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A preliminary study of the melt-xenolith interaction in Hannuoba basalt

DU Xing-xing and FAN Qi-cheng
Institute of Geology China Earthquake Administration Beijing 100029 China

Abstract During the migration of basaltic magma through the lithosphere mantle the interaction between melt
and peridotite inevitably took place and led to the compositional variation of the lithosphere mantle. Mantle peri-
dotite and its disaggregated minerals such as olivine Ol  clinopyroxene Cpx and orthorpyroxene Opx

xenocrysts were captured by the Cenozoic basalt in Hannuoba. The xenocrysts usually have the reaction rim
structure which provides important information about the melt-xenolith interaction during the migration of
basaltic magma through the lithosphere mantle. The xenocrysts in basalt are on the whole perfectly round em-
bayed or serrated in shape and have characteristic reaction rim structure which distinguishes them from relatively
euhedral and small phenocrysts in basalt. Based on microscopic petrographic observations and electron micro-
probe analyses of xenocrysts and their reaction rims this paper deals tentatively with the melt-xenolith interac-
tion. The rims of Ol and Cpx xenocrysts show similar compositional variations from the Mg-rich core to the Fe-
rich rim. The composition of the outer part of the reaction rim tends to be close to the composition of the phe-
nocryst in basalt. Olivine composition changes from the core Fo 88~90 to the rim Fo 68~72 . Clinopyrox-
ene composition changes from Mg” 90 to Mg” 74 with the corresponding variation of diopside in the core to
salite in the rim. Usually the reaction rim of Opx with double-layered structure consists of Ol + Cpx + Glass.
The composition of Ol and Cpx in the Opx reaction rim is rich in Fe relative to its mantle counterpart. Mean-
while the reaction rim minerals will become richer in Fe and poorer in Mg with the Opx xenocrysts approaching
the host basalt. The glass constituent rich in silicon and alkali the content of SiO, AlLO; Na,O and K,O is
respectively 64% ~67% 18% ~19% 5% ~7% and 6% ~9% in the Opx reaction rim offers important
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information concerning the origin of Si- and alkali-rich melt inclusions present in mantle minerals in eastern Chi-
na. It is thought that Si- and alkali-rich melt might have resulted from the reaction between basaltic magma and
Opx in peridotite, i.e., the reaction basaltic magma (Si-poor melt) + Opx— Si-rich melt+ Ol + Cpx. It is also
found that the variation of color and composition of the spinel (Sp) in one peridotite xenolith is related to tem-
perature: when the temperature rises, the content of Cr in Sp increases, so does Al in melt. The preservation of
the reaction rim structure or disequilibrium structure in xenocrysts implies rapid uprising of the host basalt. The
extensive melt-xenolith interaction inevitably changed the properties of the lithosphere mantle.

Key words: melt-xenolith interaction; xenocryst; reaction rim; lithosphere mantle; basalt; Hannuoba
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Table 1 Electron microprobe analyses of the reaction rim of Ol xenocrysts
SiO, TiO, Cr O3 ALOs FeO MnO MgO CaO NiO Total Fo
1-c 41.05 0.05 0.00 0.01 10.39 0.12 48.40 0.09 0.41 100.52 89.2
I-m 36.29 0.12 0.10 0.11 27.70 0.52 33.86 0.48 0.17 99.35 68.5
I-r 37.83 0.02 0.00 0.03 20.92 0.27 39.03 0.18 0.21 98.49 76.9
2-c 39.86 0.03 0.06 0.01 9.13 0.15 48.44 0.06 0.38 98.12 90.4
08JSBO1 2-m 37.72 0.05 0.00 0.06 26.66 0.47 35.94 0.39 0.18 101.47 70.6
2-r 37.65 0.00 0.04 0.03 22.97 0.40 38.43 0.34 0.14 100. 00 74.9
3-c 38.54 0.00 0.15 0.02 10.83 0.18 46.64 0.09 0.40 96.85 88.5
3-m 39.86 0.02 0.00 0.05 14.51 0.11 45.10 0.05 0.27 99.97 84.7
3-r 36.31 0.02 0.00 0.01 26.27 0.48 34.59 0.43 0.05 98.16 70.1
p 36.80 0.06 0.01 0.03 28.10 0.39 35.10 0.43 0.08 101.00 69.0
l-c 40.71 0.00 0.05 0.00 11.17 0.13 47.41 0.04 0.45 99.96 88.3
1956 1-m 39.62 0.00 0.00 0.02 15.90 0.13 44.31 0.04 0.36 100. 38 83.2
) 1-r 36.59 0.10 0.02 0.03 25.23 0.49 35.77 0.42 0.11 98.76 71.6
p 37.51 0.05 0.00 0.04 28.88 0.44 34.19 0.40 0.11 101.62 67.8
1-c 41.35 0.00 0.00 0.03 9.79 0.09 49.11 0.05 0.33 100.75 89.9
I-r 36.75 0.27 0.01 0.02 28.10 0.46 33.16 0.32 0.13 99.22 67.8
HOW7 2-¢c 39.39 0.00 0.42 0.03 8.88 0.13 45.16 0.04 0.38 94.43 90.1
2-m 38.15 0.04 0.35 0.00 14.05 0.15 42.18 0.05 0.28 95.25 84.3
2-r 36.92 0.00 0.22 0.05 27.37 0.47 32.92 0.44 0.09 98.48 68.2
p 37.11 0.02 0.00 0.04 27.16 0.44 34.04 0.46 0.06 99.33 69.1
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Table 3 Electron microprobe analyses of the section composition of Opx xenocrysts

SO, TiO, CnO; ALO;  FO MnO  MgO CaO NaO  NiO Total Fo Mg® Wo An En Ab Fs Or
1 Olo 36.00 0.04 0.03 0.02 27.44 0.40 34.39 0.41 0.02 0.08 98.83 69.1
2 Olo 3571 0.14 0.21 0.45 27.38 0.46 33.74 0.39 0.0 0.12 98.61 68.7
3 MeUps 0.30 24.56 1.96 2.86 65.92 0.54 4.08 0.09 0.01 0.15 100.47
4 Cpx-t 48.56 2.38 0.41 590 7.71 0.10 12.89 21.99 0.60 0.03 100.57 74.9 47.8 39.0 13.2
5 Cpx-i 54.51 0.10 0.96 0.52 4.36 0.19 18.67 19.17 0.62 0.02 99.12 88.4 39.4 53.3 7.3
6  Opx 56.26 0.06 0.53 3.48 572 0.11 33.27 0.73 0.05 0.11 100.32 91.2 1.4 89.8 8.8
7 Opx 56.09 0.06 0.47 3.46 5.79 0.14 33.30 0.73 0.09 0.10 100.23 91.1 1.4 89.6 9.0
8§  Opx 56.11 0.04 0.5 3.31 5.77 0.15 33.08 0.65 0.09 0.07 99.80 91.1 1.3 89.7 9.0
9 Opx 55.83 0.01 0.64 3.36 5.79 0.14 33.74 0.70 0.07 0.16 100.44 91.2 1.3 89.8 8.9
10 Opx 56.41 0.06 0.64 3.51 6.01 0.10 33.25 0.75 0.07 0.10 100.90 90.8 1.5 89.3 9.2
11 Opx 56.24 0.08 0.55 3.44 596 0.12 33.27 0.74 0.07 0.13 100.60 90.9 1.4 89.4 9.2
12 Opx 56.32 0.10 0.51 3.45 5.72 0.12 33.23 0.74 0.10 0.13 100.42 91.2 1.4 89.7 8.8
13 Opx 56.03 0.09 0.57 3.41 6.03 0.10 33.35 0.73 0.06 0.14 100.51 90.8 1.4 89.4 9.2
14 Opx 56.41 0.05 0.61 3.38 5.74 0.10 33.25 0.66 0.07 0.03 100.30 91.2 1.3 89.9 8.9
15 Opx 56.60 0.02 0.51 3.48 5.99 0.10 33.24 0.68 0.05 0.11 100.78 90.8 1.3 89.5 9.2
16 Opx 55.99 0.02 0.48 3.47 5.8 0.17 33.07 0.79 0.05 0.11 100.01 91.0 1.5 89.3 9.1
17 Opx 55.00 0.00 0.54 3.60 5.34 0.15 34.04 0.76 0.08 0.08 99.59 91.9 1.4 90.4 8.2
18 Opx 56.55 0.05 0.52 3.52 5.77 0.17 33.34 0.68 0.09 0.12 100.81 91.1 1.3 89.7 9.0
19 Opx 56.23 0.02 0.54 3.52 5.76 0.09 33.50 0.70 0.08 0.05 100.49 91.2 1.3 89.9 8.8
20 Opx 56.08 0.02 0.54 3.47 5.94 0.11 33.20 0.67 0.06 0.08 100.17 90.9 1.3 89.5 9.2
21 Opx 55.99 0.04 0.54 3.37 583 0.11 33.38 0.58 0.10 0.11 100.05 91.1 1.1 89.9 9.0
22 Opx 56.30 0.08 0.52 3.43 5.98 0.11 33.13 0.65 0.07 0.08 100.35 90.8 1.3 89.5 9.2
23 Opx 56.39 0.00 0.52  3.49 571 0.14 33.10 0.70 0.07 0.17 100.29 91.2 1.4 89.7 8.9
24 Opx  54.48 0.08 0.92 3.76 5.92 0.14 31.77 0.75 0.08 0.17 98.07 90.5 1.5 89.0 9.5
25 Opx 54.84 0.04 0.62 3.41 5.48 0.10 33.25 0.70 0.07 0.12 98.63 91.5 1.4 90.1 8.5
26 Opx 55.99 0.01 0.50 3.43 5.74 0.19 32.93 0.68 0.07 0.09 99.63 O91.1 1.3 89.6 9.1
27 Opx 56.48 0.01 0.51 3.28 5.8 0.12 33.24 0.68 0.06 0.11 100.35 91.0 1.3 89.6 9.1
28 Opx 55.47 0.03 0.79 3.47 6.07 0.18 32.40 0.65 0.08 0.07 99.21 90.5 1.3 89.1 9.6
29 Opx 55.76 0.09 0.53 3.55 5.96 0.12 32.74 0.73 0.08 0.08 99.64 90.7 1.4 89.3 9.3
30 Oli 40.41 0.03 0.46 0.28 12.69 0.15 47.48 0.19 0.04 0.26 101.99 87.0
31 Cpx-i 54.70 0.14 1.58 0.70 4.31 0.15 19.96 18.18 0.76 0.00 100.48 89.2 36.8 56.2 7.0
32 Cpx-t 49.98 1.69 0.45 4.32 7.08 0.06 13.59 22.14 0.54 0.00 99.85 77.4 47.5 40.5 12.0
33 Olo 35.65 0.8 0.20 1.13 27.87 0.44 32.58 0.38 0.03 0.12 99.29 67.6
34 Olo 36.24 0.08 0.04 0.00 27.66 0.48 33.84 049 0.04 0.08 98.95 68.5
A—B Ih 1-34
4 wp %

Table 4 Electron microprobe analyses of the reaction rim of Cpx xenocrysts

SiO, TiO, Cr0O; ALO; FeO MnO  MgO CaO Na,O  Total Wo En Fs Mg®

l-c 51.36 0.69 0.37 5.45 295 0.10 16.06 20.22 0.89 98.07 45.0 49.7 5.3 90.7
I-r 45.02 3.03 0.10 6.78 7.47 0.08 11.99 22.28 0.60 97.34 49.7 37.2 13.1 74.1
08JSBO1 ~ 2-¢ 53.01 0.55 0.91 3.86 2.87 0.07 15.25 21.71 1.00 99.25 48.0 46.9 5.1 90.4
2-r 46.83 2.98 0.06 6.53 7.55 0.10 12.23 22.32  0.52 99.11 49.3 37.6 13.2  74.3
p 46.19 3.24 0.04 6.83 8.42 0.08 11.76 21.97 0.56 99.10 48.9 36.4 14.8 71.3
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Table 5 Electron microprobe analyses of spinel composition in peridotite xenoliths
TiO, Cry,04 AL Os FeO MnO MgO Na,O NiO Total Cr”
1 0.33 16.66 48.61 0.20 0.13 21.57 2.06 0.47 100.03 18.7
2 0.28 15.84 50. 11 9.64 0.26 21.76 2.00 0.10 99.99 17.5
3 0.20 12.78 52.81 9.15 0.00 22.28 1.78 0.54 99.54 14.0
4 0.09 9.50 56.32 9.39 0.00 23.07 1.78 0.25 100.40 10.2
5 0.11 9.31 56.52 8.65 0.00 22.83 1.70 0.59 99.71 9.9
1~5 Cr* =100 Cr Al+Cr
Wo MgO 21.57%—>21.76% —>22.28% —>23.07%
50
A \ —>22.83% ALO; 48.61%—>50.11% >52.81% >
§ 56.32%>56.52% Cr®
Cr® 18.7>17.5>14.0>10.2—~
s LS D 9.9
3
0 T T T T T
0 50 100
En Fs
3 _
Fig.3 Cpx composition of the reaction rim of Opx xenocrysts =
A— B— c— D— . £ .
A—diopside B—salite (—endiopside D-—augite Mg 90 * Mg
70 £ Nakamura 1995
Fe-Mg
2.3
FeO MgO
4 Mg* Si0, MgO
Na,O  Mg® TiO, ALO;
FeO CaO
Mg* 90 74
2.4 Ol+ Cpx + Shaw  Dingwell 2006
5 Shaw 1999 Shaw and Dingwell 2008
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