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Abstract  Based on geochemical evidence, the quartz diorites from Dapuchai, eastern Jilin Province, belong to typical adakites
derived from partial melting of thickened lower crust. Zircon U-Pb dating by LA-ICPMS technique indicates that the studied plutons
were emplaced during Late Jurassic with an age of 164.9 +0. 8Ma. Zircon Hf analyses conducted by LA-MC-ICPMS show that these
adakites have variational £,,( 165Ma) values from -5.02 to 5.43, and Hf model ages from 965Ma to 1622Ma, indicating that the
primary magma of the adakites originated from mixing of two different magma, one from partial melting of pre-existing crustal source that
was separated from a depleted mantle source during the Middle Proterozoic; While the other magma from asthenospheric mantle through
underplating during 985 ~ 1304Ma, indicative of an important crustal growth beneath the studied area.
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Fo S AEE H X ) (7B, 1992; TR 4, 2002b; Wu
et al. , 2003a, b; ¥4 K %,2004; Guo et al. , 2007, 2009),
MEEAXES5ELR(Au.Cu fl Mo) BE /A X (KM
K2,2004) , BARTNBE, X ERBERIAT AN RNRERS
FRE BT B8R (T €%,2004) , I, K
STk, BAR B AT —BUA R IR R R A B R R AR,
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fARE , FNFEI R ST ENTEXR,
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WRABEFERERIRE (IEHF,2001), BERE
B A5 7E 230 ~ 160Ma 2 [8] (3R 6% ,2006) . KF 54
AT ANEE, AR ETF T TR(E D). &K
HENFFHEAEAH T EQE _BLHKRENKER
KAAEDSE(Pm) IHEL T RRATFHDBRE BB
£ EREPERIDE(K ) S, EARERNEREQER
ERERENELE AERKEURRUPNLES (B
1) ARNKERZARNETEERRE, B HRRE
LRk, TEFYHREEAK(0.8 ~2. 5mm, 8% ~
10% ). AR RREERBES (FKEG:0.5 ~3.0mm,
55% ~65%) K G (0.5 ~2.0mm, 6% ~8%).fBIRA
(0.5~2.0mm, 5% ~1% ) MR =H (0.5 ~2.0mm, 8% ~
10%) . AEAFLAZMERRTATREARE, B
WARHE BE SERBRAMKENT Y (B&%T k&
).
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BRHAR AR RA BRI KE KM HEERE AL
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FIRHESR Wu et al. (2006) . MIXHRAE2, 4R
TCRBAZE T ER B R ZT AT R RUFEER
ERERERR. ETRMHERA Axios PWA400 H X 373
KL, ST R TF 3% ; S BTE 247 R A ELAN 6000
ICP-MS 528, MR T 5% . WRLERFITR3,

3 aER

3.1 %R U-Pb &

B( ~2kg, DPC-1) FEREREE HELKETH
AEEAEHER, KEHEAEREERKT 100pum, FHHE
XTHELSABRARGAHEHR(E2), FHKNER
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BFRE. 21 MEREANAREREA, TR REES
WA b R LM (B 2), H 4 R FH Pb/™ U In
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KA ENERERER,
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Fig.2 Representative cathodoluminescence ( CL) images
and the LA-ICPMS U-Pb concordia age for the zircon grains
from the adakites
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F2 KWEMRIATEHR LA-MCICPMS $#5F Hf B RMTER
Table 2 Zircon Hf isotopic compositions of the Dapuchaihe adakites in eastern Jilin Province
DPC-1t  'yb/'Hf 20 178 Lu/'T HE 20 176 g/ 17 HE 20 en(t)  tom(Ma) o (Ma)  frume

1 0.014739 0.000114 0.000542 0.000004 0.282612 0.000017 -2.09 895 1440 ~0.98
2 0.018965 0.000186 0.000691 0.000006 0.282671 0.000019 -0.02 816 1309 ~0.98
3 0.020180 0.000384 0.000703 0.000009 0.282772  0.000018 3.55 675 1083 ~0.98
4 0.006859 0.000042 0.000285 0.000002 0.282664 0.000024 -0.22 817 1324 -0.99
5 0.008137 0.000046 0.000379 0.000001  0.282695 0.000022 0.86 776 1255 ~0.99
6 0.019507 0.000500 0.000643 0.000014 0.282768  0.000022 3.41 680 1092 ~0.98
7 0.014886  0.000043  0.000544 0.000002 0.282595  0.000022 -2.70 919 1478 -0.98
8 0.014762  0.000137  0.000599  0.000007 0.282724  0.000024 1.84 741 1192 -0.98
9 0.045274  0.001127 0.001428 0.000028  0.282534  0.000024 ~4.96 1028 1615 -0.96
10 0.028560 0.000781 0.000960 0.000027 0.282569  0.000021 -3.65 965 1536 -0.97
1 0.010793  0.000034 0.000418 0.000001 0.282673 0.000016 0.08 807 1304 -0.99
12 0.027930  0.000505 0.000859  0.000013  0.282737 0.000019 2.27 728 1163 -0.97
13 0.020796 0.000195 0.000661 0.000006 0.282633  0.000026 ~1.35 868 1393 -0.98
14 0.007413  0.000104 0.000265 0.000003 0.282585  0.000020 -3.02 926 1500 -0.9
15 0.026154  0.000532 0.000836 0.000012 0.282756 0.000026 2.98 699 1118 -0.97
16 0.024346  0.000204 0.000831  0.000007 0.282530 0.000022 -5.02 1016 1622 -0.97
17 0.008713  0.000031 0.000361 0.000001 0.28268t 0.000016 0.37 795 1286 ~0.9
18 0.016239  0.000238  0.000626 0.000006  0.282650  0.000020 -0.76 844 1356 . -0 98
19 0.015253  0.000082 0.000486 0.000002 0.282825 0.000023 5.43 597 965 -0.99

£Hf(l) =10'0(”’ [ (”6Hf/"7H.f)5 _(176["!/177‘_“)5 . (eu -l) ]/[ ( WGH'VIWM)CHUR,O - (I%Wlnﬂf)cﬂun . (e).l _1)] __1)

tDlﬂ = 1/A *lnll + (176Hf/l77Hf)s - (”6Hf/"7Hf) oM ]/[(l'ldwl'nm)s _(lnwlﬂm) DH”

toe = /A +In{l + [("HY'TH)s, , - ("BY'THD) oy J/[ ("L TH) ¢ - ("L TH) gy ]} + ¢

The "SHE/'" Hf and ""*Lu/'" Hf ratios of chondrite and depleted mantle at the present are 0. 282772 and 0. 0332, 0. 28325 and 0. 0384,
respectively ( Blichert-Toft and Albare’de, 1997; Griffin et al. , 2000). A = 1.867 x 10 ~"'a"" (Soderlund et al. , 2004). (‘"Lw/'" Hf) =
0. 015, ¢ = crystallization age of zircon
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Fig.3 Histograms of g,(t) values of zircons with an age of

165 Ma

in the adakites

3.3 FRiEEAR

BAMEERRENERB TR KGR AR 3, BT

REBARAEREN S0, (64.88% ~ 68.34%) . AL0,
(15.82% ~17.33% ) \Na,0 (4.50% ~6.44% ). Sr (611 x
107° ~ 866 x 10 ) 1 Ba(911 x 10° ~ 1350 x 10~°) 4 ; £ A9
MgO (0.5% ~0.86% ) Mg (26.4 ~35.5).Yb (0.52x10"¢
~1.23x107°) 1Y (8.9x107* ~17.6 x 10" ) & &E; LI &
BB A S/Y (41.7~88.9) FI(La/Yb),(20.4 ~33.6) Hifl
(F£3), AW A adakite £ %5 4E ( Defant and Drummond,
1990) , B 5 EMREBP A AIRIBTE (adakites ) I FEFE (3
0% ,2004) —2( (& 4a, b) , 7 Harker B (& 5) %,5i0,
5 Ti0, \AL,0, .FeO" \Mg0,Ca0 ,Na,0 %1 P,0, L5 ¥ §
MARE, M5 KO ZERAEMRXXRE, BREAET
BHEHENT (I, M8 BE0ER ANE FHKA,
BHRELYUSBRASE) WL BERER, EH1LTE
FRBLI A AR #E 4k (Sun and McDonough, 1989) At 4 £k
(B 6a) ARG HREALERLEE ERLSHUR
BHM% Eu 5 (Eu” =0.72 ~0.89) #fE, BE/RHAS
BHAREESBRAKGRNARER, ARETEERL
#5454k (Sun and McDonough, 1989 ) &% B ( & 6b) , i
FHABAEEE B KMSLUKXRTH Nb.Ta, P Ti
SIE.
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&3 AWEAREREERTR (w% ) RRTR( x107°) AR

Table 3 Major (wt% ) and trace ( x 10 ™°) elements compositions of Dapuchaihe adakites in eastern Jilin Province

Sample DPCO1 DPC02 DPC03 DPCO4 DPCOS DPC-O6 DPCO8 DPCO9 DPC-10 DPC-i1 DPC-12 DPC-13 DPC-14

Si0, 68.31 65.68 68.04 68.34 64.88 69.50 66.53 68.05 69.78 66.50 67.35 67.50 68.29
Tio, 0.41 0. 56 0.53 0.38 0.51 0.32 0.38 0.39 0.32 0.51 0.39 0.4 0.41
ALO; 16.56 16.99 16.37 16.20 17.30 15.96 15.93 16.85 15.82 17.33 16.66 16.30  16.38
Fe,0, 3.02 3.73 3.23 2.87 3.8 2.62 3.46 3.10 273 3.63 3.4 3.33 3.14
MgO 0.68 0.83 0.64 0.79 0.86 0.53 0.62 0.62 0.50 0.81 0.59 0.75 0.61
Ca0 2.86 3.01 2.65 2.55 3.10 2.38 2.76 2.78 2.42 3.00 2.70 2.77 2.68
Ns, 0 4.96 6.04 4,81 5.45 5.97 4.73 6.44 5.00 4.50 5.17 5.05 6.02 5.03
K,0 3.08 2.89 3.40 3.59 3.10 372 3.22 3.49 3.61 3.10 3.29 3.19 3.40
MnO 0.07 0.08 0.08 0.07 0.10 0.07 0.09 0.07 0.08 0.08 0.07 0.08 0.08
P,0s 0.14 0.17 0.16 0.14 0.18 0.12 0.14 0.15 0.13 0.17 0.14 0.15 0.15

Lol 0.55 0.75 0.86 0.44 0.51 0.53 0.49 0.41 0.49 0.58 0.61 0.49 0.55
Total  100.63 100.74 100.76 100.83 100.36 100.50 100.06 100.91 100.39 100.89 99.90 101.03 100.71
Mg* 311 30.9 28.4 355 30.9 29.0 26.4 28.6 27.0 30.9 28.0 311 28.0
3.35 2.04 2.05 3.18 2.46 1.03 1.29 2.17 2.16 2.39 2.9 2.61 2.32
23.1 33.1 27.0 36.1 33.5 22.0 4.8 26.6 18.4 31.2 29.3 31.4 26.6
Cr 17.9 12.3 13.9 19 18.2 12.8 2.9 18.8 11.4 13.5 41.3 16.4 19.9
Co 3.41 5.13 3.94 6.05 5.83 3.16 3.86 3.64 3.03 4.61 4,10 4.97 4.13
Ni 7.15 4.92 4.41 64.4 6.59 5.07 1.9 6.27 7.39 8.30 28.1 8.7 13.6
19.3 21.9 20.2 24.4 22.8 19.5 19.7 19.5 15.2 22.3 21.5 21.1 19.9
0.75 0.74 0.70 0.86 0.76 0.70 0.72 0.70 0.57 0.78 0.69 0.81 0.80
71.0 69.7 7.9 82.7 7.1 76.6 70.9 63.6 73.4 83.3 79.5 98.7 95.9
721 731 734 866 M2 718 702 659 611 743 786 776 729
13.2 14.5 17.6 16.1 15.2 8.9 11.9 12.6 6.87 14.8 13.8 12.9 10.9
151 175 168 232 249 155 157 134 102 157 126 143 168
8.15 9.70 11.10 10.40 10.20 6. 05 7.72 8.23 4.85 10.4 8.24 10.2 8.79
Cs 1.47 1.46 1.03 1.43 1.42 .24 1.13 1.16 1.05 1.48 0.92 1.72 1.54
Ba 1350 911 1250 1330 1030 1410 1200 1250 1090 1020 1250 1150 1200
La 39.6 45.9 35.0 42.1 48.8 30.3 33.1 35.1 24.2 46.0 36.4 39.6 38.0
Ce 71.1 85.1 70.8 78.3 88.3 54.0 60. 1 57.9 4.6 84.9 66.0 73.4 68.0
Pr 8.27 9.61 9.16 9.31 10.1 6.23 7.15 7.63 4.83 9.58 7.81 8.33 7.78
Nd 30.4 35.1 35.7 35.2 35.7 22.6 26.3 28.3 17.1 34.2 2.1 30.3 21.2
Sm 5.59 6. 00 7.04 6.63 5.97 3.79 4,94 5.30 2.86 5.82 5.68 5.32 4.53
Eu 1.17 1.32 1.4 1.40 1.28 0.85 1.03 111 0.69 1.29 Ln 1.10 0.97
.97 4.13 5.00 4.68 4,08 2.65 3.35 n 1.97 3.95 3.91 3.63 322
0.56 0.58 0.71 0.66 0.59 0.38 0.50 0.52 0.27 0.59 0.57 0.50 0.4
2.40 2.55 3.19 i 2.81 1.70 2.38 2.48 1.27 2.69 2.64 2.4 2.06
Ho 0.47 0.51 0.64 0.59 0.54 0.34 0. 45 0.45 0.25 0.53 0.50 0.46 0.39
Er 1.20 1.37 1.62 1.52 1.43 0.85 112 1. 15 0.67 1.40 1.27 1.22 1.02
Tm 0.15 0.17 0.20 0.18 0.18 0.10 0.15 0.14 0.09 0.17 0.16 0.15 0.13
0.92 1.08 1.23 L13 115 0.70 0.85 0.87 0.52 1.10 0.94 0.94 0.85
0.12 0.14 0.15 0.14 0.15 0.09 0.11 0.11 0.07 0.15 0.12 0.12 0.11
3.59 3.96 3.91 5.30 6. 06 3.98 3.82 3.08 2.65 3.92 3.17 3.59 4,19
0.73 0.83 0.93 0.90 0.88 0.49 0.72 0.71 0.41 0.89 0.76 0.90 0.75
17.2 16.2 1.3 20.8 18.9 19.6 18.6 16.2 18.2 19.6 18.9 22.2 20.7
7.94 10. 60 7.31 9.48 1.1 6.87 7.33 7.35 5.61 10.8 7.89 9.45 8.81
0.78 1.08 0.93 0.96 0.97 0.62 0.78 0.71 0. 80 0.93 1.39 0.90 L1
St/Y 54.6 50.4 41.7 53.8 50.8 80.4 59.0 52.3 88.9 50.2 57.0 60.2 66.9
(L/Yb)y  30.8 30.5 20.4 26.7 30.4 3.3 28.0 28.9 33.6 30.0 21.7 30.3 31.9
Eu*® 0.76 0.81 0.74 0.77 0.79 0.82 0.77 0.77 0.89 0.82 0.72 0.76 0.77
Tx(T) 820 825 830 856 858 823 808 808 787 822 802 806 828
A/CNK L2 L1 1.2 L1 L1 1.1 1.0 L2 12 L2 1.2 1.0 11
A/NK 1.4 1.3 1.4 1.3 1.3 1.4 1.1 1.4 1.4 1.5 1.4 1.2 1.4
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4 KR Adakites BB

4.1 BENSE

Bl RS R EGESH LHRENH : () Frh kiR
By 4> 45 B /E H ( Defant and Drummond, 1990; Kay and
Kay, 1993; Stern and Kilian, 1996 ; Li and Li, 2003 ; Martin et
al. , 2005; Zhou et al. , 2006; Wang et al. , 2007a) ; (2) I}
KR EE K 6y 728 3 A4 B 45 A 8 il (Castillo e ol ,
1999; Macpherson ét al. , 2006) ; (3) & /K HubBHIHE 5 345
BAEFI (Stern and Hanson, 1991) 5 (4) BT #2844
Fi4E F ( Atherton and Petford, 1993; Petford and Atherton,
1996; Johnson et al. ,1997; Arculus et al. , 1999; Chung et
al. , 2003; Xiong et al. , 2003; Hou et al. , 2004; Wang et
al. , 2005; Guo et al. , 2006; Xu et al. , 2006) ; (S)HFIL T
E T H5R1E R (Kay and Kay, 1993 ; Defant et al. , 2002;
Xu et al. , 2002; Gao et al. , 2004; Wang et al. , 2004, 2006,
2007b; Guo et al. , 2006; Lai et al. , 2007; Liu et al. , 2008a,
b, ¢),

MEXRETAEEFEEKA M0 T8 (0.5% ~
0.88% ) (% 3,8 7), SMETHFTEHMERIE BRA adakites
URERZRETMEBELRIFE(L ~4.06pa) — B, TiH
BARFHBMAEREMFATRERI BRI RN
adakites, 735+, K& ¥H: & (B DPC-01,DPCO5 1 DPC-11)
EAKA Th B (5.61x107° ~9.48 x10°°) (% 3) , LH¥
REMAT R A HFNT RN ERM(Wang et al. ,
2007a) , FEIREHD, K SEMKIATEEMARATEER BB KB
R R AR, B A &K N RS B 7= Ak R R R
HH KM Si0, B8 ( <55%) (Green, 1980; Jahn and
Zhang,1984; Baker ef al. , 1995) , BFJEX Rk T A7 Harker

E(ES) ERAHABHGERD REY. B, AHRIND.Ta,
Ti M1 P LRI Rl RE RS 4 A &P WA B KA K
RHEA, UEHEERLERIRERATBREETEERERA,
BEAR AN , 75 0T LA FIAE — AL e B A SURA T A I AR,
Hg? MREXBRERARGFEAMPZREREENHTR
Lef B BT R, BB AERE R K WA KRB R
PRANBREEERES R, CHEER(EREHET =
J5,1988) AIBFAMER R AF M., Bib, 5 EHF(Th=
10.5x10°°.U=2.7x10"° Rb =84 x10™° Nb =25 x 10 %,
Pb=20 x 10°°) ( Rudnick and Fountain, 1995; Rudnick and
Gao, 2003) M HL , BRR D HEE A  IRERERERE W
FHET Th(5.61 x 107 ~9.48 x 107°) . U(0.62 x10™° ~
1.39x10°%) Rb(63 x107® ~84 x 10 ™) Nb(4.85 x 10 ¢ ~
1.1x10°°)FMPb(16 x107° ~20 x107°) (£ 3) , HEBR THA
BrTERER. MASREGHRZUREBAEIR
AT 2y fH( -5.02 ~5.43, F39{E K -0.16) L AMT
BENERAK, AR RNELERBHRE AR
HEYLH MR, & EFTR, R T B ERIER &
KIESER AT H BRI H .

4.2 BRIFE

% Harker B9 (M 5),8i0, 5§ AL O, 2 AAHRBKR
HEXR LEEREAREFHH A Eu FHHE(E 62) , R
BEIBPUHFEAKANTEER, B NEE(E
6b) IREENRKARAHRBR THEXFEFK AT,
B HRRBERERAFER La/Yb 1 Sv/Y HE KK
MYHYbESE (F3;84, b)  WEWAEKEEABAT
#/ # & A (Defant and Drummond, 1990; Atherton and
Petford, 1993; Rapp and Watson, 1995; Drummond e al. ,
1996; Rapp et al. , 1999, 2003; Defant and Kapezhinskas,
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2001 ; Castillo, 2006) . BRit2Z4} KA A R A AT Rb/Sr
HAH(0.09 ~0.13) IR BRHEFEANEH. BRNmN
A—MEHE 58 Y Rb/Sr HAE( ~0.03) (Tonov et
a., 1997) AR REAE ANAFE, ERHERES
BEH TR Rb/Sr lH(0.03), REPEHAN
FEREA B # (> 40km) £ 7 (Rapp and Watson,
1995 ; Petford and Atherton, 1996) , 3 B 2 1k 22 5 % AT (e
BRI ) B9 X o 72 BB 1 /0 KT 40km,

BB RE, 4 A B R R AR R YA K B X
EIBAER R AR R+ M2 KRS B (Griffin e o, ,
2002; Wang et al. , 2003; Hawkesworth and Kemp, 2006;
Yang et al. , 2006, 2007) . ASCKRIATLEAEKE G (165Ma)
B e BT L4 A (£ 3): —HFRH R EH(0.08 ~
5.43);MA—~HAK R o, f8( -5.02~ -0.02), RHABF
RERZEERR AFHARBRERLNORE, —H AR

BT EFE N T B A (1o, = 1309 ~ 1622Ma) 5 B K
B TEI ; 55— Fh HBEST (tow, = 965 ~ 1304Ma) R I 5 H
BHRAR FRRT —RERNBTHMERS,

4.3 BEEA

BN FURESRD H -REREHHE, Wue
al. (2005) P L5 A MR T 523 sme =9, %
T A B SR v A R 0 T B0 75 3h B PR A K R 4
i, WA, EXRBTEMARGIEREFERRSERHE
BE(ERFERI) B E RN GTHEERRS
(Isozaki, 1997; Maruyama, 1997), HHFMBRITKEIBELE
BTFHERFRLEAREFHARBI(EZHAREN,
1992773 B, 1992 ; 43 4%, 1998  BR r £ %,2001 ) . S
AEHIE, PR R K BAEENRIETE (I, BB R R
BUE KT KB AW ) B H By R I K
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Fig.6 Chondrite-normalized (a) and primitive mantle-
normalized spidergrams (b) of the adakites from eastern
Jilin Province ( Normalized values are after Sun and
McDonough, 1989)
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EHRTES KRR R K=Y (K €%,2004) . Hilk,
BAENRE ERES K ERREFERTX, b
FARIF-ABIREE P AR , BT X 40 FIC R 6975 3 KB
HEIFE I RBT AR BB LR T LR (T 5%
BLHE >40km) FIBES H4 G B (1555 B f0 iR T
FE)HFUL. TS |REAAER £ 000 B st 6 W98 A0 357 X0 52
g ERNKRBY RN RRABET, EFOT HRR
ARRRETMERMER, FENBER. WRERE LT
BB P—FEEHTHIRG BFES ARG T8
R UBBRE ST OB RER: B — T ERE TR
IR, 2435 B4 % i AL (800 ~ 860C , 38 3) i, A K Bt
KERBERHBIERRE (BRRKE)

LA R Rt ]
. 6 1 Yadakites

MEPEE BTt

50 55

65 70 75
$i0,(%)
7 HRKTH MO (% )15 Si0, (% ) HAXHE
Hb WA RERRBREMNLRET A HERKHA Defant and
Drummond (1990) , Kay and Kay (1993) , Drummond et al. (1996),
Stern and Kilian (1996), Sajona et al. (2000), Aguillsn-Robles et
al. (2001), Defant et al. (2002), Martin et al. (2005) M A
WIE T HERBIRETAEBES B Atherton and Petford
(1993), Muir ez al. (1995), Petford and Atherton (1996), Johnson
et al. (1997) 0 Xiong et al. (2005) ;M X RA MG L XL HE
k(1 ~4.0Gpa) 3 Rapp e al. (1999, 2003), Rapp and Watson
(1995), Skjerlie and Patifio Douce (2002) F1H & 3CMk
Fig.7 MgO (%) vs. Si0,(% ) diagrams for the adakites
The field of subducted oceanic crust-derived adakites is constructed
using data from Defant and Drummond (1990) , Kay and Kay(1993)
Drummond et al. (1996), Stern and Kilian (1996), Sajona et al.
(2000) , Aguillén-Robles et al. (2001), Defant et al. (2002) and
Martin et al. (2005), and references therein. Data for thick lower
crust-derived adakitic rocks are from Atherton and Petford (1993),
Muir et al. (1995), Petford and Atherton ( 1996), Johnson et al.
(1997) and Xiong et al. (2005). The field of metabasaltic and
eclogite experimental melts (1 ~4.0 GPa) is from Rapp et al. (1999,
2003), Rapp and Watson (1995) , Skjerlie and Patifio Douce (2002),
and references therein

5 &

(1) %4 LA-ICPMS U-Pb EEEZARKAKHERETE
B THRARP I, A FE N 164.9 £0. 8Ma;

Q) HHAFEHRRN FEXRETAIMET 7T
WAMARET=Y , BB L 5o KPR RIR B AR AA X

(3) A H A RERER  RETEWEX K Fifh L
RRAERE RN, —FHER kA RFR KRR iR
—FNELRBEREAT RN S RBERER RET—
KRERHFTHEEH(ERL) .
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