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Geochemical characteristics and genesis of lamprophyre in the Daping
gold ore district, Yunnan Province
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Abstract: Quite a few lamprophyre dikes are developed in the Daping gold ore district, mostly associated with
quartz veins. Petrochemically, SiO, content, MgO content and K,O/Na,O ratios are 44.86% ~ 54.10%,
5.84% ~13.52% and 0.56~2.09, respectively, suggesting a shoshonite series; rocks of the lamprophyre dikes
are enriched with large-ion lithosphile elements (Sr, U, Rb, Ba) and LREE and depleted in high-field-strength
elements (Ta, Nb, Ti), assume “TNT” negative anomalies of Ta, Nb and Ti, and have §Eu values of 0.72~
1.36, with indistinct negative Eu anomalies; 8 Sr/®°Sr ratios are in the range of 0.706 6~0.707 4 (0.707 1 on
average) , higher than the modern value of original mantle (0.704 5);'**Nd/"*Nd ratios are 0.512 4~0.512 5
(averagely 0.512 4), lower than the modern value of original mantle (0.512 638); enq values range from —2.5
to —4.6 (averaging —3.98). Nb/Ta ratios vary in the range of 48.96 ~82.58 (averaging 62.99 ), much
higher than the value of original mantle (17.5+2.0); Zr/Hf ratios are in the range of 20.45~47.53 (averag-
ing 39.57), slightly higher than the value of original mantle (36.27 =2.0); Nb/Ta and Zr/HI ratios are much
higher than the values of the continental crust (11 and 33), respectively. It is thus thought that the source rock
of the lamprophyre is an early subducting oceanic crust or an enriched mantle which might have been metasoma-

tized by the enriched fluids released from the dehydration of the root matter in the orogenic belt. The magma was
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formed in a post-collision intraplate environment and was mixed with small amounts of crustal matter as it in-
truded upward. Whether in time, space or mechanism, the lamprophyre dikes in the Daping ore district must
have had a close genetic relationship with big tectonic events in the Jingshajiang-Ailaoshan tectonic belt.

Key words: lamprophyre; enriched mantle; geochemistry; subduction; Daping gold deposit
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Table 1 Chemical composition of lamprophyre in the Daping gold ore district
SiO, TiO, AL O3 Fe,04 FeO MnO MgO CaO Na,O K,O P,0Os H,O CO,
DBl 54.10 0.59 12.58 1.16 4.70 0.12 6.30 6.26 3.20 4.79 0.52 0.82 4.20
DB2 45.07 0.78 12.44 11.84 1.14 0.30 13.52 7.51 1.77 1.00 0.05 3.90 0.27
DB41 48.61 0.73 12.55 1.23 5.15 0.12 8.70 6.62 4.72 3.85 0.60 1.60 4.83
DB42 48.78 0.74 12.16 1.52 5.23 0.13 9.93 6.98 2.47 4.11 0.59 2.05 5.08
DB43 48.47 0.74 11.89 1.21 5.31 0.12 10.48 7.11 2.28 4.31 0.56 1.64 5.32
Yb-21"° 52.56 0.55 11.39 0.63 5.59 0.15 8.79 6.47 3.00 4.05 0.46 1.56
Yb-137 49.81 0.62 11.31 0.81 5.98 0.13 11.85 6.68 2.20 4.59 0.52 1.96
3-1-17 44.86 1.77 16.16 2.62 6.69 0.18 5.84 9.01 3.30 4.15 0.90 3.20
47.94~ 0.25~ 10.52~ 1.12~ 1.95~ 0.04~ 4.47~ 4.95~ 1.8~ 4.29~ 0.35~ 0.00~ 5.73~
55.88 0.68 14.92 2.78 3.85 0.23 10.29 7.92 3.21 5.96 0.62 0.55 9.95
48.07~ 0.58~ 10.52~ 1.05~ 3.13~ 0.11— 6.10~ 5.8~ 1.01— 2.78~ 0.46—~
56.64 1.15 15.53 4.99 5.69 0.31 12.12 9.81 2.82 6.80 0.82
* 2004 @ 2003 1996
1996 SiO, 47.94% ~ 55.88% 10
48.07% ~ 56.64% SiO, [+ 1 [ [T 2
MgO  5.84% ~13.52% T AN © o
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(1) . 2004. .1~120.
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Table 2 Trace element composition of lamprophyre in the Daping gold ore district

As Ba Be Bi Co Cr Cs Cu Ga Hf Sr Nb Zn
DBl 0.65 904.89 5.68 0.19 25.25 191.50 7.33 46.42 15.79 3.10 507.90 8.52 71.05
DB2 1.01 334.39 0.63 0.07 75.84 133.70  0.56 47.49 15.47 1.63 114.00 1.22 170.15
DbB41 2.86 898.21 4.18 0.16 30.01 458.50 11.09  42.05 14.60 4.60 1032.60 12.27 80.36
DB42 1.37 888.34  4.17 0.07 33.86 498.10 12.39 47.34 14.49 5.15 1011.30 12.33 80.38
DB43 1.19 1681.48 4.34 0.12 36.83 542.90 13.07  28.98 14.90 4.44 1700.80 12.44 84.16

Ta Mn Sn U Sc Rb Li Ni Pb Th Ti Zr \%
DBl 0.55 914.08 1.98 3.61 17.93  204.30 14.32 30.69 34.97 11.53 3705.56 147.33 87.57
DB2 0.12  2530.90 0.70 0.26 24.59 29.50 11.50  151.30 6.50 1.00 4580.72 33.33 114.03
DB41 0.74 815.63 2.57 2.27 16.22  198.30 19.60 166.90 18.42 9.04 4616.72 214.29 96.18
DB42 0.76 846.94 3.58 2.14 17.97 210.40 21.92 213.40 17.34 8.80 4573.08 197.52 97.76
DB43 0.73 806.48 3.28 2.16 18.61 208.30 22.07 250.10 19.59 8.81 4781.34 199.43 96.29
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Table 3 REE composition of lamprophyre in the Daping gold ore district

La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Y
DBI1 27.08 59.87 7.46 30.97 5.92 1.58 5.11 0.67 3.33 0.54 1.37 0.21 1.23 0.18 14.83
DB2 7.00 15.74  2.17 9.91 2.15 0.98 2.38 0.38 2.24 0.42 1.15 0.18 1.08 0.15 10.84
DB41 44.80 100.17 12.29 49.96 8.65 2.30 7.03 0.90 4.27 0.70 1.70 0.23 1.33 0.17 18.36
DB42  38.98 88.74 11.09 45.30 8.00 2.00 6.40 0.81 4.11 0.67 1.57 0.22 1.29 0.17 16.71
DB43 26.28 65.84 8.45 35.74 6.25 1.59 5.11 0.67 3.26 0.52 1.24 0.17 0.99 0.13 13.75
Yb-21* 23.30 46.80 5.00 23.60 5.10 1.30 5.80 0.61 3.38 0.70 1.89 0.27 1.64 0.20 17.60
D-11*  39.10 72.80 9.70 39.30 7.90 1.90 7.20 0.87 4.54 0.77 2.24 0.35 1.65 0.20 20.81
D-3" 32.20 32.80 8.10 32.40 6.60 1.50 5.90 0.63 3.97 0.79 2.12 0.28 1.60 0.25 18.36
* 2004 @
4
Table 4 Genetic parameters of REE for lamprophyre in the Daping gold ore district
>REE LREE HREE LR HR oEu oCe La Sm La Yb Ce Yb FEu Sm Sm Nd
DB1 160.35 132.88 12.64 10.51 0.86 1.00 4.57 22.02 48.67 0.27 0.19
DB2 56.77 37.95 7.98 4.76 1.32 0.97 3.26 6.48 14.57 0.46 0.22
DB41 252.86 218.17 16.33 13.36 0.88 1.01 5.18 33.68 75.32 0.27 0.17
DB42 226.06 194.11 15.24 12.74 0.83 1.01 4.87 30.22 68.79 0.25 0.18
DB43 169.99 144.15 12.09 11.92 0.84 1.06 4.20 26.55 66.51 0.25 0.17
Yb-21" 137.19 105.10 14.49 7.25 0.73 1.00 4.57 14.21 28.54 0.25 0.22
D-11° 209.33 170.70 17.82 9.58 0.76 0.88 4.95 23.70 44.12 0.24 0.20
D-3* 147.50 113.60 15.54 7.31 0.72 0.48 4.88 20.13 20.50 0.23 0.20
* 2004 @
1000 1 3.5 Sr Nd
©DBI Sr Nd 5 5
O DB2
ADB41 Sr Nd 7Sr
A X DB42 86
la 100 0§‘:\ X DB43 Sr 0.706 6~0.707 4 0.707 1
= g ) -
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9
E{ 1979 Nd 'Nd 0.5124~0.512 5
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burg 1981  epng -25~-4.6
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Table 5 Sr-Nd isotope composition for lamprophyre in the Daping gold ore district
Rb 1076 Sr 10°° YRb %Sr Y5 %S¢ Sm 10°° Nd 10 ¢ Sm "Nd Nd "*Nd = exa 0
DB1 191.7 470.9 1.178 0.707 237 5.113 26.02 0.1189 0.512 422 —4.2
DB2 216.6 434.7 1.442 0.707 416 5.357 26.13 0.1240 0.512 426 4.1
DB3 207.1 581.4 1.030 0.707 294 5.322 27.10 0.1188 0.512 404 4.6
DB4 210.3 458.1 1.328 0.707 359 5.248 26.70 0.1189 0.512 408 —-4.5
DBS 127.4 337.5 1.092 0.706 588 5.658 28.77 0.1190 0.512 509 -2.5
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Fig. 8 Diagram of Sr-Nd isotope composition for lamprophyre
in the Daping gold ore district Nb Ta Zr Hf
MORB Kerguelen White Hofmann 1982 Jochum ez al. 1989
Navajo Alibert 1986
1983 Fraser 1986 Nb Ta  Zr Hf
MORB Hawaii and Kerguelen data after White and Hofmann
1982  Navajo minette data after Alibert et al. 1986  data of Nb Ta 48.96 ~
Tertiary volcanic rocks in Tengchong after Zhu Bingquan et al. 82.58 62.99 17.5+

1983  data of lamproite in Western Australian after Fraser 1986

2.0 Weaver 1991 Zr Hf 20.45~47.53
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Fig. 10 Structural discrimation diagram for lamprophyre in the Daping gold ore district
a Pearce  Norry 1979 A B C WPB IAB  MORB b Meschede 1986 Al +All AI+CB D WPAB

a after Pearce and Norry

WPT P-MORB  N-MORB
1979 A B and C represent WPB IAB and MORB respectively b after Meschede 1986

Al +All All +C Band D represent WPAB intraplate alkaline basalt =~ WPT intraplate tholeiite = P-MORB and N-MORB  respectively

30~34 Ma

60 — 40

“ References

Alibert C Michard A and Albarede F. 1986. Isotope and trace element
geochemistry of Colorado Plateau volcanics ] . Geochem. Cos-
mochim. Acta 50 2 735~2750.

Arai S and Takahashi N. 1989. Formation and compositional variation of
phlogopites in the Horoman peridotite complex Hokkaido Northern
Japan implication for origin and fractionation of metasomatic fluids
in the upper mantle J . Contributions to Mineralogy Petrology 101

2 165~175.

Bergman S C Dunn D P and Krol L G. 1988. Rock and mineral chem-
istry of the Linhaisai Minette Central Kalimantan Indonesia and
the origin of Borneo diamonds J . Can. Mineral. 26 1 23~43.

Bi Xianwu and Hu Ruizhong. 1999. Mineralizer sourece and its con-
strains on gold mineralization of the Daping gold deposit Yunnan

J . Acta Mineralogica Sinica 119 1 28 ~ 33 in Chinese with
English abstract .

Sr Nd Chai Fengmei Parat Abdukadir Zhang Zhaochong et al. 2007. Geo-
chemistry of the Lamprophyre Dykes in the SW Margin of theTarim
Block and Their Source Region J . Geological Review 53 1 11
~21 in Chinese with English abstract .

Deng Jinfu Zhao Hailing Mo Xuanxue et al. 1996. Continental Root-

plume Tectonics of China-Key to Continental Dynamics M . Bei-



364

29

jing Geological Publishing House 1~110 in Chinese with English
abstract .

Deng Wanming Huang Xuan and Zhong Dalai. 1998. Petrological char-
acteristics and genesis of cenozoic alkali-rich porphyry in West Yun-
nan China J . Scientia Geologica Sinica 33 4  412~425 in Chi-
nese with English abstract .

DePaolo D J and Wasserburg G J. 1979. Inferences about magma sources
and mantle structure from variations of '*Nd **Nd J . Geophy Res
Lett. 3 743~746.

Dupuy C Liotard J] M and Dostal. 1992. Zr Hf fractionation in in-
traplate basaltic rocks carbonate metasomatism in the mantle source
Geochim J . Cosmochim. Acta 56 6 2417~2423.

Fabries ] Bodinier ] L Dupuy L et al. 1989. Evidence for modal
metasomatism in the orogenic sipnel Thercolite body from Caussou

Northeastern Pyrenees France ] . Journal of Petrology 30 1
199~228.

Fraser K J. 1986. Sr Nd and Pb isotope and minor element geochem-
istry of lamproites and kimberlites J . Earth Planet Sci. Lett. 76
57~70.

Furman T and Graham D. 1999. Erosion of lithospheric mantle beneath
the East African Rift system geochemical evidence from the Kivu

23~262.

et al. 2007. Geology and

geochem istry of Daping Super-Largegold-Polymetallic deposit in

volcanic province J . Lithos 48 1~4

Ge Liangsheng Deng Jun Yang Ligiang

Yunnan Province China J . Geology and Prospecting 43 3 17
~24 in Chinese with English abstract .

Ge Liangsheng Zou Yilin Li Zhenhua et al. 2003. Geochemistry and
Genetic discussion of the granite in Bengnazangbu and Jiagang Area
Tibet J . J Mineral Petrol. 23 2 55~61 in Chinese with Eng-
lish abstract .

Guan Tao Huang Zhilong Xie Lihua ez al/. 2003. Geochemistry of

lamprophyres in Baimazhai nickel deposit Yunnan province [. Major

and trace elements J . Acta Mineralogica Sinica 23 3 278~288
in Chinese with English abstract .

Guan Tao Huang Zhilong Xie Lihua ez al/. 2004. Geochemistry of
lamprophyres in Baimazhai nickel deposit Yunnan Province [[. Char-
acteristics of Mantle source region J . Acta Mineralogica Sinica 24

1 14~18 in Chinese with English abstract .

Holm P M and Munksgaard N C. 1982. Evidence for mantle metasoma-
tism an oxyen and strontium isotope study of the Vulsinian District
Central Italy J . Earth and Planetary Science Letters 60 3 376
~388.

Hou Zenggian Mo Xuanxue Yang Zhiming et al. 2006a. Metalloge-
neses in the collisional orogen of the Qinghai-Tibet Plateau Tectonic
setting tempo-spatial distribution and ore deposit types J . Geology
in China 33 2 340~351 in Chinese with English abstract .

Hou Zenggian Pan Guitang Wang Anjian et al. 2006b. Metallogene-
sis in Tibetan collisional orogenic belt [l . Mineralization in late colli-

. Mineral Deposits 25 5 521~
543 in Chinese with English abstract .

sional transformation setting ]

Hou Zenggian Pan Xiaofei Yang Zhiming et al/. 2007. Preliminary
study on continental porphyry copper deposit J . Modern Geology

21 2 332~348 in Chinese with English abstract .

Huang Zhilong Liu Conggiang Zhu Chengming et al. 1999. The Ori-
gin of Lamprophyres in the Laowangzhai Gold Field Yunnan
Province and their Relations with Gold Mineralization M . Beijing
Geological Publishing House 30 ~191 in Chinese with English ab-
stract .

et al. 1999. Geochem-

istry evidence of Sr Nd isotopes and NH; about lamprophyre come

Huang Zhilong Liu Conggiang Xiao Huayun

from enriched mantle source in Laowangzhai gold mining area Yun-
nan J . Progress in Natural Science 9 12 supplementary issue
1291~1297 in Chinese with English abstract .

Huang Zhilong and Wang Liankui. 1996. The petrochemistry of lampro-

phyres in Laowangzhai Gold orefeld Yunnan ] . Geochimica 25
3 255~263 in Chinese with English abstract .

Jahn BM and Condie K C. 1995. Evolution of the Kaapvaal eraton as
viewed from geochemical and Sm-Nd isotopic analyses of intracra-
tionic pelites J . Geochim. Cosmochim. Acta 359 2239~2258.

Jin Zhisheng Huang Zhilong and Zhu Chengming. 1997. Consanguinity
of Alkaline Intrusions and Lamprophyres of Sanjiang District Yun-
nan Province ] . Bulletin of Mineralogy Petrology and Geochem-
istry 16 4 222~-224 in Chinese with English abstract .

Jochum K P McDonough W F Palme H er a/. 1989. Compositional
constraints on the continental lithospheric mantle from trace elements
in spinel peridotite xenoliths J . Nature 340 6234  544~550.

Langmuir CH Vocke RD Hanson G N ez al. 1978. A general mix-
ing equation with applications to Icelanclic basalts J . Earth and
Planetary Science Letters 37 3 380~392.

Liu Chang Zhao Zehui and Guo Shaojie. 2006. Chronology and geo-
chemistry of lamprophyre dykes from Beishan area (Gansu province
and implications for the crust-mantle interaction J . Acta Petrologica
Sinica 22 5 1294~1 306 in Chinese with English abstract .

Liu Shen Hu Ruizhong Zhao Junhong et al. 2005. Geochemical char-
acteristics and petrogenetic investigation of the Late Mesozoic lam-
prophyres of Jiaobei Shandong province J . Acta Petrologica Sini-
ca 21 3 947~958 in Chinese with English abstract .

Li Xingzhen Du Dexun and Wang Yizhao. 1998. The basin-range tran-
sition and mineralization examples from the Qamdo-Simao Basin and
Jinshajiang-Ailaoshan orogenic belt in southwestern China ]
Tethyan Geology 22 1~16 in Chinese with English abstract .

Maury R C Defant M ] and Joron J L. 1992. Metasomatism of the sub-
arc mantle inferred from trace elements in Philippine xenoliths ] .
Nature 360 6405 661~663.

Meen J K Eggler D Hand A year ] C. 1989. Experimental evidence for
very low solubility of rare-earth elements in CO,-rich fluids at mantle
condition J . Nature 340 6231 301—~303.

Meschede M. 1986. A method of discriminating between different types
of mid-ocean ridge basalts and continental tholeiites with Nb-Zr-Y di-
agram ] . Chem. Geol. 56 207~211.

Pearce J A and Norry M J. 1979. Petrogenetic implications of Ti Zr Y
and Nb variations in volcanic rocks J . Contrib. Mineral Petrol.
69 33~47.

Rock NM S. 1990. Lamprophyres J . Glasgow. Blackie 23~65.

Rock N'M S and Groves D I. 1988a. Do lamprophyres carry gold as well

J . Nature 332 253~255.

as diamond



365

Rock N M S and Groves D I. 1988b. Can lamprophyres resolve the ge-
netic controversy over mesothermal gold deposits ] . Geology 16
538~541.

Roden M F and Murthy V K. 1985. Mantle metasomatism ] . Annual
Review of Earth and Planetary Sciences 13 269~296.

Rudnick R . McDonough W F and Chapell B W. 1993. Carbonatite
metasomatism in the northern Tanzanian mantle petrographic and
geochemical characteristics J . Earth and Planetary Science Letters
114 4 463~475.

Schandl E S and Gorton M P. 2000. Sh-enriched ultramafic lamprophyre
in the Homlo Au-Mo deposits of the Superior promnce Canada Evi-
dence for post-Archean Sb mobility ] . European Jour. Mineral. 12

3 625~637.

Schiano P Clocchiatti R and Joron J L. 1992. Melt and fluid inclusions
in basalts and xenoliths from Tahaa Island Society Archipelago evi-
dence for a metasomatized upper mantle J . Earth and Planetary

1111 69~82.

Shentu baoyong. 1995. Geochemistry of REE from the Granitoids in
Eastern Tibet J . Tethyan Geology 19 90~ 105 in Chinese with
English abstract .

Sheppard S and Taylor W R.1992. Barium and LREE-rich ohlive-mica-
lamprophyres with affinities to lamproites Mt. Bundey Northern
Territory Australia J . Lithos 28 3~6  303~325.

Sun S S and Higgins N C. 1996. Neodymium and strontium isotope

Science Letters

study of the Blue Tier batholith. NE Tasmania and its bearing on
the origin of tin-bearing alkali feldspar granites J . Ore Geol. Rev.
10 3~6  339~365.
Sun Xiaoming Shi Guiyong = Xiong Dexin et al. 2007a. Platinum
Group Elements Geochemistry and Re-Os Isotopic Compositions of
Daping Gold Deposit in Ailaoshan Gold Belt Yunnan Province China
and Their Metallogenic Implications J . Acta Geologica Sinica 81
3 394~404 in Chinese with English abstract .
et al. 2007b. “*Ar ¥ Ar

Dating of Gold Deposit Hosted in the Daping Ductile Shear Zone in

Sun Xiaoming Xiong Dexin Shi Guiyong

the Ailaoshan Gold Belt Yunnan Province China ] . Acta Geologica
Sinica 81 1  88~92 in Chinese with English abstract .

Taylor S R and Mclennan S M. 1985. The Continental Crust Its Com-
position and Evolution M . London Blackwell 57~72.

Ujike O. 1988. Probable mineralogic control on the mantle metasomatic
fluid composition beneath the Northeast Japan arc ] . Geochimica et
Cosmochimica Acta 52 8 2 037~2 046.

Wang Chenxing. 2000. On the jinping fault block and its mineral re-
source J . Yunnan Geology 21 3 256 ~265 in Chinese with
English abstract .

Wang JH QiL Yin A et al. 2001. Emplacement age and PGE geo-
chemistry of lamprophyres in the Laow angzhai gold deposit Yun-
nan SW China J . Science in China Series D 44 Supp. 146
~154.

Wasserburg G J Jacobsen SB  DePaolo D ]
termination of Sm Nd ratios Sm and Nd isotopic abundances in stan-

dard solutions J .Geochim et Cosmochim Acta 45 2 311~2 323.

Weaver B L. 1991. The origin of ocean island basalt end member compo-

et al. 1981. Precise de-

sitions trace element and isotopic constraints J . Earth and Plane-

tary Science Letters 104 2~4  381~397.
White W M and Hofmann A W. 1982. Sr and Nd isotope geochemistry
of oceanic basalts and mantle evolution J . Nature 296 821—~—825.
Xie Guiging Peng Jiantang Hu Ruizhong et al. 2001. Geochemical
characteristics of lamprophyres in the Xikuangshan antimony orede-
posits Hunan province J . Acta Petrologica Sinica 17 4 629 ~
636 in Chinese with English abstract .
et al. 2006a. Trace ele-

ments REE and Nd-Sr isotopic compositions in scheelites and their

Xiong Dexin  Sun Xiaoming Shi Guiyong

significances for the mineralization in Daping gold mine in Yunnan
province China ] . Acta Petrologica Sinica 22 3  733~741 in
Chinese with English abstract .

et al. 2006b. Graphite inclu-

sions with high crystallinity in the auriferous quartz veins from Dap-

Xiong Dexin  Sun Xiaoming Zhai Wei

ing gold deposit in Yunnan Province China evidence for involve-
ment of metamorphic fluid from granulite-facies lower crust in the
mineralization J . Acta Geologica Sinica 80 9 1 448 ~1 456 in
Chinese with English abstract .

et al. 2007. CO,-Rich Fluid

Inclusions in Auriferous Quartz Veins from the Daping Ductile Shear

Xiong Dexin Sun Xiaoming Zhai Wei

Zone Hosted Gold Deposit in Yunnan Province China and Its Im-
plications for Gold Mineralization ] . Acta Geologica Sinica 81 5
640~652 in Chinese with English abstract .

Xu Yanfei. 1989. Geologic characteristics of quartz veins in Daping
Yuanyang J . Yunnan Geology 10 2 171 ~ 177 in Chinese
with English abstract .

Ying Hanlong. 1998. The geochemistry characteristics of wallrock alter-
ation and isotope of Daping gold deposit J . Gold Science and Tech-
nology 6 4 14~23 in Chinese with English abstract .

Zhang Baomin Zhang Xiaoli and Ye Delong. 2007. Hydrogen and Oxy-
gen Isotopic of Pyroxenes from Mantle-Derived Megacryst and Xeno-
lith of the Kimberlitic Lamprophyre Pipe in Lujing Anyuan Jiangxi
Province J . Geological Science and Technology Information 26

1 19~22 in Chinese with English abstract .

Zhang Liansheng and Zhong Dalai. 1996. The red river strike-slip shear
zone and Cenozoic tectonics of East Asia Continent J . Scientia Geo-

327~340 in Chinese with English abstract .

Zhang Yuquan Xie Yingwen and Tu Guangzhi. 1997. The chronology

logica Sinica 31 4

and Nd Sr isotopes characteristics of alkaline-rich intrusions in

Ailaoshan-Junshajiang J . Chinese Sciences D Series 27 289~
293 in Chinese with English abstract .

Zhang Zhibin Liu Fagang and Bao Jiafeng. 2005. The structural evolu-
tion of Ailaoshan Orogen ] . Yunnan Geology 24 2 137~ 141

in Chinese with English abstract .

Zhou Hui and Li Jiliang. 2000. Age and geochemical features of lampro-

phyres in Kuda Western Kunlun J . Acta Petrologica Scinica 16
3 380~384 in Chinese with English abstract .

Zhu Bingquan and Mao Cunxiao. 1983. Eastern collisional boundary be-
tween India and Europe-Asian plates-study of the Nd-Sr isotopics and
trace elements of Tengchong volcanic J . Geochemistry 1 1~
14 in Chinese with English abstract .

Zhu Bingquan Zhang Yuquan and Xie Yingwen. 1992. Isotope charac-

teristics of Cenozoic potassic volcanic rocks from Haidong Yunnan



366 29
and their implications for subcontinental mantle evolution in south- ] . 225 1294~
western China ] . Ceochimica 21 3 201 ~212 in Chinese with 1 306.
English abstract . . 2005.
] 213 947~958.
. 1995. I
19 90~ 105.
1999, . 2007a.
B 191 28-33. PGE  ReOs ]
2007 81 3  394~404.
] 531 11~ . 2007b.
1. OAr-3Ar J. 811 88~92.
199. - - . 2000. . 21 3 256~265.
M . 1~110. . 2001.
. 1998. J. 17 4 629~636.
J. 334 412~425. . 2006a.
. 2007. Sr-Nd I 22
] 43 3 17-24. 3 733~741.
. 2003. . 2006b.
J. 232 55-6l.
. 2003. J. 80 0 1448 -1456.
1. J. 23 3 278~288. . 2007.
- 2004. O, J. 815 640~
1. J. 241 14~18. 655
- 1997. . 1989. ],
I- 17 3 Q734 10 2 171-177.
.2006b. I 1998
J. 25 5 521~543. I 64 14-93.
.2007. J. 007,
212 332~348.
I 26 1
. 2006a.
] 332 340~ 1922
351 . 1996.
19994, ] 31 4 327~340.
M . 30~191. - 1997, -
19991 Nd Sr . D 27 289~293.
Sr Nd NH; J. - 2005 I
9 12 1291~1297. 242 137=141
1996, I . 2000.
25 3 255263, ] 16 3 380~384.
. 1997. - 1983. B
J. 16 4 222~224. Nd-Sr I 1 1~14.
1998, _ _ . 1992,
_ I 2 1-16. Nd-Sr-Ph ]
. 2006. 3 201~212.



