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Abstract Alkali-rich intrusive rocks in western Yunnan were derived from an enriched lithospheric
mantle (EMII ) source. The data available indicated they are alkali-rich { K,0 + Na,O >8wi% )} and
shoshonitic. Although formed in a within-plate environment they exhibit signatures of arc magmatic rocks,
such as high amounts of LILE and LREE relative to the HFSE and HREE, and thus high Ba/Nb, Ba/Zr,
St/Y, La/YDb ratios as well as mimic chondrite-normalized REE and primitive mantle-normalized trace ele-
ment patterns of subducted sediments, and they fall in the collision- or arc-related tectonic setting field on
all discrimination diagrams. This might suggest the enrichment be related to the substantial extent of sedi-
ment contamination by the Mesozoic Tethyan subduction processes.
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1 Introduction

Along the Jinshajiang-Ailaoshan fault zone in the
“Three-River” (i.e., Lancang River, Nujiang River
and Jinsha River) area, Southwest China, there are
distributed a large number of alkali-rich intrusions,
which constitute an extremely large igneous rock belt
extending over 1000 km in length and commonly 50 -
80 km in width (Fig. 1A). Alkali-rich intrusive rocks
in the belt including mostly syenite porphyry, monzo-
nitic porphyry, granitic porphyry and trachytic porphy-
ry were formed in a post-collisional rift environment
(e. g. Tu Guangzhi et al. , 1982; Zhang Yuquan et
al. , 1987) mainly 40 - 30 Ma ago (e. g. Zhang Yu-
quan et al. , 1987; Zhang Yuquan and Xie Yingwen,
1997; Hu Xiangzhao and Huang Zheng, 1997; Deng
Wanming et al. , 1998a). They are believed to have
been derived from an enriched lithospheric mantle
source (e.g. Deng Wanming et al. , 1998a, b; Zhang
Yuquan et al. , 1987; Zhang Yuquan and Xie Ying-
wen, 1997 ; Zeng Pusheng et al. , 2002). In addition,
they are characterized by high alkali abundance (K,0
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+ Na,0 > 8wi% ), potassium-enrichment ( mostly
K,0/Na,0 >1) and common lack of hydrated minerals
(i. e., biotite, hornblende, etc. ), hence are consid-
ered to be equivalent to A-type granitoids (e. g. Zhang
Yuquan et al., 1987; Hu Xiangzhao and Huang
Zheng, 1997; Bi Xianwu, 1999; Bi Xianwu et al. ,
2000).

In this paper, we present new major and irace el-
ement data of alkaline porphyries from the Yanshuiqing
rockbody in western Yunnan (Fig. 1B), and illustrate
that the alkaline porphyries exhibit significant “arc-re-
lated” geochemical signatures, though they were
formed in a within-plate environment. It might be sug-
gested that the previously subducted oceanic crust had
participated in recycling—a chemical process within
the continental upper mantle.

2 Geology of the Yanshuiqing rockbody

The Yanshuiqing rockbody is situated in the cen-
ter of western Yunnan, about 5 km northeast of the al-
kali-rich porphyries associated with the Beiya gold de-
posit. The alkali-rich porphyries of the Yanshuiqing
rockbody are composed mainly of syenite porphyries,
which were dated by the K-Ar method at 31.87 -
34.19 Ma {n =5) with an intrusive relationship with
the Middle Triassic limestone of the Beiya Formation as
Beiya rockbodies do (Fig. 1B). However, different
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from most of the Beiya rockbodies, the Yanshuiqing deep-derived metamorphosed mafic-ultramafic en-
rockbody is barren and thus nearly free from effects of claves.
hydrothermal fluids. Moreover, it contains numerous

Table 1. Major element ( wt% ) and trace element ( x10~°) analyses of samples

from the Yanshuiging rockbody

Sample No. YS-6 YS-7 YS-11 YS-14 YS-15 YS-16 YS-17 YS-21 Average
Major element
Si0, 66.56 67.94 68.92 69.46 68.96 72.05 70.19 71.43 69.44
TiO, 0.360 0.357 0.237 0.214 0.221 0.209 0.349 0.217 0.271
Al 0, 16.48 14.76 15.77 16.03 14.62 13.53 14.02 15.01 15.03
Fe, 05 1.04 1.18 0.90 0.83 0.84 0.57 1.06 0.85 0.91
FeO 1.30 0.81 0.60 0.55 0.60 0.55 0.90 0.67 0.75
MnO 0.18 0.16 0.14 0.15 0.15 0.13 0.17 0.17 0.16
Mg0 0.64 0.68 0.35 0.29 0.30 0.26 0.68 0.30 0.4
Ca0 1.82 1.60 1.58 1.39 1.68 0.89 1.51 0.88 1.42
Na, 0 3.49 3.50 3.4 3.39 3.80 3.67 3.37 3.40 3.51
K,0 5.11 5.41 4.67 4.79 4.49 5.62 4.81 4.57 4.93
LOI 2.74 3.31 2.95 2.85 3.86 2.37 3.12 2.23 2.93
P, 0s 0.050 0.100 0.070 0.001 0.001 0.010 0.001 0.001 0.029
Total 99.77 99.81 99.63 99.95 99.52 99.86 100.2 99.73 99. 81
K,0 + Na,O 8.6 8.9 8.1 8.2 8.3 9.3 8.2 8.0 8.4
K,0/Na, 0 1.5 1.5 1.4 1.4 1.2 1.5 1.4 1.3 1.4
Or 31.24 33.27 28.62 29.23 27.82 34.15 29.40 27.77 30.19
Ab 30.55 30.82 30.18 29.62 33.71 31.93 29.49 29.58 30.74
An 9.00 7.58 7.65 7.12 8.73 3.94 7.74 4.48 7.03
Q 21.18 22.29 27.35 27.95 25.84 27.01 27.58 31.68 26.36
Trace element
A 37.5 38.0 20.3 17.1 19.6 16.5 37.5 17.4 25.5
Se 9.24 8.82 6.40 6.92 6.84 6.91 8.41 8.75 7.79
Cu 11.5 7.6 5.4 11.7 6.1 5.4 10.5 5.6 8.0
Zn 47.2 46.0 47.7 55.9 46.2 26.5 57.4 30.7 4.7
Cr 26.0 19.6 30.8 24.3 32.4 13.4 19.8 16.8 22.9
Ni 10.4 8.9 12.8 10.4 10.2 5.2 9.6 6.9 9.3
Ga 18.7 18.5 16.8 18.0 18.8 19.0 18.5 19.2 18.4
Rb 209 223 198 216 210 197 221 198 209
Sr 863 871 784 830 808 837 805 828 828
Y 13.3 13.5 10.7 11.2 10.5 10.5 12.9 9.6 11.5
Zr 152 137 141 140 129 135 154 133 140
Nb 10.8 10.6 9.9 9.9 10.4 10.1 11.3 10.3 10.4
Cs 8.96 8.87 4.97 9.20 8.18 4.74 5.68 5.28 6.99
Ba 2103 2079 1936 1966 1875 1847 2009 2029 1981
Hf 4.79 4.59 4.40 4.55 4.26 4.27 5.07 4.47 4.55
Ta 0.61 0.58 0.53 0.54 0.56 0.55 0.64 0.57 0.57
Pb 38.0 34.4 49.3 89.4 46.4 35.8 55.7 34.4 47.9
Th 12.1 12.8 12.9 13.5 14.1 14.2 13.2 12.8 13.2
U 2.90 3.12 3.49 2.62 2.87 2.46 3.50 2.52 2.94
Ga/Al* 2.14 2.36 2.01 2.12 2.43 2.66 2.50 2.42 2.33
Se/Y 64.9 64.6 73.4 73.8 77.0 79.9 62.6 86.7 72.9
Ba/Nb 194 196 195 199 180 183 178 197 194
Ba/Zr 13.9 15.1 13.7 14.0 14.5 13.7 13.1 15.3 13.9
La 21.4 22.5 15.6 21.5 23.6 21.3 23.7 19.4 21.1
Ce 38.0 40.3 30.1 36.3 40.7 37.0 38.4 33.4 36.8
Pr 4.09 4.27 3.43 3.73 4.03 3.90 4.13 3.61 3.90
Nd 15.2 15.4 13.4 13.5 15.1 13.7 15.7 12.9 14.4
Sm 2.95 2.94 2.55 2.55 2.68 2.55 3.11 2.49 2.73
Eu 0.63 0.59 0.42 0.51 0.46 0.44 0.56 0.40 0.50
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Table 1. (to be continued)
Sample No. YS-6 YS-7 YS-11 YS-14 YS-15 YS-16 YS-17 YS-21 Average
Gd 2.49 2.48 2.06 2.06 2.10 2.07 2.51 1.98 2.22
Tb 0.40 0.41 0.32 0.33 0.35 0.30 0.38 0.30 0.35
Dy 2.18 2.18 1.91 1.53 1.86 1.68 2.11 1.63 1.89
Ho 0.45 0.45 0.34 0.31 0.35 0.31 0.43 0.33 0.37
Er 1.22 1.21 1.03 0.93 1.00 0.89 1.18 0.92 1.05
Tm 0.18 0.19 0.15 0.13 0.15 0.14 0.17 0.13 0.16
Yb 1.18 1.23 1.01 0.91 0.95 1.00 1.21 0.97 1.06
Lu 0.17 0.16 0.15 0.16 0.14 0.16 0.17 0.13 0.15
Y REE 91 94 72 84 93 85 94 79 87
LREE/HREE 9.9 10.3 9.4 12.3 12.5 12.0 10.5 11.3 11.0
(La/Yb) 12.2 12.4 10.5 15.9 16.7 14.4 13.2 13.5 13.6
3Eu 0.71 0.67 0.56 0. 68 0.59 0.58 0.61 0.55 0.62
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Fig. 1(A). Geological sketch map showing the distribution of alkali-rich intrusions in the Jinshajiang-Ailaoshan
alkali-rich intrusive rock belt and the location of the Beiya district ( combined and modified from Lii Boxi et al. ,
1993; Chen Bingwei et al. , 1987). (B). Simplified geological map of the Beiya mining district and the Yan-
shuiqing rockbody ( modified from the Third Geological Survey Brigade of Yunnan Province, 19960).

3 Analytical method and results

Major elements were analyzed by wet chemistry.
Trace elements (including REE ) were analyzed by
ICP-MS, and both analyses were carried out at the In-
stitute of Geochemistry, Chinese Academy of Sciences.
Analytical precision and accuracy for most elements

measured are estimated to be <10% . Detailed analyt-
ical procedures for trace elements and REE were de-
scribed by Qi Liang and Gregoire (2000). The analyt-

ical results are presented in Table 1.

@ The Third Geological Survey Brigade of Yunnan Province. A program
report on survey and evaluation of Au, Pb, Zn and Ag mineral resources
in the Ninglang-Lijiang-Heqing mineralized area, Yunnan Province,
1996.
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Fig. 2. (a) Plots of K,0 vs. SiO, ( Peccerillo and Taylor, 1976), and (b) K,0 vs. Na,0 (Turner et al. ,
1996) for the alkali-rich porphyries from western Yunnan. Data sources: crosses ( % ) are for this siudy; circles

(O) are for Deng Wanming et al. (1998a, b).
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Fig. 3. (a) Primitive mantle-normalized trace element and (b) chondrite-normalized REE patterns for the
range (shaded field) and average of the Yanshuiging rockbody in comparison with oceanic sediments. Indian O-
cean sediment ( sample V28-343, Ben Othman et al. , 1989) ; GLOSS ( globe subducting sediment, Plank and

Langmuir, 1998).

4 Major and trace element geochemistry

Alkali-rich intrusive rocks in western Yunnan are
alkali-rich (K,O + Na,O > 8wt% ) and potassic. On
the plots of K,0 vs. SiO, and K,0 vs. Na,O they fall
in the field of shoshonitic rocks ( Fig. 2) ; they are al-
so characterized by high amounts of LILE (i.e., Cs,
Rb and Ba) and LREE relative to the HFSE (i. e. ,
Nb, Ta and Ti) and HREE, weakly negative Eu a-
nomalies or no Eu anomaly ( Deng Wanming et al. ,

1998b ), exhibiting mimic chondrite-normalized REE

and primitive mantle-normalized trace element patterns
of subducted sediments, which suggested the contami-
nation by crustal materials either in the source area or
during the uprising process of the magma (Table 1,
Fig. 3). Their major and trace element compositions
defined systematic differentiation trends on variation di-
agrams ( Figs. 4 and 5), most oxides, such as CaO,
MgO, FeO* , P,0, and TiO,, and Ba, Rb and Nb de-
crease with increasing Si0O,, whereas other oxides,
such as K,0, Na,0, ALO,, MnO exhibit bothered
trends.
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Fig. 4. Harker diagrams of alkali-rich porphyries from western Yunnan (explanations are the same as in Fig. 2).
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(explanations are the same as in Fig. 2).

5 Geochemical affinities with arc magmatic

rocks

Alkali-rich intrusive rocks from western Yunnan

fall within the field of volcanic arc granites on Nb-Y,
Ta-Yb discriminant diagrams (Fig. 6). On R,-R, tec-
tonic setting discrimination diagram ( Fig. 7) they fall
within the field of late orogene and syn-collision. On
tectonic setting discrimination diagrams constructed for
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Fig. 6. (a) Nb-Y, (b) Ta-Yb discrimination diagrams of syn-collision granites ( syn-COLG), volcanic arc
granites ( VAG) , plate granites (WPG) and ocean ridge granites (ORG) (Pearce et al. , 1984). The explana-
tions are the same as in Fig. 2.
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Fig. 7. R, - R, diagram of alkali-rich porphyries from west-
ern Yunnan ( Baichelor and Bowden, 1985). R,. 4Si-11
(Na+K) -2(Fe+Ti); R,. 6Ca+2Mg+ Al

potassic igneous rocks they also fall within the field of
arc-related rocks (Fig. 8). They seem to be inde-
pendent from within-plate on all the discrimination dia-
grams, though they were formed in the within-plate en-
vironment (Deng Wanming et al. , 1998a). They also
show “arc-related” signatures with very high Ba/Nb
ratios (61 —254), as Gill (1981 ) recognized that
high Ba/Nb > 28 is the most significant geochemical
characteristic feature of island-arc magmas. In addi-
tion, they belong to shoshonitic series that commonly
formed during the late stage of arc evolution ( Morri-

son, 1980).
6 Discussion and conclusions
Any type of rocks has its own distinctive major-

and trace-element signatures, which are usually used
as the criteria of discrimination. Although many trace

tectonic setting where they were formed is concerned.
Their geochemical departure from typical A-type gran-
ites to arc magmatic rocks might suggest an unconven-
tional geochemical process had happened in the source
area of A-type granites in western Yunnan.

Studies in the past 20 years on island-arc rocks
strongly indicated that materials derived from subduc-
ted slab ( consists of igneous oceanic crust carrying a
carapace of oceanic sediment) are important compo-
nents for arc magmatism (e. g. White and Patchett,
1984 ; Hawkesworth et al. , 1993, 1997; Van Bergen
et al. , 1992; Ishikawa and Nakamura, 1994; Vroon
et al. , 1995; Kepezhinskas et al. , 1995; Ishikawa
and Tera, 1997; Walker et al. , 2000; Churikova et
al. , 2001 ), confirming that island-arc magmatism
mostly resulted from the lowering of melting point of
peridotite within the wedge of the mantle above subduc-
ting slabs owing to the introduction of fluids from the
dehydration of subducting oceanic crust (Perfit et al. ,
1980). During the subduction of oceanic crust, incom-
patible elements and water from subducted sediments
and altered basalts partially recycled in fluids and/or
melts to the overlying mantle wedge (e. g. Gill, 1981;
Pearce, 1983; White and Dupre, 1986; Hawkesworth
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et al. , 1991), resulting in distinctive LILE-enrich-
ment signatures and even REE and trace-element pat-
terns of subduction zone magmas mimicking subducted
sediments. Alkali-rich intrusive rocks are strongly en-
riched in LILE (e.g. K, Rb, Sr, Cs, Ba) and LREE
and depleted in HFSE (e. g. Ti, Y, Zr, Nb, HI,
Ta) , displaying similar chondrite-normalized REE and
primitive mantle-normalized irace element patterns of
subducted sediments (Fig. 3). Moreover, they fall in
a transitional area from classical island arc to adakites
on Sr/Y-Y and La/Yb-Yb diagrams (Fig. 9). These
might suggest they are subduction-related. In addition,
much higher Ba/Zr ratios are also considered to be as-
sociated with the involvement of Ba-rich lithospheric
mantle produced by supra-subduction processes ( Me-
nzies et al. , 1991).

Alkali-rich intrusive rocks and their associated
volcanic rocks have the initial * Sr/* Sr values of

0.7058 — 0.7094 and eNd values of —-0.62 - -6.4
(Zhu Bingquan et al. , 1992; Deng Wanming et al. ,
1998a; Zhang Yuquan and Xie Yingwen, 1997 ).
Such isotopic compositions are distinct from those of
the asthenosphere, most probably indicative of the low-
er lithosphere, 1. e., they were derived from a meta-
somatized and/or enriched lithospheric mantle ( EM
II ) source during crustal extension related to a large-
scale strike-slip movement in the area (e. g. Zhu
Bingquan et al., 1992; Deng Wanming et al.,
1998a; Zhang Yuquan et al. , 1987; Zhang Yuquan
and Xie Yingwen, 1997; Zeng Pusheng et al.,
2002). However, any old enriched lithospheric mantle
could not have survived the thermo-tectonic processes
associated with continental flood volcanism ( Emeishan
flood basalt volcanism) that affected the same part of
the western Yangtze craton 250 Ma age (Xu Yigang et
al. , 2001), and the EM type- Il mantle with high Rb/
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Sr and ¥ Sr/*Sr ratios is commonly considered to be a
by product of the migration of water-rich fluids or melts
enriched in K, Rb and Ba associated with subduction
zones ( Sun and McDonough, 1989). Thus, there is
much possibility that the enrichment has been induced
by subduction processes following the Emeishan flood
basalt volcanism, which are the processes of Mesozoic
Tethyan subduction.

References

Batchelor R. A. and Bowden P. (1985) Petrogenetic interpretation of
granitoid rock series using multicationic parameters [ J]. Chem. Ge-
ol. 48, 43 -55.

Ben Othmann D. , White W. M. , and Patchett J. (1989) The geochem-
istry of marine sediments, island-arc magma genesis, and crust-man-
tle recycling [ J]. Earth Planet. Sci. Lewt. 94, 1-21.

Bi Xianwu (1999) Alkali-rich intrusive rocks in the “Sanjiang” ( Three-
River) region, western Yunnan and their relation with metallogene-
sis of copper and gold [ D}. Thesis of Doctoral Research, Institute
of Geochemistry, Chinese Academy of Sciences, Guiyang (in Chi-
nese) .

Bi Xianwu, Hu Ruizhong, Ye Zhaojun, and Shao Suxun (2000) Rela-
tions between A-type granites and copper mineralization as exempli-
fied by the Machangging Cu deposit [ J]. Sci. China (Series D).
43, 93 - 102.

Chen Bingwei, Wang Kaiyuan, and Liu Wanxi (1987) The Geotectonics
of Nujiang-Lanchuangjiang-Jinshajiang Area [ M]. Geological Pub-
lishing House, Beijing (in Chinese).

Churikova T. G. , Dorendorf F. , and Wémer G. (2001) Sources and
fluids in the mantle wedge below Kamchatka, evidence from across
arc geochemical variation [J]. J. Petrol. 42, 1567 —1593.

Collins W. J., Beams S. D., White A. J. R., and Chappell B. W.
(1982) Nature and origin of A-type granites with particular refer-
ence to southeastern Australia [ J]. Contrib. Mineral Petrol. 80,
189 -200.

Deng Wanming, Huang Xuan, and Zhong Dalai (1998a) The relation-
ship between alkali-rich porphyry and inner plate transformation in
the north part of Jinshajiang belt, western Yunnan [J]. Sci. China
(Series D). 41, 297 -305.

Deng Wanming, Huang Xuan, and Zhong Dalai (1998b) Petrological
characteristics and genesis of Cenozoic alkali-rich porphyry in West
Yunnan, China [J]. Scientia Geologica Sinica. 33, 412 —425 (in
Chinese) .

Eby G. N. (1990) The A-type granitoids: A review of the occurrence
and chemical characteristics and speculations on their petrogenesis
[J§]. Lithos. 26, 115 —134.

Gill J. (1981) Orogenic Andesites and Plate Tectonics [ M]. Springer-
Verlag, New York.

Hawkesworth C. J., Hergt J. M., Ellam R. M., and McDermott F.
(1991) Element fluxes associated with subduction related mag-
matism [ J]. Philos. Trans. R. Soc. London (Series A). 335, 393
-405.

Hawkesworth C. J. , Gallagher K., Hergt J. M., and McDermott F.
(1993) Mantle and slab contributions in arc magmas [J]. Ann.
Rev. Earth Planet. Sci. 21, 175 -204.

Hawkesworth C. J. , Turner S. , Peate D. , McDermott F. , and Van Cal-
steren P. (1997) Elemental U and Th variations in island arc
rocks: Implications for U-series isotopes [ J]. Chem. Geol. 139,
207 -221.

Hu Xiangzhao and Huang Zheng (1997) The petrology and petrogenesis
of the Yangtze platform western margin’ s alkali-rich granite porphyry
[J]. Geotectonica et Metallogenia. 21, 173 - 180 (in Chinese with

Vol. 24

English abstract).

Ishikawa T. and Nakamura E. (1994) Origin of the slab component in
arc lavas from across-arc variation of B and Pb isotopes [ J]. Na-
ture. 370, 205 -208.

Ishikawa T. and Tera F. (1997) Source, composition and distribution of
the fluid in the Kurile mantle wedge: Constraints from across-arc
variations of B/Nb and B isotopes [J]. Earth Planet. Sci. Lett.
152, 123 -138.

Kepezhinskas P. K. , Defant M. J. , and Drummond M. S. (1995) Na
metasomatism in the island-arc mantle by slab melt-peridotite inter-
action; Evidence from mantle xenoliths in the north Kamchatka are
[1]. J. Petrol. 36, 1505 -1527.

Li Boxi, Wang Zeng, Zhang Nengde, Duan Jianzhong, Gao Zhiying,
Shen Ganfu, Pan Changyun, and Yao Peng (1993) The Classifica-
tion of Granitoids from Sanjiang Area, Western China and Their Met-
allogenic Specification [ M]. Geological Publishing House, Beijing
(iin Chinese).

Martin H. (1999) Adakitic magmas: Modern analogues of Archean gran-
itoids [ J]. Lithos. 46, 411 —429.

Menzies M. A. , Kyle P. R., Jones M., and Ingram G. (1991) En-
riched and depleted source components for tholeiitic and alkaline la-
vas from Zuni-Bandera, New Mexico: Inferences about intraplate
processes and stratified lithosphere [ J]. J. Geophys. Res. 96,
13645 - 13671.

Morrison G. W. (1980) Characteristics and tectonic setting of the shos-
honite rock association [ J]. Lithos. 13, 97 —108.

Mueller D. and Groves D. 1. (1993) Direct and indirect associations be-
tween potassic igneous rocks, shoshonites and gold-copper deposits
[J]. Ore Geol. Rev. 8, 383 -406.

Pearce J. A. (1983) Role of the sub-continental lithosphere in magma
genesis at active continental margins. In Continental Basalis and
Mantle Xenoliths (eds. C.J. Hawkesworth and M. J. Norry) [C].
Nantwich, Shiva.

Pearce J. A, Harris N. B. W, and Tindle A. G. (1984) Trace element
discrimination diagrams for the tectonic interpretation of granitic
rocks [J]. J. Petrol. 25, 956 -983.

Peccerillo A. and Taylor S. R. (1976) Geochemistry of Eocene calc-al-
kaline voleanic rocks from the Kastomonon area, northern Turkey
[J]. Contrib. to Mineral. and Petrol. 58, 63 - 81.

Perfit M. R. , Gust D. A., Bence A. E., Arculus R. J., and Taylor S.
R. (1980) Chemical characteristics of island arc basalts; Implica-
tions for mantle sources [J]. Chem. Geol. 30, 227 -256.

Plank T. and Langmuir C. H. (1998) The chemical composition of sub-
ducting sediment and its consequences for the crust and mantle [J].
Chem. Geol. 145, 325 —394.

Qi Liang and Gregoire D. C. (2000) Determination of trace elements in
twenty-six Chinese geochemistry reference materials by inductively
coupled plasma-mass spectrometry [ J]. Geostandards Newslett. 24,
51 -63.

Sun 8. S. and McDonough W. F. (1989) Chemical and isotopic system-
atics of oceanic basalts: Implications for mantle composition and
processes. In Magmatism in the Ocean Basins (eds. A.D. Saunders
and M. J. Norry) [C]. pp. 313 - 345. Spec. Publ. 42, Geol.
Soc. , London.

Sylvester P. J. (1989) Post-collisional alkaline granites [J]. J. Geol.
97, 261 -280.

Tu Guangzhi, Zhang Yuquan, and Zhao Zhenhua ( 1982) Geology of
granites and their metallogenetic relations. In Proceedings of the In-
ternational Symposium { C]. pp.33. Nanjing University Publishing
House, Nanjing (in Chinese).

Turner S. , Arnaud N. , Rogers N. , Hawkesworth C. , Harris N. | Kelley
S., Calsteren P. V. , and Deng W. M. (1996) Post-collision, shos-
honitic volcanism on the Tibetan plateau: Implications for convective
thinning of the lithosphere and the source of ocean island basalts
[11. J. Petrol. 37,45 - 71.

Van Bergen M.J., Vroon P.Z. , Varekamp J. C., and Poorter R. P. E.



No.4

(1992) The origin of the potassic rock suite from Batu Tara volcano
(East Sunda Arc, Indonesia) [J]. Lithos. 21, 261 -282.

Vroon P. Z., van Bergen M. J., Klaver G. J., and While W. M.
(1995) Strontium, neodymium, and lead isotopic and trace-element
signatures of the East Indonesian sediments: Provenance and impli-
cations for Banda arc magma genesis [J]. Geochim. Cosmochim.
Acta. 59, 2573 -2598.

Walker J. A. , Patino L. C., Cameron B. I., and Carr M. J. (2000)
Petrogenetic insights provided by compositional transects across the
Central American arc; Southeastern Guatamala and Honduras [ J].
J. Geophys. Res. 105, 18949 - 18963.

Wang X. F. , Metcalfe 1., Jian P. , He L. Q. , and Wang C.S. (2000)
The Jinshajiang-Ailacshan suture zone, China; Tectonostratigraphy,
age and evolution [J]. J. Asian Earth Sci. 18, 675 —690.

Whalen J. B. , Currie K. L. , and Chappell B. W. (1987) A-type gran-
ites; Geochemical characteristics, discrimination and petrogenesis
[J]. Contrib. Mineral. Petrol. 95, 407 -419.

White W. M. and Patchett J. (1984) Hf-Nd-Sr isotopes and incompati-
ble element abundances in island arcs: implications for magma ori-
gins and crust-mantle evolution [ J]. Earth Planet. Sci. Lett. 67,
167 - 185.

White W. M. and Dupre B. (1986) Sediment subduction and magma

Island-arc geochemical signatures of Cenozoic alkali-rich intrusive rocks 369

genesis in the Lesser Antilles: Isotopic and trace element constraints
[J]. J. Geophys. Res. 91, 5927 —5941.

Xu Yigang, Menzies M. A., Thirlwall M. F., and Xie Guanghong
(2001) Exotic lithosphere beneath the Western Yangtze Craton:
Petrogenetic links to Tibet using highly magnesian ultrapotassic rocks
[J]. Geology. 39, 863 -866.

Zeng Pusheng, Mo Xuanxue, and Yu Xuehui (2002) Nd, Sr and Pb iso-
topic characteristics of the alkaline-rich porphyries in western Yun-
nan and its compression strike-slip setting [ J]. Acta Petrologica
Sinica. 21, 231 —241 (in Chinese with English abstract).

Zhang Yuquan, Xie YingWen, and Tu Guangzhi (1987) Preliminary
studies of the alkali-rich intrusive rocks in the Ailaoshan-Jinshajiang
belt and their bearing on rift tectonics [ J]. Acta Petrologica Sinice.
1, 18 —26 (in Chinese with English abstract).

Zhang Yuquan and Xie Yingwen (1997) Chronology and Nd-Sr isotopes
of the Ailaoshan-Jinshajiang alkali-rich intrusions [ J]. Sci. China
(Series D). 40, 522 —526.

Zhu Bingquan, Zhang Yuquan. , and Xie Yingwen. (1992) Nd, Sr and
Pb isotope characteristics of Cenozoic ultrapotassic volcanic rocks
from Haidong, Yunnan, and their implications for subcontinental
mantle evolution in southwestern China [ J]. Geochimica. 21, 201
-212 (in Chinese with English abstract).



