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ABSTRACT：The Early Cretaceous aluminous A—type granites in the Lower Yangtze River belt

(LYRB)can provide important insights into the Mesozoic magmatism in eastern China，but their origin

remains highly controversial．In this study,radiogenic Ca-Nd isotopic analysis was performed for sy—

enite porphyry and alkali-feldspar granite porphyry of the Yangshan pluton，a typical aluminous A—

type granitic intrusion in the LYRB，to constrain its source and geodynamic setting．The results show

that ec,(126 Ma)，eNd(126 Ma)and K／Ca。。。。of the syenite porphyry range from-0．24 to+0．96，一7．2 to

-6．0，and O．31 to 1．26，respectively．The corresponding values for the alkali-feldspar granite porphyry

range from 0．26 to 0．84，-8．0 to-6．1，and 0．79 to 1．08，respectively．Binary mixing modeling indicates

that they were originated from the same sources with different proportion，namely,a mixing of 50％to

75％Neoproterozoic crust and 50％to 25％asthenospheric mantle．Together with previous works，we

propose that the Early Cretaceous subduction of the ridge between the Pacific and Izanagi plates was

responsible for the formation of the aluminous A-type granites in the LYRB．

KEY WORDS：Lower Yangtze River belt(LYRB)，aluminous A-type granite，Yangshan pluton，radio—

genic Ca—Nd isotopes，ridge subduction，geochemistry．

0 INTRoDUCTIoN

The Early Cretaceous aluminous A—type granites distribut—

ed along the Lower Yangtze River belt(LYRB)are critical for

elucidating the geodynamic mechanism in eastern China．How—

ever,their genesis remains controversial．Several petrogenesis

models have been proposed，including(1)crustal anatexis with

or without mixing ofjuvenile materials(Zhang et a1．，20 l 8；Gu

et a1．，20 1 7；Xu et a1．，20 1 0)；(2)mixing between asthenospher一
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ie and enriched lithospheric mantle，and subsequent crystal

fractionation(Yang et a1．，2017)；(3)upwelling of the astheno—

spheric mantle for A1一type granites，and partial melting ofmeta—

somatized lithospheric mantle for the A，一type(Li et a1．，2014，

2012，201 1)；(4)metasomatized mantle for A，一type granites，

and reworking of Mesoproterozoic crust for A2-type granites

(Yan et a1．，2015)；(5)partial melting of residual lower conti-

nental crust(Jiang et a1．，20 1 8a；Wang et a1．，20 1 8)；and(6)

generation from enriched lithospheric mantle with crustal con—

tamination(Cao et a1．，2008；Du et a1．，2007)．One reason for

the controversy on the aluminous A·type granites may be the

difficulty in distinguishing the contribution of different mantle

components to granitic formation based on conventional radio—

genieisotopes(e．g．，Sr,Nd，PbandHO．Asanexample，onlyradio—

genic Nd isotopic data often make it difficult to discern lithospher—
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icmantlefromiuvenilecmstfMills etal．，2018)，andtheinconsis．

tent刃76Lu values result in contradictory interpretation ofthe same

Hfisotopic data(Kreissig and E1liott，2005：Bizzarro et a1．，2003：

Scherer et a1．，200 1)．Tb overcome this deficiencv，a novelt001，ra—

diogenic 40Ca isotope，was explored in this stLldy to provide new

constraintsonmepetrogenesisofA-typegraniticmagmas．

CaIcium fCa)，a maior constituent eIement of the Eanh，

plays a critical r01e in geological processes(e．g．，Lu et a1．，2020；

Zhu et a1．，2020；Chen et a1．，201 8；Kang et a1．，2叭7；Liu et a1．，

20 l 7a1．It has six stable isotopes，with mass number of 40，42，

43，44，46，a11d 48，and时pical natural abundances of 96．98％，

0．642％，0．1 33％，2．056％，0．003％，and 0．1 82％，respectivelv

(DePaolo，2004)．The most abundant isotope，4uCa，has both non．

radiogenic a【ld radiogenic Ca isotopic variations in terrestrial

materiaIs．The 1atter is the daughter product of radioactive加K．

Approximatelv 89．5％of40K pmduces 40Ca by B_emission with a

half-lif．e of 1．25 Ga(DePa010，2004；Steiger and Jager，1 977)．
The shon half_life of4UK，relative to the age ofthe Earth，means

that radiogenic 40Ca is more sensitive to me contribution of pre—

existing cominental crust than other long—lived decaV system

such as Rb．Sr methods(the half-life of”Rb is~49 Ga)(Mills et

a1．，2018；Kreissig and E11iott，2005)．Moreover，potassium(K)
and Ca are strongly difI’erentiated during the fbmlation ofcomi—

nental c11lst(Caro et a1．，2010)，which would result in 2ranite

with刚Ca ratios two to f'our orders of maP田itude higher than

those of the mantle．The mantle typicallv has a K／Ca ratio of

0．0 1 (Salters and Stracke，2004)，with a 40K／44Ca ratio of

0．000 06，and an overall variation in 40Ca严Ca ratios through

ge010 gicaltime of 0．000 6．Simon et a1．(2009)showed that the

晶．value of bulk silicate earth relative to NIST SRM 9 1 5a range

f．rom—O．68士2．28 to．0．93士0．6l，suggesting that the NIST SRM

9 1 5a may possess radiogenic 40Ca excesses．The similar conclu．

sion was obtained by He et a1．(20 l 7)．However，Caro et a1．

f20 10)concluded that no res01vable difrerence in radiogenic Ca

isotoDic between the mantle and this standard were observed bv

measuring ei2ht mafic rocks．Combining mese data with the

new(ultra)mafic rocks，Mills et a1．(20 18)found that the mantle

is 0．7slowerthanSRM 915a．

Prevjous studies have also clearly demonstrated that radio—

genic 40Ca is a robust仃acer in igneous petrogenesis(M订ls et a1．，

2018；MarshaU and DePaolo，1989，1982)，early cmst—mantle

evolution(Kreissig and Elliott，2005)，the oceanic Ca cycle(An—
tonelli et a1．，202l；Caro et a1．，2010)and post．fbrmation K de—

pletion ofthe 10wer continental cmst(Antonelli et a1．，20 1 9)．

In this contribution，we repon new radiogenic Ca．Nd iso．

topes for the aluminous A—type P，aintes in the LyRB，cou口1ed

with compilation of the geochemical data in 1itemture，in order

to(1)consn．ain the radi02enic Ca isotopic composition of the

aluminous A一帅e graintes in me LyRB and their petrogenesis，

and(2)elucidate the Early Cretaceous geodynamic ev01ution

in the LYRB in eastem China．

1 GEoLoGICAL SETTING AND SAMPLES

The Yangtze Block lies between the Dabie—Sulu orogenic

belt to the nonh and the Cathaysia Block to the south fFig．1)．

It comprises the Archean crystalline basement(the Kongling

Gmup) composed of tonalitic， tmndhiemitic and granitic

(TTG)gneisses，metasedimentary and amphibolite rocks fRen

et a1．，2020；Qiu et a1．，2000；Gao et a1．，1999)．The basement is

unconfbmably oVerlain by the Paleoproterozoic metasedimen-

tary rocks，Cambrian to Silurian chert nodules，1imestones and

clastic rocks，and Devonian to Triassic sandstone，shale and a卜

gillaceous clastic rocks(Fan et a1．，20 l 6；Yan et a1．，20 15)．The

LYRB refers to the northem segment of the Yangtze B10ck

(Fig．I)，which extends f№m Hubei Province in the west to the

Jiangsu Province in the east(Ling et a1．，2009)．It primarily

consists of the Late Precambrian metasedimentary and

metaVolcanic mcks，as wen as Early Paleozoic clastic rocks，

and Neoproterozoic and Mesozoic igneous rocks(Qian et a1．，

2019；Jiang et a1．，2018b；wu et a1．，2叭2)．In panicular，Late

】Ⅵesozoic igneous rocks are extensively exposed and are close一

1y associated with polymetallic deposits(e．g．，Liu G x et a1．，

202 l；Liu S S et al_，2020)，thus attracting widespread attention

仃om geologists(Sun et a1．，20 1 0；Ling et a1．，2009；Mao et a1．，

2006；Chen et a1．，2001；Chang et a1．，1991)．The Mesozoic

mcks were previously divided into two stages：(1)the 150 to

136 Ma rocks mainly comprise I-帅e granite，including伊ano-

diorite and monzagranite rocks；(2)the 1 36 to 1 20 Ma rocks

consist of A—type granite and syenite as well as their volcanic

counterparts(Wu et a1．，2012)．However，recent U-Pb，Rb—Sr

and Ar-Ar ages indicate three stages：granodiorite fbm l 52 to

1 36 Ma，monzogranite from 136 to 1 30 Ma，and K-feldspar

gmnite行om 130 to 120 Ma(zhang et a1．，2叭8)．

TheYrangshanpluton(30。17，Nt030。18’30”N，117。42’28”E

to 11 7。46’28”E)located in the nonheast of Shitai Coun吼Anhui

ProVince，is a panof the Jiuhuashan Complex(Fig．2)．It is tec·

tonically part of me Shitai dome fold，which is situated in me

northem ma唱in of the Lower Yangtze Block(Gu et a1．，2017)．

The unit also comprises Late Neoprotemzojc low—grade metased—

imentary and metav01canic mcks，and Paleozoic marine clastic

sediments and carbonates(Jiang et a1．，20 1 8b；Wang，2009)．
Rock types ofthe Yangshan pluton mainly include alkali-f．eldspar

granite po印hyry and syenite po印hyry，both of which belong to

aluminous A-type granites．The alkali—feldspar granite poIphyry

comprises phenocrysts and groundmass．The phenocrysts are

comprised of quanz，K—feldspar，biotite and homblende as weU

as accesso巧zjrcon and印atite，mabng up 40 V01．％t0 50 v01．％

of whole rocks．The groundmass is comp“sed of feldspar and

quartz(Gu，2017)．The syeniteporphy巧is composedofl0V01．％

to 20 V01．％phenocIysts including quartz，K-feldspar，plagio—

clase and biotite，as well as accessory zircon and apatite(Gu，
2017、．

2 ANALYTICAL METHoDS

Radiogenjc Ca．Nd isotopic 8nalysis was conducted in a

class l 00 hood at the State Key Laboratory of Isotope Geo．

chemistry’ Guangzhou Institute of Geochemistry， Chinese

Academy of Sciences(SKLaBIG．GIGCAS)and described in

the f．ollowin2 t、vo subsections．

The separation of Ca folIows the Dmcedures described bv

Zhu et a1．f20 1 61 and Liu et a1．(20 l 7b1 with minor modifica．

tions frable S 1)．Wh01e rock powder samples were dissolved

in a mixture ofconcentrated HF and HNO，(3：1)for 5 days at

120。C．Once in s01ution，the samples were evapomted to dn，一

ness at 100 oC and rediss01ved in 2 mL of 6 M HCl to remove

insoluble nuoride compounds．The samDles were finally dis．
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Figure 1．Geological map ofthe Lower Yangtze River belt．(a)Sketch map showing the ridge subduction between the Izanagi and Pacific plates；(b)geological

sketch map showing the Early Cretaceous igneous rocks in the LYRB(modified after Jiang et a1．，2018b；Su et a1．，2013；Ling et a1．，2009；Sun et al，2007)．
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Figure 2．Geological map of the Yangshan intrusion，displaying the rock

types and sample localities(modified after Jiang et a1．，2018b；Gu et a1．，

2017；Xu et a1．，2010)．

solved in 0．05 mL of 1．6 M HCl to obtain a clear solution for

column separation．The completely digested samples without

addition of the double spike were loaded on the Teflon column

containing 1 mL AG MP 50 r l 00 to 200 meshes)resin to puff．

～Ca．Given that the samples analyzed here have the high

K／Ca ratios f4 to 1 91，it is necessary to add two chemical sepa．

rations as high．K samples could lead to drifting of the Ca elu．

tion peaks．In the first chemical separation．we collected solu．

tions from 1 7 to 45 mL to ensure the 100％recovery of Ca．It

is 1ikely that the residual K was presented in the Ca cuts．Ac—

cording．1 8 to 44 mL solutions in the second purification of Ca

following the methods of Zhu et a1．(20 1 6、and Liu et a1．

(20 l7b)were applied to further remove residual K．Using the

modified purification procedure，a perlect separation of K and

Ca with nearly l 00％Ca recovery for these samples was

achieved well(Table S 1、．

Radiogenic Ca isotopic ratio was determined by thermal

ionization mass spectrometry(TIMS)．Purified Ca(-3 09)was

loaded on a single Ta filament with 5％phosphoric acid as an ac．

tivator．A single—sequence Faraday cup of L2，C，H l，H2 and H3

was used to collect”Ca，“K，”Ca，43Ca and“Ca，simultaneously．

The“C扩Ca ratio of 0．3 1 2 2 1 was employed to calibrate the in．

strumental mass discrimination(Russell et a1．．1987)．The 4‘K

signal was monitored to correct isobafic interference of”K on

40Ca using 40K／41K一0．001 738．Two or three unspiked NIST

SRM 9 1 5a were carried out per analysis batch．each bath con．

sisting of 2 1 samples．to assess the stability of the instrument．

Triplicate analyses were performed for each sample，and means

士2SD was reported(Table l、．The NIST SRM 915a without the

double spike yields a 40Ca尸Ca ratio of 47．1 66 7 4-0．004 9 r2矾

N=7、．The radiogenic Ca isotopic ratio is reported as the d07"ca

value relative to the unspiked NIST SRM 9 1 5a．

1(”Ca／“ca)鼯呷l。
％a 2l庶矛瓦意 1『×10 000 (1)

J

Another method on assessing instrument stability is to

measure the NIST SRM 9 1 5a and IAPSO seawater with the ad．

ea令、吲Z

愿
满一
a

l矿∥

潍

一、嚣
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dition ofa”Ca_43Ca double spike．Their results are both consis—

tent with our laboratory long—term standard values within the

analytical uncertainty．One duplicated sample f 1 3CZYS一071 ex—

hibited satisfactory reproducibility within uncertainty(Table

1 1．The procedural blank was 23．6 ng，which is insignificant

compared to the-50 Bg Ca column 10adings．Additional details

of Ca jsotopic analysis are documented by Bai et a1．(2020)．

Zhu et a1．(20161 andLiuYF et a1．(20151．

Chemical separation ofNd follows the procedures reported

by Ma et a1．(20 1 31．Approximately 200 ppb Nd solutions were

measured on multi—collector inductively coupled plasma mass

spectrometer rMC．ICP—MS．Nu Plasma 1 700)．“oNd／⋯Nd=

0．72 1 9 was applied to correct instrumental mass fractionation．

and the JNdi—l standard was used to monitor instrument stabili—

ty．Three replicate measurements of this standard were per-

formed during sample analysis and an average 143Nd／144Nd ratios

of O．512 124土0．000 025(2仃，N=3)was obtained(Table 1)，

consistent with the certified value within error．In addition，two

standards，GSP一2 and JG一2，were used for quality—control our—

poses during sample purification．yielding”3Nd／⋯Nd ratios of

0．511 340士0．000 004(2回and 0．512 227-4-0．000 003(2盯1，re—

spectively(TabIe 1)，which are agree well with published values

(Weis et a1．，2006)．Whole—procedure blanks for Nd were<1 ng．

3 RESUIJS

Whole．rock major and trace elements have been reported in

Gu et a1．(20 1 7、．thus we only summarize it birefly．The alkali—

feldspar granite porphyry has Si02 from 76．3 wt．％to 77．4

wt．％，K，O from 422 wt．％to 4．80 wt．％。Al，O：from 11．95

wt．％to 12．26 wt．％．CaO from 0．17嘶．％to 0．97 wt．％．total

REE concentrations from 11 8．5 ppm to l 35．7 ppm，(La／Yb)N

ratios from 4．9 to 5．9 and negative Eu—anomaly from 0．07 to

0．1 0(Gu et a1．，20 l 7)．The syenite porphyry has Si02，CaO，

Al，0，，K，O，and total REE concentrations of74．91 wt．％to 75．58

wt．％．0．30 wt．％to 0．58 wt．％，12．32 wt．％to 12．53 wt．％，4．99

wt．％to 5．85 wt．％，and 230．6 ppm to 25 1．7 ppm，respectively，

with fLa／Yb)、，ratio of 7．5 to 8．2 and negative Eu—anomaly(Eu／

Eu+=0．14t00．17)(Guetal．，2017)．

Nd isotopic data for the Early Cretaceous Yangshan alumi．

nous A。type granites from the LYRB are reported in Table 1．

Whole rock'fiNd(1 26 Ma)values of syenite porphyry range from

．7．2 to一6．0 and those of alkali．feldspar granite porphyry are

from．8．0 to一6．1．respectively,agreeing well with the literature

values(Jiang et a1．，20 l 8b；Wang et a1．，2叭8；Zhang et a1．，20 l 8；

Guetal．，2017；Wuetal．，2012；Xu etal．，2010)．The屯(126Ma)
values for syenite porphyry and alkali-feldspar granite porphyry

were first reported in this study ranging from一0．24 to+0．96 and

O．26 to 0．84．respectively fTable 1)．

4 DISCUSSION

4．1 Magma Source of Aluminous A-Type Granites in the

LVRB

The radiogenic Ca isotope geochemistry is still in its infan—

cy．To better understanding the evolutionary process ofradiogen—

ic Ca isotope，we employed an evolution model ofradiogenic Ca

isotope inYangtze Craton(Fig．3)．In this model，the evolutionary

pathways of radiogenic Ca isotopic compositions are derived

from different reservoirs with geological time．The three reser—

voirs with K／Ca=0．0 1 in the mantle(Salters and Stracke，2004)，

K／Ca=0．05 in the basaltic lower crust(Rudnick and Gao．2003)．

Table 1 Radiogenic Ca··Nd isotopic compositions of the Yangshan aluminous A-type granites in the Lower Yangtze River belt

14FCll 803

Refefences

JNdi。1 0 512 124士0．000 025

3 1 47．178 7士0．005 1 2．54

NISTSRM915a 47 166 7土0．004 9 8 1．03

GSP。2 O．511 340士0．000 004

JG．2 0．512 227土0 000 003

8．After Gu(2017)and Liu L et a1．(2015)；b．normalized to 42Ca／44Ca=0．312 21 using the exponential fraetionation law(Russell et a1．，1978)；‘．rela—

tive to unspiked NIST SRM 9 1 5a；d．t=1 26 Ma．age-corrected values；。．full．procedure duplicate．
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and K／Ca 2 0．35 in average continental crust are assumed to have

formed at 3 800 Ma ago，giving three different evolutionary path—

ways．From these three evolutionary pathways，it can be conclud—

ed that the higher the time—integrated K／Ca ratio，the greater en—

richment in radiogenic”Ca．Moreover,this is indistinguishable

radiogenic Ca compositions between lower crust and the mantle

within the analytical uncertainties．Therefore，the values oft．。<1

indicate that these magma mainly involved mantle compositions

in their genesis，or were generated by partial melting of mafic

lower crust．The K／Ca ratios of 0．35．the highest value formed

from the upper mantle，was applied to simulate the evolutionary

pathways of radiogenic Ca isotopes from the Nd model age(1

500 Ma)to remelting．It is quite clear that remelting occurred at

1 26 Ma based on the U-Pb ages．Subsequently,the K／Ca ratio

was revised to 9．5(the average value of these samples)and

evolved to the present day(green line)．Another evolutionary

pathway also suggests that even when highest K／Ca ratio(0．35)

in crust—mantle separation was used，its results were still lower

than measured data(brown line)(Fig．3)．Other evolutionary

paths did not evolve to match the measurements(Fig．3)．The con-

tradiction between theoretical and experimental studies could be

best explained by changes in sources compositions，which may

have added new materials to its source．

There appear to be only one published report on radiogen—

ic Ca isotopic compositions of Dabie granitoids in China

(Wang et a1．，2019)．The Dabie granitoids display age—correct—

ed斗。(126 Ma)values from 0．01 to 1．15，while the Early Creta—

ceous aluminous A-type granites range from-0．3 I to 0．96．all

of which are broadly identical to the mantle value within error

(Table 1)．In order to further distinguish their source composi—

tions，we estimated source K／Ca ratio of Dabie granitoids and

LYRB aluminous A—type granites using Eq．(2)and followed

the method of Marshall and Depaolo f 1 989)．

／K＼

l西J。。。

where

‰(7’)一‰(兀)

QCa(e；'KT('--eVl

Qc。=!‘}鬻×·。。。。
(2)

Ab is isotopic abundance；K／Ca indicates the atomic ratio rMar．

shall and Depaolo，1 989)；k and R are the total decay constant

of”K and the branching ratio，respectively(DePaolo，2004；

Steiger and Jager，1 977)；％。(D and&．。(瓦)denote气。values the

time T(zircon U-Pb age)and To(Nd model age)，respectively．

sr。(乃can be calculated from measured”Ca／“Ca，K／Ca ratios

and U-Pb ages，while龟。(To)is一0．70(Mills et a1．，201 8)，assuming

that the crustal reservoir derived from the upper mantle that time．

Combining Nd isotopic data with zircon U-Pb ages(Wang

et a1．，2019；He et a1．，2013)，the source K／Ca ratios could be cal．

culated．The results show that the source K／Ca ratios f l 26 Mal

for Dabie granitoids range from 0．33 to 0．61 and are plotted in

the lower continental crust field in an龟。(126 Ma)-K／Ca。。。(126

Mal diagram(Fig．41．This observation indicates that Dabie

granitoids originated from the middle．10wer continental crust．

consistent with previous studies(He et a1．，20 1 3：Ling et a1．，

201 1；Huang et a1．，2008；Wang et a1．，2007)，which supports the
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reliability ofthe radiogenic Ca isotope geochemical index．Also。

the source K／Ca ratios of all samples in the LYRB ranging from

0．3 l to 1．26 were obtained fTable l 1．It appears that the source

K／Ca ratios of the LYRB samples are．on average．higher than

those ofthe Dabie granitoids(Fig．4)，indicating that they have

di仃erent source compositions．More specifically,the Early Cre．

taceous aluminous A—type granites source clearly has higher

K／Ca materials than Dabie granitoids．In additions．the vast ma—

iority of the LYRB samples are substantially higher than that of

middle—lower crust(0．1 to O．5)(Rudnick and Gao，2003)，and

tend to cluster around the value for average upper crust value

(0．95)(Taylor and McLennan，l 995)．Sedimentary and metased—

imentary rocks are highly variable in K／Ca ratios(Marshall and

DePaolo，1 982)，and are lower(0．1)in the mafic lower crust

(Rudnick and Gao，2003)，both of which are different from

source K／Ca ratios of these samples．The鼠(1 26 Ma)values of

Yangshan aluminous A．type granites are consistent with the

middle．10wer continental crust or mantle value at our current

level of analytical precision f l￡unit)．but their source K／Ca ra．

Age似a)

Figure 3．The evolutionary path of the radiogenic Ca isotope of the differ-

ent geological reservoirs from 3 800 Ma to the present day The oldest crust-

al component in the Lower Yangtze Block(Zhang et a1．，2006)，3 800 Ma，

was taken as the starting point．The mantle evolved throughout the geologi—

cal time．

4·0

3．0

—2·0

要
冯1．0
已
o

O·0

．1．0

-2．0

0．0 0-3 0．6 O．9 1．2 1．5

X协

Figure 4．￡f。(126 Ma)vs．K／Ca⋯。diagram(DaNe data from Wang et a1．

(201 9)，and radiogenic Ca isotopic data and K／Ca ratios from DePaolo

(2004)and Rudnick and Gao(2003))．The lower continental crust field was

represented by amphibolites from the Luzhenguan Complex in the Dabie-

Sulu Orogen(Lu et al，2020)．
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tios are substantially higher than the latter(Fig．4)，implying that

their magma source may be a mixture of the upper-crust materi．

als and mantle，rather than from the K．poor and Ca-rich marie

lower crust materials．

The extremely low radiogenic Hf and Nd isotopic compo—

sitions of the lower crust of the Yangtze Block and the relative—

ly high aluminous A-type granites of the LYRB further suggest

that the lower crustal material does not represent the main

source component of aluminous A—type granites(Guo et a1．，

2014；Zhang and Zheng，2013；Gao et a1．，1999)．Moreover,
the lower continental crust has low K．Th and U contents．so

rocks formed from it should have low K contents and Pb isoto-

pic ratios．which is inconsistent with the geochemical charac-

teristics of aluminous A—type granites in the region(Yang et a1．，

2017：Yan et a1．，2015)．Previous studies have also shown no

obvious heavy rare earth elements(HREEs)differentiation，

which aDart from the possibility of the residues garnet in their

magma source(Gu et a1．，20 1 7)．The depletion of Sr and nega-

tive Eu anomalies indicate a plagioclase．rich source and reflect

their shallow．crust origin(Yan et a1．．20151．Zircon saturation

temperatures exhibit that the formation temperature for the alu—

minous A—type granites in the LYRB is relatively higher f760—

782。C，with average of 772。C)than that of the early I-type

granites(667—720。C with average of 694
o

C)(Wang et a1．，

2018；Guetal．，2017；Yanetal．，2015)．

Thus on balance．traditional geochemical signatures and

the new radiogenic”Ca data with the source K／Ca ratio r 1 26

Ma)are best explained by a mixing of the mantle and upper

crustal materials in the source of aluminous A·type granites，

rather than by simple crust or mantle composition alone．

4．2 Assessing Crustal and Mantle Contributions in Alumi-

nous A-Type Granites

To quantitatively evaluate the relative contributions of the

crustal and mantle materials，a two end-member mixing model

using the radiogenic”Ca and Nd isotopic for aluminous A-type

granites was developed in this study．In these modeling calcula．

tions，the melts of asthenospheric mantle，the melts of litho．

spheric mantle，the Archean crust and Neoproterozoic crust

were used as isotopic end—members(Fig．5)．The％。values and

CaO contents for the melt derived asthenospheric and litho—

spheric mantle both do not difier．being．0．7e and 11．3 wt．％

(Mills et a1．，20 1 8；Hofmann，1988)，respectively．The氐d values

and Nd contents for the asthenospheric melts are+l0 and l l

ppm，respectively(Chen et a1．，1 994；Hofmann，1 988)，while the

lithospheric melts are-6 and 35 ppm(Yan et a1．，2015，2005)，re—

spectively．Among the crustal end—members．the Archean crust

was represented by the Kongling Group in the Yan【gtze Block

with a CaO content of 9．59、)lrt．％，the昧，。values of-28，and the

Nd concentration of 39 ppm(Rudnick and Gao，2003；Gao et

a1．．1 999)．No radiogenic 40Ca data have been reported for the A卜

chean Kongling Group，but its ec．value should be difficult to dis-

cem within the current precision range because of its low K／Ca

ratio of 0．05．This conclusion is also supported by 8r。value for

granitoids in the Dabie Orogen(Wang et a1．，20 1 9)，which are

considered as derived from ancient lower crust．In this view,an

estimated受。value for the Archean Kongling Group of 1 was

used．Neoproterozoic crust is represented by the Fuchashan

Complex in southern mnhui Province wim CaO and Nd contents

of3．59wt．％and 27ppm(LiuLet a1．，2015)，andan￡c。(126Ma)
value of 2．54 measured here．respectively．Modeling calcula—

tions using the above parameters indicate that the magmatic

source for the aluminous A．．type granites of the LYRB is com-．

posed of 50％to 75％NeoDroterozoic crust and 50％to 25％as．

thenospheric mantle materials(Fig．5、．

In summary,we consider that the mantle compositions are

important in the petrogenesis of aluminous A·type granites of

the LYRB．It not only provides an indispensable heat source

for the melting of the upper continental crust。but also injects
materials into their magma source．Binary mixing model using

．10 ．5 0

、。(126 Ma)

0

Figure5．毛。(126Ma)vs．氐d(126Ma)diagramforthefourendmembersmixingmodels．MAMisthemeltsofasthenosphericmantle：Nd=11 ppm；氐d=+lO；CaO=

11．3wt．％；％。=一O．7(Mills etal．，2018；Chertetal．，1994；Hofmann，1988)．MLMisthemeltsoflithosphericmantle：Nd2 35ppm；d2—6；Ca02
11．3

vet．％；％。2

-0．7(Millsetal．，2018；Yanetal．，2015，2005)．TheArcheancrustwasrepresentedbytheKonglingGroup：Nd239ppm；氐d2—28；Ca039．59wt．％；乇。21(Rudnick

andGao，2003；Gao et a1．，1999)．Neoproterozoic crustwas representedbyNeoproterozoic granitoid：Nd2 27ppm；‰d2-11；Ca02 3．56wt．％(LiuLetal．，2015)，

and eca(126 Ma)2 2．54(Table 1)．
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radiogenic Ca—Nd isotopes show that a mixture of 50％to 75％

Neoproterozoic crust and 50％to 25％asthenospheric mantle

constitutes the main source compositions of the aluminous A—

type granites in the LYRB．

4．3 Geodynamic Setting

The geodynamic setting of Mesozoic igneous rocks in the

LYRB remains controversial．and several genetic models have

been recommended by previous researches，as follow：(1)litho．

spheric thinning trigged by delamination or thermodynamic

erosion(Su et a1．，2013：Li et a1．，2009；Xue et a1．，2009；Xie et

a1．，2008)；(2)the low angle subduction of paleo-Pacific Plate

and subsequent roll—back of basaltic slab．resulting in the par．

tial melting of the lower crust(Wang et a1．，20 1 8)，or Neopro-

terozoic crust(Gu et a1．，2017；Yang et a1．，2017；Yan et a1．，

2015)or highly fractional crystallization(Fan et a1．，2016)；(3)
slab tearing induced by changes in the subduction angle of

paleo—Pacific Plate(Wu et a1．，2012)；and(4)the ridge subdue-

tion between the Pacific and Izanagi plates during the Early

Cretaceous(Zhang et a1．，2020；Jiang et a1．，20 1 8b；Sun et a1．，

2018，2010，2007；Ling et a1．，2011，2009)．Although the geo-

dynamic evolution of the Early Cretaceous cannot be unambig—

uously elucidated through the current isotopic data of the

LYRB Mesozoic igneous rocks．it is clear that the unradiogenic

mantle—like cC。(126 Ma)values and upper crust—like source K／

Ca ratios of the aluminous A-type granites can provide more

details for the ridge subduction model．

Based on geological，geochemical，and geophysical evi—

dence，Ling et a1．(2009)proposed a ridge subduction model for

the Mesozoic mineralization in the LYRB(Fig．6、．This model

states that between 140 to 125 Ma，the Pacific Plate drifled

southwestward and the Izanagi Plate drifted northwestward．re．

suiting in ridge subduction．This modelis favorable for the spa—

tial distribution of adakitic and calc．alkaline rocks．Nb．enriched

basalts，A—type granitoids，and ore deposits in the LYRB(Ling

et al一2009)．During ridge subduction．oceanic crust near the

mid．ocean ridge was hot and partially melted．As the melts as—

cended，they reacted with mantle peridotites and subsequent

contaminated by the lower continental crust materials．forming

the adakitic rocks．Oceanic crust away from the mid—ocean ridge

is cold and has a high water content．which can cause dehydra．

tion of subducted slabs and generme calc—alkaline magmas．

These processes clearly expound the origin of magmatic rocks

in the IYRB between 150 and 136 Ma．The slab window opened

and induced the upwelling of hot asthenosphere．The Nb．rich

fluid released by the subducting slab led to partial melting ofthe

metasomatized mantle，producing basaltic magma(Ling et a1．，

2009；Sun et a1．，2008)．A portion of basaltic magma rose and

erupted to the surface．resulting in the formation Nb．rich ba．

salts，while another portion intruded the crust-mantle boundary,

inducing partial melting of the lower crustal materials(Fig．6)．

The mixing ofbasaltic magma and lower crustal melts produced

the intermediate．acid intrusive rocks．Besides．partial melting of

the lithospheric mantle and lower continental crust led to the

crustal thinning in narrow regions．creating cracks that as chan—

nels for magma to rise．Finally,the rise of hot asthenosDheric

melts into the shallow crustal levels induced partial melting of

Neoproterozoic crust．Therefore，we propose that the series of
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Figure 6．A simplified petrogenetic model of the Early Cretaceous alumi—

nous A—type granites in the LYRB．(a)Modified after Luo et a1．(2018)，Ji—

ang et a1．(2018a)and Ling et a1．(2009)．

geological processes described above controlled the formation

of aluminous A—type granites in the LYRB．

5 CoNCLUSIoNS

Radiogenic Ca isotope has the potential to distinguish the

contribution of the mantle to granitic formation．The initial

Cc。(126 Ma)values for both syenite porphyry and alkali—feld—

spar granite porphyry in the Yangshan pluton range from一0．3 l

to 0．96．consistent with the mantle within error．In conjunction

with the source K／Ca ratios．the results indicate that the paren-

tal magmas of these rocks are the result ofcrust．mantle interac．

tions．Binary mixing model using radiogenic Ca-Nd isotopic

compositions shows that a mixture of 50％to 75％Neoprotero．

zoic crust and 50％to 25％asthenospheric mantle materials

constitutes their magma sources．Integrating with previous

WOrks，we propose that Early Cretaceous ridge subduction of

the Pacific and Izanagi plates was responsible for generation of

aluminous A．type granites in the LyRB．
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