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Abstract: Duolong is one of the largest porphyry Cu (Au) ore concentration areas, its dynamic history always being
the hot topic for study. Pillow basalt was discovered in Jurassic marine sedimentary strata of Ga’erqin area.
Geochronological and geochemical study is helpful to revealing the evolution history of Bangong Co-Nujiang Ocean.
Geochemical data show that basalt has low REE (XREE 38.01x107°~63.56x107) and no significant differentiation
between LREE and HREE. The chondrite-normalized REE patterns are flat, similar to features of E-MORB.
SHRIMP dating shows that the age of pillow basalt is (298+11) Ma, coinciding with ages of mafic dykes and basalt
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in Late Carboniferous to Early Permian strata. All of these phenomena may be the products of large-scale volcanic

activity for the opening of Bannu Ocean in early Permian strata.
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Fig. 3 Photographs showing Ga’erqin pillow basalt outcrop and macrostructures



55 103 MO IEZ TR A X UR B POIR X A R 1E 5 J2 SHRIMP i 4F 705

S5 A SHRIMP U-Pb [A) 3 2 il 4> AEdL 5t 5 1
PREF L SE I, AN A T R TR R B AR
KA 30 pm, HARM Dk K iR S % R
(2002) , X485 A1 445 54 R Tsoplot 3 ) Ab2E, )
IREE IR LI 7, AR R 22 A1 200Pb/2 U 4R
BB IACEBIE R 2228 15,
31 FRHESWER
SRR Si0, BT oE o BT

42.42%~48.90%(# 4a), o(Al,03)°H 11.86%~17.54%,
o(Fe,05)° N 1.94%~3.21%, w(FeO)HN 6.03%~8.06%,
o(MgO)H 6.24%~10.04%, w(CaO) K 4.79%~12.27%,
o(K,0) 0 0.62%~2.19%, w(Nay,0)K 1.90%~3.19%,
o(Ti,0) N 1.13%~1.67%, o(LONHN 4.56%~6.89%,
Mg R 58~67(IL3 1), H X-GB1 # i, SiO,
TR T 45%, HILZE oK H,O & milm, flfg
ZAMARE R B, —ERENEILT Sio, M

x1 REHGHEMRZIREEZE/%. MEMBLTEN0 OHER
Table 1 Analyses of major elements/%, trace elements and rare earth elements/107° of pillow basalts from Ga’erqin
s  X-GBI X-GB2 X-GB3 X-GB4 - i i 5 X-GB1 X-GB2 X-GB3 X-GB4
SiO, 42.42 48.52 48.57 48.90 Yb 2.68 2.40 2.02 2.67
Al 05 16.47 17.54 11.86 13.88 Lu 0.40 0.35 0.32 0.43
Fe,0; 3.21 2.10 2.59 1.94 Y 26.32 25.46 20.01 23.81
FeO 8.06 6.03 6.43 6.28 YREE 46.33 38.01 57.35 63.56
MgO 10.04 8.10 10.02 6.24 LREE 30.31 23.50 44.06 45.75
CaO 7.55 4.79 8.98 12.27 HREE 16.03 14.51 13.29 17.81
Na,O 1.90 2.89 1.97 3.19 LREE/HREE 1.89 1.62 332 2.57
K,O 1.21 2.19 0.62 0.76 Lan/Yby 1.06 0.82 2.67 2.40
TiO, 1.67 1.47 1.13 1.17 SEu 0.90 0.76 0.95 1.14
MnO 0.31 0.21 0.22 0.21 oCe 0.97 1.10 1.07 0.69
P,0s5 0.13 0.13 0.14 0.16 Rb 27.55 68.30 20.51 23.49
H,0" 5.01 4.77 3.99 2.25 Ba 37.05 103.20 26.09 60.56
CO, 1.49 0.90 3.05 2.18 Th 0.64 0.47 0.59 0.80
LOSS 6.61 5.48 6.89 4.56 U 0.30 1.19 0.17 0.16
Mg# 62 65 67 58 K 10078 18138 5180 6326
La 3.95 2.74 7.52 8.95 Ta 0.50 0.42 0.55 0.60
Ce 11.12 8.73 18.82 15.26 Nb 7.83 7.78 10.02 11.27
Pr 1.96 1.36 2.46 3.24 Sr 132.30 121.00 79.63 141.20
Nd 9.27 7.48 11.32 12.75 Nd 9.27 7.48 11.32 12.75
Sm 3.02 2.49 2.95 3.95 P 581 555 625 688
Eu 0.97 0.69 0.99 1.60 Zr 102.43 91.32 86.13 88.92
Gd 3.53 3.10 3.43 4.62 Hf 3.11 2.83 2.81 2.99
Tb 0.69 0.65 0.62 0.81 Sm 3.02 2.49 2.95 3.95
Dy 4.51 4.14 3.65 5.00 Ti 9988 8811 6802 7019
Ho 0.99 0.92 0.81 1.03 Cr 557.78 485.58 351.33 344.18
Er 2.79 2.58 2.13 2.83 Ni 124.3 136.1 137.1 149.8
Tm 0.43 0.39 0.31 0.41 Au* 117.1 2.0 8.4 4.4

e Au S BN 107 Wit E K=K,0x10 000x0.830 13; Ti=TiO,x10 000x0.599 5; P=P,0sx10 000x0.436 46,
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Fig. 4 Zr/(Ti0,%0.0001) versus Nb/Y diagram (a, after Winchester and Floyd, 1977)
and Ti/Y vs Nb/Y diagram (b, after Pearce, 1982) of pillow basalt
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RAH, TR X AEFRIE(E 4b). FB, 7E
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Fig. 5 Chondrite-normalized REE patterns (a) and primitive mantle-normalized spidergram of pillow basalt (b)
(chondrite, primitive mantle, N-MORB, E-MORB and OIB after Sun and McDonough, 1989)
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Table 2 SHRIMP zircon U-Pb data of Ga’erqin pillow basalts
wp/% wp/10°° oA Hit(+10)/Ma A
FEaL 0pp. U Th 2pb* ThU 2387 5 206pp,* R 207p},*206ppy* R 207pp* /235 R 206pp,* 238 1 R 206ppy 238 ) 207pp,206py,  08pp 2327y TR/,
/% 1% o o
2 1.07 156 111 6.20 0.74 21.780 =+£2.2 0.0476 6.8 0.301 7.1 0.04592 2.2 289.4+6.1 78+160 26313 271
4 088 262 511090 020 20.730 =+1.I  0.0496 11.0 0330 11.0 0.04823 1.1 303.7#3.3 1784250 308+65 70
5 129 218 153 8.04 0.72 23600 =13 0.0550 11.0 0.322 11.0 0.04237 1.3 267.5+3.5 4144250 279+18 35
6 1.75 155 83 6.13 0.55 22.090 +£1.5 0.046 6 12.0 0.291 13.0 0.04528 1.5 285.5+4.1 28+300 248+25 -920
7 0.09 408 188 83.20 0.48 4222 +£1.0 0.0909 2.1 2967 23 023680 1.0 137012 14444+39 1287+29 5
10 037 115 40 4.68 035 21220 +£1.6 0.0555 6.9 0.360 7.1 0.04712 1.6 296.8+4.6 431+150  303+26 31

TE: Pbe. PO Bk 5@ AR IR Y, @4 2P AL IE

(289. 4+6.1) Ma

Os

(267.5£3.5) Ma

&

(1370+12) Ma

(285.5+4.1)Ma

0 100 pm
—

0.051

0.049 r

0.047

Mean = (298+11) Ma |L
MSWD=3.1, n=4
0.16 OI.ZO 0{24 0{28 0?32 0?36 O,I4O O.I44
2\}7Pb/135U

E7 MRZHARRLKE @)K SHRIMP U-Pb F 15 F1[E (b)
Fig. 7 CL images (a) and zircon SHRIMP U-Pb concordia diagram (b) of pillow basalt
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b 0 3 P R 2 R HOOE AR R R A FRAIE, TS
E-MORB Z i MHLl. Frlk, Z56 EME o R Rk
KA A BE RS R BN, ZUREMURZ R A 2R
&R A B BE LR A (E-MORB)RHIE (T 42 5%
2 2017),
3.2 SHRIMP $#£RMELER
FEEA R TR A, RARRIE R A A E K
B, S IR B A o AR B A R e R
AR, Z2FCREKER, & W BIREGH
A, TG AR 4 B A ET AR DI (B 7a) IR
Xt 10 Rk 47 #4177 SHRIMP U-Pb 4E 3 I5, 1615
6 MNAREAEI S, B ThU HAEZ > 0.4, Bl
TEH AT RGP R 2), BRA 7 83
1 AR5 (8 R (1 370+12) Ma Fl & 5 FHEIAE R H
(266.1£3.7) Ma, it & HABAER 2 4h, Hgy 4 AN
B AR B, SEARERIETE I L - (& 7b). 5k
BEOTBASN S, 7585 A AMNRTA 4/ IR,
I LS, O AT AR X RBUE K T
W Es A, AR A vT R A e RS A ARy, ]
REJE TR AR A, 5 555 A T RESZ 2L AY 5 i ok
Je R AR s AR, BRI, B 4 A
A R AR A5 OF 3 E A R O (298+11) Ma

(MSWD=3.1), XHptkZ A BT s 45 T 48
A[EER S AR, B 298 Ma Aify, JB R S iai
ER =S Taat 7/ 8

4 Wie
PRI B 1 T AR TP — E S B A, T

R PRI I B PR GR AL 355, 19835 B b4,
2012; Metcalfe et al., 2013). FH, %% (1983)
R AL X el A 2 G R0 A A R AR IR b 2 IO AR
BRI AR, A PRI T )i B BR Ay e — 5 5 AR
Bt TR R AF(2002) I8 I A o W A L R
PERS TR A NG 75 = AN BE (U T4, 2003) .
Wi 5 T b DX it bt S5 R A 1 R, 6 I MR S A
B FR 32 A0 52 Wi (K 4 58, 2011), 7R3 A M
254 Ma 247 ) MORB Bl 455 1) & B PR 4]
U 24 A ot BR B AT B e S CGEE AR, 2012).
Metcalfe 45 (2013)45 PR 1) AL 5 X FC 28 KB
e ARk, WXV . 2R . gt . 28 %
Ho DX PR P2 L AR L T R R Ak R S A
XFECBIEAE, WA bR B 0T (R4 BE AT ) ) 4 2R i
Nz kAR R &, B 295~270 Ma,

WA, VERP—REESW N EEARI 7, £
o i DX AR 2 Ve AR OB 2 R (o] 25 7 R S A
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] 55(2009) 1 H12 18 ¢ i Hi A4 b 350 S M W At B A 01
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VIR SR =1 o Bl X X SR ] AR iz e 3
PEA K ZRA KR E B, RGN ) A Bk Ak
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B (~290 Ma) RS AR AR FHE B R KO A
BB R 53 (Zhai et al., 2013; Wang et al., 2014),
i T (A ) 0 U s I 28 A 3R A At 27 3 A A T,
i 52 % BB B9 TR HE B 42 DL 32 HF (Liao et al.,
2015; Zhang et al., 2017), F£3 3k A A I35 35 A 2 X
LA K Bl i L 8 43, A6 — & 1 (~298 Ma) &A=
T WG S (Metcalfe, 2013), M R ERER BT VR

(PSR o PR, MZRUR BOIR 2 e 17 Hh A

A RN GG AR RRIE ), LR T RE
5 98 3 Ml A v S ORT s — B, AR
T T AT (BSOS PRSI R ) . SR,
BB BRI KA B WE? KR A T H
FESCER BN g A b TR P ek S,
B IR N (1~5 Ma), 7 55 AU S 50 000 km? 5§,
100 000 km* B4 Fh LUREE A A 0 R IS5
AHA R INEE, 2013), [, KASAEE TR K
RIZLARIREE, T LAIE 5 P B RS L 2 1L 25 1Y)

FE o T H AT SE RS s A AR
150 km x 500 km(Wang et al., 2014), [&]if X3 | 3f:
R R IR B 1 7 i 08 R R M X Ll i o6 o BT LA,
JEIE AR R L S I R X R A A
PLNRR HIE R KUE A, BT ik — T i
TEAN B LRl TR 7T TAE

T2 e AR X T, o A VA b2 X
wERMER MR AR, BRS 2 R0 R XA
TAERI K, AR S XA R, AL
UE T A R 4 0 v 0 An 2L 0y iR O R & i
(Metcalfe, 2013), kT AN B =Bt (B 2%,
2006), MMiH, —Z e X Ra BB RS )
HoJZ AR, DR X SR sh 47 1 shik Ko 1 AR
TE N # Ry A, X S e pk Bt T R R PR IL )
1 ohise s ZU R 0 o [RIERE, DX IR RE At b o R A
W, Z e X Az o hEZ s, BEKX
F500m, BESHAANERENE M AEE, Bk
BARZYUR . BHAR . SRR 2 25 5k LA B
KOLSABR (L2 25 J7 90350 DR ), D60 LT
WEEK 8h J1 S bk, XTI shom Zl, nlGEJR
TN -2 (L3 ) R TE S KRG g A8 . kAh, i
TFHETZ 0 £ XH HA SR TAERC s,
G )2 R 2 X i A R )2, BT LA,
TR AT e P 201 b J22 114 A 385 A R % 9y Joi ke AT 5 s I
HEE, KA BT T2 e 4 XS 1E
(14 b J2 25 AP BT I A 25 DA 2

5 4

(1) 227K B AL AR 2 s i B B
(YREE 4 38.01x10°°~63.56x10°), # &t/ 7 A
B, A SRR PR KA (E-MORB)FHE

QB X AT B AR (298+11) Ma, HIX
R DA X R e U — 2, R TR S
TH PRSP AR R I R MUK L6 Sl 7

s R EARE RS LA PR E) Ar & R
B By W B AT AOR B SRR TAR 09 K ) X A B
By, Bt ® B FIE4AF XA R 2P SHRIMP
U-Pb 5 #T#9 % 8h, BtoR B Am A LTI FE R
IR, RE, RAFRERZ ISR ENE
FIEEFEL!.
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