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The petrogenesis and implications of Early Silurian rhyolite porphyry in Saier
Mountain region of the northern part of West Junggar
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(Key Laboratory of Deep Geodynamics, Ministry of Natural Resources, Institute of Geology, Chinese Academy of Geological Sciences,
Beijing 100037, China)

Abstract: The Hebukesaier ophiolite was intruded by Early Silurian rhyolite porphyry in the Saier Mountain region
of northern West Junggar. The rhyolite porphyries exhibit obviously high SiO, (70. 88% ~ 73. 36%), Al,O,
(14.30% ~15.31%) and extremely low MgO (0.36% ~1.09%) values, and display relatively high Sr and low Y
values with high St/Y (22.26 ~78.42) and (La/Yb) ((20.27 ~24.24) ratios. Moreover, both rhyolite porphyries
in the Saier Mountain and Early Silurian-Early Devonian adakitic rocks in the north of Xiemisitai Mountain show
high positive eHf(7) values and young Hf model ages, and have low K,O values, Mg” values as well as compatible
elements (Cr, Co, Ni). All these features prove that in Early Silurian-Early Devonian period these rocks in Saier
Mountain and the north of Xiemisitai Mountain were formed by partial melting of lower juvenile crust rather than by

subducted oceanic crust. From Early Ordovician to Early Devonian, the north of West Junggar underwent intra-oceanic
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subduction, arc-arc collision, the closure of the ocean and post-collisional extension processes. The ocean in the

north of West Junggar might have been closed before Early Silurian, followed subsequently by post-collisional exten-

sion. In the post-collisional extension stage, the mantle-derived materials migrated upward and were mixed with ju-

venile crust-derived materials, forming a mixed magma chamber. Lots of 435 ~400 Ma A,-type granites, I-type

granites and a small amount of adakitic rocks were derived from this mixed magma chamber, and then the massive

vertical crustal accretion was completed in this period.

Key words: rhyolite porphyry; partial melting of lower crust; post-collision; West Junggar; Early Silurian
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Fig. 1 Simplified tectonic map of the Central Asian Orogenic Belt(a, modified after Liu et al. , 2017)and West Junggar

(b, modified after Chen et al. , 2015)
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Fig.2  Simplified geological map of the Hebukesaier ophiolitic mélange

T EICEA DI E B, FeO & BEHHE TLH TR 21 2
ENE , L4415 e CRINH PW2404-X 7 XRF |
SERG BT RS BEAL T 3% , HARSEIG LR 2% Norrish
A1 Hutton (1969 ; 134 & 7T 3 41 /% 43 #7 £ Finningan
MAT f#] HR-ICP-MS( Element 1) ICP-MS _F#E4T, 4
MRS BELT 6% » 20 HT 73 10:00F WL SCHRC ik, 2001)

BEAT HE R 28 23 B A8 R 0 50RT 7 B 5 P 5K
50 WA = WO R ik 22 s S T AR T A CLA-
MC-ICP-MS) _HEAT, WOGHBE AR R 50 wm, O
Thi ) 26 s, SKHES AT GI-1 BRUE, Wi AR I E 2
DLSCERCEKEERS 25,2011 )« Ry T4 HE RIS R0 5
Bif1 U-Pb A8 43 At AT B, e R8s A HE [R1A7 25 1)
oM S B4 U-Pb AE 38 20 At s A7 T [ — e A
R, B AT AR AR AR W W35 55 (2018) o 7Rt
BT M) R AR H B R 1. 867 x 107" /a
(Soderlund et al. , 2004; RAEICEE, 2007) . ERFL R
197 L/ BHE A17C HETT HE A8 43 5] 40,033 2
0.282 772( Blichert and Albarede, 1997), & 51 i
K7 Lu/"" HE A7 HE/ HE {5 4 5 K 0.038 4 Al
0.283 25(Griffin et al. , 2002), ("7°Lu/""HE) ¥ ¥

554 0.015.
4 Lk

4.1 FERMBKFESE

FER IR G RS A VEAN I R TR
IMAREE FE AR 1. HHER 1 AT WL, JEUBESFE A Sio,
B 70.88% ~73.36% ,AL0, BN 14.30% ~
15.31%, W] & v i & 45 Na,O + K,0 & & A T
6.31% ~7.47% 2 1], H Na,0/K,0 Jj 0.81 ~3.34,
SFBIME N 1,63, BAT W TR AE . [RIIN, AF H
BB Ti0,(0.09% ~0.11% ) Fe,0,"(1.26% ~
1.69% ) H1 P,0(0.07% ) 75 &, HAK ) MgO(0. 36%
~1.09% ).Ca0(0.38% ~1.81% )l MnO(0. 024%
~0.122% ). TAS F1(Na,O +K,0 — Ca0)-Si0,
PR 15 o Sl 7 Y SR o AT AR R AR A, 44
BHE S AT RN CE 4D o [, B 5 B A B i B
JECAR =2.27 ~2.75), Fa M AR £ CA/CNK) > 1.1
CRIAIET. 12 ~1.66 Z [0, K 1), J& T L8 s
EEYIIR



6

W N B 45 - 53T S PG TS < B P B 0% 1 X B VA S S B PR R LR M g 2 905

3 BRI X G B AR B R
Fig.3 Field photographs and microphotograph of rhyolite porphyries in the Saier Mountain
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a—the panorama of Hebukesaier ophiolitic mélange; b—rhyolite porphyry cutting metaperidotite; ¢—rhyolite porphyry that intruded

into gabbro; d—rhyolite porphyry; e—rthyolite porphyry (crossed nicols); Ab—albite; Qz—quartz
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Table 1 Major elements(w,/ % )and trace elements( w,/10 ~°) of rhyolite porphyries in the Saier Mountain
FE i 2w SE15-14 SE15-15 SE15-16 HF16-04 HF16-05 HF16-06 HF16-07 HF16-08

Si0, 73.05 73.07 73.10 72.19 73.36 72.72 70. 88 72.68
TiO, 0.10 0.10 0.11 0.09 0.10 0.10 0.10 0.11
Al O, 14.91 15.31 15.23 14.53 14.88 14.92 14.30 15.37
Fe, O3y 1.51 1.33 1.47 1.37 1.69 1.33 1.26 1.39
FeO 0.76 0.60 0.78 0.84 0.97 0.63 0.75 0.65
MnO 0.03 0.03 0.02 0.07 0.05 0.07 0.12 0.04
MgO 0.39 0.37 0.42 0.48 1.09 0.36 0.35 0.38
CaO 0.85 0.69 0.68 1.81 0.38 1.11 2.75 0.73
K,0 2.90 2.95 3.04 3.19 3.42 1.72 2.05 2.40
Na, O 3.41 3.68 3.39 3.16 2.77 5.75 4.72 4.99
P, 05 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
SN 2.69 2.39 2.37 3.00 2.16 1.79 3.32 1.77
total 99.76 99. 85 99.74 99.96 99.97 99.94 99.92 99.93
Mg* 34 35.71 35.91 40.71 56.09 34.65 35.62 35.13
AR 2.34 2.42 2.36 2.27 2.37 2.75 2.32 2.70
A/NK 1.70 1.66 1.72 1.68 1.80 1.32 1.43 1.42
A/CNK 1.45 1.46 1.51 1.22 1. 66 1.12 0.95 1.27
Cr 3.00 1.84 1.89 2.54 1.98 13.50 1.70 2.07
Co 1.17 0.93 1.27 1.02 1.42 1.17 1.03 1.07
Ni 2.07 0.76 0.92 3.20 3.00 2.24 0.92 0.96

Rb 77 75 79 80 88 47 54 59
Sr 194 203 197 207 130 527 429 281

Y 5.93 5.93 5.83 6.46 5.84 6.72 6.57 5.77
Zr 69.50 70.70 76.70 68. 80 61.10 69.10 62.40 69.20
Nb 7.30 7.66 7.71 6.83 6.82 7.31 6.28 6.88
Ba 708 700 756 618 708 573 478 761
La 15.30 14.60 15.20 16.00 14.90 14.50 13.60 14.10
Ce 28.10 28.40 28.40 26.90 26.30 25.60 24.20 23.80
Pr 2.73 2.96 3.01 3.18 2.81 2.97 2.76 2.72
Nd 11.00 11.50 11.20 11.30 10.30 10.50 9.91 10.10
Sm 1.72 1.86 2.10 1.89 1.71 1.83 1.71 1.75
Eu 0.43 0.40 0.52 0.54 0.50 0.52 0.52 0.48
Gd 1.56 1.52 1.62 1.56 1.41 1.51 1.40 1.41
Th 0.23 0.23 0.23 0.26 0.24 0.26 0.25 0.26
Dy 1.11 0.99 1.04 1.17 1.08 1.16 1.17 1.12
Ho 0.19 0.17 0.18 0.21 0.19 0.20 0.20 0.19
Er 0.52 0.46 0.50 0.49 0.49 0.53 0.50 0.51
Tm 0.06 0.08 0.07 0.08 0.07 0.08 0.08 0.07
Yb 0.47 0.43 0.50 0.50 0.52 0.51 0.47 0.50
Lu 0.07 0.06 0.07 0.07 0.08 0.07 0.07 0.07
Hf 2.53 2.34 2.50 2.11 2.03 2.12 1.97 2.17
Ta 0.70 0.95 0.75 0.60 0.62 0.71 0.64 0.68
Th 4.68 4.58 4.88 4.57 4.67 4.85 4.52 4.37

U 1.16 1.03 1.15 1.21 0.90 1.54 1.36 1.06
Sr/Y 32.72 34.23 33.79 32.04 22.26 78.42 65.30 48.70
> REE 63.49 63.65 64.63 64.15 60.59 60. 25 56.85 57.06
(La/Yb) 23.30 24.24 21.85 23.05 20. 47 20.27 20. 67 20.43
(La/Sm) 1.98 1.75 1.61 1.89 1.94 1.76 1.77 1.79
(Gd/Yb) 2.74 2.91 2.69 2.59 2.23 2.43 2.45 2.36
SEu 0.79 0.71 0.83 0.94 0.96 0.93 1.00 0.90

Mg" =100 x Mg?* /(Mg?* +Fe?* );8Eu =2 Euy/(Smy + Gdy ) ; b5 N R ERBL A bR EAL AL, ARUEALAE S| A Sun 1 McDonough( 1989) .
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Fig.4 TAS (a, after Le Maitre et al. , 1989) and (Na,O + K,0 — Ca0)—Si0, (b, after Frost et al. , 2001) diagrams of
thyolite porphyries
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Fig. 5 Chondrite-normalized rare earth element patterns and primitive mantle-normalized trace element spider diagram of
rhyolite porphyries( chondrite and primitive mantle values after Sun and McDonough, 1989)
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f)Y(5.77 x107° ~6.46 x 10 ) AUL A FHF 0 &
(Yb=0.43 x10 ° ~0.52 x 10 *), [}, Sr/Y >20
(22.26 ~78.42),(La/Yb) >10(20.27 ~24.24),
R FAT FAIRIA 3 JFUA A I Rk Ak 22 REAIE  Defant
and Drummond, 1990; F 5k &%, 2008; Castillo,
2012) , 55 2R VHENES JR 25 B TR 0 v A e I KA RE
fIECEE 4%, 2016) AHIE. 7F Sr/Y — Y BEfiE, 8%
Ll B A SUBRE A R 3 P 5k v 1 X 3
(K 6a).
AR 4 Y A1 b 5T R B8 T R AE HE BT, B8R 1 HLER

TR S TE BT FIAT 5l ZE /R e S P AR I 4

R ASAR A KA (R B4, 2018) . 1 H
ALK & (b 429 Ma (FIRTE 0 522 1 (P
F4E, 20150420 Ma [ IE ve Tk 5 TN KA (Yin et
al. » 2017) BA J 411 Ma FI3R 38 50 i 4e i N K BE %
CE454%, 2013) 58K Wi 805t A 7 -+ Ao e
FRFEAHLCE 5 6, I SRR AEAH I CE 7)), Hi it
HEWT, FER (LB 5K & 1L B - R
IR T T N [R]— BB
WA, WIS v AR I (<25 Ma) S
YA IS RPETE CREFE A A ST B 5 B A N
“+ (Defant and Drummond, 1990) . £ 1T 20 £ 4 1)

W& )a, I HIBN KRB, KA T ORI, 85/ 700 T H5E #8344 HlC Atherton and
200 7
- a O FEIR I FERLR b
A BRIk (A, 2015) 6|
: O Bk FAL A NS (Yin e al., 2017)
150 [ speiksops O Bk S RAER KBRS (E %%, 2013) sl -~
~ WLERI e
z 240 T 0‘8
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g Hf & mngn oo
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Kl 6 FERINMABEA S/Y — Y(a, #f Defant et al. , 1992) F1 K,0 —Si0, (b, ## Peccerillo and Taylor, 1976) & fi#
Fig. 6 St/Y—Y (a, after Defant et al. , 1992) and K,0 —Si0,(h, after Peccerillo and Taylor, 1976) diagrams of
rhyolite porphyries in the Saier Mountain
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Fig.7 The temporal-spatial distribution diagram of extrusive and intrusive rocks in Saier and Xiemisitai Mountains
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Petford, 1993; Kay and Marquez, 1993; Xu et al. ,
2002; Chung et al. , 2003; Hou et al. , 2004; Gao et
al. , 2004; Wang et al. , 2005, 2006) , FEtt 5 i s
73 5 ( Castillo et al., 1999; Macpherson et al. ,
2006 i (1) K i 4l 52 19 358 29 65 il ( Wang et al.
2008; Lai and Qin, 2013) K7k 4% v 5% (1 356 43 445 ik
(Qu et al., 2004; Gao, 2007) %53y ] LUK B HA I
R MR IRAL R AR R A . PR, MR AL 2 AR A
FABMIS i SE J Rl T S PR 1500 B 25 A G PR Ry 1k v
A CESREE, 2008; VF4kIESE, 2014), [A I, Pater-
no( 2006 ) 4 H 5 IE v JiT g Hh ph IR e B e EE 94 T B 1)
Bk i a i el AR Ao b AT I, $R5E A A
(1) 15 E5] R TE B 35 75 B &5 6 DX 3R 16 75 5% TR 38
FEIESE 22 5 38 BT 256 20 A1 F T
Wang 45 (2008 ) 1A 4 [ifi 52 007 58 53 4 il T ok 11
BIE A N AR B eHICe) {1, 1X 5 A ST 8U Bt
HLeHI() = +11.3 ~ +15. 0 JFIEK I & (LR ik 5
N K AL eHf (1) = +13 ~ +15.2, Yin et al. ,
2017 JZERER N . IR, FEIR 1L VG S imt BB 7 B oK
W & 350K v e Ll 2RO i RAE i) K e Al
15 5 T A B IS B 75 35 B AR I MO P34 4E 4 5l
0.48% 3. 88% 2. 24% 2. 07% ) Fl Mg" (~F- 318
O350 38. 47.39. 36.46. 38.46. 03) ( F 4 ¢ %%,
2013; #hFELE, 2015: Yinet al. , 2017) , /N T Y6
HI 5 ( MgO =7.7% , Mg* =57, Taylor and Mclen-
nan, 1985), DA 13X B8 45 35 e, Joit 45 A 1 fig 4 7 52
FAT PRI = 1o R Ah, 8 YR 1 S SR 1 40 B A
1 F T 5 v JoUA 5 B A [R) AR OR RS SE 1 o 2K
147 7E( Kay and Marquez, 1993; Barr et al. , 2007),
RAERIE T DX 3 P A 2 B0 i) B AR O RIS 366 2 1) o
o ASCRGUTE 7 5 U KT 6 Rk T i 22
BRIE 8 Ak i TN K2 AR A v e i N K B e i L
&M Cr(1.70 ~38.29 x 107°) F1 Ni (0. 76 ~
20.97 x 10 ) M A TR ( E45R5%, 2013; /b5
2, 2015; Yin et al. , 2017, 57~ H B gt 72 o b
& Y5 X 20 5 i N F5 BR C Atherton and Petford, 1993) .
TEAFVE B2, IR B35 58 v B 1) K,0 (1.38% ~
4.22% )& 5T MORB(K,0 =0.18% , Martin,
1999) Al F#h 58 (K,0 = 0. 6% ), J& T — = 4 & 41
CE 6b), 5 EMe L AR R IA vl 7 AL ok i 4%,
20015 5K, 2011), W] BEA T Hu e 4 fk i 7= 4. [+
I, I b 5 J R AR A T DA e A R AN ST BB
i Si0, , AR MgOMnO 1 CaO, % (I FH 25 70 %

(CrvCoNi), K& F 36 f J6 % (K Rb. Th. Pbh) 5% §1
B, IR IGE (N Ta TiD) AN §9 75 1 25 1% 4628
ABLF M e = 2B RSB A (B SCFR AR, 20005 B4
2, 2013) FIHE L DR b, 8K 1L B R U R S Bt
SR G L B 05 At R Ok T U T
S5 A S N A o8 L (T 2 | ST NS
BT v o e s b I PR ) C B Ao, 20135 b5
4, 2015)
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FEREK T & —FE R 1L IX Y # oK L AR AU
K, WAL G, ZBCAE KA BT 435 ~
400 Ma, ‘&3¢ 1k 420 MaC & 8D, 5 1t LAE B 4 A1l

R YE Kl o ECE 7.8 3), I bk s R 4
A, B A M T BRI S .
9
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Fig. 8 Formation age statistical histogram of extrusive and

intrusive rocks in Saier and Xiemisitai Mountains

P & iR TR E R E A TN A,
HILE %7 ( Chen et al. » 2015; #4N%E, 2015; Yin et
al. , 2017), FE A g RS KA X B KA
I 7RI SR 45 LA e e - 59 1ok 5 T R RR A
on B oSio, (> 70% ). & ALO, (11. 57% ~
13.10% ) & EF G Eu i, HA AL A BUY B4Ry
{iF. ( Whalen et al., 1987; Bonin, 2007; ik jif 2%,
2012) o [AJI, K & Hb s 2 B 20 v e 0 4 R 2
T O RHIE S B yIUH A RFE S 8L, LREE & 4R
HFSECNb.Ta Ti) 7 i, 45 & Nb-Y-Ce 55 HuER 1k 27 [&]
iR AN, 2015 Yin et al. , 2017), I\ K ixse A 7Y
TR HEIN A, RAIE R A . AN, BATIE B A
AN (845 ~ 945°C) FIE ) AL O,/( Fe, O, +
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MgO + TiO, ) Fil CaO/( MgO + TiO, + FeO) {i, 5 7~ 1X
A, AR KA TE T iR R PR B8 ( Douce,
1999), g5 5 I HAIEM eNd()HC +4.9 ~

+6.7)F gHFCOEC +10.9 ~ +15. 1), A b K iy
S EE A, AL i 2 1R A] BE T T ) 3 7
SRR R L

®3 FEBRIEMERFELMBRUSEL - ERALERERNTR

Table 3 Spatial-temporal table of S-D magmatic rocks in Saier and Xiemisitai Mountains, northern West Junggar

Feh H{%/Ma HRER Hu X (A4 B WLE 7) Al ik
AR 42044 KT L
MBS 414%5 AT 5 g a
Chen et al., 2010
AL 4175 PEIR 1 1%
Tal 4054 FEm L
apts 422.5+1.9 AT & LT 4
Shen et al., 2012
il 4192439 WA & LTk
TER NG 410.5+2.9 WA g2 Lg%, 2013
biks ey 435.8+3.4 WA &l 8
e 401.742.6 WA Bl 4 T EEHEE, 2014
bk ey 412425 WA & AR
AR 4185 1 RE R pUIR S TR I 4
Chen eral., 2015
Al 4245 Ui P S TR i
Fias by 428.642.5 I RIFE R Uip SRS
WIS, 2015
e 4276423 Ay BT WK &
arE 424.3+4.3 AT & Ak b IK# KA, 2015
TR 428 7+2.7 WK & e FhIIEE, 2015
AL A 419.4+1.8 A BB S AT & Ak b
AL 419.6+1.5 Ay BRUIER Ui SUTSYIIE| 4
{E R G 420422 ke &1l Ak Yinetal., 2017
B BHERE 406.6+2.5 I RFE R FERalep b
T 419.8+2.5 B SRl
ka8 i ey 43542 PP ARUEIE

BRI & Ll b A R - R 1 A
A FE N KA A VKA S R B R
ZEAH I ( Chen et al., 2015; #H04%E, 2015; Yin et
al. , 2017), 555805, HA 1w Si0,( >70% ) MgO
(0.07% ~0.4% ) Fl Ca0(0.01% ~0.89% ) & &,
LREE & M HFSE(Nb.Ta . Ti) 5 fit. Hr, Bt
Te 4 B 08 A MR B2 (810 ~ 874°C)H . Ik
G TR 2 | o 1 W P S i B (= A S 1 )
eHICOMEC +9.8 ~ +15.3) . WK & b & 8 -
PR AEE T AL KA 5 R 0 A, B
BB AL, HhERAL 22 REAE S A A R RTL EE AR AL, iR R
TR T A AN E R X .

g b, VU HENE SR LR L A R - L A A X s
IVAZ ™ AR AP R 75 50 N o (AR =
S, IX e A i 7 LA O A T R e R IR I
KB FEAILEK.RbPh) M 5 1 90 o0 %
(NbTa) IR, 15 5y A 28 4 IR IE AR L. 3 4R
K, ZEHADE G KT & A KA RS 7
G, AR I T BB A1 B 9 2R A (Wang e
al. , 2017, [] Iyt 75 HL R B - FLye 2t 1 R
TE AT A, BB AL 5 5 9 R LT TN A 2 R
i AR Chen et al. , 2015; 445, 2015) . J&T
HAIF ST B RCR, HE T L A5 B - e 2 15 A 1
IR DX 52 30 BB 20 SR I T R AR TR I, i
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VHHEAL S R B & CPE 5 D M SR TR 24 25 71 11
WK B A SHRIMP U-Pb 4E#8 4 478 +3 Ma( 2R 7K
U2, 2006 , FER 1L PG Sk R AT be FEOR W SR TR 24 7 717
fRE K 45 55 41 LA-ICP-MS U-Pb 4F#% 4 484 +3 Ma
CHBJEZL A, 2017 ), ¥b /R A R4 Ll vy 2t oy 8 15 e
S HE K 04 47 SHRIMP U-Pb 4E#8 0 472 +
8 Ma( 5K I TG4, 2010, MK Hr & Ll ma e 2 4 5
K85 LA-ICP-MS U-Pb 4F#8°h 517 £3 Ma f11519
+3 MaCBRAEEZE, 2013), IX LU HR 45 7R A< 10 o i 1H 9€
LG AL — B A0 v 2 o A v ] oA e R b O
4, 2013; Zhao and He, 2013, 2014). F%/R L4
B G AT 2 Bl R N T RIA v B IR Mg S AN ]
HI B TCLH o0, 85 41 LA-ICP-MS U-Pb 4E#4 4y 435 +
2Ma( #0555, 2018 ) , B FAG 58 & /R e 4 5 AR 3R
M mE RS Z e Cgn k. R, &
T GUBE 5 i E B ) MR Ak 2 R AE CSi0, =
70.88% ~73.36% , AL,O, = 14.30% ~15.31% ) §&
ANILRT AR M e RS B DA T AR A
fil= 4 ( Castillo, 2006 ) . [ii] I 38 7] g 55 b 4 58 K& A=
TIRGE, T AE MG & B (420 Ma) , PUE L3R W2k
RlE A2 3t A e [ B 25, 2002 , 18 95 4 J5it 1) T 1
FBIE, SR A N e R ARG T R .
W SN, A RELZEE. 2 )2 KN % EIE 3
B B S CARGY %%, 1999), TR B K & 435
~400 Ma ] A, ZUHI T B44E X 45 ( Chen et al. , 2015)
DA B /D 1l 5 s il ) 3 08 5 T, 58 IO R A
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Fig. 9 Zircon Hf isotopic features for the rhyolite porphyries

and the magmatic rocks in Saier and Xiemisitai Mountains
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