a0 H2W PR I TR R SO Vol. 40, No. 2. 257~268
2021 4F 3 H ACTA PETROLOGICA ET MINERALOGICA Mar. , 2021

SRR EHEARNERKESEA U-Pb EE,
Hf B il &= & A Bk F451E

ARV R EAMR,E R RPE BRI T T
(1. FHMKE HBRBL2E2BE, HAR KF 130061 2. HMREAHBIAARE, &k KF  130102; 3. =R K% kR
2B, = M 650000)

W OE RO EEARY AN oA RO R Bl AR % 9 DX SR 1 i A R AR T AR (PR A A (Rl ANV 48, AR 3¢
HTE T 5 AR R R BB FACAT F N A RIS AT U-Ph 4R Hf R R ARSIk 22 80 . 854 U-Pb &
SEWIR AN AT T R AR PHE(180.3 £ 2.3 Ma) , £ 41 eHI(¢) HE HI—(9.6~11.3) , AfHiEK bR 2
TNEEERAIG Si AT AL, 5 Fe Mg I Ca, F 42506 LMK KA JCE (W Rb Ba U K Fl Sr) , T HiH G L s TR
(40 Nb Ta FI Ti) , B 5 Eu fi5 % (8Eu = 0.67~0.98) . ‘AR T i s = 5045 A Bl T2 i 72
B2 IR YR e S E AR 25 G AR AU H X IR B R rf A AR K B A B s 4 A, DR i R T AR B
) BRI R it B IR b s T R B2t BT AR DM A T I8 T 55ty SR I s DA DG R 9IS 345

KR HAMTER; AN S #iA U-Pb ;A AHERE; HE R R AR W Rk

FE4 S P597'.3; P595; P588. 1274 SCERFRIRTG . A XEHS: 1000 -6524(2021) 02 — 0257 — 12

Zircon U-Pb dating, Hf isotopic and geochemical characteristics of the
hornblende gabbro in Aohua Village, central Jilin Province

SUN Yong-gang*, LI Bi-le', WANG Yong-sheng®, LI Liang’, ZHANG Xue-hai’, ZHAO Chang-ji' and
LI Ao-peng’
(1. College of Earth Sciences, Jilin University, Changchun 130061, China; 2. Geological Survey Institute of Jilin Province,
Changchun 130102, China; 3. College of Earth Sciences, Yunnan University, Kunming 650000, China)

Abstract: The subduction of the Paleo-Pacific Plate played an important role in the regional tectonic evolution of
the eastern margin of the Eurasian continent, but the timing of this event remains ambiguous. To address this issue,
this paper reports zircon U-Pb ages, zircon Hf isotopic compositions and petrogeochemical data of whole-rocks for
the newly-found hornblende gabbro in Aohua Village, central Jilin Province. Zircon U-Pb dating shows that the
hornblende gabbro was formed in Early Jurassic (180.3 + 2.3 Ma), and has high and uniform ¢Hf(z) values (9.6
~11.3). Petrogeochemical analyses show that the samples are characterized by low Si and Al, and high Fe, Mg,
and Ca, enrichment of light rare earth elements and large-ion lithophile elements (e. g., Rb, Ba, U, K, and Sr),
and depletion of heavy rare earth elements and high-field-strength elements (e. g., Nb, Ta, and Ti), and have
weak negative Eu anomalies (8Eu=0. 67 ~0.98). They were derived from a depleted lithospheric mantle source
that had previously been metasomatized by slab-derived fluids, with unapparent effects of fractional crystallization,

crustal contamination and cumulation in the formation process. Combined with rock associations and spatial distri-
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bution of Early Mesozoic igneous rocks in the eastern part of Northeast China, the authors hold that the subduction

of the Paleo-Pacific Plate beneath the Eurasian continent started in Early Jurassic,

and the hornblende gabbro

was formed in the back-arc setting which might have been closely related to the subduction of the Paleo-Pacific

Plate.
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Fig. 2 Microphotographs of the hornblende gabbro in Aochua Village(+)
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Fig. 3 Cathodoluminescence (CL) images of zircons from the hornblende gabbro in Aohua Village (the solid and dashed circles

represent spots for U-Pb and Lu-Hf analysis, respectively)
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Table 1 Zircon U-Pb isotopic dating results of the hornblende gabbro in Aohua Village

wy/107° [Flf3 2 L A/ Ma
W5 Th/U
Pbh Th U 207 Ph/235 U lo 206Pb/238 U 1o 207Ph/235 U 1o 206 Ph/238U 1o
AHC-N1-01 40.41 947.78 1091.64 0.87 0.201 39 0.011 26 0.029 11 0. 000 83 186.3 9.5 185.0 5.2
AHC-N1-02 10.26 181.02 289.22 0.63 0.199 51 0.012 77 0. 028 65 0. 000 84 184.7 10. 8 182.1 5.3
AHC-N1-03  8.11 137.07 224.29 0.61 0.201 07 0.017 56 0.029 37 0. 000 87 186.0 14.8 186.6 5.4
AHC-N1-04 8.54 181.92 223.61 0.81 0.199 57 0.020 22 0.029 21 0. 000 98 184.8 17.1 185.6 6.1
AHC-N1-05 8.47 237.23 212.81 1.11 0. 186 31 0.029 73 0.027 67 0. 000 68 173.5 25.5 175.9 4.3
AHC-N1-06 6.79 186.41 163.56 1.14 0.192 19 0. 025 07 0.027 86 0. 000 68 178.5 21.4 177.2 4.3
AHC-N1-07 17.92 427.72 432.83 0.99 0.205 87 0.019 99 0. 029 63 0. 000 72 190. 1 16.8 188.2 4.5
AHC-N1-08 5.52 92.89 153.09 0.61 0.200 38 0.018 95 0.028 75 0. 000 84 185.5 16.0 182.7 5.3
AHC-N1-09 22.82 880.96 506.16 1.74 0.196 97 0.009 83 0.028 64 0.000 78 182.6 8.3 182.0 4.9
AHC-N1-10 4.55 86.41 105.11 0.82 0.204 77 0.050 13 0.029 73 0. 000 94 189.2 42.3 188.9 5.9
AHC-N1-11  3.58 76.67 100.52 0.76 0.196 93 0. 028 30 0. 028 45 0. 000 84 182.5 24.0 180. 8 5.3
AHC-N1-12 8.46  215.81 200.07 1.08 0. 196 09 0.032 65 0.028 85 0.001 24 181.8 27.7 183.4 7.8
AHC-N1-13  5.65 163.58 143.58 1.14 0.193 95 0.031 07 0.028 87 0.001 10 180.0 26.4 183.5 6.9
AHC-N1-14 5.22 95.33 148.53 0.64 0.192 78 0. 022 06 0.027 95 0. 000 84 179.0 18.8 177.7 5.3
AHC-N1-15 5.60 118.20 152.68 0.77 0. 188 50 0. 020 86 0.027 92 0. 001 04 175.4 17.8 177.5 6.5
AHC-N1-16 2.62 57.82 61.82 0.94 0.196 74 0.061 00 0.028 84 0.001 10 182.4 51.8 183.3 6.9
AHC-N1-17 5.29 167.89 137.49 1.22 0. 188 92 0.032 11 0.027 36 0.001 31 175.7 27.4 174.0 8.2
AHC-N1-18 7.46  211.13 195.44 1.08 0. 189 10 0.024 34 0.027 42 0. 000 89 175.9 20.8 174. 4 5.6
AHC-N1-19 5.88 164.23 150.85 1.09 0.192 57 0.019 82 0.028 13 0. 000 76 178.8 16.9 178.8 4.8
AHC-N1-20 3.24 93.89 78.00 1.20 0.195 38 0.039 04 0.028 40 0.001 14 181.2 33.2 180.5 7.2
AHC-N1-21 9.88 330.95 254.70 1.30 0.183 32 0.022 14 0.026 78 0. 000 90 170.9 19.0 170. 4 5.6
AHC-N1-22 9.73 261.18 262.69 0.99 0.188 83 0.014 41 0.027 67 0. 000 97 175.6 12.3 176.0 6.1
AHC-N1-23 19.78 539.02 509.87 1.06 0.187 74 0.016 82 0.027 21 0. 001 40 174.7 14.4 173. 1 8.8
AHC-N1-24 16.43 405.53 436.34 0.93 0. 189 77 0.012 63 0.027 71 0. 000 83 176. 4 10.8 176.2 5.2
0.034 = 200 =
0.032+ i
190
0.030+
xD L]
0028} Z 180
=
0.026
170
0.024
- Mean=180.3£2.3 Ma
N=24, MSWD=0. 78
0.022 160

0.0 0.4

K4 BB NI a3 A1 U-Ph AR AIE] (a) AUIECE- B4R IR 18] (b)
Fig. 4 Concordia diagram (a) and weighted average ages diagram (b) showing zircon U-Pb dating result of the hornblende

gabbro in Aohua Village
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Table 2 Major (wy/ %), REE and trace element

(ws/107%) content and parameters of the hornblende

gabbro in Aohua Village

pep  AHC- AHC- AHC- AHC- AHC- AHC-
YN0 Y02 YQ3 O YQ4  YQS  YQ6
$i0, 47.58 45.02 46.24 46.54 46.22 45.35
TiO, 1,30 1.02 0.74 0.78 0.65 0.70
ALO; 12,75 13.69 12.26 12.69 12.69 12.37
FeO 6.48 7.74 2.03 1.48 8.04  8.83
Fe, 0, 470 523 918 9.73 236  2.23
MnO 0.15 0.17 0.2 021 0.22 0.22
MgO 1132 11.68 15.13 14.18 15.01 14.94
Ca0 9.65 8.26 7.59 7.96 7.34  8.38
Na,0 244 173 149 129 1.53  1.16
K,0 0.68 1.07 1.15 1.30 1.05 0.84
P,0; 0.13 0.13 0.16 0.17 0.11 0.16
LOI 252 3.36 315 3.07 4.36 4.16
TOTAL ~ 99.71 99.11 99.33 99.40 99.58 99.34
Mg' 65.5 627 724 1.2 726 712
Be 0.66 0.63 0.72 0.49 0.77 0.6l
Cr 262 293 332 360 342 370
Rb 19.39 28.15 40.20 41.90 35.80 27.60
Sr 696 556 241 360 252 298
Y 1421 919 1760 16.00 12.40 13.60
Zr 99.30 135.68 94.00 84.50 79.70 75.20
Nb 3.03 439 6.53 594 513 5.46
Cs 2,00  3.38 240 3.75 277 2.47
Ba 190 227 288 287 263 223
La 10.46  7.41 11.40 12.00 10.50 11.00
Ce 23.23 16.75 26.90 25.20 28.00 24.90
Pr 315 2,27 321 3.58 2.96 3.0l
Nd 1438 10.50 14.50 14.90 12.70 13.40
Sm 3.28 2,32 3.46  4.00 3.20 3.17
Eu .03  0.63 0.76 0.88 0.75 0.68
Gd 3.00 2,13 2.85 2.87 3.65 2.63
T 0.50 0.38 0.58 0.48 0.43 0.45
Dy 2.86  2.02  3.58 3.39 275  2.68
Ho 0.56 0.38 0.70 0.65 0.57 0.54
Er .50 0.97 2,07 1.79 1.38 1.4
Tm 0.23 0.16 0.32 0.27 0.23 0.21
Yb .43 0.92 1.76 1.42  1.26 1.30
Lu 0.20 0.13 0.28 0.23 0.18 0.19
Hf 3.05 1.76  3.02 2.8 2.83 2.76
Ta 0.19 026 0.16 0.14 0.15 0.15
Th 1.86 2.05 3.40 2.73 2.66 2.74
U 0.37 046 1.06 0.71 0.69 0.79
SEu 0.98 0.85 0.72 0.76 0.67 0.70
LREE  55.52 39.86 60.23 60.56 58.11 56.16
HREE  10.29 7.09 12.14 11.10 10.45 9.4
SREE  65.81 46.95 72.37 71.66 68.56 65.57
LREE/HREE 5.40 5.62 4.96 5.46 5.56 5.97
(La/Yb)y 494 541 437 570 562 570

4 HHE

4.1 HBELER MTRLMHERER

FACHT A I 5 HBR Ak 27 B A3 1) 78 Ak 3 PRl A
SRR, FEn EHE A Mg (H (62, 7~72.6) fil Cr &
H(262x107°~370x10°°) , RIAFLRE S 4 ) TR
H RIS 45 AE ] ( Zhang et al. | 2015) ., fAINKE
Koo [l FE AT 22 7 WA S A9 M e TR g, TE 4 G R .
@ FEMAY Lu/Yb K EIERE (0. 14~0.16) , 2K F
R A BT R (0. 14~ 0. 15) , 20K TRl 58 A 2836
FE(0.16~0.18) (Sun and McDonough, 1989) ; @ i
SEYN T R A Ze A HE, R SR Y2l Ze KN
Hf B4 (A IR AR T B s B 5 1Y Zr
HHE IESH (B 5h) 5 @ RN A M oe 3 15 7R 5%
AR, R SAR D L A bR g, SN, A
WA B A VE TR B & UEdR I R . O Eu 7241
Kb s s A BEUER f N B S B A 550 7
Eu S5 (R4 2018 PR ER4E ) 2018) ; @ fA
MRS A RN & 8 2 28 () |, RIRESE T
JEA UL B 7Y f HE S 250 (1 2) 5B 7E AFM K] fif
(7)) B I T 6 2k ot Bk o M o IX B
2k,

Zi b oy B A i M e TR g N HE VR R B R
FA TG A 1Y 1 BT sk AS R, 9T DA AT LA 8 Y
BRAL A R 58 HE R X
4.2 BHEREX

SRS A R T A el M B
P i (Cai et al. , 2012; Yan et al. , 2019) . #AE
kA N #E K 5 B 48 LILEs Al LREEs, 77 i HFSEs
(Nb . Ta Zr F1 Hf) , 52 5908 Z A AL B2 A
A2k [ 0 R M i IE & AL s Z R A (N-
MORB) ( ¥l 5a; Pearce et al. , 1984 ; Crawford et al. ,
1987; Davidson,1987) , fHINME KA FEME = 1Y La/
Nb {E (1.69~3.45) 1 La/Ta {E(28.7~85.7) t3 1
HSR VR T 5 A1 Pl Mg (La/Nb>1, La/Ta>20; Fitton
et al. , 1988; Thompson and Morrison, 1988) Ifij JF %k
TP Hu e ( La/Nb<1,La/Ta~10; Fitton et al. , 1988;
Thompson and Morrison, 1988) . It #h, £ Th/Yb —
Nb/Yb FEIfifE ([ 8a) H, f I MER A & i B 5 5
T MORB-OIB [ 2 b A T v 2de s (1) 5 A Bl
1 R R D D e A A A IX s, R T AT T U
X255 TSR EH (Sun et al. |, 2020) , ifid Th/
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Table 3 Zircon Lu-Hf isotopic compositions of the hornblende gabbro in Aohua Village
MlpEess t/Ma  'SYh/'THE 20 7o/ T HE 20 76yt 177 Hf 20 eHIf(0) eHf(1) Ipmi Ipm2 Srone
AHC-N1-01 180.0  0.024 220 0.000 074 0.000 831 0.000 002 0.282 948 0.000 025 6.2 10.1 428 578 -0.97
AHC-N1-02 180.0 0.031 422 0.000 276 0.001 077 0.000 009 0.282 937 0.000 025 5.8 9.7 447 606 -0.97
AHC-N1-03 180.0  0.024 240 0.000 203 0.000 773 0.000 004 0.282 972 0.000 019 7.1 11.0 394 524 -0.98
AHC-N1-04 180.0  0.030 100 0.000 184 0.000 956 0.000 004 0.282 956 0.000 020 6.5 10.3 419 562 -0.97
AHC-NI1-05 180.0 0.008 165 0.000 122 0.000 269 0.000 005 0.282 932 0.000 024 5.7 9.6 445 612 -0.99
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8b,c) . fE La/Ba — La/Nb [Efi (& 8d) b, fA TN #E K
PRI KB A P i DR B A R R
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&5, 2007) , 1 HR R T =7 45 b 119 20 0 3l

BA N eHf(1){H(>10; Zhong et al. , 2017; Yan et
al. , 2019) , HAERFINKER 5 18 A el (¢) H =
H—(9.6~11.3; % 3) 4541 HF [A07 F AR
(tpy ) M 447~381 Ma, 58541 45 MAFIR AR, 7 H:
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al. , 2011; Wu et al. , 2011; Xu et al. , 2013 ; FP4%,
2016) o AR AFACKS 7 IR HE 5 1T iR AR 527l
MEYHVE IR 2 7 AP PR RE R, AR G DX 7R B i rp A
ARIE G B 23 53 A 2 e I — Rl RS S

ARACHLIX AR B = B K s EE A TR AE
PHRLARAE AT GE S PN, A4 B 2R VG 1) K
(Xu et al. , 2013; Tang et al. , 2018) , F& B XA 2 2k
WA A (Cao et al. , 20135 Xu et al. , 2013; Wang
et al. , 2015; Tang et al. , 2018) . T H.,Adt vatii@
UG AR Bt B AR B 4% 517 L3RR 240 ~ 225 Ma
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IZHLIX Bt LI RS T A D 32 L A JE PR 5 (Liu et
al. , 2017; Tang et al. , 2018; Wang et al. , 2018)
L, AR bl X AR B i = B A 3R G s I il T 5y
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Yu 55 (2012) I8 7/ K I Hy X
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PR UE A 7 T 5 PR 3 DI AR DG A LS 3
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AIRIFFEALIE S 13X — 5 IR I 5o 41, SE i 3l X L
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R PE AR AT rORH DG 1) T EE RN R A R AR, 2
RE W TOR ) s A 22 AR 5 400 b 08 AR T Y ( Guo et
al. , 2015; Zhao et al. , 2019) . 2[A] b ZEJ1 X
PREHEBEBR Bri AR T R b 1) R Bk BoIUE J Aty
M TR ( Zhao et al. , 2019) , {HAS B )2, X
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VT 5T 2 il R Pl B 9 32 Bl 5 1] ( Engebret-
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BRBTR A G AT REIC % 1l IR e VR T B T
fo SRR A7 O AR 2 T4 2 e
EL7E WO K Bl 19 AR % 12 & B ( Fukuyama et al. |
2013; Safonova and Santosh, 2014) ,t 25 T X —W
Ho TH, & BARMAE Lk P IR s K
o AR NS R A FE R AL M A R A S
H4& (Tang et al. , 2016; Ma et al. , 2017; Wang et
al. , 2017) , 5% sh Kb SR B b i) e A —3K
( Miyashiro, 1974 ; Ewart, 1982; Barbarin,1999) , iX
Be A )E TR L R 1, W 4 LILEs #1757 45 HFSEs
(Tang et al. , 2016; Ma et al. , 2017; Wang et al. ,
2017) , BT R s SR (R 5ICA AR HIRRE , I 3R
s S 5 A Y8 LT S50 v VR AR DG B 1% 2 KBt 34

LB (Gill, 1981; Wilson, 1989) . P, 25 #IA
R RRARFR R R R B S R R S RO AR
e R KB Z T A G, X — R 2] 7/ %
Bk T A 0 i DX ] B AR XU KRS R A L AR
A I SR, B A A A TR R T R 1A 1
I AR A X AR B g b R 2 O 2R 1) Y
H 396 Bl Rt 11 5% A A el v 2 45 380 o P (e R 4 A
Ak, T b R i P i R S 2 o AT Al R LR B
] P AR P B BRI KB 2, /N D42 08—k T A 18 b [X.
FLFRBEA AR A S AE P A R KA F A TRAE B
HIRETEMT A NE 5 TR (Yu et al. , 2012;
Xu et al. , 2013)
5 %58

(1) #41 LA-ICP-MS U-Pb [ffii R AEACFEBF 5T
FAFACA A INVER A 1 I Y 4R850 180. 3 +
2.3 Ma,JE I TR AR T

(2) HAERT FATER AAIK Si Fil AL & Fe Mg il
Ca, HeH A eHf () (& HI—(9.6~11.3) , EHIE
B R A B A A bR TR e RN HE SR R B B R
V8 F A TR S AR ) 75 48 A Pl s

(3) ARV R 1) P A o 2] KRGO KBl 2 °F FF
BT RR S B R A IR CE T T 5l RO
TR 285 DI AE DG IS PRE%
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