .15.78% 4.74%
CaO 471 430 460 432 485 443 439 474 . . S .
NaO 295 244 308 306 273 291 264 276 1-23%.0.19%; FeO. MgO. Na,0 o3 il A\ 4.68%.
K,O 140 115 125 128 136 134 130 123  3.11%.2.73% J} /& & 4.94% .7.07%.2.76%. 5% 8
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