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Characteristics of melt-rock reaction in Shuangliao peridotite
xenoliths and their implications to mantle metasomatism

YU Song-yue!*?, XU Yi-gang', HUANG Xiao-long', GE Wen-chun® and MA Jin-long'
(1. Key Laboratory of Isotope Geochronology and Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of
Sciences, Guangzhou 510640, China; 2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China;
3. College of Earth Sciences, Jilin University, Changchun 130061, China)

Abstract: A harzburgite xenolith sample from Paleogene basalts in Shuangliao area of Jilin Province records the
information of upper mantle metasomatism. Primary orthopyroxenes are surrounded by secondary clinopyroxenes
and olivines, forming reaction texture or existing as residues in secondary clinopyroxenes. These phenomena ap-
pear around spinel only. Electronic probe analyses reveal that secondary clinopyroxenes are characterized by high
Mg®, Cr* and CaO/AlLO;, secondary olivines by high Mg®, CaO and Cr,O; content, and the metasomatized
rim of spinels by high Cr® and CaO. As metasomatism had no influence on Mg™ in peridotite, and the melt-rock
reaction proceeded in order of Opx+ Sp+melt ( I )—>Cpx+ Ol+melt (I ), the authors consider that the litho-
spheric mantle in Shuangliao area was metasomatized by carbonate melt or silicate melt rich in carbonate. This
conclusion is based on experiments and literature. The metasomatism resulted in decreasing content of orthopy-

roxene, increasing contents of clinopyroxene and olivine in peridotite, and the transformation from harzburgites
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to wehrlites. This metasomatism may occur in the melt-rock reaction zone located in the asthenosphere-litho-
sphere boundary, suggesting that the asthenosphere-lithosphere interaction resulting from lithosphere thinning
and asthenosphere upwelling remained active in Shuangliao area in Early Tertiary.
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Fig. 1 Simplified geological map of Shuangliao area
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Fig. 2 Mineral assemblage and texture in sample BLS-2
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1 BLS-2 wg %
Table 1 Major element composition of whole rock and minerals of sample BLS-2
Ol Opx Cpx Sp
SiO, 42.60 SiO, 41.04 56.13 53.27 0.04
TiO, 0.01 TiO, 0.02 0.03 0.10 0.15
AlLOs 0.81 AL Os 0.03 1.93 3.58 27.53
Cry,0O4 0.49 Cr,04 0.04 0.56 1.59 41.65
Fe, 05 9.18 FeO 8.71 5.34 2.27 14.05
MnO 0.12 MnO 0.10 0.14 0.08 0.27
NiO 0.18 NiO 0.14 0.10 0.05 0.19
MgO 46.44 MgO 49.98 35.37 16.03 16.46
CaO 0.65 CaO 0.04 0.67 20.01 0.00
Na,O - Na,O 0.01 0.13 1.76 0.02
Total 100.08 100.08 100.39 98.74 100. 36
0.26 82.9 13.1 2.6 1.2
Mg 91.46 Mg* 91.17 92.27 92.71 67.83
Mg®=Mg Mg+ > Fe X100
ALO; TiO, Mg*
Mg# Tonov et al. 1993 Brey  Kohler
TiO, 979C
BLS-2
Mg 3a
3.2
Mg® - Na,O 3b
NazO 1.76% 2 A1203 NaZO
CaO ALO; Mg®  CrF
Frey and Prinz 1978 TiO,
Ti Na 3
NaZO
BLS-2 Ti Na Wo — En — Fs
Na-Ti  3f
2 wp %
Table 2 Comparison between mineral compositions of two types of secondary clinopyroxenes and
average compositions of primary clinopyroxenes
I Cpx I Cpx Cpx
1 2 3 4 5 6 7 8 9 10 11
SiO, 53.44 53.50 53.62 54.55 54.22 53.86 53.99 55.10 55.45 54.82 53.27
TiO, 0.14 0.17 0.50 0.10 0.06 0.17 0.17 0.03 0.08 0.14 0.10
ALO; 1.56 1.88 2.53 1.77 2.15 0.86 1.21 0.52 0.76 0.62 3.58
Cr, O3 1.82 2.08 1.36 1.42 1.58 1.74 0.76 0.90 1.03 0.77 1.59
FeO 2.21 2.25 2.23 2.2 2.30 2.99 3.24 2.75 2.66 3.04 2.27
MnO 0.13 0.10 0.05 0.10 0.11 0.15 0.11 0.10 0.07 0.11 0.08
NiO 0.01 0.08 0.05 0.05 - 0.04 0.05 0.06 0.05 0.10 0.05
MgO 17.62 17.59 17.59 18.07 17.55 19.29 21.53 19.51 19.32 20.29 16.03
CaO 21.52 21.83 20.51 21.13 21.24 19.12 17.53 20.44 20.26 19.26 20.01
Na,O 0.82 0.81 0.71 0.81 0.87 0.82 0.48 0.51 0.65 0.60 1.76
Total 99.28 100.28 99.13 100.20 100.08 99.03 99.06 99.92 100. 32 99.73 98.74
Mg* 93.50 93.38 93.43 93.65 93.22 92.07 92.29 92.74 92.89 92.33 92.71
CaO ALO; 13.80 11.64 8.12 11.93 9.87 22.26 14.50 39.16 26.73 31.07 5.58
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Fig. 3 Componential comparison between secondary and primary clinopyroxenes in the sample BLS-2
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Table 3 Comparison between mineral compositions of secondary olivines and average composition of primary olivines

Ol Ol
1 2 3 4 5 6 7 8 9 10
SiO, 40.30 40.79 41.08 41.79 41.22 41.00 40.93 41.75 40.67 41.04
TiO, - - 0.01 0.02 0.02 0.02 - - 0.05 0.02
AlLO; 0.83 - 0.19 0.17 0.01 0.01 0.01 - 0.10 0.03
Cr,05 0.92 0.28 0.20 0.08 0.25 0.10 0.16 0.69 1.20 0.04
FeO 8.37 8.71 8.88 8.46 8.50 8.63 8.59 9.00 8.86 8.71
MnO 0.16 0.13 0.10 0.15 0.13 0.11 0.15 0.15 0.17 0.1
NiO 0.13 0.10 0.13 0.46 0.12 0.12 0.13 0.10 0.12 0.14
MgO 51.82 49.30 48.88 48.35 49.70 49.45 49.05 50.30 48.70 49.98
CaO 1.47 0.54 0.66 1.05 0.59 0.75 0.68 0.57 0.67 0.04
Na,O - - - 0.05 - - - - 0.01
Total 103.99 99.84 100.13 100.55 100.55 100.20 99.69 102.56 100. 54 100.08
l\/[g;F 91.77 91.06 90.83 91.14 91.32 91.16 91.13 90.96 90.82 91.17
1.2 = MgO
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Table 4 Composition of glass in sample BLS-2
1 2 3 4 5 6 7
SiO, 63.27 65.59 62.31 62.91 64.24 64.29 65.5
TiO, 0.15 0.18 0.04 0.21 0.21 0.16 0.18
ALO; 19.91 17.98 19.55 19.55 19.51 19.02 19.97
Cr0O5 - 0.17 - - 0.05 0.43 0.05
FeO 0.73 0.50 0.83 0.73 0.90 0.45 0.75
P,0s 0.07 - 0.09 0.12 - - -
MnO - - - - - 0.01 0.02
NiO - 0.01 - - 0.03 - 0.04
MgO 0.25 0.95 0.28 0.24 0.88 0.35 0.31
CaO 0.22 0.14 0.36 0.19 0.36 0.16 0.24
Na,O 3.58 1.41 3.07 3.29 1.23 1.44 1.49
K,O 8.53 4.24 8.17 7.81 4.18 4.10 3.72
Total 96.70 91.16 94.69 95.05 91.57 90.4 92.26
Mg~ 38.11 77.41 37.39 37.53 63.82 58.18 42.41
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Fig. 6 Compositional characteristics of glasses in BLS-2
Dautria 1991 Neumann  Wulff-Pedersen 1997 Coltorti 2000

different types of metasomatism defined after Dautria et al .

1991

Neumann and Wulff-Pedersen

1997

and Coltorti et al. 2000
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Table 5 Main characteristics of different types of mantle metasomatism
H,0-CO,

Fo CaO Fo CaO Ca Al Mn

Fe Ti Al Fe Mn

Mg* Mg* Na Al
Ca Na K Ti SiO, Na K SiO, -
TIOZ A1203
LILE P LREE Ti LILE LREE HFSE
HEFSE
+ Opx=Cpx + Ol £ Sp + Opx=Cpx £ Ol +Py+Sp=Am+ Mi* Ap

Ca Na

Green et al. 1988 Yaxley et al.
1991 Rudnick et al/. 1993 Ionov et
al. 1996

Wulff-Pedersen et al. 1996 Xu et O Reilly ez a/. 1988 Smith 1994
al. 1996 Neumann et al. 1997
Cliff et al. 1999

Py Am Mi Ap

CIliff

reaction zone

Fe Ti Ca

Mg* Ti Ca
Mg® ALO;

Si Ca Ti Fe
Mgt
Fo Si K Na

Cliff et al. 2006
BLS-2
Mg*
K Na

Na

1999
5
BLS-2
Opx + Sp + melt—Cpx + Ol + glass
Si
BLS-2
- - Xu
etal. 2003
850 ~1 100C
700 ~900C



222

26

BLS-2 BLS-2

References

Cliff S J and Shaw F H. 1999. Dissolution of orthopyroxene in basanitic
magma between 0.4 and 2 GPa further implications for the origin of
Si-rich alkaline glass inclusions in mantle xenoliths J . Contrib. Min-
eral. Petrol. 135 114~132.

Cliff S] Shaw H and Donald B D. 2006. The origin of reaction textures
in mantle peridotite xenoliths from Sal Island Cape Verde the case
for' metasomatism” by the host lava J . Contrib. Mineral. Petrol.
151 681~697.

Coltorti M Beccaluva L Bonadiman C ez al. 2000. Glasses in mantle
xenoliths as geochemical indicators of metasomatic agents J . Earth
Planet Sci. Lett. 183 303~320.

Dautria ] M Dupuy C Takherist D ez al. 1991 . Carbonate metaso-
matism in the lithospheric mantle peridotitic xenotiths from a melili-
titic district of the Sahara basin J . Contrib. Mineral. Petrol. 111
37~52.

Dalton ] A and Wood B J. 1993. The compositions of primary Carbonate
melts and their evolution through wallrock reaction in the mantle J .
Earth Planet Sci. Lett. 119 511~525.

Frey F A and Prinz M. 1978. Untramafic inclusions from San Carlos
Arizona Petrologic and geochemical data bearing on their petrogene-
sis J . Earth Planet Sci. Lett. 38 129~176.

Green D H and Wallace M E . 1988. Mantle metasomatism by ephemeral
carbonatite melts J . Nature 336 459~462.

Hauri EH Shimizu N Dieu] ] et al. 1993. Evidence for hotspot-re-
lated carbonatite metasomatism in the oceanic upper mantle J . Na-
ture 365 221~227.

Ionov D A Chanefo I and Bodinier J L. 2005. Origin fo Fe-rich lherzo-
lites and webhrlites from Tok SE Siberia by reactive melt percolation
in refractory mantle perdotites J . Contrib. Mineral. Petrol. 150
335~353.

Ionov DA Dupuy C O Reilly SY et al . 1993. Carbonated peri-
dotite xenoliths from Spitsbergen implications for trace element sig-
nature of mantle carbonate metasomatism J . Earth Planet Sci.
Lett. 119 283~297.

Tonov D A O Reilly S Y and Ashchepkov I V. 1995. Feldspar-bearing
lherzolite xenoliths in alkali basalts from Hamar-Daban southern
Baikal region Russia J . Contrib. Mineral. Petrol. 122 174~
190.

JTonov DA O Reilly SY Genshaft YS et al. 1996. Carbonate-bear-
ing mantle peridotite xenoliths from Spitsbergen phase relationships
mineral compositions and trace-element residence J . Contrib. Min-

125 375~392.

Kelemen P B.1995. Genesis of high Mg® andesites and the continental
crust J . Contrib. Mineral. Petrol. 120 1~19.

Kelemen P B Dick H J B and Quick ] E. 1992. Formation of harzbur-

eral. Petrol.

gite by pervasive melt rock reaction in the upper mantle J . Nature
358 635~0641.

Kelemen P B Hart S R and Bernstein S. 1998. Silica enrichment in the
continental upper mantle via melt-rock reaction J . Earth Planet Sci.
Lett. 164 387~406.

Klugel A. 1998. Reacions between mantle xenoliths and host magma be-
neath La Palma Canary Islands  constraints on magma ascent rates
and crustal reservoirs ] . Contrib. Mineral. Petrol. 131 237 ~
257.

Liu Jiagi. 1987. Chronology of Cenozoic volcanic rocks in northeastern
China J . Acta Petrologica Sinica 4 21~231 in Chinese with Eng-
lish abstract .

Menzies M A. 1990. Archean Proterozoic and phanerozoic lithospe-
heres A . Menzies M A. Continental Mantle C . Oxford New
York 67~86.

Menzies M A and Hawkesworth C J. 1987. Upper mantle processes and
composition A . Nixon P H. Mantle Xenoliths C . New York
John Wiley 725~738.

Neumann E R and Wulff-Pedersen E. 1997. The origin of highly silicic
glass in mantle xenoliths from the canary islands J .
Petrology 38 1513~1539.

O Reilly S Y and Griffin W L. 1988. Mantle metasomatism beneath
western Victoria Australia I. metasomatic processes in Cr-diopside
lherzolites ] . Geochim Cosmochim Acta 52 433—447.

Rudnick R L. Mcdonough W F and Chappell B W. 1993. Carbonatite

metasomatism in the northern Tanzanian mantle

Journal of

petrographic and

geochemical characieristics J . Earth Planet Sci. Lett. 114 463~
475.

Smith D.
Plateau xenoliths recorders of sub-Moho hydration ] .
Mineral. Petrol. 121 185~200.

Wulff-Pedersen E Neumann E R and Jensen B B. 1996. The upper

mantle under La Palma Canary Islands Formation of Si-K-Na-rich

1995. Chlorite-rich ultramafic reaction zones in Colorado
Contrib.

melt and its importance as a metasomatic agent J . Contrib. Miner-
al. Petrol. 125 113~139.

Xu Yigang. 1998. Melt-rock reaction in upper mantle and continental
mantle evolution ] . Earth Science Frontiers 5 76~85 in Chinese
with English abstract .

XuY G Mercier ] C Menzies M A et al. 1996. K-rich glass-bearing
webhrlite xenoliths from Yitong Northeastern China Petrological and
chemical evidence for mantle metasomatism J . Contrib. Mineral.
Petrol. 125 406~420.

XuY G Menzies M A Thirlwall M F et al. 2003." Reactive”
harzburgites from Huinan NE China Products of the lithosphere-as-
thenosphere interaction during lithospheric thinning J . Geochimica
et Cosmochimica Acta 67 487~505.

Yaxley GM Crawford A ] and Green D H. 1991. Evidence for carbon-
atite metasomatism in spinel peridotite xenoliths from western Victo-
ria Australia J . Earth Planet Sci. Lett. 107 305~317.

Yu Yang. 1987. Cenozoic basalt from Qixingshan Shuangliao Jilin
Province Its characteristic and origin study J . Acta Petrologica
Sinica 3 55~62 in Chinese with English abstract .

. 1987. J.
4 21~31.
. 1998. - J.
5 76—85.
. 1987.
J. 3 55~62.



