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St G M XA T S IR R G 5 AR i L 2 (R], 2
NW-—SE [a] Jle A5 » 1 6 70 1] LA 5% Jb Sk K 240 5% 55 B
Ly W7 20 B+ AR G o o A e - A W 288 e Bl 7 43
Wr 24 fiF R (Wang Huichu et al. , 2003, 2005; Zhu
Xiaohui et al., 2015;Pei Lei et al. , 2017; Wang
Yusong et al., 2017; Zhang Yongming et al.,
2017a, 2017b) . H 20 42 90 AR K B & LA
K (Yang Jingsui et al. ,1998),iZ X Z 3| T E AN 4b
i 5L 732 4 7E (Zhang Xueting et al. , 1999;
Yang Jingsui et al. , 2000; Song Shuguang et al,
2001; Liu Liang et al. , 2009; Song et al. , 2003,
2005; Wang Huichu et al. ,2004,2005; Wu Cailai
et al. ,2007,2014) , I ¢ 8L & Ky o (5 B8 47 T 95
BRI B X — 4588 & R A2 T A (Song Shuguang et
al. » 2013; Zhang Jianxin et al., 2007; Zhang
Guibin et al. ,2005,2012) . %&b % i 128 Jfo s
WR BN AN RBHG IR T RS WS
R =l DN SR A=l R I = NN =
(Zhang et al., 2001, 2005, 2006, 2008, 2009;
Yang et al. , 2002, 2006; Mattinson et al. , 2006a,

2006b, 2007;Zhang G B et al. , 2009) ,f F JLHY i
DR i 1176 B8 73+ o K i 3t 5 R AR i A 7 ) (Song et
al. , 2003, 2004, 2005a,2005b, 2006), XX P ff
RERTE I BRI B S | VDA 5 A R
TR A A2 M ERIE 2 DL e #s 1 U-Pb 202410 &
S8 £ (Zhang ] X et al. , 2005,2006; Song et
al. , 2004, 2005a, 2005b, 2006, 2009a, 2009b;
Meng Fancong et al., 2003; Yang et al. , 2006;
Mattinson et al. , 2006a,2006b; Zhang Guibin et
al. , 2005; Zhang G B et al. , 2008, 2009) ,%e]r %
e TR AR Tt i sr Tl 2R AR AR 1 T A I ol Bl Bl
ol 428 DL R 3t 1L iR V5 8 A A L B T A R
JiE [ Fr A e ) 15 35 4k 1 F2 (Thomas, 19835 Torsvik
et al., 1996; Handy et al., 2010; Zheng, 2012;
Song et al. , 2014a, 2015),

ARIT S AT A 2R A% A ) A9 2% 3k 1 R g SR
S B (R A s R R i A R e AR L FRAE B ART
Tl 458 7 2% 55 B 1) A [) [ B A Bl AT DR 1) o T
3 (Song et al.. 2009b, 2014b; Wang et al.,
2014) . [AAF L A AL Sl e SR AZ O B BTz g0
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i & AR A KA R AR (Yang Jingsui et al.
2000; Chen Danling et al. , 2005) , 3 Z A5 PUFp 25
B0 7 R ety 28 L P o 9 o A e 1 Y A B B
55— b 28 Ay W € AR v SRR O O op A
(450~510 Ma) , & KM A 76 TR b b 72 o, 38 43
WP AKTE A o T A b T A8 A b i B 3 T 75
T HbFE R 43 4 Bl AR 0 A SR AE (W Cailai et
al., 2001, 2008; Wu et al. , 2009),JE B I A1k £
iy B By M B BT 2l K i i % P o ) R L BAE
& (Wu Cailai et al. , 2008), 32 % 4 45 W (8] 1L B¢
BN ki A (496 &2 6 Ma, Yuan Guibang et al. ,
2002; Wang Huichu et al. , 2003) .45 %% 2 ¥ 8] 1L
BRIk o0 T 85 22 4 (514, 248. 5 Ma, Shi Rendeng.,
2003), HE 7% 75 W K 2% 44 1k (468 == 2 Ma, Zhu
xiaohui, 2010) . B 111 T % 4E 54 4+ (473 Ma, Wu
Cailai et al. , 2001) DI J M # 111 (465.4 == 3.5 Ma,
Wu Cailai et al. ,2008) &4 #5111 (469. 7£4. 6 Ma,
Wu Cailai et al. , 2008) &8 A4 ; 55 — Fp 2K 1 ol i 2R
Wy H: i s 7l 48 280 (445 Ma 24 B E KFEMN A&
FONE ™ 9K By 45 1k o K 1 76 78 R¢ 22 TR AR o 1 i
T v 4t B 5 K Bl e i A 5 G R b B 5 A 3% R
P b, e S A Tl i il 8 3 B K il b 5 i JEE L PR (B
ThiE s AR A R 1 B K AR A A5 K Bl 5 38 40 9%
Filt T o8 ()l 488 1) S SR AR L ) 35 B A A BE B AR 1
7+ (440+14 Ma, Lu Xinxiang et al. , 2007) , 443K
A1l (446+3. 9 Ma, Wu Cailai et al. , 2007) , A .
(443, 54+3.5 Ma) ZE 4 [X 5 55 = Fl 28 0 i 5 B8
5 Y 5t K i b 52 47 3k AL (409 ~397 Ma) , K
T b 5 7R AR o B — o TR S L B R OK L FE ) DA
S B B R i 4= il AR TR 5 OB b 5 kA
KWt 78 78 1B 7 1 AR R L T TRl ik pE
T b W A DX P Ui A 1 7 B R A AR A A
TRENAER RN EELE/Z R ILEN S
(408. 644.4 Ma, Wu Suoping, 2008) . B} I ¥ 1&
7 (397 4+ 3 Ma, Wu Cailai, 2014) ;55 Py fh & #l
hy WUl 40 i Ll Al AR L PS8 A (360 ~ 375 Ma),
A0 FE M AR AR DT S ARAE T & o A8 B e |
T 08 Y5 3R B e I K ) AR T MU A KA
F A HHRIE 2 SRR B I AE K (374.5
+£1.6 Ma), #f 2% /K 3C 3 M 6 X A (380.5£5.0
Ma) EZ 5N R (372, 55 2. 8 Ma) . K3k E 5 16
B 5 (3724 2. 7 Ma) 2 (Wu Cailai, 20145 Wu
Suoping, 2008) LA K B 5 i iy BEAR = = B 16 5 A
(367 Ma, Wang et al. ,» 2014) FIH K & (360~ 374

Ma, Wang et al. , 2014)%,

g5 L P ik . Sedb St X R o A AUE 2R A T e
A7 — A 58 % W e KM g e Mg s (Dong
Zengchan, 2015) , i 5 Ml 4T 3% & A1 Bl 0 3 390
i LU S B SRR T R R AT RO PR B S 20 s
KA B ZRTERT AR HRIE T E 234 b T X5 4
i< S R PR S K e O BIE S, A S5 BT MRS 1L
DX 6 25 20 W K TR G S 1) T 20 3K Ak 27 23 B RS
SHRIMP U-Pb JM4F , 73 Bt i B 0 s i v o ke
PRAE I LU 85 W] A8 B A AR FH 2Z 1) B0 56 22, 1)
W R LR L O T E SR AL S Ll o AR AR Y A
T 7 2o AR 4R Ak S A D SRR
L b5 o5 SOl ke i AR

BT LA A T SR G P B, B AT 1L 5 KSR L
Z ], Bl A AR 3 BT bR IA s R BRIG & (&
la) (Wang Huichu, 2006) , 5 1A r 35 Bl w5 1ol 46 A e
AL PIER 53, 32 PO IR )2 42 ], 52 NW—SE ) | 550 43
i AL 15 km® (& 1b) A 5 A B0 5 Bk ik
PALEIR A RYUHE b A A RO &2 — &b — =)
BB TUE & FEBBHCA NG SHDIRIR S R R
EVANEM R EHR; ALY =8 R AR
HARRD BRSNS RE 5 BT R He ik (8] 220 s HEARFR A
%0 & Br 8 3% (Qinghai Bureau of Geology and
Mineral Resources, 1991), B W5 Ll 25 4 0 56 5 A )
I B AR AL B Y 52 A R (W Cailai, 2008) , &
PR s MR T AE I AL R NS 55 B
B 8l il 2% 2R 95 . SHRIMP £ /7 U-Pb - B4 % O
473 Ma, J@ - B Fi tH (Wu Cailai, 2001) , 535 41355 ()
EE R IN K 5 R ABNFE R AR N
RECS Bk SR AN IR BE ST £ 2R 42

AR Y A it R TS L e B s T AL
DT 18 (P 2a.b) SR AR AL & A bR . 38718722, 17
N. 94°38'1. 6"E. f5i I %5 B i b b L RUVE K 45
P8 W 2 B A AR AT (45 96) HE A1 (10 %) LA IN A
B0V R E, ABTY) R (5 V) IR Hofth i~
Py i 300 (Bl 2¢.d) s RHE A1 52 2F BB ARCIR L 2% 8L 43
i KN 0. 4~1.7 mm, JHER R 2 W . 2 B
B bR, B a4k 84 A N A S A0 R R
AR BL A TR A Z ) kiR 0. 5~3 mm; #E A
ZRR N A A IR TR A N A R FR RN A
o e Ak A8 DU ARHK A1 20 48 T A TN A 30 2 S N R
(Bl 20) s IRAET WA 8 = B B A IR IN A a0
1145,
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Fig. 1 Sketch tectonic subdivision map of northern Qaidam (a) (according to Sun Jiaopeng et al. , 2015)

and brief regional geological map of Aolaoshan area (b) (according to Mahai geological map)
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AR YR IF S1 R AR i 1 B A TORL B E A A
BT )R B SR = e . ST K AR AR R
P23 60~100 H ., K ¥ ¥k 22 J5 » 56 F R Bk B 25 1k
PR SEREYER P, T S B A B e B H B
TR B . ARG B A RUAR AR — R 7E B B A
b BRS84S R O D 2 A A Uk IR
JEE I —F OB 1 38 D O R B AR & 6 B L 3 T O
B E AR, fEAL AT & R4 o (SHRIMP D FT i
AL 5E R T #5409 UL Th Ph R 47 2 41 8050 B BT
SHRIMP ki £ 5 & TEMORAI # £ , 52 Pb/** U
HCAE R 0. 0668, 4F K 417 Ma, AL HEFE $h 2. 00,
FRUE™" Pb/*°Pb 2 0. 551, BRI & 2 ~4 4> K HIAE &
B A OB 3 BT — KPR FE . AE DU A8 AF B2 B A 0K
SHRIMP 4 # B}, Black et al. (2003) #E % fif
TEMORAL 85 A3 AR ERE . 16 40 0 43 B A5 Ak 21
J7:5 Composton et al. (1984,1992) i1 77 = 4H [F] .
i TARR 55 47 (<C1000 Ma) ks i Ph & /b, 3 i
T AR AR K23 BT AS B 2 1 & T LA AR 58 % A7 ik

fE S HE A EARYE L Ph/* U Wy LM, AR 1
JIr 52 i) SHRIMP 23 H7 80408 0 5 — > 85 A1 B0RL 3%
FU5 YA 0 A 2 R S 2 (EL 3 P AL IESR A
21 PhH $E € s (Composton et al. ,1984) , FFEfE
RN Lo AL AR IR EIR 228 20, AEITH S,
K F Steiger and Jager(1977) #E4F 1) TS H 8L .
2.2 sRAKEELSW

B AR B T 208+ R XA SR T R A
A ST R AR B S 6 2 T R 1 R AT
£ 200 H., E.EEwRMAAE M ALS 94 5L 5
FEM . I R 0 R B/ e B R A -
X ¢ 36 ot 3% 4 Hr (ME-XRF06) 3 Ml i, #5 #% K
STSD-4 # SY-4. 3 Hri /N T 5%, MBILTEY
AT R FH AR T R E o A ME-MIS61 35
iR, bR KE R A OREAS-104, SY-4, OREAS-146 i
TRHB, 3 #r i 22 I8 F 10 %, H AR 2 4 i 38 o A &
30K BE 22 I, Song Jiaopeng et al. (2015),
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Fig. 2 Field geological and microscopic characterasitics of Aolaoshan plutons
Ca) — R AE AT LIRS TN A A =8 R T2 42 fi 5 (b)—SRAPE AR LU DA 35 R I8 J8 5 (o) — Wl Ll R I A 86 T IR
(2.5X =) (D—Wm IR N K ABE TR (2.5X,+) 5 Hb—MINA s Cpx— WA s Q— 13 Pl—R K 7

(a)—The sample points of Aolaoshan plutons is in fault contact with Triassic; (b)—the photograph of Aolaoshan plutons;

(¢)—the microscope of Aolaoshan gabbro-diorite (2.5X ,—); (d)—the microscope of Aolaoshan gabbro-diorite (2.5X,+);

Hb—hornblende; Cpx—clinopyroxene; Q—quartz; Pl—plagioclase

SHRIMP s& 4£ 53 #7240 41 1 12 A5 A B0ORL Y 12
AR B A B RO EG T RT LUE L B A B
FEAL. 200 ATE—2F BB S AR, R K 12 K/ R
160~300 pm, FE42 K/ K 70~120 pm, K 58 H— ik
fE 1+ 1.5~1¢ 3, JF BAF IR % ol (B 3a), R
tE YT S T A PR A A Y RAE

B U-Pb @ 4F M2 R (R 1D W W5 1L
KN 12 W g R BRSS9 40 A s I 4R I B R
7 389.446.7 Ma, 5 5 /b7 8 /Ny 359. 93,1
Ma PLAh, HoAth 53 #r s — Btk (& 3b) . 10 43
B g5t — 2™ Pb A IE S5 97 Ph/#* U [ AL
SEHAE WS Ol 370.4 4+ 3.4 Ma(MSWD = 1. 3) (¥
3¢) o AR A B A ORI 1) U & s A T 89 X
107~329X 10 ° Z Al , Th & yuHlh 49X 10 5~
295X107°, Th/U AEA T 0. 49~0. 97 Z [a] . ¥ K
T 0.1, HEARL B IEAH KL G =0.82) (K
3b) . PR B A 1 45 48 0BG o3 A AE 3K [E] 45 75 i el
FESh a2 45 B AL 2 Ph/%0 U hin ACF 1 48 1%

(370. 4=3. 4 Ma) 9% fift B 0 M K N K 5 B9 45 i 4F
W s X 07 T I e 2
3.2 MERALFAFAE
3.1 FERXTE

St 2 VG BIWWT 1L M DXOVE A PR A R b 3K Ak 2
MRZ R LR 2. 5 6 0] b BR P A= A A B R
SIO, & B A% . AL Bl 8 /N, S 52. 60 % ~55. 78 %,
A 54.06%; TiO, & & & & . A F 0.87% ~
1. 26 % 2 18], SF- ¥ {H 1. 05% ; MgO, TFe, O, % 43 51
4. 25% ~6.45% F1 6. 4996 ~ 8. 35% , - Y1 43 5]
K 5.49% F 7.71% ., Mg* {H (Mg® = 100Mg*" /
(Mgt +Fe*™)) 2 54. 75~ 62. 92, F-H{E K 58.91;
Na, O &0 3.33% ~4.31%, F¥{H K 3. 71, K, O
PR 0.62% ~1.18% , FH{H K 0.94% . (Na, O+
KOV N 4.09~5.49% , FH{E K 4.62%, Na, O/
K,ON 2. 69~6. 11, {8 Jy 4. 20, E.BH 5 1 & 4h 45
fiF ;Ca0 &K 6.85~9.56% . I {E N 8. 15% ; B
&8 6(= (K, O+Na,0)? /(SiO, —43))H 1. 39~
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Fig. 3 CL images (a) and zircon U-Pb concordia ages (b, ¢) of testing sample from Aolaoshan gabbron-diorite

F 1 BB ILERKAKEEEER SHRIMP U-Pb 53 47 45
Table 1 SHRIMP zircon U-Pb dating results of Aolaoshan gabbro-diorite
U Th 232 ’I‘h/ ZOGPb* ZOrlpb/ 206 Pb/238U 207Pb/206pb 207Pb* / 207Pb/ ZOGPb*/
W X +=% ) +% +%
(XT07) [ (X1076)| 85U |[(X107%) 205Ph iy (Ma) Ay (Ma) 206 P » ) B8y

1.1 158 141 0.92 8. 14 0.055176 |372.5| 4.4 | 216 170 0. 0504 7.6 0.414 7.7 10.05949| 1.2
2.1 160 133 0. 86 8.25 0.055159 |369.0| 4.5 | ~58 | 260 0. 0450 10 0. 365 11 0.05891| 1.3
3.1 145 77 0. 55 7.43 0.055165 [370. 3] 5.1 500 120 0.0572 5.3 0.467 5.5 0.05913| 1.4
4.1 147 87 0.61 7.36 0.05512 |361.0| 4.5 190 200 0. 0499 8.5 0.396 8.6 0.05759| 1.3
5.1 329 246 0.77 16.3 0.055114 359.9] 3.1 267 73 | 0.0516 3.2 0.408 3.3 0.05741| 0.9
6.1 227 125 0.57 11.9 0.055196 |376.6| 3.9 12 180 0.0463 7.4 0. 384 7.4 10.06016| 1.1
7.1 124 69 0.58 6.22 0.055125 362.1] 4.9 211 210 0. 0504 9.1 0.401 9.2 ]0.05777| 1.4
8.1 222 105 0.49 11.4 0.055175 372.3] 3.8 131 120 0. 0486 4.9 0.399 5.0 ]0.05945| 1.1
9.1 89 49 0.57 4. 84 0.055258 |389.4| 6.7 |~107| 390 0.0441 16 0.378 16 0.0623 | 1.8
10.1 108 82 0.79 5.52 0.055148 |366.9| 5.5 241 250 0.0510 11 0.412 11 0.05856| 1.5
11.1 289 273 0.97 14.8 0.055165 [370. 3] 3.2 167 120 0. 0494 5.1 0.403 5.2 ]0.05913| 0.9
12.1 335 295 0.91 17.3 0.055182 [373.8] 3.1 196 120 0. 0500 5.0 0.412 5.1 0.05970| 0.9
2.61, V(R 1. 98, BIKZ A F 1.8~3.3 ZMl,  O)-SiO,) B I, £f b 45 55 1995 78 W0t X 380 v 17y

£ TFe, O, /MgO-SiO, PA f SiO,-K, 072 5 [& |, i
IRE i B VR FE B IR R AR BN AN A A B
FRI R L AL Oy & &l 15.90% ~19.35%, A/
CNK 4 0. 72~0. 93, A/NK {H} 2.30~2. 58, F
A BE R AE s TR A e B9 TAS 4328 ((Na, O+ K,

M D 5 L P SR e 24 R IN K 5
A R B, A U R LR AR TR A
BB PR R AE (BT 4.5)
3.2.2 B WERTE

W TN K A A i 1O s = 70 8 BROBE 5 s vfE AL il
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Fig. 4 Total alkalis vs SiO, (a) (after Le Maitre R W,1989) and A/NK-A/CNK (b) for
classification of the Aolaoshan gabbro-diorite (after Maniar and Piccoli, 1989)
75 7
(a) (b)
70 6|
51 HZE RS
65
£ 5 1 5 51 Sar
g‘ 60 L 5 E¥1 S
N RBEL R R 3 H R RS
55 ..
°° - s L
o9 . SRR
50 L I S
.’ ------ TR AR R BE) R A
45 1 1 1 ] 0 | | |
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TFe,0,/MgO Sio,

&5 s g K N K s Si0,-TFe, O5 /MgO(a) (#iF Miyashiro A,1975) 5 K, O-SiO, & f# (b) (#§ Peccerillo A, 1976)
Fig. 5 Si0,-TFe, O3 /MgO (a) (after Miyashiro A,1975) and K, O-SiO, (b)
(after Peccerillo A, 1976) diagram of the Aolaoshan gabbro-diorite

255 [ A o R 1 S 3R A B AR TR A A B T 2SR
fEL B B %M+t X (LREE) X E# + o0 &
(HREE) %7 51 AR 2B 53 3L 3 Lo ER &
# (2 REE) B AL, & & &4k T 86.40 X 10 ° ~
140. 10X 10 ° Z [a] . Sy BRAL P A7 (3. 29X 10 °) [ 26
~43 f5. AAR.EW LT R oW R E K,
> LREE/> HREE % 3.55~6.75, (La/Yb)y N
2.79~7.04, [AB;, HABARBE R Eu 58
ZIFE Eu % ,8Eu i 0. 60~1. 22, F¥{H N 0. 85,
RUAHX H A R VA K AT S R INK A S
5 4y B 4k R B B IS (Rollison, 1993) (& 6a)
TEACR TC 3R i 0 1 0 s o A ik 9 1] R A

KA 5 IR A 5 B AT K BOM A 98 5 FRAE
{5 B B % 4 Rb.Ba K % KB 7 ¥ A0 K (LILE)
Ml La,Ce,Sm % 5 # 1 76 K (LREE) , Ifii #1 %F 5 4
Ta . Nb.Ti.P % &5t & (HFSE) fl Y. Yb % &
i 150K (HREE) , 2 3 3 W] &8 9 “Nb-Ta 7, X
SIEF RN K A Wt T 8 & g8, 2/ TR
LG WA Y 100 £% . H =5 BRI 42 A 2 B A ) 40
A HES — 2, gL MR N KA A S5 Th
TAERZIN HE 58, A AR E LR TR L
T IE R VE R X R (N-MORB) Fl 1
WAL E BT S X R A (OIB) 19 $F fF (Long
Xiaoping,2006) , HA 2L T ¥ 2l K bl 1 2 9K 1l
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Table 2 Analysis results of major (%) and trace elements ( X 107°) of Aolaoshan gabbro-diorite

W 11 ) maLE s | R R K
i BE : : i ____ AXWNKS HERE
CLO5- CLO05- CLO05- CLO5- CLO5-
AL0501|AL0502| AL0503| AL0504| AL0505 CL561" * |CL6765" * | CL577* *
105-2* | 106-5" 107” 108" 116~
SiO, 55 54.2 54.9 54.6 52 55.78 51.95 72.28 70. 86 63. 35 70.3 67.29 74.7
TiO, 1.11 1.2 0. 87 1. 26 0.99 0.95 0. 96 0.31 0.37 0.52 0.43 0.52 0.16
Al O3 16. 15 15.9 19. 35 17.8 17.3 16. 26 17. 87 14. 27 14. 32 16.5 14. 86 16. 46 13. 89
Fe, O3 8. 26 8.35 6.49 7.52 7.91 1.81 1. 84 0. 84 1. 39 2.39 0. 88 1.35 0.29
MnO 0.14 0.14 0.12 0.12 0.14 0.12 0.14 0. 04 0.04 0.08 0.07 0.08 0.01
MgO 5.68 5.93 4. 25 4.55 6.45 5.9 5.68 0. 81 0. 65 2.04 1.05 1. 25 0. 05
CaO 8.16 8.41 6.85 8.17 9.56 7.2 8.7 1.88 1.45 4,15 2.34 3.75 0. 45
Na, O 3.33 3.79 4,31 3.9 3.5 3. 44 3.52 3.24 3.4 3.96 4,04 4. 46 4.48
K,O 0.76 0.62 1.18 0.72 0. 87 1.11 1.31 4.17 5.08 2.72 2.98 2.13 4. 83
P,0s 0.16 0.15 0.29 0.22 0.12 0.2 0.15 0.09 0.07 0.23 0.11 0.13 0.02
K& 0.9 0.78 1.69 1.18 1.09 1.52 1.59 0. 69 0. 84 1.12 0.8 0.58 0. 38
BE 99. 81 99. 71 100. 5 100. 2 100. 1 100.02 | 100.96 | 100.92 | 101. 18 100. 59 101. 22 101. 04 100. 39
ALK 4.09 4.41 5.49 4.62 4.37 4.55 4.83 7.41 8. 48 6. 68 7.02 6.59 9.31
Na, O/K,O | 4.38 6.11 3.65 5.42 4.02 3.1 2. 69 0.78 0.67 1. 46 1. 36 2.09 0.93
o 1.39 1.74 2.53 1. 84 2.12 1.62 2.61 1. 88 2.58 2.19 1.81 1.79 2.73
A/NKC 0.76 0.72 0.93 0. 81 0.72 0. 81 0.77 1.08 1.04 0.97 1.05 1 1.04
A/NK 2.56 2.3 2.31 2.47 2.58 2.37 2. 48 1.45 1.29 1.74 1.5 1.71 1.1
Mg* 57.9 58.68 56.7 54.75 61.99 62.92 59.41 41. 97 30. 46 46.76 39. 28 38.43 10. 58
La 19.1 11.6 16.7 16.9 14. 2 26.5 16.6 25.6 40. 8 49. 2 34.7 31.1 37
Ce 47. 2 27.2 33.5 35.3 31.8 52.5 41.8 51.2 84.9 98. 2 70.5 63.2 71.2
Pr 7 4.1 4.3 4.7 4.4 5. 84 5. 38 5.56 9.29 10. 8 7.72 7.13 7.12
Nd 29.8 18.2 17.3 19.7 18.3 22.9 23.1 20. 3 34.2 39.3 28.3 27.3 23
Sm 7.8 5 3.7 5.1 4.7 4.8 5.35 4.16 6.99 6.22 5.21 6.07 3.62
Eu 1.5 1.3 1.4 1.3 1.3 1.2 1.35 0.76 1.03 1.54 1.11 1.27 0. 46
Gd 7.3 5 3.2 4.7 4.6 4.74 5.45 3.76 6. 39 4. 83 4.98 6.21 3.15
Th 1.2 8 0.5 0.7 0.7 0.77 0.91 0.6 0.98 0.58 0.75 1.04 0.42
Dy 7.3 3 4.3 4.5 4,58 5.61 3. 46 5.74 2.8 4,18 6.22 2.29
Ho 1.5 1 0.6 0.9 0.9 0.92 1.11 0.68 1.09 0.5 0. 82 1.2 0.41
Er 4.9 3.4 2 2.8 3.1 2.72 3. 36 2. 14 3.4 1.56 2.56 3.67 1.37
Tm 0.7 0.5 0.3 0.4 0.4 0. 38 0.47 0. 29 0.48 0.2 0. 38 0.53 0.2
Yb 4.2 2.8 1.6 2.3 2.6 2.45 3.01 1.9 3.1 1.3 2.41 3. 44 1.41
Lu 0.6 0.4 0.2 0.4 0.4 0. 38 0. 44 0.3 0.5 0.2 0. 36 0.51 0.23
REE 140.1 86. 4 88.3 99.5 91.9 130.68 | 113.94 120.7 198.9 217.2 163. 98 158. 89 151. 88
LR/HR 4.06 3.55 6.75 5.03 4. 34 6.71 4.6 8.19 8.17 17.1 8.97 5.96 15.02
SEu 0.6 0.79 1.21 0.8 0. 84 0.77 0.76 0.58 0. 46 0.5 0. 66 0.63 0.41
Y 46.7 31.6 18.9 27.5 28.5 26 31.6 20. 2 31.8 14.6 24.3 36 12.5
Zr 73.77 147.5 73.77 147.5 147.5 163 118 141 247 151 201 271 89.1
Hf 1.5 1.2 0.8 1.5 1.9 3.9 3.2 3.9 6.8 4 5.4 6.7 2.7
Cr 52 91 80 34 98 129 54.4 9.6 6.5 20 9.2 17 4.7
CcO 29.2 29.7 18.9 23.9 26.8 26 28.5 3.8 3.5 10.5 5.8 7.6 0.2
Ni 57.2 46.5 49. 3 21.4 34 85.8 70.3 4.7 2.4 13.3 4.49 10. 8 0.73
Rb 8.3 7.2 19.1 9.3 15.4 34.6 46.5 161 197 46. 8 66. 6 70.9 132
Sr 236 256 424 354 278 399 27 145 122 1006 305 173 81.4
Nb 6.6 4.6 4.1 7 4.7 8 6.2 8.47 9.33 8. 14 10. 2 7.9 9.7
Ba 140 130 220 220 170 280 247 586 675 1301 1045 407 467
Ta 0. 44 0.34 0.37 0.51 0. 34 0.4 0.5 0.91 1.06 0.6 0.98 0.69 0.92
Th 1.8 2.1 1.7 1.3 1.5 5.62 3.92 16 23.3 10. 4 11.4 11 20. 8
u 1 0.6 0.6 0.5 0.5 0.92 0.56 2.38 3.07 1.29 2.16 0.98 3.03
(La/Yb)n 3. 26 2.97 7.49 5.27 3.92 7 3.6 9.1 8. 89 23.15 9. 35 5. 85 16. 98

H:ALK= Na; O+ K, 05 SCHEE %50 = (K, O+ Na, 0)?2/(Si03-43) 3 A/NKC= Al, O3 /(Na, O+ K, O+ Ca0) ; A/NK= Al, O3 /(Na, O+
K,0) ;Mg =100Mg?" /(Mg?" +Fe?"); LR/HR R EM + o Z WA W« SR EHES]I A Wu Suoping (2008) ;5 4fF x * S E 5 54 51
[l Wu Cailai et al. , (2014),
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Fig. 6 Chondrite-normalized REE distribution (a) and mantle-normalized trace element diagram (b) of

Late Paleozoic rock mass from northern margin of Qaidam
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Granite samples data of Xitieshan, Datouyanggou, Shuiwenzhannan, and Chachagongma from Wu Suoping, 2008;

Wu Cailai et al. , 2014; chondrite normalized data based on Boynton, 1983; mantle normalized data based on Sun, 1989
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K51 La/Nb Fflily 2.41~4.07,La/Ta Wil N
33.14~66. 25, 1 T I BB Hu i i) fH (La/Nb<C1. 5,
La/Ta<<22), &% Rb.Ba,U,La,Ce % K & T %
f1o6% (LILE) f1 5 #; 490 % (LREE), % #ii Th,
Ta Nb Hf, Y, Yb %75 0 R (HFSE) #I# i +
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22 BE B 3 B 45 R R AE Ta/Yb-Th/Yb
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Sedv g IR 3 19 Ji5 i 48 A8 i o 34 v 203 3l R G 2 2
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Fig. 7 Discrimination diagrams for tectonic setting of gabbro diorite in the Aolaoshan deposit
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1—Datouyanggou granite; 2— Xitieshan granite; 3—Shuiwenzhangnan granite; 4—Chachagongma granite; 5— Aolaoshan gabbro-diorite

(7 B1H (L 7h) R WA I TE B 5 32 31 B 76
TG AE T 38 32 B0 o 3 14 19 52 AROFE T (Xu
Wenliang et al., 2003), Jt#h. M\ Y-Nb F1 (Y +
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oA AE 5 A A R AR AR R) . B 5 ok IAE A A
6] i P 52, I HLAE Y /Nb-Ce/Nb 19 2 5 E P 5z ) 1]
P e v, DU RE i S 9 e T 8 IR A Y Y L R
AIFEB K 8b) o Zfcit oo 2R 1 1 I At (AT 8) i 7 W
B3 L N B B oICE K oa P . e Ah i
ARy K i R el Al 320 5 %) b 0 IXRE 52 i 94 D 14
A2 A% H) Ho e B2 ( Stolper and Newman, 1994;
Marschall and Schumacher, 2012; Zheng et al. ,
2012),Sr/Nd-Th/Y [EIfift 3 W15 K P i 72 o
| R RN N o A (S G ES IR DI S B P S [ <
b DX ) S G AR S 2 e H TR e ) 2 3 R s E
Wil 77 J5 7 A A BE U R 5 b AR i s B il
F S A Vel 3 BHORS 27 2 B 17 ) ( Zhao Zifu, 2015)
HIT AT S8 6 St DXy 2 AR 4 3 o T A L it
A1 0 KA RIS B AT N 78 58 35 A iy A 0 4K 3% b
PR Z 1) £ 7 53 8 o6 ol ALl A2 AU RS 3 (Song
Shuguang, 2009; Zhou Bin, 2013; Zhu Xiaohui,
2015), AR AR BRI A X XL T K
s ORI O ol o I i Al 4 L AR T AR LA R T L
ML V5 B Y 5¢ B Y B R b iE B it & (Thomas,
1983; Torsvik et al. , 1996; Handy et al. , 2010;
Zheng, 2012; Song et al. , 2014a, 2015), XN/~

1253 AT B W U8 2 S R W LT R R
B o A0 LA e L08R HLSS 8AH ELAE R 09 7 ) (Wang
et al. ,2014),

T 1L 0 AR B B A A A 1 A 2 AT
Fifr s O FR it Pl H e A $4 300 B ) Ay o (S 75 S A el
w43 B (Bird, 1979; Song Shuguang, 2015); @
A P b e R ) 5 1) PR T 20 (Houseman et al,
1981,1997; Song Shuguang, 2015); A [A] f ¥4 1 5L
ORI AN 5] 04 25 3R AR TS S A V) b ) 8 o)
W2 PR R R B AT S AR 0 R
TERY & A2 . EA o P b (7 3% R B U 5 32 30
B B T RS A R R 0 e b K AL
SRR A I JF AT DL S e b Fe A AR
M5 Ja & B Rl 38 5858 18 A0 B AE FH (Wang et
al. , 2014) . A SCHRAIF ST 10 5 Al 138 0 IR 4 T K o
LA 1 o 40 0 R Al 2 AR AR L L R B T 2 il
FE LA TR U B FRAE

g5 LTIk . i e At SR At Sk 1L Rl A n JE Y
A P b0 R AR T L S SRR P R A O L
B AT B R aK AR R HOR A T e e A AR AT
I ORI 1) 5 A= AL A (L 9) . X ARk
FSeAr G X m AR B IIE M E R 2 s .
Se b 2 M X IR TO RS, 9 32 52 DT (Sun Jiaopeng et
al. , 2015),
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Fig. 8 Trace discrimination diagram of Sample(after Pearce et al. ,1984)
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Fig.9 Sketch profile map showing the Late Devonian tectonic of

the North Qaidam tectonic belt (according to Bao et al. , 2014)
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SHRIMP Zircon U-Pb Dating and Petro-Geochemistry of
Aolaoshan Gabbro-Diorite in the Western North Margin of Qaidam Basin
SHAOQO Pengcheng, CHEN Shiyue, SUN Jiaopeng, MA Shuai, LIU Jin, WANG Feng

China University of Petroleum, School of Geosciences, Qingdao, Shandong, 266555
Abstract

Systemic chronology and petro-geochemistry analysis of Aolaoshan gabbro-diorite was conducted to
analyze its genesis, which makes up understanding of tectonic attributes of the northern Qaidam in Late
Paleozoic time. Our study shows that the Aolaoshan gabbro-diorite is characterized by high SiO,and K, O
contents, low Na and Al contents, and high Mg#. The primitive mantle-normalized spider diagram shows
that the rock is enriched in large ion lithophile elements (Rb, Ba, K) and depleted in high field strength
elements (Ta, Nb, Ti and P). The chondrite-normalized REE distribution pattern shows a relatively flat,
low differentiation curve of LREE and HREE, with low 2 LREE/> HREE and (La/Yb) ratios and weak
negative to positive Eu anomalies, compared with that of contemporary intermediate-felsic intrusive rocks.
SHRIMP U-Pb zircon dating yields an average weighted age of 370, 4 == 3. 4 Ma for the gabbro-diorite
samples from the Aolaoshan area, which corresponds to Lae Paleozoic magmatic activity. The major and
trace element geochemistry analysis illustrates that the rock is of attributes of magmatic rocks formed in
island-arc or active continental margin, suggesting that it probably originated from lithosphere mantle
contaminated by crust material and metasomatized by fluid in subduction belt. Based on the previous
studies on the Neoproterozoic-LLate Paleozoic oceanic crust subduction and collision between continents
tectonic setting, and combined with geochemical tectonic environment discrimination in this study, it can
be concluded that the Aolaoshan gabbro-diorite formed in a lithosphere thinning and crustal extension
environment resulted from post-orogenic lithosphere delamination, which marks the end of Caledonian

orogenesis in the northern margin of Qaidam region.

Key words: northern margin of Qaidam basin; gabbro-diorite; intermediate-felsic; Late Devonian;

lithosphere delamination



