Vol. 78 No. 1

ACTA GEOLOGICA SINICA

Feb. 2004 131-136

http://www.geojournals.cn/dzxbcn/ch/index.aspx

Underplating of Mesozoic Mantle-derived Magmas in Tongling, Anhui
Province: Evidence from Megacrysts and Xenoliths

DU Yangsong" 2, LEE Hyunkoo® and QIN Xinlong®
1 Key Laboratory of Lithosphere Tectonics and Exploration, Ministry of Education,
29 Xueyuan Road, Beijing 100083; E-mail: ysdu@cugb.edu.cn
2 Faculty of Earth Sciences and Mineral Resources, China University
of Geosciences, 29 Xueyuan Road, Beijing 100083
3 Department of Geology, Chungnan National University,
220 Kungdong, Yuseong Ku, Taejon 305-764, Republic of Korea

Abstract Lithological observations and mineralogical analyses on pyroxene and hornblende megacrysts and pyroxene
and hornblende cumulates in xenoliths in the Mesozoic plutons of the Tongling region, Anhui Province, provide evidence
for the magmatic underplating of mantle-derived alkali-olivine basalt at circa 140 Ma. The pyroxene and hornblende
megacrysts and cumulates were formed through the AFC process at depths ranging from 27 to 35 km.
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1 Introduction

Underplating of mantle-derived magmas plays a major
role in crust-mantle interaction, affecting a wide range of
geological processes, including basin formation, crust
accretion, magmatic evolution, fluid transportation,
regional metamorphism and regional mineralization (Du et
al., 2003). In addition to regional geological mapping and
field investigation, methods in such disciplines as
seismology, petrology, geochemistry and geothermics,
especially enclave petrology and geochemistry, have all
contributed to our understanding of mantle-derived magma
underplating. Most of attention in previous studies of
magma underplating based on enclave petrology and
geochemistry has focused on granulite xenoliths in basic
lava (Zhou et al., 1992; Xu et al., 1995; Fan et al., 1996;
1998;2001; Yu et al., 1998; 2002; Sachs et al., 2000; Zheng
et al., 2001), while less attention has been paid to the data
from xenoliths in felsic or intermediate-basic intrusive
rocks (Shao et al., 1999, 2000).

Magmatic activity was intense during the Mesozoic in
the middle segment of the Yangtze magmatic-metallogenic
belt of Tongling, Anhui Province, and formed many
plutons. A wide variety of megacrysts and xenoliths occur
in these plutons, of which pyroxene and hornblende
megacrysts and pyroxene and hornblende cumulates is
studied in detail this time. This paper summarizes the
characteristics of these megacrysts and xenoliths and
discusses their implications on the Mesozoic mantle-

derived magma underplating in the Tongling region, Anhui
Province.

2 Petrography

Pyroxene and hornblende megacrysts occur in the
Caoshan porphyritic pyroxene diorite pluton. The pyroxene
megacrysts range from 0.6 to 1.0 cm in size, and are
fractured (Plate 1). Fractures on the margins of some
pyroxene megacrysts are filled up with minerals of host
rock. The hornblende megacrysts range from 0.5 to 3.1 cm
in diameter. Corrosion or alteration associated with
fractures is common along the margins of the hornblende
megacrysts (Plate 2).

Pyroxene cumulates are mainly exposed in the Caoshan
pluton of pyroxene monzodioritic and pyroxene dioritic
porphyritic rocks. They are composed of clinopyroxene
(80-90%) and hornblende (5-15%), with minor magnetite
and pyrite, and local coarse-grained apatite. The rocks have
typical cumulate and occasional mosaic textures. The
enclaves and the host rocks have distinct contacts and the
margins of the formers are sometimes broken up by the
magma of the latter (Plate 3).

Hornblende cumulates occur in felsic and intermediate-
basic plutons, especially in the Jiguanshi granodioritic and
Caoshan pyroxene dioritic porphyritic plutons. Hornblende
cumulates have typical cumulate and mosaic textures (Plate
4) and consist mainly of hornblende (90—95%) with minor
apatite (2—6%) and clinopyroxene (1-2%) as well as traces
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of epidote and magnetite. The pyroxenes lack distortion or
exsolution, and occur as residual crystals in hornblendes.
Chloritization or biotitization of the hornblendes occurs
along the contact zone between the cumulate and the host.

3 Mineral Chemistry and Estimation of
Equilibrium Pressure and Temperature

Mineral compositions were determined with a
Superprobe 733 type electronprobe at the China University
of Geosciences, Beijing. Compositions of pyroxenes and
hornblendes in the megacrysts and cumulates are listed in
Table 1. The analyses were completed with an accelerating
voltage of 15 kV and sample electric current of 0.02 mA.
Natural minerals were selected as the standard samples
during the calibration and actual analyses. Cation numbers
of pyroxenes and hornblendes were counted based on 6
oxygens and 23 oxygens, respectively, and the Fe’
contents were calculated separately by both the end-
member molecular proportion matching procedure (Zheng,
1984) and the average potential difference value method
proposed by Ye (1992). Compositions of megacrystalline
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Plate 1. A clinopyroxene megacryst with internal fractures and a resorption
border. Caoshan pluton, crossed polars.

Plate 3. Pyroxene cumulate. Caoshan pluton, crossed polars.

hornblendes in alkali-olivine basalts in typical regions of
East China (Chi, 1987) are included in Table 1 for
comparison.

Clinopyroxenes are rich in calcium (CaO=
21.84-23.34%) and belong to salites of calcareous
pyroxenes. Compositionally, all samples are similar to
phenocrysts of pyroxenes from alkali-olivine basalts in the
typical regions of East China (Chi, 1987), except for those
from the Jiguanshi hornblende cumulates which have a
relatively high content of Al,O; (5.32-5.93%), and a low
content of SiO, (48.57—-49.37%) and MgO (2.48-12.67%).
In a plot of A" vs. Al"! for clinopyroxenes (Qiu et al.,
1991), all data are plotted in the field of phenocryst and
microlite clinopyroxene in basalts determined by Warren
(1979), of which those of the pyroxenes from the Jiguanshi
hornblende cumulates also fall in the field of high-pressure
facies clinopyroxenes determined by Qiu et al. (1987) (Fig.
1).

Hornblendes all show Cag> 1.50, (Na+K),> 0.50, Si >
5.5 but < 6.5, Ti < 0.5, Mg/(Mg+Fe**) > 0.5, and Al'' >
Fe’*, and have a high content of CaO (11.06-12.29%) and
AL O3 (13.57-14.39%), thus are classified as pargasite

Plate 2. A hornblende megacryst with a resorption border. Caoshan pluton,
crossed polars.

Plate 4. Hornblende cumulate with mosaic texture and clinopyroxene occur-
ring in hornblende as residual crysts without kink bands or exsolution.
Jiguanshi, crossed polars.
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based on the scheme proposed by IMA-CNMMN (1997).
All megacrystalline hornblendes collected from the alkali
olivine basalts in the typical regions of East China are also
pargasite. In a plot of Ti vs. Al (Best, 1974), all data of
hornblendes including those occurring as megacrysts in the
alkali olivine basalts typical elsewhere in East China are
plotted in the field of mantle-derived hornblende
compositions (Fig. 2).

The forming temperature, pressure and depth of the
megacrysts and cumulates including those in the alkali-
olivine basalts in the typical regions of East China (see
Table 1) were calculated by using the geothermometer and
geobarometer of aluminum in clinopyroxene proposed by
Qiu et al. (1987) and the geobarometer of aluminum in
hornblende proposed by Hollister et al. (1987).

Based on the chemistry of clinopyroxenes in the
Jiguanshi hornblende cumulates, the temperature of
mineral crystallization at depths is estimated to be
1169-1184°C, and the corresponding pressure and depth
are 12.21-13.57 kPa and 40-45 km, respectively. The
temperature estimates of mineral crystallization at
intermediate crustal levels based on pyroxene and
hornblende mineral chemistry fall within the range of
1131-1145°C, with a corresponding pressure and depth
range of 8.83-10.06 kPa and 29 - 33 km. These
temperatures and pressures are identical to those
determined on aluminum contents in the megacrysts in the
alkali-olivine basalts elsewhere in East China.

4 Discussion and Conclusions

Geochronology of the hornblende and pyroxene
cumulate xenoliths and their host rocks in the Jiguanshi
pluton yielded Rb-Sr isochron ages of about 140 Ma with
(®'Sr /1 %8r), = 0.7067-0.7069 (Tang et al., 1998).

Through comprehensive petrological, petrochemical,
isotope geochemical and experiment petrological studies,
Xing et al. (1996; 1997) suggested that the intrusive rocks
in the Tongling region were formed by crystallization of the
evolved magma, which was produced by assimilation of
mantle-derived alkaline basaltic magma with felsic
components of the Archean granulitic lower crust and
intruded into shallower crust after fractionation of
pyroxene, amphibole, magnetite and apatite.

The pyroxene and hornblende cumulates in Tongling
have a typical cumulate texture and show broken margins
caused by the host magma. The margins of pyroxene and
hornblende megacrysts are generally corroded, and
occasionally broken to several pieces with minerals of host
rock being filled up in between. Alteration of hornblendes
is common in the hornblende cumulates, and gets stronger
as they are more close to the contact zones with the host
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Fig. 1. A" vs. A1"! diagram for clinopyroxenes (after Qiu et
al., 1991).

B (B’-B’) — Low-pressure phase phenocrysts and microlite clinopyrox-
enes in basalt (Warren, 1979); M — medium-pressure phase megacrystal-
line clinopyroxences (based on 109 samples; H — high-pressure phase
clinopyroxences (based on 183 samples) (Qiu et al., 1987).

08T

0.6 |-

02

0.0 L
L0 1.8 2.0 22 24 2.6 2.8

Al

Fig. 2. Al vs. Ti diagram for hornblendes (after Best, 1974).
A —Megacrystalline; B — poikilitic.

rocks. These facts indicate that they were formed before the
formation of their host rocks. Occurrence of the pyroxenes
with no distortion or exsolution in the hornblende
cumulates as residual crystals in hornblendes indicates that
the pyroxenes were formed not by disintegration of mantle
rocks, but by crystallization of basaltic magma before the
formation of cumulating hornblendes. The compositions of
the pyroxenes and hornblendes are similar to those of the
phenocrystal pyroxenes and megacrystalline hornblendes
collected from the alkali-olivine basalts in East China. In
the diagram of Al' vs. A1" for clinopyroxene, all data are
plotted in the field of phenocryst and microlite
clinopyroxene in (alkali-olivine) basalts, of which those of
the pyroxenes from the Jiguanshi hornblende cumulates
also fall in the field of high-pressure facies clinopyroxenes.
In a plot of Ti vs. Al (Best, 1974), all data of hornblendes
including the megacrystalline ones collected from the alkali
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olivine basalts in the typical regions of East China are
plotted in the field of mantle-derived hornblende
compositions. In addition, the crystallization temperature
of the pyroxenes in the Jiguanshi hornblende cumulates
ranges from 1169°C to 1184°C, and the corresponding
depth from 40 to 45 km, while that of the pyroxenes and
hornblendes from the other samples varies from 1128°C to
1145°C, and the corresponding depth from 27 to 35 km.
These results are consistent with mineral crystallization of
pyroxene and hornblende cumulates in the Baimangshan
pyroxene monzodioritic pluton at up to 1130°C and 31 km
estimated by Zhou et al. (1993) and Wu et al. (1997).

A deep seismic reflection profile survey revealed that a
strong mantle-derived magma underplating along the
Yangtze River in Anhui Province took place in the
Mesozoic (Lii et al., 2003). It is inferred based on the
combined geophysical and regional geological study
(Chen, 1988; Lii et al., 2003) that the maximum Moho
depth is about 32 km, and the minimum Moho depth is 30-
31 km along the Yangtze River in Anhui Province.

Based on the facts mentioned above, it may be inferred
that a continent-continent collision between the Yangtze
and North China cratons in the Triassic followed by a
continental extension led to the transformation of the
regional tectonic regime from early (T,-T3) compression to
late (J5-K;) extension and fault depression (Li, 1992), and
resulted in a regional magmatic activity of alkali-olivine
basalts. The alkali-olivine basaltic magma was derived
from the upper mantle as deep as 45 km or more, and
underplated at a depth of 27-35 km at about 140 Ma. After
this, crystalline fractionation of the underplated alkali-
olivine basaltic magma combined with assimilation of it
with the lower crust attributed to the formation of the
pyroxene and hornblende megacrysts and pyroxene and
hornblende cumulates.

The following conclusions can be drawn for this study.

(1) An alkali-olivine basalt magma underplating took
place at about 140 Ma in the Tongling region, Anhui
Province.

(2) The pyroxene and hornblende megacrysts and
cumulates in Tongling were formed through crystalline
fractionation of the underplated alkali-olivine basaltic
magma combined with the assimilation with the lower crust
at depths of 27 km to 35 km.
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