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Abstract: At present, the research on Permian-Triassic basic magmatic rocks in East Kunlun orogenic belt is extremely weak,
which not only limits the understanding of the nature of the mantle source in the study area during this period but also restricts
the accurate understanding of the evolution processes of Paleo-Tethys Ocean. The zircon LA-ICP-MS U-Pb geochronology and
major and trace elements, as well as Sr-Nd-Hf isotope geochemistry of the An'nage hornblende gabbro in the East Kunlun oro-
genic belt are applied in this paper. LA-ICP-MS zircon U-Pb dating yields a weighted mean age of 242+2 Ma for the intrusion.
It is characterized by low SiO, (46.00% —52.40%), low (Na, O+K,0) (3.07% —3.79%) contents. In addition, it is enriched
in Al; O3(17.35% —20.10%) » MgO (4.65% —6.53%) and FeO" (8.77% —11.07%) with high Mg® (68—75), indicating that
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it belongs to the calc-alkaline series. This intrusion has low (L.a/Yb)y and Nb/Ta ratios, negative Eu anomalies., with enriched
large-ion lithophile elements and depleted high field strength elements. All geochemical characteristics show that this intrusion
is the result of typical island arc magmatic activity. Additionally, the samples have relatively uniform (¥ Sr/* Sr); ratios
(0.708 80—0.710 36) and ey, (#) values (—4.8 to —3.4), and relatively high e (z) values (—4.9 to —0.4). According to the
lithology, geochemical characteristics and isotopic compositions of the intrusion, we propose that the magma has not been sig-
nificantly contaminated by the crust and it was derived from the low-degree partial melting (2% —10%) of the mantle wedge,
which had undergone metasomatism induced by the fluid from the subducted slab. The mantle source was characterized by the
spinel phase-phlogopite lherzolite. Slight fractional crystallization of pyroxene and plagioclase might also occur during the evolu-
tion of magma. In combination with the tectonic evolution of the East Kunlun orogenic belt and the geochronological and geo-
chemical characteristics of contemporary intrusive rocks, it is concluded that the An’nage hornblende gabbro was produced at
the late stage of Paleo-Tethys Ocean subduction, and the final closure timing of Paleo-Tethys Ocean should be the Middle Tri-
assic to Late Triassic.

Key words: hornblende gabbro; Triassic; Paleo-Tethys Ocean; subduction; East Kunlun orogenic belt; geochronology; geo-

chemistry.
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Fig.1 Geotectonic framework (a) and magmatite distribution (b) of East Kunlun orogenic belt, and simplified geological

map of the An’nage hornblende gabbro (c)
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Fig.2 Microphotographs of An’nage hornblende gabbro
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®2 BRABANEREEERE (%), METER(107°)F

BEITE(107)DHER
Table 2 Major elements (%), trace elements (107°) and
rare earth elements (107°) results of An’nage

hornblende gabbro

5 Anl An2 An3 An4 Anb An6
SiO; 51.20 52.40 51.40 49.80 51.40 46.00
Al; O3 18.20 17.95 18.25 17.45 17.35 20.10
FeOT 8.92 8.77 10.04 11.07 10.10 8.86
TiO 0.82 1.08 1.07 1.12 1.16 0.92
MnO 0.17 0.13 0.17 0.17 0.15 0.14
MgO 5.82 4.65 5.53 5.95 5.71 6.53
CaO 8.39 7.98 7.80 7.83 7.76 10.95
BaO 0.03 0.03 0.03 0.03 0.03 0.03
Na; O 2.21 2.37 2.48 2.04 2.34 2.05
K, O 1.01 1.42 0.90 1.34 1.30 1.02
P,0Os 0.09 0.15 0.10 0.10 0.10 0.06
LOI 2.04 2.39 1.57 2.40 1.69 2.55
Total 99.06 99.49 99.58 99.61 99.32 99.37

Na;O+K.O  3.22 3.79 3.38 3.38 3.64 3.07
FeOT/MgO  1.53 1.89 1.82 1.86 1.77 1.36

Mg*# 72 68 69 68 69 75
0 1.26 1.53 1.36 1.68 1.58 3.14
Li 33.8 35.3 23.9 15.1 13.9 12.5
Be 1.56 2.12 1.81 0.69 0.77 0.46
Sc 46.8 50.1 57.7 25.5 28.4 23.5
\% 381 537 623 293 278 186
Cr 68.3 42.7 59.4 37.3 24.5 86.8
Co 158.0 139.0 164.0 56.1 59.5 65.6
Ni 73.3 66.2 83.1 33.7 27.8 45.3
Cu 21.5 33.2 88.9 35.9 35.2 10.2
Zn 223 225 283 124 145 109
Ga 37.3 42.3 41.1 17.4 17.3 17.3
Rb 74.3 105.0 69.6 43.7 45.5 33.2
Sr 655 714 621 241 256 273
Y 51.8 46.3 45.3 20.1 22.0 26.2
Zr 171.0 129.0 143.0 46.8 48.8 51.7
Nb 13.7 16.0 13.8 5.3 12.6 3.8
Cs 3.5 6.1 3.5 2.1 2.7 1.6
Ba 523 677 522 270 292 221
La 26.9 35.3 29.8 10.6 12.8 6.1
Ce 55.3 71.2 59.4 23.1 26.0 14.2
Pr 7.2 9.0 7.2 2.9 3.2 2.1
Nd 31.5 36.6 28.9 12.4 13.1 10.1
Sm 7.9 7.9 6.9 3.0 3.2 3.1
Eu 2.32 2.63 2.20 0.95 1.04 0.99
Gd 8.4 7.9 7.4 3.3 3.6 3.8
Tb 1.44 1.28 1.23 0.54 0.60 0.66
Dy 8.7 7.7 7.5 3.3 3.7 4.3
Ho 1.83 1.60 1.57 0.69 0.76 0.91
Er 5.28 4.68 4.58 2.01 2.22 2.63
Tm 0.77 0.68 0.66 0.29 0.32 0.38
Yb 4.85 4.34 4.21 1.84 1.99 2.40
Lu 0.73 0.65 0.64 0.28 0.30 0.36
Hf 4.39 3.94 4.23 1.52 1.64 1.68
Ta 3.71 1.82 2.37 0.73 1.72 0.82
Tl 0.37 0.53 0.36 0.25 0.25 0.17
Pb 11.0 16.2 12.2 5.1 5.9 4.7
Th 5.9 7.0 9.2 2.4 2.9 0.8
U 0.72 0.83 1.55 0.62 0.48 0.24
SREE 215 238 208 85 95 78
(La/Yb)n 3.74 5.48 4.77 3.88 4.34 1.72
0Eu 0.87 1.00 0.94 0.92 0.93 0.88

I FeOT 44k & 4 LOI N HEK i ; Mg™ =100 X Mg/(Ma+
Fo) , P 2 Hs 8% 6= (Nay O+ K> 0)2/(Si0, —43) ;0Eu=
2Eun/(Smy+Gdy) (Sun and McDonough, 1989) , F kR N 4 BR ki it
A bR,

KT E A HCIO, LBk HF; % H Dowex50
PH B 32 e A 43 85 Rb A1 Sr; 78 MAT261 Al 8 £
PEUOR I 4% 58 8 Rb., Sr R A7 & e I iR
Rb.Sr & & W % 1 [6) A2 R # B BT 7% 0 e,
NBS987 i # XA #% 1 43 Br it B2 A7 W 455 S [ i
2R MBI Sr/% Sr=28.375 209 % 1F .¥ Rb/* Sr
AHRFRZAE T 1%0.Sm-Nd R 7 2 0032 7 7 - AR E 4
ERES PR, — 4 T Sm, Nd I E, — 4
TN/ N E W AE s 7R % B RE A P ] HE-
HCIO, AT Sf, InA CPNd+" Sm) iR
BARER I R A 35).Sm Nd b2 55 5 i 2
BT B e 52 56 = b gk AT, & 00 E R N/ Nd
8 43 #7 43 5 76 1% B A= 7= B9 Finnigan on MAT26 I
Triton Z 3R AL | 58 B, ] La Jolla 5 #E XX
TRE WM VR AT R . Nd [ 7 R R E
"ONd/M"Nd=0.721 900 & 1E,"" Sm/"" Nd #H X} %
ZKF 0.5%.

3 sl

3.1 #£RAU-PhESE

BA A —F AR, Lo —RE A, K
KT 200~500 pm, KIE AT 12 1~3+ 1,
CL BIM& 2 R 55 a7 4540 J iR g i (& 3), A
A AN S AR AR A Th &=k
46X10 "~442X10 °,U Fra A 49X 10 *~342X
10 °,Th fl U £ EA X, H Th/U HA F0.91~
1,93, ¥ KT 0.40, it — L4885 A 15 B H (Wu
and Zheng, 2004). B WKL 5 41°°° Pb/*° U 4E &
239~245 Ma, B8 i B P5 FE 1l 2k Bl RO,
A4 Jy 242 42 Ma, MSDW =0.28 (& 4). K
WA IR R TR BUAE ISy 2422 Ma, o =&
LR IE Y.
32 F REREMIKKE

2 R, 5400 SO, &5 46.00% ~
52.40%, JB EEMES A H (Na, O+ K00 &
3.07%~3.79%,K,0/Na, O HAE K 0.69~0.75, 5
FECOHE N 1.26~3.14, R A A T8 T WAk R 519
MR A (B 5a). A A B MgO & &8 4.65% ~
6.53% ,FeO" &K 8.77%~11.07% , Mg~ {H# &
(68~75), 7E & 5b HHE i 35 3 76 55 B vk X R 53 41
FES AL Oy 8 8E . R 17.35%~21.10%,CaO
TENT.76%~10.95% . HA mA L RS A4
fE. K 6 s MgO 5 SiO, \Na, O K E 5 7 A 5, i
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Fig.3 Zircon cathodoluminescence (CL) images of sample An2 for An'nage hornblende gabbro
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Fig.4 Zircon U-Pb concordia diagram for An’nage horn-
blende gabbro
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7a). H LREE/HREE ff ) 0.88~2.16. (La/Yb) 1 ’ e g0 i ’
AY ~ S = — Vi IJ
{0y 1727548 LA R AR BUEBR IR AR g 5 sy g g 0 4 2 0K TAS B AR 00 1 FeOT
2012) 1 BAT B i 1 Eu 520 . 0Eu o 0.87 ~ Fig.5 TAS diagram (a) and FeO" vs. FeO"/MgO dia-
1.00, R A B LS R P AT Re g i T 8RH A 1 4 gram (b) for An'nage hornblende gabbro
B4k S VE LB O R R UG H e AR o ALk R P a SIS Wison (1989) 5 [l b JIK B 4 Miyashiro(1974) 5 11 H 3
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Fig.7 The chondrite-normalized REE pattern (a) and PM-normalized trace element spider diagram (b) of An’nage hornblende gabbro
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R3 RAKANEKSE SCNdEBHNELSNER
Table 3 Sr-Nd isotopic compositions of An’nage hornblende gabbro

5 87Rb/% Sr 87Sr/8 Sr lo (87Sr/8%6 Sr); H7Sm /1 Nd M3Nd/ M Nd lo ena (1) vz (Ma)
Anl 0.328 0.710 48 0.000 02 0.709 35 0.151 418 0.512 369 0.000 006 —3.9 1326
An2 0.426 0.711 82 0.000 02 0.710 36 0.130 812 0.512 287 0.000 005 —4.8 1405
An3 0.324 0.710 02 0.000 02 0.708 91 0.143 496 0.512 381 0.000 006 —3.4 1287
An4 0.525 0.710 74 0.000 02 0.708 94 0.145 768 0.512 375 0.000 003 —3.6 1303
An5 0.514 0.710 56 0.000 04 0.708 80 0.148 593 0.512 388 0.000 006 —3.4 1289

T reng O ETHE R AT Sm/M™ N cnur =0.196 7, (M Nd/M Nd) cnur =0.512 63852 AUR BUE 4% (242 Ma) 5 7] (37 38 75 451 3t e 46 245 %

Lo VFE R (Y7 Sm/ "M Nd) py =0.213 7, (M3 Nd/"* Nd) py = 0.513 15.
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Pl e G AR A T I SR VR T [ 55 [ v R B S JEE IS OIS Y R 4R 55 (2011, 5 SR 5 A P 3t 8 50006 3K 11 ) AR 5 (2003) L J BB T
ZE(2011) A 3K IRB K H Xiong er al.(2012) FIXI 2K % (2003)

R4 ROAKARNBEREHEB HIRUESHER
Table 4 Hf isotopic data for zircon samples from An'nage hornblende gabbro

M 176Yh /1T HE 76 Lu/1 7" HE VS HE/ VT HE 20 t (Ma) e (0) e (1) tpyn (Ma) £y (Ma) S Lo/t
An2-1 0.037 146 0.001 727 0.282 583 0.000 020 242 —6.7 —1.6 965 1153 —0.95
An2-2 0.039 615 0.001 834 0.282 491 0.000 025 242 —9.9 —4.9 1100 1318 —0.94
An2-3 0.036 556 0.001 650 0.282 557 0.000 027 243 —17.6 —2.6 1001 1200 —0.95
An2-4 0.034 658 0.001 657 0.282 568 0.000 021 242 —17.2 —2.2 985 1179 —0.95
An2-5 0.034 797 0.001 571 0.282 576 0.000 019 239 —6.9 —1.9 972 1165 —0.95
An2-6 0.037 491 0.001 661 0.282 575 0.000 027 242 —7.0 —1.9 975 1167 —0.95
An2-7 0.064 186 0.002 795 0.282 572 0.000 027 243 —7.1 —2.2 1010 1181 —0.92
An2-8 0.022 967 0.001 044 0.282 590 0.000 034 243 —6.4 —1.3 938 1136 —0.97
An2-10 0.048 051 0.002 033 0.282 592 0.000 037 245 —6.4 —1.4 960 1139 —0.94
An2-11 0.051 703 0.002 161 0.282 619 0.000 037 244 —5.4 —0.4 925 1092 —0.93
An2-12 0.086 838 0.003 532 0.282 594 0.000 038 241 —6.3 —1.6 999 1148 —0.89
An2-13 0.043 328 0.001 806 0.282 611 0.000 036 242 —5.7 —0.7 927 1103 —0.95
An2-14 0.025 801 0.001 089 0.282 577 0.000 029 241 —6.9 —1.7 957 1158 —0.97
An2-15 0.041 244 0.001 818 0.282 522 0.000 036 241 —8.9 —3.8 1056 1264 —0.95
An2-16 0.053 913 0.002 218 0.282 571 0.000 025 242 —7.1 —2.1 996 1179 —0.93
An2-17 0.041 781 0.001 861 0.282 568 0.000 028 240 —7.2 —2.1 991 1181 —0.94

“{:‘E :EH[(t )?Té};ﬁ (176 Lu/”7 Hf)(fHUR =0.033 2 *ﬂ (176 Hf/”7 Hf)LfHL]R.() 20282 772 iﬁ

0.038 4FN (S HIE/ V" HD pv =0.283 25 #4715 (Griffin ez al.,2004) , 170 Lu A8 HHOR F 1.867 X101 a~ ' (Soderlund et al.,2004).

138 (Blichert-Toft et al.,1997) s 1y 2K F (7 Lu/ " HD) py =
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BT REAITGE K.Sr(E 7h) s B AMNEf Nb/Ta il
BAK ALK 3.7~8.8.
3.3 Sr-Nd-Hf E{I & Bkt

A MY Sr/% Sr {H oA 0.710 02 ~0.711 82,
("Sr/* Sr) fl N 0.708 80~0.710 36 (|4 8a, % 3);
HM N/ Nd H 4 0.512 287~0.512 388,e ., (1) 1H
N —4.8~— 3.4, AL/ (L 8b) X I 1 — i
B AR N 1 287~1 405 Ma.

A HE [ A7 2 40 o 45 W& 4 M &
Yh/THE R 0.022 967~0.086 838, Lu/'" Hf
{5} 0.001 044 ~ 0.003 532, 4 K 22 % I 3 5 A9
T Lu/"THHE/NF 0,002, 3 B85 A o AR il R
1) HE 85 /0 PR B i A5 85 A0 HE/THE B ED A
FOE BB (917 HE/ 7 HE U AE CRA I, 2007) 115
AR e (OMEAN T —4.9~—0.4 (Kl 8c), X i Y
TR BAR AR N 1 091~1 319 Ma(J# 8d) , H ik
Nd [F 7 3 — By Bt AR i e A — 3.

4 P
4.1 FHRKEA

411 WMEREENBLER WHBMANERSE
TR A — U 7 Sr/* Sr)veyg (O Fl e (O fHL 5
MgO & B Z BRI A A B C X R, K Mg™ i
(68~75) %5 1oy HAE Ak Y0 B 45 /0N, 3R BH 25 J oK =2 1 1l
FEUR Y 43 43 e FR B0 [R) AR I 19 T R A %2
TS 0 475 Rl R 4 B 445 1 FH R i A /N, HE H A 22 1R 1Y
PIPAE G 2R AT LS B2 15 A7 78 oS TR G A T DL S IR
& B ( Campbell and Griffiths , 199 3 ; Macdonald
et al.,2001). 4% 4A % f IN ME 1K 5 7R 19 La/Nb. Zr/
Nb.Ta/Yb. Th/Yb % [t {6 AH B Z [ % A 2k P ¢
F Wk — 25 UL B R 22 B S IR L.

HON AEAREANBER SR TR GRS
MgO & it 52 B 55 1 26 1k O 22 3 I SR v Ak i 7
REBEL ] T — RN LS B R E (E 5.
CaO/AL O, HWIHEMAK E/NT 0.5 HS MgO &5
IEASE,Cr 5 MgO S IEA K, i — W R A K& i
TR A 4 8 45 VE H (Naumann and Geist,
1999) s A P s iy B S i IR AT Re R AR T
—ERENREKAN BN X SRKAENE
RAEAE T M N A B T R E A A & (B 2). 55 4b,
BT R UURHE A & B I W B 25 R T DL A Ik
T AEAE T AN A TP R RHS A R R H 3R PR 2544
(B 2) X F B H 207 7 WA i R £ 25 5 1E

FH - RUI S ™ ) 2 AR B 2R T A A B8R B
A RHC A A% BB 5 0 Bl e K AL L s R
B3 BEARR I 25 i ) A 5 A X R 1 45 5 1Y) T i 7R
PE I R RS A 09 32038, B8 I, mT DL B 2 A
TR T T — o AR RN A RURHE A
Sy A AR .

4.1.2 ERMER A SO R M SR R G
#E Sk RS MBS 4k, e bR ¥/ 3%, %
BN 1) 25 A i AN 52 Je 1 RUER A R DL B I A 1
Y52 3 AR RT SCE IR iR A T Ak AR rh ok A2 3
FOIRY HA TR M /B as i (AR Mg™),
IR b 25 M A b R L 24 FR AF (A2 45 Rb.Ba. Sr %515 3)
PEIT ) FEZ ¥ T A KU X AR

ks AN K A R B AR SIo, & i
(46.00%~52.40%) . #& MgO (4.65% ~6.53%) Al
FeOT & (8.77% ~11.07%) s A WM& T E Cr
(24.5~86.8) \Ni(27.8~83.1) & &AL K, Fi +
L E BROBL A b o A A A R X 5 SR R R B
A7 R EEORE B L Ay B TR 4 1 2 T A A 2R
M P 303 25 b 58 0y J3 8 4304 Rl 1) 7 00 0 A L AN A A
INHEK A & H Nb/Ta {8 3.7~8.8, Zr/Hf AN
29.8~38.0, F X T J5 4 Mg th Nb/Ta B (17.7; Sun
and McDonough,1989) #l Zr/Hf {8 (36.1; Sun and
McDonough, 1989) B 5t 4 1% ; 1% v 1A A8 X 48 &5 1Y
(*7Sr/*Sr) i (0.708 80~0.710 36) FIH ALY €, ()
1B (—4.8~—3.4) I i 25 Ji 4y b 2 9 G ] 37 2% 2 1l
JO L Y48 7R He A A AR IR 1 5 SR X 22 )
T — R Y

AN AN SR RS s A E S
ALO; BRI Mg™ H. B HEREFRATLE K.
Sr, T %58 JC K Nb P, Ti,Ce, Zr, H. A HL K {ff np
T ) BR AL 2F R AE (Kelemen ez al.,2013) . 7F
T M R X A R A CO AR bl 45 1K
T 22 A M 02 AR I & AR B 43 4 Bl ( Hawkesworth
et al.,1993;Sajona et al.,2000) ; (2)ff Wb F- i K FE
) G AR S AR e i 2, e 2 A2 2 A S 430 il (Tshikawa
and Tera ,1999;Guo et al.,2015).

P R o B A 5 AR b i A8 - 2 3 0 M il T
B R B & Nb. Ti. P % 5 3% 38 o0 & (Sajona
et al.,2000), H B A & (La/Yb)y {H (=30
Yogodzinski et al.,1995) , 7€ X 3 _ £ 1+ & ¥ W%
KA —BHEZNE - ERZRAMAEOAE K
PRAEEE 2004) T Hi A M6 AR DR 4K =5 450 Nb, T,
P g it £, (La/Yb)y o RAK (1,72 ~
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5.48) , X3 I [R] B AR B A I A R R DL B3R K
HEBERINAE -BRIAR AN S AHEG HI, %
YA A TN A PR R T s B2 T BB 8 T T AR s AR
[DEiE| 23 S A

AR e R DA S8 AR 1 8 LS 3 il I T B 1Y
HRABE THEYRITR. BEEREFEATE.
BEAh . F Pb # S fE A0 w3 A b B A AR Y
TG B M b AR AR 0 e B0 Rl B A K S B
WEHY Pb M1 Sr % & (Brenan ef al.,1995; Class
et al.,2000) FZ 4k M INHE K 5 b 5 B & 3 0% oo
# Nb.P.Ti.Zr, HEKEFHEAITLE K.Sr.Pb, H
i 0 R R T B A A X 88 5 DR AR e R
T A 3 AR sk ) b AL S 43 RO B A 1 G R B 2k
o CRE BT 55,201 D M B A R B R (L 7) , & 1]
IR DX RT BE A 28 5k A o b R I A S A T e AL
R EA AR Ak BB 4 K B Sr/Nd B (20 ~73) . i
Th/Yb {HAE R (EBEAE 1.2~2.2) 8 /N, Wit T
RN R S 2N TR R N AVTTE | G R N
(Woodhead et al., 2001). 5 AP EH AL EHW
("Sr/* Sr) {1 (0.708 80~0.710 36) , 71 1) e, () 1l
(—4.8~—3.DOULKTMM ey OMH(—4.9~—0.4),
HA w4 8 ok Y Sr-Nd-HI [8] 2 % /9 85 1
([l 8a~8c) . i & H  A FEl Hbu v 14 9% o s 5 00 b A
WK TG G 1 S AR T A G 0 b, B R AR 45
(2008) T A IF b JB 7K 57 A= 18 i A v 20 43 1Y) 722 Ak
A B Nb . Ta 1958 5, 76 il R 5 A0 21 £ T3 25 F8 1Y
HEAR FEAE L R o, B T & 20 AR R K AR
SR AR T ERBL A Nb/ Ta HfH B WAK ;s T 24 F0
PN TAR (2013) WLk A bl 7 M K A P 3 B8k AR 7 R
J AR ] TN 25 A S A DR ARV S5 A A A8 o A e
WL KT R B A AL AR T Y EE AN
A, BT B & 20 A AR B A AR H Nb/Ta {A.
Fe g A INVE K A R I Nb/Ta H(3.7~8.8) i
— 24 s HOR R N Ry 52 B A4 B8 AR Ak Y b 0
TG - I AR A R B B K A T & AR A W R A A T AR
DA S A 353 AR DR R R AR 7 78 ot A o

Fie AN S TR A SR fR AR T 28 AR )
58 L 95 R T 1+ 4 2 B R AR TN A s T S DL
IR ISR AE & m R e KRB N & Ba
FUAEXHIE Rb A9 ReAE , 10 78 Ff1 DN A R XS ) 5 =2
32 (Furman and Graham,1999). 7 4 1 B A& A X}
B Rb/Sr fH (0.1, 8K Ba/Rb {H (<<20),
TR X N B A 4 o B (B 9a) 1 A7 22 BRokE Bt
AREAIE 9 (Th/Yb)y {2 1.02~1.12, %A ¥

BRER LSS ERIE XY R A S AMA
(Pollock and Hibbard.2010) , [A] i & B 5 77 44 Bl 1
KAETER M A g KR (Wang et al., 2002) (]
9b). 1l 9c T 7R 5 I R U S AR A M MIORE S A
FEmh L B 9d Mt — 2B 38R A3 MR A& =1
TS S 0 30 A s ™, HIE Rl RE Ol 206 ~
1096 P, 452 g ks i1 DAV K 25 R 2 SR U g Sk 1 43
AR A HE A s BE OVERIONS 5 1) b ik e TGRS
GY IR

25 LT IR AR AR TN R K R 2 SR X Ry
AR IR B A S A 1 b 8 A L AR v Al R ) I K A
R AE W R A 1) AR DR A R B A DA R S A B A
TE AR AR SE AR I 0 B0 F R A A A s BE
TR A A, H B A I Nb/ Ta Il & 4R KE
TEATCR 7 B 90T R 55 HER AL 22 R AR
Hiu B2 2 96 ~ 10 Yo A IR B2 350 40 Jes ik BV I 1 T 4 M
B INRER A R B 2 A Rk R rp & i T
— TR R A FURH A W B A AR AR
2Z 3 B 2 1 M 5E TR .
4.2 HEWRE

AND 25 35 R IR B T R R I ) AR AT T
WhoT B R4 5 IN 15 IR JE (345 Mas BR 52 %, 2003)
FING ZR 50 ) (333 Mas X1 i PR A5, 2011) MG Ab e 4t 4
A BEARZR Tl R AR A A AT B S
Geg AR AR A R RIS RIS A Z W R T
s AL RE T ERMEEF . A M ARE
LR AA KT B A DURR 2 A W TA Sy 2 B e 14 0 —
A7 T LU SR 30T 7 T i 1) G AR e £ [) A 3 AR
Wi 07 (2= Bt 5 2012) A i 25 7l R 4R T v UL — S 1l
T ) LA o

W AT 3R, 4% 98 4% A N A AT A o
242 Ma, IV BT 00 vhafy SR 58 B R P R A & i
B ALO, SE®REC17T%)  BA TG s e ih 4
AR KR TUA A R IE (GREEFE AN D B AT, 2012) 54
AR AT BT 9 Th/Nb {H (0.22~0.67) 48 7~ H
HATIC R A e i 2 O P RRAE (0.1 K 3255
2015) 5 [81 10 T RE il 9 76 5 98 30 0 BN TR
it 20K AR DN RS S R N TR BT 5 oty e B8 B R AR b A
A L0 SR ERE o, 3 — 20 R B — rh = S ik
T R AR W PR AT R AL T o B B L A 2 A G [
o7 B TR = 3 — W RS B A0 R 4 S
(DRI LA 1 88 K B — b =&/ b Rk
m, 2 R BlCa G sh i) =) (£ 45,2014 ; 78
EIE.2014) 5 (2) BB E IR A5 (201 D) R A9 11 H H B
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Fig.9 The discrimination diagrams of source composition for An'nage hornblende gabbro

&l a B4k H Furman and Graham (1999) ; B ¢ 046 3k F 48 KA 55 (2007) ; &1 d B8 >k A A W45 (2015) 5 BT ¢ Rl d oy Ji 1 2 il 42 0 1 i
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Fig.10 Hf/3-Th-Rb/16 (a) and Ti/100-Zr-Sr/2 (b) discrimination diagrams for An’nage hornblende gabbro
B a K E 5 Wood et al.(1979) ; & b JiK [l #i& Pearce and Cann (1973)

BRBUE R (251 Ma) i /s HE 180T 8 IR 55 5 (3) NG LA )Z Oy L =B SR 4L Bl A K
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