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—HR 432 3 WA HOE B T 5 A BT, 5 AR o
I R b 52 TR gL A OC CR AR = 4, 1991; Fl 4 N5,
2007; EWLsE4E, 2007; Ri4E, 2008; 5 WA,
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Fig.1 Distribution of the early Paleozoic magmatic rocks in the North Qinling terrane (a) and geological map of the

Qingshui-Hongtubu area (b)
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T 2 U ML AR P 45 R T R Ry SRty ety R BE S
(2.5 Ga). fajl AL FFHE(1.8~1.9 Ga), FE A}
KA TN A2 IBR A 25 4 (B S 75 4%, 2001; 5K
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#(810~680 Ma)%F, EZMIMBA . WLhH . LA
S50 (K553 45, 2004; Ling et al., 2010; Wu et al.,
2014; Zhu et al., 2015).,
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W17, T DA 05 8 I T M3 D R 8 K
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Fig.2 Geological map showing the distribution of the Caotangou Group in the Laochang area
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Fig.3 Photographs and microphotographs of the Caotangou Group rhyolite in the Laochang area

K I £ RESOlution M-50 BUBOG#Ih 24819 Agilent
7500a %4 ICS-MS BE ML £ (LA-MC-ICP-MS) |- & .
S HTET B IO EBE R B AR A 35 um, SRR 10 Hz,
e REL N 2.5 Jlem?, LA-MC-ICP-MS 0Ol
KR oy g, IRV RE R B A
U-Pb [F] 37 25 € 4F i AR A hn ke TEMORA 1R SRtk
17 A & 43 B8 K¢ 1F (Liu et al.,, 2008), LLK4EH
ZOGPb\ 207Pb\ 208Pb\ 232-|-h %ﬂ 238U ﬁéﬂl%(ﬂﬂ%ﬁiﬁ%o
S 56 J5HR R A0 4 3R T D U AR 4E (2011) .
ICP-MS #1443 Hr %5 4 3 1 BB 20 AT 84 GLITTER
(Van Achterbergh et al., 2001)i1%8 3515 7] f3 % o1
AR AR 22 . IR AIEE A U-Th-Pb %45 A 1soplot 72
¥ (V.3.23) 5¢ AR I T B RS R B 25 1, O 2R
REZRGE T [ A B 2k R 4 RN A2 O % P 2K
F)4% £ (Ludwig, 2003; FAEHLSE 2010).
22 FEMHETE

A FRITFERM X-FLRA AL (XRF)#
IR, MRS R 1%~2%. i3 7T % % ICP-MS
(Bruker MOO)Ii, 74T /7ik2% Li et al. (2004),
RS BEUL T 5%~10%.,

2.3 Sr-Nd =ik

FRHL 0.11~0.12 g M AR i TR 25 IS FEGE
IMAFRBER], IR A B (HF+HNOs+HCIO ) # 7 K .
FEFE R E G 25 T, A 6 mol/L i HCI ¥ i Je
FRRFET . 0.15 mol/L 1) HC IR, BI04 B,
TR A PHES 32 40K FH 43 25 Sr Al Nd.o Sr-Nd [7]
37 Z ik TH/EAE Thermo Fisher Neptune Plus %% 4%
W g L R B A B 1K BT 3 { (MC-ICP-MS) | 5%
}iz0143Nd/144Nd ﬂ:ﬂ 87Sr/868r [:B{Eﬁ}%"]ﬁﬁﬁ 146Nd/144Nd -
0.7219 H1 %Sr/%8sr = 0.1194 FEATHIE . #EE NBS987
1 Shin Etsu JNdi-1 % T 8Sr/%sr F1 “3Nd/***Nd 1Y
MR TAES . 7 ke BHVO-2 Hil JG-2 43 HIFR1EHY
875r/%5sr A1 M3Nd/**Nd FL{E A 0.703472+0.000023
(26, n=7)F1 0.512216+0.000013(25, n=7).
2.4 Hf BA RN

¥ #7100 mg BEFH AT 200 mg 4 Li,B,O; 1R
A5 )5 H Rigaku @44 A ShiEHEHLLE 1200 C 4%
TF IR PR H I EE . SRR 2 mol/L 1)
HCI W4 5t DB ¥k, >R HCI-#4E Ln-Spec 42
WS 7 ok HE AT R R THRT R 8. B
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Je iy HE R 2R IR 5 o0 B 2 A5 B IR I
TEAY E3EAT . YOHEATTHE 8] TOHE/THE=0.7325 3k
HEATICIE, FikE IMC-475 i TAMBASIE. 7 s
HERE S BHVO-2 48154 TP HF/*"Hf=0.2830950.000004
(26, n=7),

3 AiER

3.1 $5A U-Pb £#

WarH iR AR K 2 100~150 pm, HA R
FUATAR SR, R MR A R 5 2R (8] 4b), HEiiy
Th/U {#(0.52~1.02), &I R 20 B A (SR JT PR AT
KK, 2004), AR LT T 25 A U-Th-Pb

AR AR 1), BIBRHEA 7 DA MESE, FR
18 AN A5 4 220P0/2U A4S  43542.9 Ma
(MSWD=0.12, n=18)([&l 4a).
32 EEFMETTERAN
BRI SCA I E M TR AN IR 2. K
i ELAT T 4 Si0, 7 1 (73.93%~75.25%) A1 Na,O 75
(5.90%~6.32%), HfKAY K,O 712 (0.19%~0.37%)F1
TiO, % #(0.27%~0.29%), 7£ K,0-SiO, Ef# L4 T
AP BE R 5 X (K] 5a). BLAh, Fa BA B
Fe,03' 7 4+(2.09%~2.33%) .MgO 5 #(0.51%~0.84%)
1 Mg*(#(32.5~44.6), H: AICNK {E(0.90~0.97)7L [Fl 1
/NF 1, AINKAE R 1.16~1.19, J& T#EgR Fi %41 (& 5b).
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Fig.4 U-Pb concordia diagram (a) and cathodoluminescence images (b) of zircon grains from the Caotangou Group

rhyolite in the Laochang area

F1 EMAERLERA U-Ph RIRMNRER
Table 1 U-Pb dating results of zircon grains from the Caotangou Group rhyolite

R U(ug/g) Thiu 207p, /235 Iuj{i?tif 238 207p, /235 $ﬂé\(l\zlcj}:s) 238 1%Fju

Pb/**°U *lo Pb/***U *lo Pb/**°U *loc Pb/***U *lo >
LWG01-2-1 132 0.67 0.5445 0.0233 0.0692 0.0012 441 15 431 7.4 97%
LWG01-2-2 121 0.81 0.5444 0.0257 0.0691 0.0010 441 17 431 5.9 97%
LWG01-2-3 123 0.85 0.5717 0.0235 0.0703 0.0010 459 15 438 6.2 95%
LWG01-2-4 128 0.88 0.5673 0.0281 0.0700 0.0011 456 18 436 6.7 95%
LWGO01-2-5 120 0.76 0.5327 0.0249 0.0696 0.0011 434 17 433 6.5 99%
LWGO01-2-6 112 0.75 0.5325 0.0251 0.0692 0.0010 433 17 431 6.1 99%
LWGO01-2-7 116 0.8 0.5141 0.0246 0.0702 0.0011 421 17 437 6.4 96%
LWG01-2-8 91.8 0.52 0.4996 0.0286 0.0666 0.0011 411 19 416 6.4 98%
LWG01-2-9 136 0.88 0.5305 0.0214 0.0700 0.0010 432 14 436 5.9 99%
LWGO01-2-10 104 0.74 0.5417 0.0297 0.0697 0.0011 440 20 435 6.7 98%
LWG01-2-11 208 1.02 0.5583 0.0223 0.0691 0.0010 450 15 431 5.7 95%
LWG01-2-12 137 0.73 0.6291 0.0335 0.0669 0.0009 496 21 418 55 82%
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2k L
) R4 % e AE % (Ma) jt
FE it i 5 U(ug/g)  Th/U
07pp 238y +lo 206ppy 238 +lo W7pp2By  #le pp/PBU o -3
LWG01-2-13 160 0.93 0.5444 0.0218 0.0705 0.0011 441 14 439 6.7 99%
LWG01-2-14 107 0.7 0.5535 0.0293 0.0699 0.0011 447 19 436 6.4 97%
LWG01-2-15 122 0.8 0.6343 0.0419 0.0718 0.0017 499 26 447 10.4 89%
LWG01-2-16 143 0.92 0.5580 0.0277 0.0703 0.0011 450 18 438 6.4 97%
LWG01-2-17 118 0.54 0.5582 0.0255 0.0695 0.0012 450 17 433 7.2 96%
LWG01-2-18 113 0.79 0.5624 0.0314 0.0700 0.0011 453 20 436 6.4 96%
LWG01-2-19 141 0.62 0.5196 0.0195 0.0694 0.0009 425 13 433 5.7 98%
LWG01-2-20 109 0.73 0.8133 0.0964 0.0741 0.0022 604 54 461 13.1 73%
LWG01-2-21 121 0.73 0.5045 0.0257 0.0700 0.0011 415 17 436 6.7 95%
LWG01-2-22 121 0.84 0.7196 0.0451 0.0702 0.0011 550 27 437 6.5 7%
LWG01-2-23 127 0.61 0.5552 0.0267 0.0724 0.0012 448 17 450 7.5 99%
LWG01-2-24 130 0.59 0.5390 0.0231 0.0696 0.0010 438 15 434 6.1 99%
LWGO01-2-25 164 0.91 0.4956 0.0224 0.0717 0.0010 409 15 446 6.2 91%
T2 EXMUBRLETE(%)FMEITTE(ng/g)HA K
Table 2 Major (%) and trace element (ng/g) concentrations of the Caotangou Group rhyolite
5 Si0, TiO; AlLO; Fe03' MnO MgO CaO Na,0O K,O P,0s LOlI Total Rb Ba Th u Nb Ta La
LWG01-2 7481 029 1268 212 0.05 051 1.2 6.32 019 0.05 154 9976 45 109 6.16 11 32 04 158
LWG01-4 7525 0.27 12.32 2.09 0.06 0.84 124 592 027 0.05 168 9999 6.1 1065 7.43 121 35 04 158
LWG01-5 73.93 0.28 12.44 233 0.08 061 19 59 037 005 204 9993 8 155 7.15 1.07 35 04 168
(2= Ce Pr Sr Nd Sm  Zr Hf Eu Gd Tb Dy Y Ho Er Tm Yb Lu V
LWGO01-2 319 367 1185 151 311 147 3.9 0.84 338 059 3.63 263 0.88 253 042 272 048 23
LWG01-4 318 359 111 137 2586 150 4 058 326 058 35 262 084 243 04 257 045 20
LWGO01-5 333 369 157 146 3 115 3.3 077 3.32 058 3.44 245 0.81 236 037 248 042 18
3.5 rv————
(a) (b) B SR ERSUE (R 0
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P 3.0 O MRS B 35 22 45(2= M, 2008)
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Fig.5 K,Ovs. SiO, (a) and A/NK vs. A/ICNK (b) diagrams of the Caotangou Group volcanic rocks in the Laochang area
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LY Sr F Nd R R AL, H *'Rb/%°Sr y 0.1094~
0.1590, ¥Sr/%sr 24 0.707032~0.707152, (¥'Sr/®Sr); N
0.70612~0.70647, eng(t)fE >~ 1.03~1.61, KB Nd

HAER N 1041~1089 Ma (I 7a).

WEUA 4 VO HEMHE {54 0.282856~0.282870,
e 1 h 7.63~7.96, — Bt Hf B 4E# N 911~
932 Ma. JECH W W Wi HE Y Nd-HF [F] 67 38 41 1%,
BAIER Aenr(D)1E (Aenr(t)=3.92~5.04, Acp(t)=ens(t)-

1.55enq(t)-1.21, Vervoort et al., 2011)(&l 7b).
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E-MORB. #EHIEEFTH XA, N-MORB. IFHETH XA, OIB. VES XA, IAB. BINX A . Frdifb{Edi Sun and McDonough,
1989; Al Bk AL IR 5| @ 2= T M (2008) . 2K #5445 (2008)F1 Lee et al. (2010)., OIB, E-MORB. N-MORB ##£5| E Sun and McDonough (1989),

IAB #4551 B Ewart et al. (1998) 411 Niu and O’Hara (2003).
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Fig.6 Chondrite normalized REE patterns (a, ¢) and primitive mantle normalized trace element spider diagrams (b, d)
of the Caotangou Group volcanic rocks in the Laochang area and volcanic rocks in the Qingshui-Hongtubu area

%3 EMARERLUE Sr-Nd-Hf B RE K
Table 3  Whole-rock Sr-Nd-Hf isotopic compositions of the Caotangou Group rhyolite

v E 87pp86a, 8786 S7c,Bc M
(=2 Rb/*°Sr  ®sr/°°Sr 26 ¥"sr/%sr); 1N

143Nd/
144Nd

t YLy YOHE : t A
26 and® (g RE T 2 W oo o

LWG01-2 0.1094 0.707148 0.000011 0.70647 0.1245
LWG01-4 0.1590 0.707152 0.000010 0.70617 0.1262
LWGO01-5 0.1474 0.707032 0.000010 0.70612 0.1242

0.512515 0.000006 1.61 1041 0.0174 0.282859 0.000004 7.63 932 3.92
0.512500 0.000009 1.23 1072 0.0159 0.282856 0.000003 7.96 911 4.84
0.512484 0.000009 1.03 1089 0.0180 0.282870 0.000005 7.85 918 5.04
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T X BT B BUE 2 eni(t)-ena(8) 3725 R (M 3R £h 4R T2 4% 20 315 L 5 R Vervoort et al., 2011); (c) &) i X Bk B K 1l A (B'Sr/%sr);-

SiO ALKl fi#; (d) &) i X ERERRE K L ena(t)-SI02 ZALIRIfiE

B 7 EhREREDE NS Sr-Nd-Hf BAIE AR (a, b)F('Sr/%Sr)-SiO, . ena(t)-SiO, X E(c, d)
Fig.7 The Sr-Nd-Hf isotopic compositions (a, b) and (¥Sr/%Sr); vs. SiO,, ena(t) vs. SiO; (¢, d) diagrams for the Caotangou

group volcanic rocks in the Laochang area

OFEPE K A SRR K LA AR B R AR,
PR P2 S b e A Rl Y X IR A= S 30T
FCHB IR T Y o X R R AR B s i) A i
FRRR P 1l 5 B AN [a] 00 1 3K A 27 28 ) A ) 6 3
FHAE; QR K LA A IR 2 aBTA 9K A B 4 A i
Yy, X PRI AT B B L a AR P ok s B
A — B b 3K A A7 2H RN [F] 45 R R AE (Grove and
Donnelly-Nolan, 1986; Davies and Macdonald, 1987;
Geist et al., 1995; TJ4%F, 2000; #47 A= FERAG A,
2010),

JCZRE MR 22 ZR U T | SR PR | R IERE”
PR . X BEBLJIE A 1 1] RE i S0 1 K
PRIX ., &) X R R SCE BA AR Sr A s

() Nd Iz 228 (%7 Sr/fSr)=0.70612~0.70647, eng(t)=
1.03~1.61), 7 [ T 5 £ 7 A8 B &k T 4 ((P7Sr/*Sr)=
0.69579~0.70774, eng(t)=5.7~11.2, iF4x N4, 2008)
FPE RURE S okl 2 ((37Sr/P°Sr)=0.70339~0.70395,
ena(t)=3.4~5.3, Z=JA, 2011), A 5 BEAE AN XUEE
LA Y5 T R A g M YA R R B T TR X
P&, WMaran S-Nd [l & A7 4 B AE ena(t)-
(®"sr/®sr); K fiH 52 T MORB F1 OIB JEE N, FEir
EMT #l EMT, RIEFA0Z 06 MR 45 i 3 IS 25 I8
(7= EHE, 2008; Z=iF 4%, 2012; Zhao et al., 2017; Li et
al., 2018; Yang et al., 2018)(/&l 7a). Xitt, HEifEia e
B0 AN A 25 0 b AR 25 it 5 IFS 19 35 40 0 il T OB

o YA Sr-Nd [RI 3R 2 AN [A) T A6 28 0 A4
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TR Pl 2 B R A A T A QSR A MR B A b, PR
N AT 83 S 3 B R B 4R AR (18 43 B 4 T B
o &) ML X BRI XS . LA R SCE Y
Sr-Nd 7l {37 & £ s A UG G M IR W 21 A8 21
ZRAMHE, HA w208 R gh S (RIS T
JERE)THL AL ) A HA, 50 P R R V) R B K o R i
ARV RERIE T 540 - R4 2 aCA X iy & 45 i
(Zhang et al., 2006; 2= T-HE, 2008)J LAY I X (] 7).

Iy — N R Y [R) R % AR M R, R
LT SEH0 A AR AR i 38 AR 21 AR 5E R
AR o io 2 e e 7K I A A A e A LA i
B9 HE-Nd [F]47 2 240 B IE B9 Aewe(t){E (Vervoot et al.,
2011; Gaffney et al., 2013; Guo et al., 2014; T &5,
2015); kRS ARy E AR M Y HE-Nd [F) {57 3 A
AR BURR Y IR B R R 2 A, EEE A
SAE L OB TR A TR IV TR R R A s A
AR BT IER Aews(DfE; QB B A1 Rl A%
J8 TRy R 5 A A5 A A AR L LA 17 1) Aee(t)
@B % oA b S T A s R A2 AR Y b g 5 A 67 1Y
Aeyr {H (Lapen et al., 2005; Vervoot et al., 2011; Zheng,
2012; Su et al., 2015), FEA2 % enr(t)-ena(t) 22 E H,
&) Hb DRV B U BUA AL T b R AR & By
(K 7b), H Nd-Hf [F7 % R G W IF Al 09 RRE
(Aen(t)=3.92~5.04) . D] JH B R VA FF L 1) s
X FT i A2 B AR ol 23 B A TR A T DR A s AR Y
A W R T AR RE B iz AT T /KL R EA
GyWHE AN TKIITE, MIERGEIRZ T A TR
(Zheng, 2012; Wang et al., 2014), Ntk cE L
B P e AT LR R 0 1) g 5 IX 1) 28 AR o . &) b

§% A EXABRTRECKES, 2008) (a)
A T REZE A M 2008)
0.04+
A A
A 7' A
_ 0.03F A
3 A
2 9@1&?&
0.02
0-01F St 15
0 | | | |
0 0.005 0.01 0.015 0.02 0.025
Th/Zr

DX R VA B RN AT T AR A B R B K LA /Y ThiZe 0
Rb/Y {HAEfE K . Nb/Zr F1 Nb/Y {HAE4k/NE 8), i
5 Y SR R R X R B T T R PR LR it
2 MK I B 1) it A4 19 22 4G A H] (Kepezhinskas et al.,
1997).

RISCHTIR, MRtk Aol an S 5 3 A4 3t ks
(1) 1t 33K Ak 27 41 RN [R5 2 RE A AR AL, 7T A He 2 TR
ZRIFUERATT s a5 ERIE . KL i Bk
b 2E R AE ] 43 b A T T 3 A v R A 48 T ) B 44
PR BRI A TR e/ o M VA R B 4k 5 1L 25 T PR
54 Eu S8 (Eu/Eu*=0.74~1.01) (K] 6a), 2% it
Higgg i &R Eu 53 % (Eu/Eu*=0.58~0.79),
WA 5 3 A i A b & A e R A 0 s A A
(&l 6¢). BLAR, TBCARES T P A Ti SF0 R 15 El
TR TR A Fe-Ti ALY 0940 2545 5 (1
L5, 2009) o FEREVAHE JCLL 2 9 8 BT 7R MgO
TiO,. P,0s. CaO. Fe,05'. Sr fil V &% SiO,
SR> (1 9a~e, h., i), Ta fl La bl
SiO, S mi A (K Of . @), S5 Bt DA B V) B
B ST I o 0 ) Ak 22 1 43 S 44 A/ T (Baacon
and Druit, 1988; McDonald and Sun, 1995; gj~% 8 4%,
2011).

Sr-Nd [R5 2% A4 20 B T LA S e 5 3 e Ak it 7 vp
JE A KA TR AR G VR T o BRI BE Ok A Y
('sr/*°sr); 5 SiO, BIEAHZKE, 1M ena(t) 5 SIO, 1
HE(E 7c. d), #57a A LT R a2 B 52
FIVRYY . Y34, La/Nb F1 La/Ta i HefE t ml LIAE N
FAN IR 2 A IR YL (W Fa b, % La/Nb<l Al
La/Ta<22 B, AIERBA A2 B M 5e iR Y i pn ik

0.6
A A (b)
0.5+
A
0.4 ST 4 2551
' A
3 - A
é' 0.3
0.2 @ A
A
A e
1% |
o1l A ISR
0 1 1 1 1 1
0 0.05 0.10 0.15 0.20 0.25 0.30
Nb/Y

E8 EHXKEMABMBK-OITEMRESGR AN LZE No/Zr-Th/Zr (a)F0 Rb/Y-Nb/Y (b)Ef&{E Wang et al., 2014)
Fig.8 Plots of Nb/Zr vs. Th/Zr (a) and Rb/Y vs. Nb/Y (b) for the Caotangou Group basalts in the Laochang area and

basalts in the Qingshui-Hongtubu area
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Fig.9 Major and trace elements vs. SiO, diagrams for the Caotangou Group volcanic rocks in the Laochang area and

volcanic rocks in the Qingshui-Hongtubu area

(Al 4 k5%, 2005) . FLRMETA IR S0 1) La/Nb 1 La/Ta
B4, 79k 4.51~4.94(CF- 14 4.75) 1 26.8~29.0(*F
¥ 27.7), RMAAERKEAZHTIRPE R W, 7
La/Sm-La F1 Yb/Tb-Yb 3¢ % I fig (] 10)Hr, B e i
KL FE 5L A A R KOs w2 T T
BERR K LU 1 43 5 5 d AR R R b 72 TR G AR

ZE L RTIR, ROMEVA R JCLE Bk B R AR AR
3 A R K AR I B A 4 T 32 AR 1 R g
TEAH E I R b, BER T L 43 5 45 i A
HbFE TR YT A B BTk LU
42 HELES

ABER R, ZBIRTPHENER L HE S
) AbAff op (SR AR 45, 1996; Sk EFESE, 2004, T jtss
4%, 2007; Xiang et al., 2012; Zi et al., 2012; Wang et
al., 2013; Wu and Zheng, 2013), dtZEI& A R B —
RS PEAE IR b K LA BN R 2k — B T R P 1)

AU wh s W B Y (472~467 Ma, K EH%E, 2001;
Dong et al., 2011, 2016; #7845, 2015), JLZI4HE
PRV B T M X0 I B L R K 20 - R
DX A AR S S B PR [ U AR e 7=, e
T8 7K =21 4 B8 b X R ST B T 2k Ll T i T 5 5
PR35 (447.0£8.5 Ma), £1 B8 K LA T8 TR
J5 A b Bk PR (443.4+1.8 Ma)(fif 45, 2007a;
Zs F Mg, 2008; Xiong et al., 2016), {HZREVAHE A L
PR 1 T T T I A A (P R A %, 1998;
T, 2002; Yan et al., 2016), i J& 5 IR EREE (R A&
A, 1991; Fl4 A4, 2007; EikzEsE 2007; K
745, 2008; H AL, 2014)— EATAES 1L . HEH
FEBE AR IR B T L LA B U-Ph 4R I8 20 51
456.4+1.8 Ma(E k=54, 2007)F1 435.042.9 Ma(74<
SCHCHE), T 7K 41 A R b DX Bk TR ORT K B B i
HINEEA U-Pb 4RI KREUE TR 443~448 Ma Z ||
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Fig.10 Plots of La/Sm vs. La (a) and Yb/Tb vs. Yb (b) for the Caotangou Group volcanic rocks in the Laochang area

(ZEFMESE 2007; Z5FME, 2008), 4 FEEE 2k i
KA TR AR I I BT K 20 R X
. 0 HAEZS B b ROV BV K -4 R R
JEE AN opey (B 1a), BEATREIE AL T S 9SG A A
ZH A R HBER Ak 22 R AT DU RGP ER . ) HbIX
T eV R L 3 2 R I IR BE 2 A AR S0,
iz Il X5 EE X BN & F AR LA
It H B RS BA B P R M SO L S R IE — 2

IR, TR ohad B rh 2 R AR OK, 77
AW B Mg AL, i T S8 0T K (HFSE)
FEWRAF TR S A . A FERER T S50 9,
SEOE R AW 5% LILE M LREE, 5l HFSE
(Brenan et al., 1994; Elliot et al., 1997; Plank et al.,
1998; ASifi 45, 2013), &) M X L REVA HE I 8UA W]
a4 LILE(Wn K. Ba, Sr fil UYFI5 it HFSE(UN
Nb. Ta Fl Ti), Wosyffsfifi a3 A B RE(E 6). H
T s DA Sk SIS 2 2 I T b ) 1) R T )
B SEONEY 5K MIE R, 785k R0 B O~
BTG ZEH), AR it A4 STk e, IS
A MM BT I BN B AR U A
Ak W09 (GRS 7 b ), A AR o 7 A4 BT R 0 55
R o B a3 v o % i 45 (Pearce and Cann, 1973;
Pearce, 1982; Tamura et al., 2014; #7454%, 2016). %
I b X FHEVA E L A 7E HF/3-Th-Nb/16 #1 Th/Yb-
Ta/Yb #4325 1 ) [l v 32 28 9 78 5 Ih7 B 2 K0 A
B L A X A (A 11a.c), TMimacs £ Rb-(Yb+Ta)
I Ta-Yb i b 437 e KL AR EE IX (B 12),
Wi —2., B4, H4E Condie (1999)%iit, La/Nb 1]
FE R R o3 AN TR A s B b X o Y R IR, JEE E R
2l R IR A MRE LR A La/Nb<1.4, &

KA La/Nb>1.4, 2T 1 X FEREVA X a1y
La/Nb & 3.14~4.84(°F-¥y 3.78), KT 1.4, BT &K
Z i M Yb 2 2.16~2.49(°F-3 2.30), Ta &y 0.08~
0.14 (°*F-350.10), Ta/Yb >4 0.03~0.06 (‘1 0.04), 5k
YL e A G S 90k LA A T R T E R A — 3K
(Yb<5, Ta<1, Ta/Yb<0.5; Condie, 1989). Kitk, wJ Lk
HEBR FCME I HE LS TR BT IS B A 5T, B
5 ORI B I 25 b AR L, A T X0
&, TEMHA Th, Ta, Ti 1V 25785315 A S
I 2 v 5 B L 28 A 5 I R A i o ROk
1718 (Shervais, 1982; Cabanis and Thiéblemont, 1988).
7t 3xTb-Th-3xTa FI V-Ti/1000 [, BREEREX
RARZEA T HINZRAWEER(E 11b.d), 5
L BRANE A X A BA PR 2R K,
FATN AT 1l X B B LA TR BT R o
1) 5 IS

H HTAF 5T A 20 4 B A B8k 0 K LA %) Sr-Nd
[] 43 25 A b BR AL 22 R AE 8 OB B F A A 5 U 3K
AP IS LIRS, UG B2 T 5 AR H g
Ay ITR Y P4 (Zhang et al., 2006; 25 FMEZE 2007;
Al 345, 2007b; Z=JHAE, 2012) . 7 A A RIS 75
IRBE IR A0 K 1L R A2 R U R A N X B
R U0 5 | A& i 5 P XT3t A0 B 1) 422 il (Toksoz
and Bird, 1977). AL, XA B A XTGP AR AT
FE S 0 21 7 AR op e b 0% A e AR (R AR S
FE M0 AN B ICZ BY  AE ), BIER REX Y B A
T BT T AR S BT A A R, R THE AR
TR EE R U A o X SUBE R U A TE b SE K
iz VNP3 o 0 B 44 A AT e TR e — 25 B B
A, MEREE SR
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(a) Hf/3-Th-Nb/16 (4 Wood, 1980); (b) 3xTb-Th-2xTa (4 Cabanis and Thiéblemont, 1988); (c) Ta/Yb-Th/Yb (¥} Pearce, 1983); (d) V-Ti/1000 (4

Shervais, 1982).
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Fig.11 Tectonic discrimination diagrams for basalts in the Laochang and the Qingshui-Hongtubu areas
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— PR TP A IR o I 2 U A i g o7 T
B IR, TTESE AR B K -1 4 28 b X TE S 4
M, HE— 25 U AL ZR I M R 7Y B A BB 20 - R A B
T — A S A B 9T -9IU S 25 R85 (18] 13).
4.3 FREUEF XK B da Tl B R H

b7 0 i A DAy 2 e 3 110 ) i 4 A PR E,

AUAT DA s e Bty AR AR 08 3 Ly e AR BTSSR o
K i flf 8 3k B, T LT S T AR LR B A e Al
Tl DE A 0 D7 50 o e oF b 28 04 b A SRR B
5%, B KT AR A AR R A g A R ) A7) L A 4 s PR i
T2 HENT, Wang et al. (2009)3A Ky Jb ZE 04 Hh A AF
TEWI A AR, A 4EI4 o 450~422 Ma A TR TE
TR 5, M RT 415~400 Ma i 7 U] 5 ilf
FE AR FH B e 30 B Be A ¢ . Dong et al. (2011)iA A RS
PR A v — ELRF4E 3] 422 Ma, fili b filf fi % 2E
1E 414~401 Ma, Liu et al. (2016)I\ N Z2 04 & 1L A7 78
470~450 Ma 2277 1 SR oh e MR R JE R, A
B RS ) fp SRR A e ¥ i B — ELRREE 3 420 Ma
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Fig.13 Model of the early Paleozoic subduction-related volcanism in the western part of the North Qinling Terrane
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PELRE) . BRI Ih(471~440 Ma IR I TP EREE . DR A g Al b A AR b A B e bty 2R AR
A 450~456 Ma {ff i BIAE b A ) BRI S B o il AR Bl R 1 24 7E 435 Ma Z 5. IEAh, Ren et al.
flf 4% (438~400 Ma flff# AI4E b5 ) AL BT BE . fitk (2018) X}t ZR I8 b KT BE & Na /& Sr-Ba £ 5 A AfF 5%
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Petrogenesis of the Caotangou Group Rhyolite in the Western
Part of North Qinling Terrane and its Geological Implication

XIE Shixiong™?, REN Long"? ZHANG Jian"?, BAO Zhiwei' and LIANG Huaying""

(1. Key Laboratory of Mineralogy and Metallogeney, Guangzhou Institute of Geochemistry, Chinese Academy of
Sciences, Guangzhou 510640, Guangdong, China; 2. University of Chinese Academy of Sciences, Beijing 100049,
China)

Abstract: The early Paleozoic subduction-related volcanic rocks in the Qinling orogenic belt host a large number of
volcanogenic massive sulfide (VMS) deposits. However, the geodynamic setting of these volcanic rocks and related
deposits is still controversial. In this paper, a combined study of zircon U-Pb age, whole-rock major and trace elements,
and whole-rock Sr-Nd-Hf isotope compositions was carried out for the Caotangou Group rhyolites. Zircon U-Pb dating
yielded a mean age of 435+2.9 Ma, which is similar to that of the Early Paleozoic Qingshui-Hongtubu volcanic rocks in
the western part of the North Qinling terrane. The Caotangou Group rhyolites belong to metaluminous and low-K
tholeiitic series, and are characterized by enriched large ion lithophile elements (Sr, U and Ba) and depleted high
field-strength elements (Ti, Nb and Ta). The major and trace element signatures and enriched Sr-Nd-Hf isotopic
compositions ((¥’Sr/*Sr);= 0.70612 — 0.70647, ena(t) = 1.03 — 1.61, e(t) = 7.63 — 7.96) imply that the Caotangou Group
rhyolites were formed in an island arc environment and sourced from an enriched mantle wedge hybridized by
slab-derived fluids. Integrated with the contemporary Qingshui-Hongtubu volcanic rocks located in the northern part of
the North Qinling terrane, the crystallization age and isotopic compositions of the Caotangou Group volcanic rocks
indicate that the asthenospheric convection triggered by slab rollback controlled the formation of the Caotangou Group
volcanic rocks and related VMS-type Pb-Zn deposits. Besides, the geochronological data of the studied volcanic rocks
and the Ordovician-Silurian metamorphism and magmatism in the western part of the North Qinling Terrane suggest that
the early Paleozoic initial continental collision of the North China Craton and South China Block in the Qinling
orogenic belt likely occurred at ca. 433 Ma.

Keywords: Caotangou Group; geochemistry; slab roll-back; continental collision; North Qinling terrane



