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Xu ZQ, Wang Q, Tang " 2009 Fabric kinematics of the uéthighpressure metamorphic rocks
from the main borehole of the Chinese Continental Scientific Drilling Project: Implications for

continental subduction and exhumatiomectonophysics 475 233-248

Xu Z Q, YangW C, Ji SC, Zhang ZM, 2009 Deep root of a coirtent continent collision belt:
Evidence from the Chinese Continental Scientific Drilling (CCSD) deep borehole in the Sulu

ultrahigh-pressure (HPUHP) metamorphic terraBljnd Tectonophysics 475 202-217

Xu Zhigin, Ji Shaocheng, Li Haibing, Hou Liwei, Kiaofang, and Cai Zhihui, 2008, Uplift of the
Longmenshan range and the Wenchuan earth gigisode, vol.31, No.3, PP.2&D1

Xu Z Q, Jiang M,Yang J S.1999Mantle diapir inward intracontinental subduction:A discuss on the
mechanism of uplift of the QghatTibet plateau.Geological Society of America,Special
Paper,328,131.

“ ) K~ i T7 o 7 7 i T 7 Y7 2010
T L™ z “ T84 17 1-20.

Deep root of a continerit” continent collision belt: Evidence from the Chinese
Continental Scientific Drilling (CCSD) deep borehole in the Sulu
ultrahigh -pressure (HP~ UHP) metamarphic terrane, China
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Zhigin Xu, Wencai Yang, Shaocheng Ji,Zeming Zhang, Jingsui Yang, Qin Wang, Zhemin Tang

The Chinese Continental Scientific Drilling (CCSD) deep borehole, which reached a depth of
5158 m in the Sulu ultrahigpressure (UHP) metamorpltierrane, provides a new window into the
deep root of a continéntcontinent collision belt, and the tectonic processes by which supracrustal
material is recycled into the mantle by subduction and then uplifted to the surface. Major research
themes of the CSD project were to: (1) determine the thdémensional composition, structure and
geophysical character of the deep root of this orogenic belt; (2) investigate the nature and timing of
the UHP metamorphism; (3) investigate the processes of cruahtle nteraction involved in the
formation and exhumation of the UHP rocks; (4) study the process of fluid circulation and
mineralization during subduction and exhumation; (5) study the rheological properties of the various
rocks during subduction and exhumatiof®) develop and refine dynamic models for deep
subduction and exhumation of crustal rocks, and (7) establish @dongnatural laboratory for the
study of presentlay crustal dynamics (e.g., stress, strain, fluid activity). The CCSD has developed
predse oriented profiles of the main borehole in terms of lithology, geochemistry, oxygen isotopes,
zircon SHRIMP U Pb ages, 40Af 39Ar ages, deformation, rheology, mineralization, physical
properties of the rocks, petrophysical logs, seismic reflections mahefground fluids. The present

paper summarizes the integrated research results of this project, especially the new findings

concerning the deep root of a continémontinent collision.

~ Tectonophisics 2009 475 202-217~
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Yang Wencai, Chen Zhide. Seismic muaich structures in East China. Science in China Ser. D,
2006 49(2), 133.46.

YangWencai XuZzhigin YuChangqing 2008 Reflection atributes of paragneiss in the upper
crust. Sci. in China, Ser. D, 51(1}10

Yang WenCai, Jin ZhenMin & Yu ChangQing, 2008, Seismic response to natural gas anomalies in
crystalline rocks, Sci. in China, Ser. D, 51(12), 11786

Yang Wencai, The crust anghper mantle of the Sulu UHPM b&lTectonophysicsvol. 475, Iss. 2,
2009 226234

K - 3F 2009, . ,ppk443.

The crust and upper mantle of the Sulu UHPM Ielt

Wencai Yang
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http://www.sciencedirect.com/science/journal/00401951

All results from integrated geophysical investigations in the Sulu region are summarized in this
paper, tryingto reconstruct the Sulu UHPM processes. New seismvi@& tomographic results
suggest a velocityabnormabne occurs beneathettSulu crust, revealing detailed upper mantle
structures that highelocity lumps within the abnormal zone are sequentially distributed beneath the
bottom of the asthenosphefiEhese highvelocity lumps might represent delaminated eclogites or
residuals othe subducted oceanic plaBased on integrated interpretation of the geophysical data,
we propose a working model for tectom&ronstruction of the Sulu UHPM processes, which can
explain the crust and upper mantle structures oatba. The involvedettonic processes are related
to northeastward escaping of the Sulu terrane, subduetimhdelamination cycles of the Ddbie
Sulu oceanic plate, and pastogenic lithospheric thinning andagma underplating. The UHPM
rocks are believed to have sgabdution delaminated down to the bottoofi the asthenosphere

during 245 180 Ma, and the delamination process seemed smooth and oemtityuous without

extensive violence. (Tectonophysics 475 (2009) 22@34)
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Yang JingsuiXu Zhigin, Li Zhaoli, Xu Xiangzhen, Li Tianfu, Ren Yufeng, Li Huaqi, Songyong
Chen, Paul T. Robinson2009, Discovery of an eclogite belt in the Lhasa block, Tibet: A new
border for Paled@ethys Journal of Asian Earth Sciences 34 (2009886

Yang JingSui, Larissa Dobrzhinetskaya, Bai WenJi, Fang QingSong, Paul T. Robinson, Zhang
Junfeng, Harry W. Green II, 2007, Diamerathd coesitdearing chromitites from the Luobusa
ophiolite, Tibet. Geolog 35, no. 10, 87878.

YangJ S ZhangR Y, Li T F, ZhangZH M, Liou J G 2007, Petrogenesis of the garnet peridotite
and garnefree peridotite of the Zhiafang ultramafic body in the Sulu ultrahighessure

metamorphic belt, eastern China Journal of Metamorphic Geology, 2520@87

Yang Jingsui, Wu Cailai, Zhang Jianxin, Shi Rendeng, Meng Fancong, Joseph Woodenr,YHoung
Yang, 2006, Protolith of eclogitas the north Qaidam and Altun UHP terrane, NW China:

Earlier oceanic crust ? Journal of Asian Earth Sciences 220485

Yang Jingsui, Liu Fulai, Wu Cailai, Xu Zhigin, Chen Songyong, 2005, Two Ultrahigbsure
Metamorphic Events Recognized in the Cdn@aogenic Belt of China: Evidence from the

U-Pb Dating of CoesitBearing Zircons, International Geology Review, 47,-323.

Genesis of garnet peridotites in the Sulu UHP belt: Examples from the
Chinese Continental Scientific Drilling ProjectMain hole, PP1 and PP3 drillholes

Jingsui Yang, Tianfu Li, Shizhong Chen, Cailai Wu, Paul T. Robinson
Liu Dunyi ,Joseph L. Wooden
The main hole (MH), and p#gilot holes PP1, and PP3 of the Chinese Continental Scientific
Drilling Project (CCSD) penetrated three different garnet peridotidies in the Sulu ultrahigh
pressure (UHP) metamorphic belt, which are 80 m, 120 m, and 430 m thick, respectively. The bodies
occur as tectonic blocks hosted in eclogite (MH peridotite) and gneisses (PP1 and PP3 peridotites).
The peridotites in the MH argarnet wehrlites, whose protoliths were ultramafic cumulates based on

olivine compositions (FO789) and other geochemical features. Zoned garnet and omphacite (with

50


http://www.blackwell-synergy.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(YANG%2CJ.+S)
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4-5 wt% Na20) are typical metamorphic minerals in these rocks, and, along ‘Witesthates
based on mineral pairs, suggest that the rocks have undergone UHP metamorphism. SHRIMP U
isotope dating of zircon from the garnet wehrlite yielded a Paleozoic protolith age (et6B4&R),

and a Mesozoic UHP metamorphic age (ca-220 Ma).

The peridotites in PP1 consist of interlayered garnet {&#yring and garndtee (GF)
peridotite. Both types of peridotite have depleted mantle compositiods@@#§2) and they display
transitional geochemical features. The intercalated layers probafdctr variations in partial
melting rather than pressure variations during metamorphism, and the garnets may have been formed
by exsolution from orthopyroxene during exhumation. These peridotites were probably part of the
mantle wedge above the subductimmme that produced the UHP metamorphism and thus belonged
to the North China Block before its tectonic emplacement.

The exhumation of the subducted Yangtze Block brought these mantle fragments to shallow
crustal levels. The ultramafic rocks in PP3 aoendhantly dunite with minor garnet dunit€heir
high Mg# (9293) and relatively uniform chemical compositions indicate that they are part of a
depleted mantle sequendene presence of garnet replacing spinel and enclosirgh@t@morphic
minerals such a®livine, clinopyroxene and spinel suggests that these rocks have undergone
progressive metamorphism. SHRIMPRRY isotope dating of zircon from these rocks yielded two
age groups: 72656 Ma for relic magmatic zircon grains and 24P.7 Ma for the newly forred
metamorphic zircon. The older group is similar in age to granitic intrusions within the-Saloie
belt, suggesting that the PP3 garnet peridotite may record the early emplacement of the peridotite
into the crust. The younger dates coincide with the a§eUHP metamorphism during
continentcontinent collision between the Yangtze and North CHlecks, suggesting that these
peridotites were subducted to depths equivalent to the coesite facies and later exhumed. Thus, the
garnet peridotites in the CCSDres include both ultramafic rocks that existed originally in the
subducted plate and rocks from the mantle wedge above the subducted plate, i.e., part of the North
China Block.

~ Tectonophysic, 2009, 475359-382~

~ L8

1961

973

1985 1988

51



1993-1994

SGA ODP

Resource Geology

10 973

240 SCI 86 5

3 1999 2007 2009

q R

Hou Zenggian, Yang Zhiming, Qu XiaomingMeng Xiangjin, Li Zhenging, Beaudoin G., Rui
Zongyao, Gao Yongfeng, 2009. The Miocene Gangdese porphyry copper belt generated during
postcollisionalextension in the Tibetan orogen Ore Geology Reviews, 36125

Hou Zenggian, Zaw Khin, Rona Peter, Li Yinging, Qu Xiaoming, Song Shuhe, Peng Ligui, Huang
Jianjun,2008. Geology, fluid inclusions and oxygen isotope geochemistry of the Baiyinchang
Pipe Style Volcanic Hosted Massive Sulfide Cu Deposit in Gansu Province, Northwestern
China: evidence for sufeafloor Replacement and Fluid Mixing. Economic Geology, 103:
269292

Hou Zenggian, 2009. Metallogenesis of the Tibetan collisionageh A review. Ore Geology

Reviews,36:124
Hou Zenggian, Zaw Khin, Pan Guitang, Mo Xuanxue, Xu Qiang, Hu Yunzhong and Li Xingzhen,
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2007. Sanjiang Tethyan metallogenesis in SW China: Tectonic setting, metallogenic epochs and
deposit types. Ore GeologyeRews, 31(14): 4887

Hou Zenggian, Tian Shihong, Yuan Zhongxin, Xie Yuling, Yin Shuping, Yi Longsheng, Fei Hongcai
and Yang Zhiming, 20Q6The Himalayan collision zone carbonatites in Western Sichuan, SW
China: petrogenesis, mantle source and tectamigli¢ation. Earth and Planetary Science
Letters, 244(42): 234250

The Miocene Gangdese porphyry copper belt generated during
post-collisional extension in the Tibetan orogen

Hou Zenggian, Yang Zhiming, Qu Xiaoming Meng Xiangjin, Li Zhenging, Beaudoin G.,
Rui Zongyao, Gao Yongfeng

The midMiocene Gangdese orogenic belt in southern Tibet contains porphyry Cu deposits that
developed after the IndidAsian continental collision in the early CenozoicelBiwork confirms
that these porphyry Cu deposits are temporally and spatially associated willicoahe
monzogranitic and quartz monzonitic stocks, which intruded Mesd2emmzoic Gangdese
granitoid batholiths and surrounding TriagJiertiary volcanesedimentary sequences in the Lhasa
Terrane, and formed a 80n wide, 406km long B W belt. Magmatism occurred during the interval
11.2 to 19.Ma, peaking at.. 16 Ma for the porphyry stocks; this is consistent with the age (10 to
18Ma) of the ea$west extension and subsequentN® r i ki ng nor md35MB)anul t syst
the Tibetan Orogen. The stocks typically occur as multiple small diameter intrusibhen(s and
have shallow emplacement depths 1 to 3km). The Cu porphyries are shoshonitic and H{gh
calcalkaline, showing geochemical affinities with adeki The porphyries were derived from a
thickened basaltic lowearust source, rather than from the subducted ocesdaiic Geochemical and
geophysical data indicate that during the Paledd@hgocene mantlelerived mafic magmas
created a newlyormed baaltic underplate at the bottom of the loveeust, which undewent garnet
amphibolite metamorphism under high pressurgQkm). Breakdown of hornblende in the juvenile
lower-crust source during melting is regarded as fundamental for the formation eftileeddakite
and porphyry Cu systems in south Tibet.

The Gangdese belt contains four large, and three intermediate smaksized porphyry
Cui Mo deposits, and shows a continuous spectrum from typical porpypeyCu Mo to skarntype
Zni Pb mineralizatin. Twentythree samples collected from four deposits yielded a limited range of
molybdenite ReOs isochron ages from 15.2 to 1648, similar to previoushreported REOs ages
(13.8 to 14.9via) for other porphyry GuMo deposits in the belt, suggesting tth@u Mo
mineralization in the belt occurred in a posllisional extension environment.

The characteristics of porphyry CMo deposits in the collisional zone are similar in many
aspects to those in arc settings, i.e., mineralization style, alteratiotgzand metal association.
Preliminary fluid inclusion studies indicate that the early hydrothermal fluids are preserved as high
t e mp er aBOLY, kigh Ealinity (40 to 47wt . % Na C| equi v. ) ll@na hi gh p

1500bar) fluid inclusions. Thee fluids are interpreted to represent an orthomagmatic fluid that
53



boiled episodically due to fluid overpressuring and hydrofracturing, resulting in potassic alteration
and precipitation of chalcopyritenolybdenite assemblages.

On the basis of comparisonittvporphyry Cu deposits in arc settings, we proposed that melting
of thickened, newhformed basaltic crust resulted in generation ofb@aring magmatic systems in
the Tibetan collision zone, and both orogeamsverse normal faults and orogearallel hrust zones
during the Miocene postollisional extension constrain the temporal and spatial localization of the
porphyry Cu systems in the collision zone.

~ Ore Geology Reviews, 36: 283~
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Secular Variation of Iron Isotopes in North Atlantic DeepWater

Xiang-Kun Zhu, R. Keith OONions, Yueling Guo, Ben C. Reynolds

A high-precsion iron isotope time series for a ferromanganese crust demonstrates that the iron
isotope composition in North Atlantic Deep Water has changed substantially over the past 6 million
years and that iron isotope variations in the crust are closely codrtdateose of lead isotopes. The
close correlation between the two isotope series indicates that the observed iron isotope variations
predominantly reflect those of iron input from terrigenous sources and provides no evidence for
biologically induced masactionation within North Atlantic Deep Water.

(Sciencé 200Q 287,5460:20002002
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Liu F. L., Robinson P. T., Gerdes A., Xue, H. M., Liu P. H., Liou J. G. 2@iton U-Pb ags, REE
concentrations and Hf isotope compositions of granitic leucosome and pegmatite from the north
Sulu UHP terrane in China: Constraints on the timing and nature of partial melting. Lithos, 117:
247-268.

Liu F. L., Liou J. G. 2010. Zircon as the besheral for RT-time history of UHP metamorphism: A
review on mineral inclusions and-Rb SHRIMP ages of zircons from the Dalielu UHP
rocks. Journal of Asian Earth Sciences, doi: 10.1016/j.jseaes.2010.08.007.

Liu F. L., Gerdes, A., Xue H. M. 2009. Diffemtial subduction and exhumation of crustal slice in the
Sulu HRUHP metamorphic terrane: insights from mineral inclusions, trace elemePRis,add

Lu-Hf isotope analyses of zircon in orthogneiss. Journal of Metamorphic Geology, 282805

Liu F. L., Gedes A., Liou J. G,, Liu P. H. 2009. Unique coesiearing zircon from allanitbearing
gneisses: tPb, REE and LiHf properties and implications for the evolution of the Sulu UHP

terrane, China. European Journal of Mineralogy, 21: 11228).

Liu Fulai, Cerdes Axel, Zeng Lingsen, Xue Huaimin. 2008. SHRIMiPIJdating, trace elements
and the LuHf isotope system of coesitearing zircon from amphibolite in the SW Sulu UHP

terrane, eastern China. Geochimica et Cosmochimica Acta, 7232903

Differential subduction and exhumation of crustal slices in the Sulu HRIHP
metamorphic terrane: insights from mineral inclusion, trace element, WPb, and
Lu-Hf isotope analyses of zircon in orthogneiss

F. L. LIU, A. GERDES AND H. M. XUE
Based on new evidence the Sutwogen is divided from southeast to northwest into
high-pressure (HP) crustal slice | and ultrahjglessure (UHP) crustal slices Il and Ill. A combined
set of mineral inclusions, cathodoluminescence (CL) imagé¥ SHRIMP dating, and 4igitu trace
elerent and LuHf isotope analyses was obtained on zircons from orthogneisses of the different
slices. Zircon grains typically have three distinct domains that formed during crystallization of the
magmatic protolith, HP or UHP metamorphism and late amphikaliies retrogression,

respectively: (1) oscillatory zoned cores, with {®wmineral inclusions and Th/G 0.38; (2)

57



high-luminescent mantles (Th/&0.10), with HP mineral inclusions of Qtz + Grt + Arg + Phe + Ap
for slice | zircon, and Coe + Grt + Phe Kfs + Ap for both slices Il and Il zircon; (3)
low-luminescent rims, with loww? mineral inclusions and Th/¢ 0.08. Zircon UPb SHRIMP
analyses of inherited cores point to protolith ages of7/8bMa in all seven orthogneisses.

The ages recorded for WHmetamorphism and subsequent retrogression in slice Il zircon
(~228 Ma and~215 Ma, respectively) are significantly older than those of slice Il zireBhg Ma
and~202 Ma, respectively), while slice | zircon recorded even older ages for HP metamaoapiism
subsequent retrogressior245 Ma and~231 Ma, respectively). Moreover, Ar biotite ages from
six paragneisses, interpreted as dating amphikfaliies retrogression, gradually decrease from HP
slice | 232 Ma) to UHP slice 114215 Ma) and UHP &le Il (~203 Ma). The combined dataset
suggest decreasing ages for HP or UHP metamorphism and late retrogression in the Sulu orogen
from southeast to northwest. Thus, the-BIRP units are interpreted to represent three crustal slices,
which underwent difrent subduction and exhumation histories.

Slice | was detached from the continental lithosphere5at65 km depth and subsequently
exhumed while subduction of the underlying slice Il continueel@0-120 km depth (UHP) before
detachment and exhumatioBlice Il experienced a similar geodynamic evolution as slice II,
however, both UHP metamorphism and subsequent exhumation took-padéyr later. Magmatic
zircon cores from two types of orthogneiss in UHP slices Il and IIl show similaNenighroterozic
crystallization ages, but have contrasting Hf isotope composititi§~785) =-2.7 to +2.2 and
-17.3 to-11.1, respectively), suggesting their formation from distinct crustal units (Mesoproterozoic
and Paleoproterozoic to Archean, respectively) dutingakup of Rodinia. The UHP and the
retrograde zircon domains are characterized by lower Th/U and 176Lu/177Hf but higher
176Hf/177Hf(t) than the Neoproterozoic igneous cores. The similarity between UHP and retrograde
domains indicates that late retrogiesas did not significantly modify chemical and isotopic
composition of the UHP metamorphic system.

~ Journal of Metamorphic Geology,2009, 27,888%5)
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Zhang Z M, Shen K, Sun W D, Liu Y S, Liou J G, Shi C, Wang J L, 2008. Fluid in deeply subducted
continental crust: Petrology, mineral chemistry and fluidusicdn of UHP metamorphic veins

from the Sulu orogen, eastern China. Geochimica et Cosmochimica Acta, 732280

Zhang Z M, Schertl H P, Wang J L, Shen K, Liou J G, 2009. Source of coesite inclusions within
inherited magmatic zircon from Sulu UHP rockastern China, and their bearing for fiuialck

interaction and SHRIMP dating. Journal of Metamorphic Geology, 27,3387

Zhang Z M, Shen K, Wang J L, Dong H L, 2009. Petrological and geochronological constraints on
the formation, subduction and exhuima of the continental crust in the southern Sulu

orogen,easternentral China. Tectonophysics, 475, Z917.

Zhang Z M, Zhao G C, Santosh M, Wang J L, Doing $hen K, 2010. Late Cretaceous charnockite
with adakitic affinities from the Gangdese batholittoutheastern Tibet: Evidence for

Neo-Tethyan midoceanic ridge subduction? Gondwana Research, 1v6815

Zhang Z M, Zhao G C, Santosh M, Wang J L, Dong X, Liou J G, 2010.-stages of
granulitefacies metamorphism in the eastern Himalayan syntaxisth séibet: Petrology,

zircon geochronology and implications for the subduction of-Nebys and the Indian
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continent beneath Asia. Journal of Metamorphic Geology, 287339

Late Cretaceous charnockite with adakitic affinities from the Gangdese
batholith, southeastern Tibet: Evidence for Neelethyan mid-ocean ridge
subduction?

Zeming Zhang, Guochun Zhao, M. Santosh, Jinli Wang, Xin Dong, Kun Shen

The Gangdese batholitamplaced during the time span of Cretaceous to Neogene in the
southern Lhasa terran® Tibet has been considered as a major constituent of an Adysan
convergent margin derived from timerthward subduction of thideo Tethyan oceanic lithosphere
under Asia. Whereas previous studies assigned tRBangdese granitoids to be comprised
predminantly of calealkaline rocks, here we report a suite of charnockitas the eastern part of
the belt and characterize their petrology, geochemistry and age. These rocks poassemhlage
of andesine, enstatite, diopside, calcic amphibolerichi biotite, quartz and minor #eldspar.
Geochemically, they are characterized by intermediate &@ 63 wt.%), relatively high AlO;
(15.9 18.9 wt.%),REE (55.789.4 ppm) and Sr (419.619.4 ppm), and low Y (11:37.2 ppm) and
Yb (1.21.8 ppm)concentratins. The rocks display geochemical affinities similar to those of
adakites derived from the partiahelting of a subducted slab, and also can be compared to
magnesian charnockites formed within a continemizadymatic arc. The crystallization conditions of
the charnockitesrere estimated at 900 € and 1.0 GPa.-Ll@P-MS zircon Ui Pb analyses of eleven
samples yield consisterff®b/*®U weighted mean ages of 86 to 90 Ma, indicatitigat the
charnockites were emplaced in the Late Cretaceous. Considering thevatocalealkaline
magmatism and high-temperature granulitacies metamorphism, we propose that such
high-temperature and low,O activity charnockites were derived through NBethyan midocean
ridge subduction before the collision of India witle Asian continent.

(Gondwana ResearcR01Q 17: 615 631)
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Geophysical Probe and Geodynamic Study of the Crust and Upper Mantle in
the Qinghai-Tibet Plateau, China

Gao Rui, Lu Zhanwu, Li Qiusheng, Guan Ye, Zhang Jisheng, He Rizhengluang Liyan

The QinghaiTibet Plateau, covering a vast territognd characterized by an extremely
complicated structureis considered as the ideal region to studytio@ntcontinentcollision,
convergence and subductionpétes, and formation of the plateau. Since 1958, a graaber of
geophysical surveys have been conductedhencrust and upper mantle of the Plateau, totaling
about45,000 km in lindength. Corpilation and integratiorof the data from these surveys has
provided new summaryliagrams, enabling the authors to present a rewévwsome of the
remarkable achievements over the pasyésrs.

" Episodes, 28(4) 263-273"
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Zhang, J.X., Mattinson, C.G,, Yu, S.Y,, Li, J.P.,, Meng, F.C., 20i®PhUzircon gochronology of
coesitebearing eclogites from the southern Dulan area of the North Qaidam UHP terrane,
northwestern China: spatially and temporally extensive UHP metamorphism during continental
subduction. Journal of Metamorphic Geology, doi: 10.11110p15314.2010.00901..x.

Zhang J.X., Mattinson C.G.,, Meng F.C., Y H.J., Wan Y.S., 2000PKJ geochronology of
paragneisses and metabasite in the Xitieshan area, north Qaidam Mountains, western China:
Constraints on the exhumation of HP/UHP metamorphic Todgrnal of Asian EartBciences,

35: 245258.

Zhang J.X., Meng F.C., Li J.P., Mattinson C.G., 2009. Coesite in eclogite from the north Qaidam

Mountains and its implication. Chinese Science Bulletin, 54(6):-1108.

Zhang, J. X., Mattinson, C. G,, Meng, F, C., Wan, Y. S. antyTK. 2008. Polyphase tectonothermal
history recorded in granulitized gneisses from the North Qaidam HP/UHP metamorphic terrane,
Western China: evidence from zirconRlb geochronology. Geological Society of America
Bulletin, 120, 732749.

Zhang, J. X., Mng, F. C. and Wan, Y. S. 2007. A cold Early Paleozoic subduction zone in the North
Qilian Mountains, NW China: petrological andRlb geochronological constraints. Journal of
Metamorphic Geology, 25: 28504.

Ui Pb zircon geochronology of coesitbearing eclogites from the southern
Dulan area of the North Qaidam UHP terrane, northwestern China: spatially and
temporally extensive UHP metamorphism during continental subduction

J.X.ZHANG C.G.MATTINSON S.Y.YU J.P.LI F. C.MENG

Coesitebearing eclodes from >10km2 in the southern Dulan area, North Qaidam Mountains
(NQM) of western China, contain zircon that records protolith crystallization and ultra high pressure
(UHP) metamorphism. Sensitive Higtesolution lon Microprobe (Mass Spectrometer) hader
Ablation Inductively Coupled Plasma Mass SpectromeirPtiJanalyses from cathodoluminescence
(CL)-dark zircon cores in a coesitearing eclogite yield an upper intercept age of 838 Ma, and
oscillatory zoned cores in a kyanitearing eclogite &ave a weighted mean 206Pb/238U age of
832+ 20Ma. These zircon cores yield steep heavy rare earth element (HREE) slopes and negative
Eu anomalies that suggest a magmatic origin. Thus, cM83i5 interpreted as the eclogite protolith
age. Unzoned Cigrey or -bright zircon and zircon rims from four samples yield weighted mean
ages of 43& 4, 438+ 2, 446+ 10 and 44& 3 Ma, flat HREE patterns without Eu anomalies, and
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contain inclusions of garnet, omphacite, rutile, phengite and rare coesite. Theaesagtrpreted

to record 16 5 Myr of UHP metamorphism. These new UHP ages overlap the age range of both
eclogite and paragneiss from the northern Dulan area, suggesting that all UHP rock types in the
Dulan area belong to the same tectonic unit. Ourltesare consistent with slow continental
subduction, but do not match oceanic subduction and diapiric exhumation UHP model predictions.
These new data suggest that, similar to eclogites in other HP/UHP units of the NQM and South
Altyn Tagh, protoliths ofhe eclogites in the Dulan area formed in a continental setting during the
Neoproterozoic, and then subducted to mantle depth together with continental materials during the
Early Palaeozoic.

~ Journal of metamorphic Geolog8010" 10.1111 15258 314"
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Slip rate on the Kunlun fault at Hongshui Gou, andrecurrence time of great
events comparable to the 14/11/2001, Mwr7.9 Kokoxili earthquake

Haibing, Li; van der Woerd, Jé&dme; Tapponnier, Paul; Klinger, Yann; Xuexiang, Qi;
Jingsui, Yang; Yintang, Zhu

A field study of the surface rupture of the 14 November 2001~Mw@ Kokoxili (or Kunlun
Shan) earthquake near Hohgs Gou (35.9°N, 92.2°E), a site with exceptional geomorphic offsets
long identified on SPOT images, yields bounds on this earthquake return time and on-rhie slip
along the Kusai Hu segment of the Kunlun Fault. Measurements of the sinistral coseisimic
cumulative offsets of four distinct stratbrrace risers and of rill channels incised in the adjacent fan
bajada, complemented by pasirthquake, metricesolution satellite image restoration, are @5
m, 61 m, 31+2 m, 63t5 m, and 11& 10 m. The smallest offset is unambiguously that of the
14/11/2001 earthquake. The 31 and 63 m riser offsets, which have thermoluminescence ages of
2885+ 285 and 596@& 450 yr, respectively, imply an average slip rate of #0106 mm/yr, almost
identical tothat found 200 km eastwards, in Xidatan, usife cosmogenic dating of surface
pebbles. The repetitive seismic sling m) implies an average recurrencediof 300+ 50 yrs for
earthquakes comparable to the 14/11/2001 event. This new data increases the body of evidence
suggestive of local characteristic slip during large earthquakes and firmly corroborates the millennial

eastward extrusion rate (1 cm/yr)radrthr-central Tibet relative to the Qaidam.

~ Earthquake Earth and Planetary Science Lette2905 237° 285299~

65



1960
4
400Ma
110 SCI 48 4 48
SCI 23 4 3
2 1
1 Y

Wu Cailai, Yang Jingsui, Paul T. Robinson, Joseph L. WooHeank K. Mazdab, Yunhong Gao, Wu
Suoping, and Chen Qilong. Geochemistry, age and tectonic significance of granitic rocks in
North Altun, Northwest China, Lithos, 2009,113:4235.

Wu Cailai, Yuanhong Gao, B. Rondld Frost, Paul T. Robinson, Joseph L. Wooden, Suoping Wu,
Qilong Chen, min Lei. An Early Paleozoic doulsigbduction model for the North Qilian
oceanic plate: evidence from zircon SHRIMP dating of granites, InternaGawbgy Review
(IGR), 2009, 53(2): 15181.

Wu Cailai, Joseph L. WoodeRaul T. Robinson, Gao Yunhong, Wu Suoping, Chen Qilong, Frank K.

Mazdab and Chris Mattinson. Geochemistry and zircon SHRIMAPY dating of granitoids
66



from the west segment of the North Qaidam. Science in China Series D: HartbeSc2009.
38 8" 930949

Wu Cailai, Joseph L. Wooden, Yang Jinsui, Paul T. Robinson, Zheng Lingsen, Shi Rendeng and
Chen Songyong. Granitic Magmatism in the North Qaidam Early Paleozoic Ultaréghure
Metamorphic Belt, Northwest China, Internatiodology Review 2006, 48: 223240
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M 0 SHRIMP , , 2007, 23(8): 1861875

Geochemistry, age and tectonic significance of granitic rocks inorth Altun,
northwest China

Cailai Wu, Jingsui Yang, Paul T. Robinson, Joseph L. Wooden, Frank K. Mazdab,
Yunhong Gao, Suoping Wu Qilong Chen

Granitic rocks in the Altun terrane, NW China crop out in &&Blong, B W-trending belt
along the southern margin of the Bashikaogong Basinhridtun. They intrude the north Altun
subduction complex and are hosted in Precambrian sandstones, schists, mudstones and tuffs. Four
lithologic types are recognized; (I) gray, very coarsely phyric granite, (II) fieck to
mediumgrained, aphyric graret (l1l) gray, mediumto coarsegrained, moderately phyric granite
and (IV) pink, medium to coarsegrained, moderately phyric granite. All of the granites are
peraluminous with normative corundum ranging from 0.8 to 3.9 wt.%. Silica contents vary between
65.1% and 75.7%, and total alkalis (Na20+K20) range from 7.5 to 9.0 wt.%, giving K20/Na20
ratios of 1.1 to 2.7. Rittman indices vary from 1.8 to 2.8, with an average of 2.3. Total rare earth
elements EREE) are between 89 and 335 ppm, and all samples showiagnibut variable
negative Eu anomalies on chondhitermalized REE patterns. On mantlermalized trace element
patterns all the granites have pronounced negative Ba, Nb, Sr, P and Ti anafivalies from the
granites show slightly different SHRIMPi Bb ages for the different lithologies; 474.346.8 Ma for
type | granites, 446.645.2 Ma for type Il, 434.543.8 Ma for type Ill, and 431.143.8 Ma for type IV.
The geochemical and geological dataigate that these are-t§pe granites formed by partial
melting of crustal materials during or shortly after collision of the Altun and Tarim continental

blocks in the Paleozoic. The age and geochemistry of the north Altun granites suggest that they can

becorrelated with similar rocks in north Qilian on the opposite side of the Altun-siijkéault.
(Lithos 1132009, 423436)
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Zeng LS, Liang FH, Paul Asimow, Chen FY and Cher2009 Partial melting of deeply subducted
continental crust and the formation of quartetispathic polyphase inclusions in the SuluRJH
eclogites Chinese Science Bulletin54 25802594.

Zeng LS, Liu J, Gao LE, Xie KJ and Wen L. 2009. Early Oligocene crustal anatexis in the Yardoi
gneiss dome, southern Tibet and geological implications. Chinese Science Bulletin, 54(1):
104112

Zeng LS, LiuJ, Gao LE, Xie KJ. 2009 Early Mesozoic higipressure metamorphism within the

Lhasa Block, Tibet and implications for regional tectonics. Earth Science Frontiers, 2009, 16(2):
140151

Zeng LS Liang FH Chen ZY Liu FL' Xu ZQ. 2009. Metamorphic garnet pyroxenfrom the

540600 m main borehole of the Chinese Continental Scientific Drilling (CCSD) project.
Tectonophysics 475: 39612.

Zeng, LS, Liu, FL., Liang FH., and Chen, FY.,2007, Barite in omph&cisted Kfeldspar + quartz
polycrystalline aggregates fro the Sulu eclogites and its implications. Chinese Science
Bulletin, 52(21): 2995001

Metamorphic garnet pyroxenite from the 540° 600 m main borehole of the
Chinese Continental Scientific Drilling (CCSD) project

Zeng Lingsen, Liang Fenghua, Chen Zhenyu Liu Fulai, Xu Zhiqin,

Compared to other mafic and ultramafic rocks from the CCSD main borehole as well as from
the outcropsrocks from the 540 600 m section is extraordinary in terms of its geophysical as well
as geochemicaproperties. It consists of N70% hemafitémenite garnet pyroxenite (HEPX) and
b30% intercalated rutilegarnet pyroxenite (K&PX). Wholerock geochemical data show that
HI-GPXs have: (1) relatively high V witan average of 606 ppm, but lowdb and Ta; (2) highest
TFeO, FgOs/FeO ratio, and highly variable batrong positive Eu anomalies with Eu/Euup to
2.9; (3) anomalously high V/Sc ratios ranging from 8.3%3023, average 15.03; and (4) high
amounts of hematitéilmenite solid solutions with a very fine intergrovatructure
down to nanometer scale. V/Sc ratios in the CCSD garnet pyroxerétesreelated negatively with
MgO, but positively with Fe203/FeO ratios. Both suites of pyroxenites have similar rare earth
elements andhigh field strength elements geochemistry. These features demonstrate that these
pyroxenites were formeffom metamorptsm of highFe and/or-Ti gabbroic cumulates. This can
account not only for low high fieldtrength elements (HFSE) and rare earth elements (REE) but also
low Nb/Ta and Zr/Hf ratios in these rocl&eemingly negative correlation between Nb/Ta and Zr/Hf
in the CCSD metabasites, not significantly affeddydJHP metamorphism, is also consistent with

the silicate differentiation trend in a basaltic magma chamber.
(Tectonophysics 2009 475 396412
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Li Qiiusheng, Gao Rui(Correspond Author), Wang Haiyan, Zhang Jisheng, Lu Zhangwu, Li Pengwu,
Guan Ye, and He Rizheng. 2009. Deep Background of Wenchuan Earthquake and Upper Crust
Structure beneath the Lgmen Shan and Adjacent Areas. Acta Geologica Sinica (English
Edtion), 83(4):733739.

Li Qiusheng, Gao RulWang Haiyan, Zhang Jisheng, Lu Zhanwu, Li Pengwu, Guan Ye, He Rizheng.
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2009. 206kg large explosive detonation facing -kt thick crust beneath we®inling,
Northeast Tibetan plateau, Earthquake Sciences; 2288393

Li QiushengGao Rui,Lu Zhanwu, Guan Ye, Zhang Jisheng, Li Pengwu, Wang Haiyan, He Rizheng,
and Marianne Karplus. 2009. The thickness and structural characteristics of the crisst acros

Tibetan Plateau from activ@urces seismic profiles. Earthquake Sciences, 221432
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The thickness and structural characteristics ofthe crust across Tibetan
plateau from active-sources seismic profiles

The Tibetan plateau as one of the youngest orogen on the Earth was considered as the result of
continentcontinent collision between the Eurasian and Indian plates. The thickness and structure of
the crust beneath Tibetanagdau is essential to understand deformation behavior of the plateau.
Active-source seismic profiling is most available geophysical method for imaging the structure of
the continental crust. The results from more than 25 astiueces seismic profiles ced out in the
past twenty years were reviewed in this article. A preliminary cross crustal pattern of the Tibetan
Pl ateau was presented and discussed. The Moho
average and have steep ramps located roulgbheath the sutures that are compatible with the
successive stacking/accretion of the former Cenozoic blocks northeastward. The deepest Moho (near
80 km) appears closely near IYS and the crustal scale thrust system beneath southern margin of
Tibetan platea suggests strong dependence on collision anddistributed deformation there.
However, the ~20 km order of Moho offsets hardly reappears in the inline section across northern
Tibetan plateau. Without a universally accepted, convincing dynamic explanatiadel
accommodated the all of the facts seen in controlled seismic sections, but vertical thickening and
northeastern shorten of the crust is quite evident and interpretable to a certain extent as the result of
continentcontinent collision. Simultaneolys weak geophysical signature of the BNS suggests that
convergence has been accommodated perhaps partially througshparehickening accompanied
by removal of lower crustal material by lateral escape. Recent years the result of Moho with ~7 km
offsetand long extend in souitlip angle beneath the east Kunlun orogen and a grand thrust fault at
the northern margin of Qilian orogen has attract more attention to action from the northern blocks.
The broad lowerelocity area in the uppeniddle crust of thé_hasa block was once considered as
resulted from partially melted rocks. However the low noraRS ratio and the Moho stepwise
rise fail to support significant partial melting in the midtherer crust of the centralorthern
Tibetan plateau. Furtherm® the lowetvelocity of crust occasionally disappears, and/or local

thinned exhibits their neatationary spatial distribution.

" Earthq Sci (2009)22: 2131~
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Liu Y., Liu H F., Theye T., Massonne H. 2009 Evidence for oceanic subduction at the NE

Gondwana margin during PerrAToiassic times. Terra Nova vol. 21: 1982

Ho K. S., Liu Y., Chen J. C., Yang H. J. 2008 Elemkatal S¥Nd-Pb isotopic compositions of late
Cenozoic Abaga basalts, Inner Mongolia: Implications for petrogenesis and artypi2

mantle source. Geochemical Journal vol. 42:-339

Liu Y., Siebel W., Massonne H. & Xiao X. 2007 Geochronological andtmlogical constraints
for the tectonic evolution of the central Greater Himalayan Sequence in the Kharta area,

southern Tibet. Journal of Geology vol. 115: 213

Liu Y., Yang Z., Wang M. 2007 History of zircon growth in a higpressure granulite with the
eastern Himalayan syntaxis, and tectonic implications. International Geology Review. vol. 49:
861-872.

Liu, Y., Berner, Z., Massonne, -Bl, Zhong, D. 2006 Carbonatiige dykes from the eastern
Himalayan syntaxis: Geochemical, isotopic, and petnetic evidence for melting of
metasedimentary carbonate rocks within the orogenic crust. Journal of Asian Earth Sciences vol.
26:105120." SCr

Evidence for oceanic subduction at the NE Gondwana margin during
Permo-Triassic times
Yan Liu, Hongfei Liu, Thomas Theye and HansJoachim Massonne
Blueschist was recently recognized within the Lhasa terrane, which is one of the NE
Gondawanablocks. In this rock, the Mn and Mg contents of garnet enclosing aegichne

clinopyroxene, rutile and quartz decrease and increase, respectively, from core to rim. Amphibole
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changes from glaucophane throughGaamphibole to Ca amphibole. The Si cariss of phengite
are high in the centre but low along the rim. Th& Path, starting above 2.5GBa0N and
showing subsequently first a temperature increase tdN5@nhd then a pressure release via
blueschist conditions to 0.6GPa, was reconstructed usinfj pseudosection calculated for the' P
range 0.42.8GPa and 250-650N . This path points to deep subduction of a cold oceanic crust
probably beneath the NE Gondwana margin during Pefimassic times. This finding contributes
to a better understanding et preCenozoic history of major terranes of NE Gondwana.
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