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Fig.1 Simplified geological map of the Shuangjingzi complex in Linxi County, Inner Mongolia (modified after geological maps of
“Linxi County Sheet” and “Wufendi Sheet ” at a scale of 1:200 000. the inset from [15])
1-Quartanary sediments; 2—Upper Jurassic andesite, rhyolite and breccia lava; 3-Middle Jurassic sandy conglomerate; 4—Upper Permian slate,

sandstone intercalated with muddy limestone; 5—-Lower Permian metamorphic siltstone intercalated with muddy limestone lens; 6—-Late

Carboniferous black shale, sandstone intercalated with limestone; 7-Sillurian slate intercalated with limestone; 8—Shuangjingzi complex

(schist, gneiss, and gneissic granite); 9-Indosinian granite; 10—Granite porphyry dyke; 11-Sampling location
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Fig.2 Photos of rocks from the Shuangjingzi complex
At the surface : a~Chlorite schist which experienced strong ductile deformation, with lenticular elongated quartz and calcite minerals; b—Gneissic
biotite granite with quartz veinlets occurring along the foliation. Under microscope: c—Chlorite schist with K-feldspar crystal fragments, indicating
that the original rock might have been volcaniclastic rock. Fine—grained quartz and coarse carbonate minerals can also be seen in the thin section;
d-Gneissic biotite granite with the biotite occurring in a certain direction; e-Granite pegmatite with coarse quartz and K—feldspar crystals; f-Biotite
plagioclase gneiss with biotite, quartz and feldspar (mostly sericitized) occurring in a certain direction
Mineral abbreviation: Bt-Biotite ; Cal-Calcite ; Cb—Carbonate ; Qtz—Quartz; Kfs—K—feldspar ; Ser-—Sericite
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925)=10°, U i 5t 53800 (69~971)x10°, Th/U L {H
0.003~1.25, 46 K Z ¥/ F 03~0.8(FK 1) . KM
2Sph/ AU AE AL T 146.3~1736 Ma, #1532 41 1t
AT RERIAERS : — 4 i 10 S ZH R, Pb/2U JinAL
SEHIAE RS S (290.5+2.1)Ma, MSWD = 0.36, h
T EM(E4-d, e) ; 4L 5 YA, Pb/AU
JINAE- Y AE W3 (6 4 (247.5+3.4)Ma,MSWD = 0.12,
Fp R =S (B 4-d, £) o HAhES A AE R EER BN 7
B, A5 1A 2 A (RTFER AR ) AAE I, 3L
P/ P AEMYZE R R 1778 Ma,
3.2 LEHIKLZEST
321 2% 4E

GA R AN ERITESTE(E2) S0 N
61.97%,K.0 } 1.47% ,Na,0 4 2.18%,CaO &5 HH ,
K 14.76% , BRI 4.71% . 218 F FER 38 = BEAE
<15 Y Si0, 7 7 H 74.00%~77.18% , KO “H 4.43%~
5.33% , Na,O K 3.46%~3.62% , K;O/Na,O j 1.28~
1.47, A/NKC {H ] 0.95~1.00, /5 58 AN AT, 4E
b £ i 1) Si0. 7 N 76.46% , K.O H 4.64%
Na,O }4.14%, K:O/Na,0 & 1.12; A/NKC {4 1.03,
BRI, 1R S RHS RS B Si0, % i
H72.49%,K,0 } 1.63%, Na,O N 3.51%, K,O/Na,0
}0.46, 2 1F R FRIREE = BEE X AR 7E Si0,-K.0
I L (I ) SA576 A B HR A Ik R 517 X
322t FE

gklefr Fr i) Y REE 4 83.50x10°(#%2), 6 Eu
70.80, Eudg 5 (K 5-a) . 217F R FRIRB = BAER
A1) Y REE } 94.19x10°~168.10x10°($2) , § Eu
40.39~0.54, Eu 7 #1HHB . FERHidh A 1 X REE N
44.86x10°(%2), § Euy0.21,EuiZl 54, 1{}H2
o BHE F BR A 1 REE 88 115.00x10°( 3£ 2) ,
0 Euj0.77, Eusd 5. LikeA7ef LooRekh:
WA bR oAb 1 L B4 3R A — 2 o AR A
+ e WA, LREE 4% HH &, 1 HREE 438 A
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Table 2 Major elements(% ), rare earth elements and trace
elements (10°)analyses of the Shuangjingzi complex

DJ10-17 DJ10-18 DJ10-19 DJ10-20 DJ10-21
AR H . SRR s EEE
FERTE wgmmemy Y aovme
SiO, 6197 77.18 74.00 76.46 7249
AlLOs 9.14 11.70 13.38 13.02 12.34
Fe, O3 1.66 0.73 0.39 0.08 3.69
FeO 2.15 0.65 0.90 0.30 135
MgO 1.08 0.12 0.23 0.06 1.18
CaO 14.76 0.99 0.89 043 1.09
Na,O 2.18 3.46 3.62 4.14 3.51
K0 1.47 443 533 464 1.63
MnO 0.12 0.02 0.02 0.05 0.08
TiO, 041 0.09 0.11 0.02 035
P,0s 0.09 0.02 0.06 0.02 0.06
BeRE 4.71 0.47 0.94 0.68 1.94
Total 9974 99 .86 99.88 99.89 9971
A/CNK 0.29 0.95 1.00 1.03 1.30
K>0+Na,O 3.65 7.89 895 8.78 5.14
K,0O/Na,O 0.67 1.28 147 1.12 0.46
Il 0.70 1.82 258 230 0.90
La 16.60 18.40 35.10 8.57 20.90
Ce 32.60 36.90 69.40 16.20 4410
Pr 391 436 8.01 223 544
Nd 15.1 179 312 8.29 221
Sm 3.04 38 6.15 312 468
Eu 0.776 0.660 0.770 0.192 1.14
Gd 2.88 3.56 572 247 4.26
Tb 0.545 0.591 0.961 0414 0.832
Dy 3.13 3.18 4.67 1.66 4.60
Ho 0.591 0.601 0.822 0.236 0.851
Er 1.75 1.75 231 0.647 2.62
Tm 0.300 0.281 0361 0.100 0.401
Yb 1.97 1.90 221 0.617 2.64
Lu 0.305 0.303 0.389 0.118 0.427
(La/Yb)N 555 6.38 10.468 9.15 521
é Fu 0.80 0.54 0.39 021 0.77
> 83.497 94.186 168.073 44 864 114.991
Rb 40.8 104 144 259 828
Sr 304 100 142 36.8 186
Y 16.9 169 2238 8.08 230
Nb 561 22 421 16.8 7.13
Ba 302 975 1108 105 570
Ta 0411 0253 0453 6.60 0.401
Pb 8.53 293 40.4 326 7.65
Th 5.82 9.75 327 134 547
19) 1.11 1.03 2.70 0.712 0.644
Zr 113 882 190 185 678
I 283 3.01 6.44 1.55 1.86

FEAE (& 5-b) , #BJ& U Nb . Sr P Ti tHX} 541, ifii Th,
K.Ce . Nd .Hf .Sm.Y FlYb AR & 45 . 5H A A
FH L, 46 b A R B B R[] Y Ba 7 301 Ta &
£ T HA TR 0 & 42 A B SN L —2

4 o

4.1 WHFZE MR

S R E DI K X R A el e A7 LA
MC-ICP-MSMll4E , U T 2/ 4 W5 K35 50, o
SR PG B0 S U e R RHE Ly e
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Fig.5 Chondrite-normalized REE patterns(a)and primitive mantle-normalized trace element spider diagram (b)for the
Shuangjingzi complex (data of primitive mantle after [21])
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Fig.6 Histogram of the detrital zircon ages from the Shuangjingzi complex
(The number in the square is the age (Ma) of the detrital zircon, using the **Pb/**U age to represent the zircon age younger than 1000Ma, and using
the *’Pb/**Pb age to represent the zircon age older than 1000 Ma)

http://geochina.cgs.gov.cn H1E LT, 2014, 41(4)



FA1E R4

VTR 2255 NS I RIS XU T2 55 85 47 LA-MC-ICP-MS i AEA0) AL AF 5T 1121

BUPAR R 2R G A EX B A T s BRI A
H ) Ar- Ar AR A T 110~230 Ma, Hofie W 9 #4)
T PR AR IR I TR A THE 25 I R TR A
B ATAERE , T AR B XU 22 h & B R
— L R TR A T AR,

PRI 368 sk 0 XU 2% 0 A AR IS P 5T, 28
FINNA AT eI A AETERTFE R L BLIE , WU 2%
] BB AE AR AU AR RN PG A1 R SV Bl 4 ok A
T PERLAAR T TR 2408 iU — A8 T R B 4 1Y
HRAR A R, X E LA AT W] REAE 5 WA R e Ll P i
9T ER T U RLAAS T R W 2L 00 F RS 2l (7)), {4520
B R B — R A 2 A B X A
ik,

5 45 1B

(D RRIER U224 h i85 41 LA-MC-1CP-
MS I AEE G HE T , RO 455 TR AR A 11
230~206 Ma.,

(2) 38 32 X WU -2 5 vh 8 TS 485 A0 1% 4F 18 F
58, B FH WA X AT REFFAAETE T FE R 2D HL T, W
7255 1T BB S 76 AR AU AR R PG 17 1] S Al e il e
IR VR PERLARAS I I TR T 24T W) — AR TP 2
JERGR IR AR TS R I A T RefE7EHE Ll g
EOFEERY L

2 3Lk (References) :

[1] Z5ak, war B, PSR, 45 NS RSO F T 7 rh =S Rk

ST IR B B 2 B R PR 05 rp ]y ARl T R 1
2RI, A AR, 2007, 23 (3 ): 565-582.
Li Jinyi, Gao Liming, Sun Guihua, et al. Shuangjingzi middle
Triassic syn— collisional crust— derived granite in the east Inner
Mongolia and its constraint on the timing of collision between
Siberian and Sino—Korean paleo—plates[J]. Acta Petrologica Sinica,
2007, 23 (3) : 565-582 (in Chinese with English abstract).

[2] Jian P, Shi YR, Zhang FQ, et al. Geological excursion to Inner

—

Mongolia, China, to study the accretionary evolution of the
southern margin of the Central Asian Orogenic Belt[C]//Liu D Y,
Natal'in B, Jian P, et al(eds.). Abstract & Excursion Guidebook:
Third International Workshop and Field Excursion for IGCP
Project. 2007, 480: 49-72.

[3] WS FIA DXCHB ST 7 . A 58ty DX B (M. JE st s
JikL, 1991:1-725.
Bureau of Geology and Mineral Resources of Nei Mongol

Autonomous Region. Regional Geology of Nei Mongol

Autonomous Region[M]. Beijing: Geological Publishing House,
1991: 1-725 (in Chinese).

[4] MR IR, B, JH S, A N S B MO R e Al 24 Rk pl

ZEFREIE BAEE AEE /0T [3]. Hb2ATiT2, 2012, 19(5): 144-155.
Sun Junjun, Ge Mengchun, Zhou Wenxiao, et al. Lithofacies,
geochemical characteristics and tectonic environment of Xilinhot
Group, Inner Mongolia,China[J]. Earth Frontiers, 2012, 19(5):144—
155 (in Chinese with English abstract).

[5] T, B, JHISCEE, 45, NS B M Rt B 2P R e

Bl A ). HB2FRT4%, 2012, 19(5): 136-143.
Yu Yang, Ge Mengchun, Zhou Wenxiao, et al. Petrology and
metamorphic temperature- pressure conditions of Xilinhot Group,
Inner Mongolia,China[J]. Earth Frontiers, 2012, 19 (5):136- 143
(in Chinese with English abstract).

[6] BAA, FISCE, T, 5. NS B MER I i i B ke ih &

AEARIARET]. HB2ERTZE, 2011, 18(5):182-195.
Ge Mengchun, Zhou Wenxiao, Yu Yang, et al. Dissolution and
supracrustal rocks dating of Xilin Gol Complex,Inner Mongolia,
China[J]. Earth Frontiers, 2011, 18 (5):182—195 (in Chinese with
English abstract).

[7] Bk, A, 220, 55, B bRt s 5 Rl 2 i 5 41 U-Pb

AR BRG4GB I B L] A A 2441, 2009, 25
(12) : 3123-3129.
Chen Bin, Ma Xinghua, Liu Ankun, et al. Zircon U-Pb ages of the
Xilinhot metamorphic complex and blueschist, and implications for
tectonic evolution of the Solonker suture[J]. Acta Petrologica Sinica,
2009, 25 (12) : 3123-3129 (in Chinese with English abstract).

[8] AR B, SR, LB T, 45 v -5ty 3 L AR BEAY B ARSI )

A AR A T P DT R ol A A AR O 2 Bl e — B 4
SHRIMP U-Pb 4E A8 25 31E 41 [J]. A A7 2241, 2009, 25 (8): 2001-
2010.
Xue Huaimin, Guo Lijun, Hou Zengqian, et al. The Xilingeie
complex from the eastern part of the Central Asian- Mongolia
Orogenic Belt, China: Products of Early Variscan orogeny other
than ancient block: Evidence from zircon SHRIMP U-Pb ages[J].
Acta Petrologica Sinica, 2009, 25 (8): 2001-2010 (in Chinese with
English abstract).

[9] Aok e, PIHAR, B2, 45, NS B MAs )2 I MR AL 24 BT 5T
M Rodinia 56 37t W Y P& 5 RIS 1169 7 S0 SR (0] L
M T2 47, 2004, 10(3): 343-355.

Zhu Yongfeng Sun Shihua,Mao Qian, et al. Geochemistry of the
Xilingele Complex, Inner Mongolia: A Historic Record from
Rodinia Accretion to Continental Collision after Closure of the
Paleo- Asian Ocean[J]. Geological Journal of China Universities,
2004, 10(3): 343-355 (in Chinese with English abstract).
[10] PLAFA, MRS58, WAL, NEEE 3 R 1 H w1 ie ],
H ST A ST, 2004, 27(1):18-23.
Shen Cunli, Chen Zhiyong, Chang Zhongyao. The Caledonian
Foldbelt or the North China Platform does the Buyant Uplift in

http://geochina.cgs.gov.cn H1E LT, 2014, 41(4)



1122 th [

b J 20144F

Inner Mongolia belong to? [J] Geological Survey and Research,
2004, 27(1): 18-23 (in Chinese with English abstract).

(1] B, XU 2—, SRAm, 4.t E A S BRI A% SHRIMP
i1 U-Pb AR TRt ], BHE AR, 2003, 48(20):2187-2192.
Shi Guanghai, Liu Dunyi, Zhang Fuqin, et al. Zircon SHRIMP U-
Pb geochronology and significance of Xilinhot metamorphic
complex, Inner Mongolia, China[J]. Chinese Science Bulletin,
2003, 48(20):2187-2192 (in Chinese).

[12] 8858, Ak, 5K 5. N SEN Bk 2 5 A1 A R SR Jo

YRR p-t 5 AFD]. A A0 122240, 2002, 21(1):40-48.
Zhao Guang, Zhu Yongfeng, Zhang Yong. Petrology and
metamorphic p- t condition of Xilin Gol complex, Inner
Mongolia, China[J]. Acta Petrologica et Mineralogica, 2002, 21
(1):40-48 (in Chinese with English abstract).

[13] B0, 15 5. NS B bRt e B AR i A 5 Y J o AR AR Jo
AEAR[T]. HUBGIETT, 1997, 43(1):101-105.

Hao Xu, Xu Bei. Sm—Nd, Rb-Sr isotopic geochronology of the
Xilin Gol complex, Inner Mongolia, China[J]. Geological Review,
1997, 43(1):101-105 (in Chinese with English abstract).

[14] fs, Bwl, HRUT 2. NEEH B MRER 28 4 Sm-Nd, Rb-Sr [F] {2
FARAUITIEL]. B, 1996, 41(2):153-155.

Xu Bei, Chen Bin, Shao Jian. Sm- Nd and Rb- Sr isotopic
geochronology of the Xilin Gol Complex, Inner Mongolia[J].
Chinese Science Bulletin, 1996, 41(13): 1107-1110.

[15] Xiao W J, Windley B, Hao J, et al. Accretion leading to collision
and the Permian Solonker suture, Inner Mongolia, China:
termination of the Central Asian Orogenic Belt[J]. Tectonics,
2003, 22: 1069-1089.

[16] Xu B, Charvet J, Chen Y, et al. Middle Paleozoic convergent
orogenic belts in western Inner Mongolia (China): framework,
kinematics, geochronology and implications for tectonic evolution
of the Central Asian Orogenic Belt[J]. Gondwana Research, 2013,
23(4):1342-1364.

[17] Nasdala L, Hofmeister W, Norberg N, et al. Zircon M257 —a
homogeneous natural reference material for the ion microprobe
U- Pb analysis of zircon[J]. Geostandards and Geoanalytical
Research, 2008, 32: 247-265.

[18] Liu Y S, Hu Z C, Gao S, et al. In situ analysis of major and trace
elements of anhydrous minerals by LA-ICP-MS without applying an
internal standard[J]. Chemical Geology, 2008, 257: 34-43.

[19] {3l %2, 2= S ], [ 45 2. LA-MC-ICP-MS % 41 i X JEL iz U-Pb
TEAFERRI]. 7 RHILITE, 2009, 28 (4): 481-492.

Hou Kejun, Li Yanhe, Tian Yourong. In situ U-Pb zircon dating using
laser ablation—multi ion couting-ICP-MS[J]. Mineral Deposits, 2009,
28 (4): 481-492 (in Chinese with English abstract).

[20] Slama J, Kosler J, Condon D J, et al. Plesovice zircon — A new
natural reference material for U- Pb and Hf isotopic
microanalysis[J]. Chemical Geology, 2008, 249: 1-35.

[21] Sun S S, McDonough W F. Chemical and isotopic systematics of

oceanic basalts: implications for mantle composition and
processes[J]. Geol. Soc. Spec. Publ., 1989, 42: 313-345.

[22] VLR, B %, X3 QAR A St T X R A SR B A

U=Pb 4F-4i8 B HAS B0 I 18] P9 29 SR [I]. 5 A 241, 2012, 28(2)
495-513.
Jiang Sihong, Liang Qingling, Liu Yifei, et al. Zircon U-Pb ages
of the magmatic rocks occurring in and around the Dajing Cu-
Ag—Sn polymetallic deposit of Inner Mongolia and constrains to
the ore—forming age[J]. Acta Petrologica Sinica, 2012, 28(2) :495-
513 (in Chinese with English abstract).

(2318 R4, BRI, BREHAAR. S AL LI AR RHC AL R B

LA-MC~ICP-MS i1 U-Pb Il 4 | Hf [} fi7 R WF5E K H b B
T, P EHLET, 2012, 39(6): 1472-1485.
Zhou Zhenhua, Wu Xinli, Ouyang Hegen. LA-ICP-MS zircon U-
Pb dating and Hf isotope study of the plagioclase granite porphyry
in the Lianhuashan Cu- Ag deposit of Inner Mongolia and its
geological significance[J]. Geology in China, 2012, 39(6): 1472~
1485(in Chinese with English abstract).

[24] Zeng Q D, Liu J M, Zhang Z L, et al. Geology and geochronology
of the Xilamulun molybdenum metallogenic belt in eastern Inner
Mongolia, China[J]. International Journal of Earth Sciences (Geol
Rundsch), 2011, 100: 1791-1809.

[25] A7, JAgRAE, 4250, 48 NS RUR S Th—R = A

AR SHRIMP 4547 U=Pb A2 4F- 5 4 A7 MUER fL 22 AR AT SE 1],
b5, 2012, 39(6): 1486-1500.
Guo Zhijun, Zhou Zhenhua, Li Guitao, et al. SHRIMP U- Pb
zircon dating and petrogeochemistral characteristics of the
intermediate—acid intrusive rocks in the Aoergai copper deposit of
Inner Mongolia[J]. Geology in China, 2012, 39(6): 1486-1500(in
Chinese with English abstract).

[26] Zhang L C, Wu H'Y, Wan B, et al. Ages and geodynamic settings
of Xilamulun Mo-Cu metallogenic belt in the northern part of the
North China Craton[J]. Gondwana Research, 2009, 16: 243-254.

[27] U460, T, ERGLE, 55, SN AR LA RS
Re-Os 4% MR X [J]. HH L, 2012, 39(6): 1614-1621.
Dai Junzhi, Xie Guiqing, Wang Ruiting, et al. Re— Os isotope
dating of molybdenite separates from the Yajishan Mo(Cu)
deposit, Inner Mongolia, and its geological significance[J].
Geology in China, 2012, 39(6): 1614- 1621(in Chinese with
English abstract).

[28] VLRUZ, B RUVA, X3 K, 45 N5l o U ) 6 4R 2 G TR T IR

KT A E AR 2R (0], 35 MROK 22 24 1 (ML BRBL 24 B,
2011, 41(6):1755-1769.
Jiang Sihong, Nie Fengjun, Liu Yifei, et al. Geochronology of
Intrusive Rocks Occurring in and around the Mengentaolegai Ag—
polymetallic Deposit, Inner Mongolia[J]. Journal of Jilin
University (Earth Science Edition), 2011, 41(6):1755- 1769(in
Chinese with English abstract).

http://geochina.cgs.gov.cn H1E LT, 2014, 41(4)



415 4 VLIRSS NS MRPE U245 8541 LA-MC~1CP-MS AR B IF 5T 1123

A preliminary study of zircon LAMC-ICP-MS U-Pb ages of the Shuangjingzi
complex in Linxi, Inner Mongolia

JIANG Si-hong, LIANG Qing-ling, NIE Feng—jun, LIU Yi-fei
(MLR Key Laboratory of Metallogeney and Mineral Assessment, Institute of Mineral Resources, CAGS, Beijing 100037, China)

Abstract: The Shuangjingzi complex occurs on the southern and northern sides of the Xar Moron River in Linxi County, eastern
Inner Mongolia and is composed of schist, gneiss and gneissic granite. There exists controversy over timing of the Shuangjingzi
complex. Some researchers hold that it belongs to Precambrian metamorphic rocks, while others argue that it belongs to the Early
Mesozoic strong structural deformation products. In this paper, the authors studied zircon geochronology of the main rocks in the
Shuangjingzi complex by using the LA- MC-ICP-MS method with the purpose of constraining the timing of the complex. The
zircon dating results show that the **Pb/*U ages of the chlorite schist range from 146.3 Ma to 1970 Ma, with no reliable weighted
mean ages obtained due to the too scattered ages. The **Pb/**U ages of the biotite plagioclase gneiss vary from 146.3 Ma to
1736 Ma, with two reliable weighted mean **Pb/*U ages of (290.5+2.1) Ma (MSWD = 0.36, n=10) and (247.5+3.4) Ma
(MSWD = 2.9, n=5), respectively, indicating that two epochs of magmatic emplacement events took place in the original rocks of
the complex during Early Permian and Early Triassic, respectively. The zircons from the granite pegmatite that intruded into the
complex do not give a reliable weighted mean age, with the scattered **Pb/**U ages ranging from 206.9 Ma to 2122 Ma, while the
zircons from the gneissic granite occurring within the complex yielded a weighted mean **Pb/**U age of (278.4+1.4) Ma (MSWD=
1.9,n=16), suggesting that the emplacement of the original rock occurred during Early Permian. Geochemical analyses show that the
Shuangjingzi complex, including chlorite schist, biotite plagioclase gneiss and gneissic biotite granite, is characterized by
complicated constituents, with SiO, content from 61.97% to 77.18%. All samples collected from the complex have the features of
LREE differentiation, and are enriched in LILE elements with relative depletion of U, Nb, Sr, P and Ti, and enriched in Th, K, Ce,
Nd, Hf, Sm, Y and Yb. A comparison with the Shuangjingzi complex shows that the granite pegmatite exhibits similar enrichment
and depletion trends of the trace elements, except for the distinctive relatively depleted Ba and enriched Ta. Therefore, the
Shuangjingzi complex is composed of the mixture of rocks (including strata and magmatic rocks) of different compositions and
ages,. Based on the age data available and the zircon ages obtained by the authors, it is held that Shuangjingzi complex consisting of
a set of low—medium grade metamorphic rocks occurring along the Xar Moron River deep-seated fault was formed between 230
and 206 Ma, resulted from the collision between North China and Siberian Plates, and might have been reworked during Middle—
Late Yanshanian period. Therefore, no Precambrian basement exists in the study area.

Key words: zircon LA-MC-ICP-MS dating; complex; Shuangjingzi; Xar Moron River; Inner Mongolia
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