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Abstract The aenests of lndo-Sfl3ian granitic plutons with peraluminous and potassium-rich aftin|_

ties from Hunan Preyi rice．China has been investigated bv nume rical modeling using the numerical

code FLAC On lhe basis of lhe regional geological evelution in South China we employed a real—

istic numerical modeI in an attempl to unraveI the influences of basaltic underplating and tectonic

crustal thickening on the c rustal anatexis Heat production derived什Om basaltic underplating(e．g．

ca 220 Ma gabb re xenolithsl can resuIt in dehydration melting of fluid-bearing minerals in c rustal

rocks such as gneisses and metapelites bullts effect is Iimited in a relatively short time span c5

1 5 Ma)and on a small scale、AccordIngly,it is very difficult for basaltic underplating to 0ericrate the

large-seaIe lndo—Sinian g ranltic bathliths unless volumirlous mafic magmas had been underplated

al the『ower／middle crust during this period Alternatively,crusta J thickening jnduced by tecton Jc

compression can also lead to geothe rmal elevation during which the lemperature at the bourldary

between Iower and middle crusts cat]be up to or greater than 700‘C triggering dehydration melt—

ing of muscovite in gneiss and metapelite The proportion of melts from muscovite-induced dehy—

dration melting Is close to odticaf melt percentage C≥20％l once the thfckening factor reaches 1 3

These melts can be effectively transferred lo the crust一[eveI magma chamberand form la rge—scale

g ranftic bathefiths fn combination with the fndo．Sinian convergent lectonic setting in South Chins

as welI as sparse outcrops of contemporary mafic igneous rocks，we consider that tectonic c rustal

thickening is likely lo be the predomlnant facto r contro⋯na the formation of the Indo-Sinian per—

aluminous and potassium—rich graniteids In Hunan Province

Keywords：[ndo-Sinlan graniloids，dehydrated melting，basaltic undedrplating．tectonic thickening，numeri(-al modeling，

H¨nan Province．

The lode—Sinian granitoids jn South China are mainly dis嘶butcd in Hmien aed Jiangxi

provinces as well as in the Guangxi Zhuang Autonomous Region(Guangxi in short)In Hunan

Province．the Iedo—Sinian granitic plutons al'e confined by the Chenzhou—Linwu fault in the east

and the Xupu—Jiaxian fault in the west，respectivel．’’(fig 1)．Lit}10logically,they are composed of

strongly peraluminous—slightly aluminous(A／CNK>I．05)and potassium—rich granites，adameilites

and granodiofites，occurring as batholiths or stocks along deep—fault planes or fault intersections

(ng 1)These granodioritic—granitic intrusions，emplaced at ca 200---240 Ma．partially；tt 260
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Ma±in Hunan Province⋯are characterized

by remarkably negative Eu anomalies(8Eu=

0．1 8—0 56)and JO”value of 9 27％。一

17．36％。as well as higher Rb／Sr ratio(>1．O)．

The initial 87sr?6Sr rati。ranges from o．7136

to 0 7264 and ENd{f)from一11 to一17．similar

to the Sr-Nd isotopic compositions of gneisses

in South China．which were usually inter．

preted as the remelting products of mid—

die／upper crustal rocks㈨】．

The Indo—Sinian tectonic evolution and

genesis of the contemporary granites in South

China have long been debated．and different

hypotheses，such as the early Mesozoic AI·

pine．type collision【4’5l and intracontinental

Stlbduction／collislob seenarios．have been

Fig 1 Simplified geological map ol the lndo—Sinian peraln

minous and potassium—rich granites in the Hunan-Jiangxi alell

The defined area denoma the modeling region

proposed．The early Mesozoic collision／subduction hypothesis proposed that the lndo—Sinian

granites were the products of an island—arc selling However,more and more evidence strongly

argue against the presence of an ocean and t}1e involvemem of oceanic—or are—continental subdue—

lion／collision in the inlerior of the South China block(SCB)during early Mesozoicl”⋯Alterna—

tivety，based on the early Mesozoic deformation and structures，such as the widespread

fold—thrusting s时les in the region，the intracontinental subduction／collision model suggested that il

long—evolving rift should have been existent in the Hunan—Jiangxi．Guangxi area since the Paleo—

zoic”’．Thus the indo—Sinian granitoids exposed in this area were possibly the product of tectonic

crustal thickening More and more evidence for marie magmatism in South China in recent years

suggests thai multi—episode lithospheric extension and basic magma underplating were developexl

in the area since the early Mesozoic。一⋯The emplacement of mafic magmas might provide heal
sources to reheat the crust and led to the melting of crustal rocks．Therefore．basaltic underplating

undoubtedly represents another possible mechanism for the genesis of these Indo—Sihian granitic

plutons However,the lack of quantitative understanding of thermal．．mechanical interactions in all

these previous studies on the genesis of the Indo-Sinian granite appears to hamper our under—

slanding of the lectohic evolution of South China

Based oll the information about the regional geological evolution∞一■we constructed；【
numerical model using the code FLAC(Fast Lagrangian Analysis of Continua)”．in all attempt to
unravel Ihe thermal influence of tectohically crustal thickening and basaltic underplating Out

ltasca，Fast Laglangian Analysis of Continua Uqer Manual，Vhl 3．2，Minneapolis：nasca Consulting Group Inc 992
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main aims in this paper are to understand the relationship between crustal anatexis and cl ustal

thickening．basaltic underplating，and to discuss the mechanism feasible for Ihe genesis ol these

Indo—Sinian granitoids under the regional tectonic regime in the Mesozoic

1 Description of model

1．1 ’I’hemml—mechanical model

Temperature evolution Call be calculated from heat conduction equation。jo

—z¨CIr】bT，西=KI7．V!T+H，

where置cn is heat conductivity，p,z n is densily，Z is depth，T is lemperature in℃，C 7 is heal

capacity at constanl pressure and H is heat production per unit of mass

The mechanical behavior of rocks follows the elastic—plastic constitutive law．The elastic pan

af deformation is determined by Hooke’s law while the plastic is governed by a non—associated

flow lawl一⋯In this constitutive rheology，the rock is subjecl to homogeneous elastic defonna—

tion[22,22l before a vieId siress is reached．Then irrecoverable Dlastic deformation occurs witb

continuous load once the maximum yield stress is reached(the Molar-Coulomb yield critei ion)．

The total strain of the material is the sum of the elastic and plastic components．i．e

△￡=△￡。+△￡9．

where AC。is the elastic swain component and A8
p is the plastic strain component The results(rom

the experimental studies of rock deformation suggested thai the cruslal deformation can be elfec—

tively described by the elastic—plastic rheologicai behavior洲

1．2 Tectonic—geological model

It is generaily befieved thai the Yangtze and Cathaysian blocks were united by subduc—

tion／collision during the Neoproterozoic，constituting pan of the Rodinia supercontinenl删The

breakup of the Rodinia supercontinent resulted in the formation of transtensional basins in the

time interval of 82旷一800 Mam 2⋯， where the excessively thick turbidites of secondarv dee”一sea

(or deep—sea)were deposited．The materials in the Cathaysian Block in its east portion wel℃ex—

tensively eroded into the oceanic basins(or sea)in Hunan，Jiangxi and Guangxi，where the、edi—

mentary rocks of carbonate platform were developed in the Yangtze Block at its west during the

early Paleozoic The shallow—sea carbonate platform sedimentary rocks occurred in the interior of

the Yangtze and Cathaysian blocks，whereas a rifling—type intraplate extensional basin character—

ized by the abyssal sediments including carbonate．radiolarian—bearing silicalite and detrilus slrata

was developed in the Hunan—Guagxi—Jiangxi area during the late Paleozoic⋯‘⋯．The total thick—

hess of the detrital and carbonate sequences is over 12—15 km in the intraplate extensional basin

in the Hunan—Jiangxi—Guangxi area since Sinian while only 3—5 ken thickness on its sides，dis—

playing a non—symmetric basin geometry in which the thickness of sediments in its east portion is

greater than that in the west portion㈨26—2圳During the early Mesozoic．the excessively thick Pa—
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leozoic sedimentary rocks were strongly deformed，producing top·to—NW thrusting in the area

between the east of the Xuefeng Mountain and the WeSt of血e southeastern Hunan Pro',一

incel二3
2 8
1⋯．Based on the data mentioned above， a叠eological model was constructed and i‘

shown in fig．2(a)In the model，the trough corresponds to the area between the Xuefeng Moun—

lain and the southeastem Hunan Province，and the segments of the section to the east and wesl of

the trough represent the Cathaysian Block and Yangtze Block，respectively．

It is generally accepted thai the melting behavior of rocks in t}1e ernst can be attribuled to its

mineral assemblage compositions and lithological associations．The geochemical data from late

Mesozoic basaltic rocks and their hosting xenoliths as we L L as geophysical profiles in Hunan

l—van噼胁ck Hun。an⋯-Jian掷gxa㈣43：}呵咄岫。。u话五驾
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Fig 2 The outline and results of the thermal，mechanical model for the generation of peraluminous and[xltas

biurn—rich lndo—Sinian granitoids in the Hunan—Jiangxi—Guangxi&Tea．Ca)The initial geometrical fealure of the

model and temperature distribution(。C)(b)Tempetatttre distribution showing the maximum thermal perturbation

due to basaltic underplating inlo the middle／lower c邝st The black box beneath the trough represents the under-

plating magma(50 km×1 kml and the shadedⅢa surrounding the box indicates the region with the maximum
thermal perturbation(c1 The temperature and shear stress distributions of a model invoh,ing a hofizonml qhorten-

ing and a cruslal thickening of maximum 43 m．The shaded]?ffelt denotes the extent of me muscovite d．ehyd T『ation

melting and closed lines indicate the locations of the maximum shear stresses(maximum is 2 MPa and the interval

is O 25 MPa}The thick lines define the boundaries of layers and sub—honzonlal tenuous lines give isotbaml f‘C J

A B C D and E mark fire locations 1n the seellOD

暑_己基uo
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Province suggest that the cnlst in the study area Call be divided into lower,middle and upper CrUStS，

respectively corresponding to mafic granulites(T=800--900。C and P=(7 4一10 6)×10、Pa．

equivalent to depths of 25—35 km)，gneisses(T=630—650℃and P=16．0—8．0)×10”Pa．

equivalent In depths of20_一25 knl)and the Paleozoic sedimentst¨jo¨．As shown in fi2 2(a)．we
assume that the thickness of the crust is 35 km between the late Paleozoic and early Mesozoic(or

early Indo—Sinian)．The Paleozoic cover consists of the sandstone—slate and carbonate sedimentarv

rocks，with a thickness of 15 krn in the trough area and 5 km on both of its sides(represented by

Layer 1 in fig 2)The folded basement domain consists of the Proterozoic gneiss and slate．and is

10 km thick in the lreugh mad 20 km thick on both of its sides(represenled by Layer 2 in fig 2)

The cryslalfized basement(represented by Layer 3 in fig．2、is 10 km thick and consisls of

amphibolite-granulite rocks．The model simulates a crustal section of 1550 km long and 35 km

deep，and the section is approximated by a mesh of 1 55×70，each element of which represents all

area oflokm×0．5 kmf5km21

．3 Initial thermal and mechanical boundary conditions

1．3．1 Thermal conditions Considering the special tiffing settings in SOUtheastern HHnan

Province and the P．T data for the xenofiths fr0Ill the middle／lower crust⋯一’“．we assume that the

surface temperature of the section，n0，O)，is 25℃and the geothermal gradient in the Crust，

0T／a：(：．O)，is 24℃／km(0<￡<35 km)so that the temperature of the ernst—mantle boundaq'is

850℃fequivalent to the surface thermal flux of ca 65 mW／m‘)．The geothermal gradient in the

Iithospheric mantle，a71，破(z，0)，is 10℃／kin(35 kin<：<80 km)，corresponding to a tempera—

ture of l 300。C at the base of the lithosphere．Since the geothermal state in the lithosphere should

be in equilibrium before annther thermal—tectonic activation event，the heat conduction equation

was first solved for ca 24 Ma(without stress load and mechanical deforillation computation)to

reach a thermal equilibrium state where temperatures in the model become constant．Tnis thermal

slate(flg．2(幻)was used to calTy out further numeficN modeling．

1．3．2 Mechanical parameters． Mechanical modeling of deformafion also requires the speci—

fication of mechanical parameters including matedal mechanical properties and stress boundary

conditions The material properties adopted in the model include density,bulk modulus，shear

modulus，cohesion，tensile strength，friction angle and diladon angle．In addidon，the thermal

conductivities of different rocksl3。’’‘1 were also considered Details of these parameters are sum—

marized in table 1、Without the load ofexternal stresses，the laterM boundaries of the model were

fixed in the horizonlal direction and the base of the model was fixed in the vertical direction to

preyem mmeriMs from gravilafional collapse．To simulate horizontal shortening deformation，a

constant displacement rate was applied to the lateral boundaries．The initial stresses for
the model

reflect stresses in the static lithosphere and foIlow the formula shown as follows⋯：
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t：=fn二，gzdz，o。=o-z：v／(1-vt，
where a c and％are horizontal and vertical stresses in the lithosphere，respectively．P㈠is densily
as a function of depth．g is gravity,：is depth．and}。is Poisson ratio H，hich can be calculated from

bulk modulus and shear modulus．

Table 1 Material properlies used in the lhennal and mechanical models
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Crustal deformation can be reasonably described by the elastic—plastic constitutive law．In

general situations．the strength of the ductile lower crust is much less than that of the lithospheric

upper mantle俐The crust-mantle boundary(the Moho discontinuity)can thus he generally con—

sidered a detachment zone．This allows CrUSt to deform but no significantly disturbing the under—

lying upper mantlell“In this paper,therefore．onr discussions focus on temperature perturbations

inthe crust

2 Modeling result and discussion

Evidence from experimental petrology indicates that whether or not the anatexis of the COU—

tinental CrtlSt can Occur depends critically on the maximum temperature experienced by crustal

rocks and hydrous mineral—induced dehydration melting reactions(muscovite、biotite and horn—

blende)140，41

At pressure greater than 3．5x 106 Pa,the temperature for muscovite·and biotite—induced de—

hydration melting follows the following empirical relationships⋯。一．

ZdM。、=651+9(P1106-3．5)，TIB。】=853+(Ptl08-3 5)，

where P is pressure in Pa,矸MuI and TtBi、are血e minimum temperatures for muscovite—and bio—

lite·induced dehydration melting．respectively．The temperatures for hornblende—induced dehydra—

tion melting are ca 900。C at the pressure of 5．0x 108 Pa and 920。C at lOx 108 Pa吼
The Indo—Sinian granites in South China are characterized by strongly to slightly peralumi—

OOUS(A／CNK>】．05)and potassium—rich(K20>4．0％)features，and highly enriched Sr-Nd iso—

topic compositions．similar to those of the gneisses in South China‘‘’“．Generally，peraluminous

granitoid melts can be generated by：(i)partial melting of aluminous。rich metamorphic rocks．

such as muscovile—biotite schists and gneisses”“；or(ii)fractionation of aluminum·deficient

minerals(hornblende or clinopyroxene)㈣“1：or(iii)partial melting of arnphibolites in the pres—
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ence of abundant H20”l It is important to note that山e fraclionation of aluminum—poor magma

and partial melting of lower erus|rocks．such as plagioclase amphibolite and granulile，uhuaily

produce metaluminous．Na-and Sr—rich liquids．instead of peraluminous and potassium—rich melt

al 0．1一1．0 GPa㈣圳4’4⋯In addition，the anatexis of continental low'er CruSt will produce only

2％一5％rvolume percentl of melts even if the lower crust contains a total abundance of O 4％

(weight percent)H20”。’“’．This means that it is very difficult to generate a large volume el per一

出uminous and poLassium—rich granitic balholiths through partial melting of lower crust、⋯、
Therefore．the lndo—Sinian granites in Hunan Province is possibly dedved from the nmscov[te—

and／or biotite—induced dehydralion melting of middle—and lower-grade metamorphic rocks in the

middlc／upper crust，rather than from lhe melting of hornblende—bearing rocks．

Recent studies on the Mesozoic inafic rocks and tectonic evolution in South China suggested

that multi·episode lithospheric extensional thinning events had occurred in South China in early

MesozoicI
o_1 4 4⋯

In the southem Hunan Province．the lithospheric extension and the followinE

basaltic underplating rnight start in early Mesozoic(±224 Ma)⋯3,141，the effect of which possibly

resulted in the reheating of the lower／middle crust and subsequently induced the remelting of

crustal rocks．Alternatively，data from the Indo—Sihian thrusting struclural styles，pa】eogeography
and the geochemical characteristics of Indo—-Sinian granitoids indicate that the lndo--Sinian tec—

tone—magmatism was lriggered by tectonic crustal thickening under the intracontinental conveY-

gent conditions⋯Both mechanisms ntight contribute 10 the genesis of the Indo—Sinian granitoids．

Below are discussions on their relationship with the remelting of upper／middle crustal rocks．

2．1 A model simulating mafic magma underplating

In this model．we assume that a certain amount of basaltic magma【50 km x 1 Ion)with an

initial temperature of 1000。C was underplated into the middle／lower crust
at a depth of about 20

km under the initial equilibrium state as illustrated in fig．2(a)．The perturbation of the geotherm

as a result of underplating is shown in fig 2(b1．

The modeling results indicate that the heat conduction from the underplating magma Call lead

to ambient temperature in the country rocks increasing up to 1(R)--300'C似4⋯．triggering Ihe n|us—

covite—and biotite—indueed dehydration melting to produce perahiminous and potassium—rich

granotoids and／or even the anatexis of amphibolite-facies rocks to produce the slightly aluminous

and Sr-fich granitoids The area of the perturbed domain with temperature over 700。C is four

times of that of underplating magma(fig．2(b))．However,as shown in fig．3，the thermal perturba—

don from underplafing rapidly increased the temperature of the country rocks and this was fol-

lowed by rapid temperature decrease．The perturbed temperatures of the country rocks reach the

highest level within only ca．1．5 Ma after the underplating evenl．

A complete thermal equilibrium(stable state)between the underplating magma and country

rocks were reached at ca 12 Ma afterhasaltic underplating．"rhe time interval of 12 Ma Is consis—
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Fig 3 Modeling results ol heat conduction for a scenario where mafic magma with the tempera—

lure of 1000"C is underp／aled into the lower／middle crust in a stable geothermal slate"al and『b)il

lustrate／bermal peffnrbations】n the horizomM and、-enJcal directions．a¨‘ay j，。●Ⅵlbe underplating

magma respectively H describes the temperature evolution of a location on the left boundary of the

underplating magma finitial temperature=1000。C)I，J K and Lillustrate temperature variations at 4

locations in countO,rocks．respectively 10．20．30 and 40 km away from the H location(in the hori

zontal direction)N describes temperature development at a location on the top boundan-of the Ha—

derplating magma{initial temperature=1000℃】0，R Q and R represent temperatttre changes at 4

locations in cotffary rocks．respectively 0 5．1 0、l 5 and 2 km away fmm the N location in the vertical

direction The dashed line is the 690‘C isotherm，above which muscovite—induced dehydration melt—

ing OCCUI'．

tent with lhat of 5—20 Ma reported by other studies㈣5‘”．These results suggest that crustal

anatexis corresponding to the maximum thermal perturbation probably predominantly occurred at

ca．1．5 Ma after the underplating event，that the occurrence of remelting granitoids should be

within the time span of 12 Ma after the underptating event．and that the scale ofanatexis is strictly

limited by the volume of underplating magma．Therefore，it would be very difficult for a small

volume of basaltic underplating to provide erlough heat energy to generate the lndo—Sinian granitic

phitons，which are extensively exposed in Hunan Province．even in South China，unless a large

volume of mafic magma had underplated into the middle／lower crust during the period．

If the Indo—Sinian underplating event of the mantle—dedved melt were a very important factor

contributing to the formation of these contemporary granitoids in Hunan Province，a close spatial

and temporal association between the mafic igneous rocks and these intrusions should be observed，

unless the lower，n缸ddle crust behaved as a very effective“density tilter'’fie alI of the basall and

intermediate magmas were confined to deep levels)叭However，the volcanic rocks of lately
Indo—Sihian to early Mesozoic ages are sparsely exposed in the southeastern Hunan Province，ex—

cept for minor gabbro xenoliths with the Sm／Nd isochron age of 224 Ma ffNd(，)=+8．8)and nl-

lramafic xenoliths enclosed in late Mesozoic alkaline basalts f130_150 Ma)(fig 11”“Further—

more，the extensive development of thrusti日I∥smcMng structural styles during 260---230 Ma
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(muscovite。oAr／39Ar age)邮2 suggests that the stress fjcId in the sludv盯ea was dominatedbv a
convergent regime during this period．which is unfavorable lo the emplacement of mantle—derived

melts into the lower／middle CrUSt Finally．if the basaltic underplating event had occurred before

the tectonically convergent event．then the predominant emplacement ages of these granitoids
would have been older than 250 Ma．This is inconsislent wilb the formatioo ages of gabbros xeflt)一

1ilhs and related mafic volcanic rocks m 224--204 Ma from the southern Hunaa Provincel”“．

which suggests that the underplating event occurred during or shortly after the tectotltc crustal

thickening event．Accordingly,the possibility for an extensive basallic underplating event during

lndo—Sinian period is very"small．We hence conclude that basaltic underplating is unlikely a pre—

dominant mechanism to produce the lndo—Sinian peraluminous granituids in the region

2 2 A model simulating tectonic crustal thickening

2．2．1 Teclonic crusl thickening，themaaI—mechanical perturbation and anatexis

lural analysis of the lndo—Sinian deformation in the study area shows that a series of NE—Irending

top—to—NW thrustirL酉stack Structures occurred between the Xuefeng Mountain and the southeast．

eru Hunan Province as a result of the NW-SE oriented compression．We therefore applied a con—

stant shortening displacement rate to the NW side of the model．This is equivalenl to subjecling

the model(initially in a stable state)to a NW-SE compressional stress field dnring the period of

lcctonie crustal thickening

The modeling results(fig．2(c))show that the continental crust is progressively thickened in

response to the continuous loading(shortening)．As a result of crustal thickening，temperature was

significantly perturbed(increased)in the trough region but only slightly modified in the areas on

its both sides"仉rhen the crust with an initial thickness of 35 km was tectonically thickened to 39

km，or the thickening factor(the crustal thickness after deformalion versus the initial thickness)is

greater than 1 1．the temperature at the boundary between middle／lower—c170st underneath the

trough call reach and exceed 700℃．This means that muscovite—induced dehydralion melting will

OCCUF once the thickening factor is greater than】．1．However,whether or nol the granitic melt

from the melting sources can effectively migrate to the erastal—level and fornl magma chambers

is determined by the rheologically critical melt percentage．which is 20％一35％for felsic

melts[40，w“As numerical convergent deformation continues in the model，the CruSt becomes

further t|lickened and the temperature at血e boundary between middle／10wer crust undemeath the

trough continues to increase．If the crust thickness is less thal3．45 km or the thickening factor is

1ess thall 1．3．the thermal perturbations from such a tectonic crustal thickening can lead to the

melting producl of IO％一20％fvolume percent)as a result of dehydration melting of gneiss

(and／or slate)(refer to fig 7 published by Clemens et al，1987⋯)．The melt produced at this stage

is still not enough to migrate effectively to form a magma chamber due to a lower melting per—

centage．However．when the continental crest is thickened to>45 km or the thickening lactor is
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greater than 1．3．t}le perturbed temperatures at the boundary between middle／lower crust are about

750。C and the msultatlt melt percentage is>20％(volume percenl)¨”’The dehydration mehing

occurred at depths of 1 8—22 kln with a melting thickness of ca 4 km(fig．4(a))This melting

percentage is essenⅡal for the melt to fractionate and to form granitoid batholiths．In coutrasl lo

the trough area．the perturbed temperatures in the areas on both sides of the trough at the boundary

between middle and lower crusts are still less than 690。C ffig 2(c))，lhougb some temperature

increases are observed．These areas correspond to the Yangtze Block and Cathaysian Block

Time,'Ma

Fig 4 (a)Me]ring thickness of muscovile、induced dehydration melting duriog increasing lectonic

crustal thickening(b)Crust shortening during tectonic thickening ia different teclonic situations See

fig 2(c】for the locations of markers A，B C，D and E．

In summary，the perturbed temperatures near the boundary between the middle and lower

CtllStS(or between slate／gneiss and amphibolite／granulite)during tectonic crustal thickening carl

result in muscovite—induced dehydration melting．whereas hornblende-and biotite·induced dehy—

dration melting in the trolllgh is hardly possible unless initial temperatures reach 920。C at the

CruSt-mantle boundary or the metamorphic rocks in middle／lower crust have an extremely high

radioactive heal production．The dehydration melting of metamorphic rocks containing hydrous

minerals would not take place in the re百ons on both sides of the trough due to low penurbed

ternperatul'es．

2．2．2 Evidence from structural deforrnation In our modeIs．heterogeneous crustai dell017ua．

1ion occurred while Ille muscovite—induced dehydration melting took place to generate the

Indo—Sinian peraluminous granites in the trough．Fig．2fcl also shows a significant difference in

strain distributions in the upper·middle crust(with depth<15 km)between the trouIgh and its both

sides in the study area．As illustrated in fig．2(c)，deformation was intensively localized along the

boundaries of the trough，and the eastern boundary of the trough was more severely deformed than

the western boundary Overall．the trough area displays much greater shear strains than the areas

on its both sides(shown with the closed line in fig．2(c))．Fig．4(b)illustrates the development of

crustal shortening in different tectonic situations，marked as A，B，C，D and E，respectively．where
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A represents the eastern Yangtze Block，B denotes the area in western Hunan Province．C for the

Lianyuan—Shaoyang are0．in central Hunan Pro订nce，D for the area in southeastem Hunan Prov—

ince and E for lhe weslem Cathaysian Block．When the crust was tectonicallv thickened up to 45

km．CrUSt shortenings on me eastern and western sides ofthe trough are 10％一13％and 2％一8％

respectively(A and E in figs．2(c)and 4(b))In contrast．the shortenings within the trough are

much greater，45％一220％at the eastern boundary fD in fig．4fb】)，I 1％一2 1％at the central lo—

cation(C in figs 2(c)and 4(b))and 12％～51％at the western boundary(13 in figs 2(c)and 41b))

It is important Io note that these different shortening percentages in differenl tectonic zones are

consistent with the surface structural and deformalion styles observed in the stud)'area．For in．

stance，the Jura—type folds are well developed in the eastern Yangtze Block，whereas the sonlh—

eastern Hunan Province is characlerized by compound thrust—foIds．thrust—faults and stacking，

which represent a much stronger deformation．Thrust—faults donfinantly developed in the Xuefeng

Mountain in western HBrian Province and this also indicates a weaker deformation situation in

comparison with the southeastern H"allan Province．Box foIds dominantly developed iil the

Lianyuan—Shaoyang area in the central Hunan Province∞Ⅲ⋯．representing the weakest deforma—
lion in the rough．The modeling results also suggest that the occnlTenoe of the lndo—Sinian per—

alurninous and potassium-rich granites is coincident with the defonnation age in the Hu—

nan-Jiangxi—Guangxi struclural zone．Therefore，convergent deformation and tectonic crustal

thickening represent all effective mechanism for the development of structural styles and the for-

marion of the Indo—Sinian granites in Hunan Province．

The Mesozoic granites with the crystallization depths of 5一10 km are extensively exposed

in South China This suggests that the upper crust of 5L10 km be denudated since the early

Mesozoic in this area The current crest thickness defined by geophysical profiles is 35～42 km in

the Hunan-Jiangxi—Guangxi zone吼那⋯．Therefore，it can be inferred thai the Claim has been

tectonically thickened to>42 km during the lndo—Sinian period in the region，In our models，

when the continental crust was tectonically thickened up to 43 km，the SE—dipping geometrical

interrace between the middle／lower crust with low angle can be observed at the depth of 32 m

(fig 2fc))，corresponding to the location of the low—velocity zone
in the current ernst depth range

of 20--25 km in Htman and Jiangxi provinces⋯。“It is therefore reasonable to conclude that

tectonic crusta]thickening is the most likely mechanism to account for the Indo·-Sinian[ec—

Iono．magmatism in Hunan Province．

Thermal—stress readjustment usually takes place within the lime span of 10～一20 Ma after the

ending of tectonic crustal thickeningll“．During stress relaxation in response to
the ending of a

compression event，small volumes of the basic magma can be possibly underplated near the base

of the trough．The involvement of underplating magma，as if acting as a catMyst，will
induce the

dehydration melting of gneisses to increase melt percentage(possibly larger than ca．50％(volume

percem))which will greatly facilitate melt migration⋯The 40Ads9As age of nxuscovite for the
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mylonites from the thrasting zone in the Hunan—Jiangxi—Guangxi zone脚5⋯suggested that the【ec

tonic thickening event occurred at the time interval of 260_230 Ma Bu!the gabbru xenoliths in

Daoxian County,suggested that the earliest basic magma underplating might Occur at ca 224 Ma

(Sm—Nd isochron age)This lime interval nicely corresponds to that of the thernlal一stress reIaxa

tion after the stacking event．The occurrence of small—scale magma underplating is therefore pos．

sible，as indicated by the gabbro xenoliths in Daoxima County,during the thermal—stress relaxation

after the ending of the tectonically thickening event．

3 Conclusion

The thermal—mechanical relationships between the genesis of the lndo．Sinian peraluminou‘

and potassium—rich granitoids and either the contemporary basic magma underplating or the tec—

tonic thickening of the continental crust have been numerically simulated in this paper The un

derplating of a small volume of basic magma into the middle／lower crust will trigger the dehydra—

lion melting of hydrous minerals—bearing metamorphic rocks to generate the peraluminous and

potassium—rich liquids The location of magma underplating at the middle／lower Crust levels

should correspond to the central locations of the granitic melt generated，but the thermal perturba—
tion effects of this mechanism are limited in terms of time span and spatial extent Tectonic cmstaI

thickening can lend to a significant increase in temperamre at the boundary between rniddle and

lou,er crusts in the trough region．W3aen the thickening factor is up to 1．1、temperature at this

boundary．can be greater than 690。，which is hot enough to trigger the muscovite—induced dehydra—

tion melting to produce the peraluntinous and potassium—rich granitic liquid．V(hen the thickening

faclor is greater than 1．3．the muscovite—induced dehydration melling will produce>20％(volume

percent)melt in the trough region、which can effectively migrate into magma chambers al shal

lower crustal levels to form the granitic batholiths However,the perturbed temperature in the

CruSt on both sides of the Wough is not high enough to induce the dehydration melting of any kind

of hydrous t“neral—bearing metamorphic rocks．In combination with the geological data from de—

formation styles in the region and rare outcrops of the lndo—Sinian volcanic rocks，it is reasonable

to conclude that the generation of Indo—Sinian peraluminous and potassium—rich graniloids is pre—

dominantly attributed to the tectonic crustal thickening／stacking rather than basaltic underplating
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