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Fig.1 Geological sketch map of eastern EKOB and southern adjacent areas

1—Quaternary; 2—Paleogene Tuotuohe Formation; 3—Upper Triassic Babaoshan Formation; 4—Middle Triassic Xilikete Formation;

5—Middle Triassic Naocangjiangou Formation; 6—Lower Triassic Hongshuichuan Formation; 7—Lower Paleozoic Nachitai Rock Group; 8—

Langyashan Formation of Meso—Proterozoic Jixian System; 9—Xiaomiao Rock Formation of Meso—Proterozoic Changcheng System; 10—

Paleo—Proterozoic Baishahe Rock Formation; 11—Moyite; 12—Granodiorite; 13—Quartz diorite; 14—Geological boundary;

15—Parallel unconformity; 16—Angular unconformity; 17—Fault; 18—Isotopic age sampling position
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Fig.2 Planimetric geological map of Hongshuichuan area in eastern EKOB(A) and geological cross section of
Helegang Xilikete plutons(B)
1—Quaternary; 2—Middle Triassic Naocangjiangou Formation; 3—Lower Paleozoic Nachitai Rock Group;
4—Meso—Proterozoic Langyashan Formation; 5—Meso—Proterozoic Xiaomiao Rock Formation; 6—Rhyolite;
7—Quartz diorite; 8—Granodiorite; 9—Granodioritic gneiss; 10—Geological boundary; 11—Fault; 12—Unconformity;
13—Measured geological section; 14—Isotopic age sampling position;
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PRI AT AR T R R e
3 FERCREES

31 HmRE&E

FE R AR T AR B2 Ll 48 B g k1 3k K 1| it
DX T8 )] A L e AR S0 ) T (&1 2) R A el T A
PR, 3 AR S A AR AR TR R IR A B A
T RE AT TR | SRR ES A U-Pb B ARFEND 2
P FER AR5 1112471 11124724 A HLERfb 22 FF
a5 1R FE RV S O 2616/1.3755/1 .3756/1 11124/
11112472, [RI 2 AF I8 SR AE s s B AR AR . 626 350
35.281" , R4 97°29.524"

32 #£A U-Pb EE

FH T 85 A AR 52 O RE i 56 R F i B 5 2k i
2 80~100 H , I F & LI 2 e G 2k vk 3 AT 43
% ﬁfﬂB%*T?Jbithaaﬁ/%nﬁﬁﬁiﬁ%%%ﬁ
UL AE SR o X6 52 B B A FIUREAR 76 BUTE I b SRR
FHTC 8,375 W 1) B 4800 B 1 2, 1o B S80S B 78 40 [ 4k
Ja X H R TR T O RS A R R R SRS AT
SRS FHOE A 850 R 6 RE SO B AR
HH B B AR A 6 (CL) b R AR 7E b 5t B 48 % b
LB 92 5 E 9 HITACHI S3000—N HL F £ X
v LSE R, AT LR 15 KV, LA 19 nA RS
1) 396 BB S AR i B A S S G A B O e SR R AT



408 4

1049

Wk | PS5 CL MG BCRE NF L SRk FF 3 24 et A
AR LA BAS ] B DR A DX D300 75 e v A ) 4
f5R.

B U—Pb [R7 28 45050 BT 76 V8 b R 24 K ki 3
7725 [ 5 S 6 PO R ol B S A R
i (LA-ICP-MS) X 58, A A & A
193nmA Rf—excimer ¥ G #% B Geo —Las200M 7!
(Microlas Gottingen Germany) ¥ JG F| flt & 4 Al
Elan6100DRC B PUH AT B i A, 434 5% O #1 1k
LR 30 pm, FNERIRE 20~40 pm, BEHKHH 10
Hz, fg R 32~36 mJ, M3 rf AN TG B0 ek R 41
PEIPRES F YT NIST610 ST e tEfL, 85 6
AEIE TR I BRFR HE RS 41 91500 VRN AR R GE
B E 5 DHT UG I A—RERFEN S, ARG AR R
BEFIARE S AR SR o 22— B0, 76 A &5 40 B & o
M A& 450 — K NIST610, [RIEF 2L 2Si 7 A P Ar il
JERSATH) U Th Pb & & 541 91500 HEATAMRKL
ERNRA R, LA-ICP—MS 4341 (4 3 41 J5 7 Fl it
DL 3 P AR AR

B i 04 [ 457 2 EUAE R T 28 8 i 500 A HR
GLITTER (ver4.0,Macquarie University) & ¥, IR
H Andersen B A4 X I3 80 H6 E A7 5 30 AR OE | AF %
THIE Kl Fn L 22 i 2R H ISOPLOT (2.49 R ) 3 56
B, A S SRR E R 22 N 1 o R 2Pb/
BSU AR NECE 4 E 95% 1 &7 B

4 B U-Pb A2

41 FEEEA U-Pb £RZ

U X A HL v R AR B DN S A L B R
(FEAT 11124/2), Ko saE A, HAEkE
o —J0 37 W AR P IR AR AR % RDIR
(Bl 4=A), BA U] W 05835 3040 s JE 304 kAR
Z A F 100~230 pm, Th/U HAE N 0.56~1.13 Z [H]
(F 1), T8 AAT R A I R A S A 7+
TG BRRLI A bR AL I LT LA (B 4-E),
At LT EMEE B Ce WIERE A Eu
1) 11 55 (6 Eu=0.07~0.71, 3% 2) , B Ry 72 (A5
KM 5 WAL, WA 1) Th/U HfE JESRHE
DI R TR MM LR SRR A, A Ry
EHHIBA

AHEFE 30 pom B3O 00 B4R 2 ) X5 B
AT T LA-ICP—-MS & 4FE 4081, ik T 18

AR BRI T LB 4 2 AR — AR IR
2 AN A3 R 11124/2—08 Fl 11124/2—17 , I 24
1 2%Pb/>U 4% 4350 (413+7)Ma . (417£7)Ma,
R T A X AFAE G I B AR — M i o K e NS
B AN REAE 23 Rk 4 R s s IR e A, AR
HAEWA 16 DI, WA E 2Pb/2U M 27Pb/*U
WA (E 4—C) , H 2Pb/>U 4F I M (229+4)
Ma~(221+4)Ma (£ 1),Pb/>U MECF- I 4E#5 Ky
(225+5)Ma(MSWD=0.049) , K It , A% SCE Fn i X 7
HLTUREAE B N R AR B 22 R (22545)Ma,
W = S e L
42 BEEHANEEER U-Pb £RE

Y X A L 5w R A b DA AR B o flOR (A 4
A CL UG (FERL S 11124/1) , KBS A 5 H
¥, B o —JoeaE R AR B I A K
% P PR AU E 384 (] 4-B) , K& 100~410 p m, 58
50~100 p m, KF&HH 2:1~4:1, Th/U HIETE 0.81~
171(F 1), B & T3 E45 (KA 0.56~0.84) ,
FEOR AT Ry A I R B e A ORI B 32
I B A AR B TR A A B 22001
(Kl 4—=A, 4-B), W& K5 ik 2:1~4:1, Bl ALK,
W858, vl BBV BH Y ORI B O H Th U &
T PR K 2 IS € fOR B B AN S A
A BRI AR 7R ERORL I A bR E A T R AL
srEH (K 4-F), AR EARRR L HREE &
4£ LREE T E o UGB Ce W91 57
WA KR A Eu R RE (6 Eu=0.39~0.94, %
2), I H Th/U WEEBK T 0.1(5R 1), X LLH R Y]
B 0 OR3P B B A R e I R A

AWFFE ] 30 pome 18 B 5t BE A28 43 3910 %o A
i #1777 LA-ICP—MS & 4FE4rHr, il 1 27
AR, Hod A 3 AR (1112471 -18,11124/1 —
24,11124/1-27) f& "5 AU4F 9 AW A5 A 8 A 185 1
(11124/1 —06,11124/1 —=07,11124/1 —11,11124/1 —
12,11124/1-15,11124/1-17,11124/1—19,11124/1—
21,11124/1-26), FIRESR A J5 I A0 #4) 1 42 2l i Al
TPbMER, ASHERITE, Fa 15 A0S
20ph /35U Hl 27pb/2U W ATPE LT 2Pb /U AR I A
T (224.914.1)Ma~(217+3)Ma(# 1), *Pb/>U M
BOEIAE S R (24.944.1)Ma(MSWD=0.52) , H It
25N R IX) A BEL e B TR A AR 1) &5 5 s A R
JE R (224.914.1)Ma, AR =St



1050 h ] b o 2013 4F
221+4Ma 2254+4Ma
222+4Ma
225+4Ma 226+4Ma
N\
2 - \ % ‘&'
ww e -\ }
224+4Ma  227L4Ma
225+ 5Ma 229+4)\
- P
1001 m 10011 m BR 11124/1
0.038 ] a0 0.041
0.0375 2384 2 230
. 5210 0.039F
0.0365} f 190
=) 29 2 0.037f
& 22674 &
E 0.0355F 4 ks /
£ 282/3 £ 0.035} /
Q Q 220/
0.0345} hidl b
214 Mean = (225 £5)Ma 0.033} 210/ Mean=(224.9 +4.1)Ma
0.0335- 210 MSWD =0.059 ’ MSWD=(0.52 )
GEoL . FEL 1112472 (C) e Bk 11124/1 (D)
U708 022 026 030 034 70.14  0.18 022 026 030 034 0.38
207Pb/235U 207Pb/235U
4000 £ 1 4000 | 3
1000 £ 3 1000 F 3
Koo b B a0 b }
5100 F - T ]
&l F 1 i i ]
10 F E #® 10 F E
ﬁ g ] ﬁ F ]
3 3
L E E 1 E 3
0.1F 3 0.1F 3
i l 1 l 1 I%]EEI%‘IIIIIZAI‘./ZI 1 1 I(EI) : i 1 1 1 1 1 I@"’f’g Illllzﬁ/ll I(F)I ]
0.01 0.01

LaCe PrNd SmEuGd TbDyHoEr TmYb Lu LaCe PrNd SmEuGd Tb DyHoEr TmYb Lu

P 4 A X A B o R A B TR S (A RTG53 fORE A0 1K (B ) AR 3R M B J0RE B 1 1y B & 06 (CL ) BelG M H 3R T
A R D A HL SRR AR B TN I () NI (A BOR B M (D) B9 LA—ICP—MS 8541 U—Pb 4l 18 1 E A E T 18
Ly X Ay B RE AR B I S (B ) RS €0 SIORL LA (F) 1 85 A BROBL IS 1 A v AL 6 - o0 3200 40 I (BRORL IS A4 A
AR 51 A [42)

Fig4 A, B Cathodoluminescence images of typical single—crystal zircons and their apparent ages (Ma) from
Helegang Xilikete granodiorite(11124/2) and their MEE(11124/1);C, D LA—ICP—MS zircon U—Pb concordant
age diagram and weighted histogram of Helegang Xilikete granodiorites(11124/2) and their MME(11124/1);E, F

Chondrite—normalized REE patterns of Helegang Xilikete granodiorites(11124/2) and their MEE(11124/1)
(chondrite—normalized data after Boynton[42])
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Table3 Major(%) and trace element (10) analysis results for the Helegang Xilikete

I3 RARCHEBEMHMNFERBERARESFNEGMASKEETE (%)
MMETLE A0 DIRER

granodiorites and their MME of eastern EKOB region

2616/1  3755/1  3756/1  11124/1 1112472 2616/1  3755/1  3756/1  11124/1 1112472
SHTIHE  FER e s RS e | aME TR & 54 s RS s
WieH  Wks Wis ek WkE Wi WReE WS mEk WKE
SiO, 67.12 68.46 67.97 52.01 67.58 Sb 0.32 0.24 0.21 0.45 0.28
TiOz 0.39 0.34 0.38 0.68 0.38 Cs 3.12 3.38 3.20 278 291
AlO3 15.02 14.86 15.01 14.86 15.10 Ba 934.00  982.00  919.00 442.00 786.00
FexOs 1.89 1.57 1.69 2.02 1.58 La 26.60 28.30 24.10 38.30 31.30
FeO 1.69 1.53 1.76 7.16 1.88 Ce 41.90 43.70 39.20 70.40 50.00
MnO 0.05 0.04 0.04 0.18 0.06 Pr 4.36 4.42 4.25 8.04 5.09
MgO 2.26 1.91 2.03 772 2.17 Nd 15.70 14.60 14.90 29.80 17.40
CaO 3.73 3.33 3.64 8.53 3.73 Sm 272 2.43 2.58 5.36 279
NaO 3.43 3.46 3.46 270 3.44 Eu 0.79 0.73 0.81 151 0.80
K20 3.06 3.43 3.16 1.96 3.08 Gd 228 2.13 2.24 492 235
P20s 0.10 0.09 0.10 0.13 0.10 Tb 0.37 0.34 0.35 0.82 0.36
LOI 1.22 1.16 0.82 1.02 1.02 Hf 1.47 2.04 1.57 1.73 1.19
TOTAL 99.96 100.18 100.06 100.12 100.12 Dy 1.94 1.84 1.89 483 191
Li 26.40 26.90 24.60 23.00 24.90 Ho 0.36 0.36 0.34 0.90 0.36
Be 0.63 1.15 1.34 1.20 1.43 Er 1.10 0.97 1.03 2.68 1.00
Sc 8.25 7.17 8.07 29.50 7.61 Tm 0.17 0.17 0.17 042 0.16
v 59.70 65.50 78.90 213.00 69.40 Yb 1.09 1.08 1.10 2.87 1.05
Cr 72.20 63.30 67.90 383.00 71.90 Lu 0.18 0.19 0.19 0.40 0.15
Co 10.30 9.16 9.96 40.10 9.78 Ta 0.62 0.86 0.74 0.48 0.71
Ni 14.20 11.30 12.90 84.90 15.80 N 0.51 0.66 0.43 0.62 0.83
Cu 3.63 8.07 2.58 280.00 7.35 Tl 0.55 0.63 0.58 0.45 043
Zn 34.60 31.50 33.00 151.00 56.30 Pb 12.80 13.70 14.40 17.20 15.70
Ga 17.60 17.20 18.50 18.10 16.20 Bi 0.04 0.04 0.05 0.21 0.06
Rb 116.00  141.00  119.00 79.40 93.70 Th 13.10 18.50 13.30 441 14.00
Sr 389.00  365.00 393.00 358.00 348.00 8] 1.20 2.59 0.97 1.05 1.09
Y 10.30 10.20 10.10 25.90 10.10 Zr 141.59  128.80  140.53 94.69 131.51
Nb 8.57 8.89 8.98 8.26 8.39 Rb/Sr 0.30 0.39 0.30 0.22 0.27
Mo 0.26 0.12 0.26 0.31 0.38 Nb/Ta 13.89 10.39 12.15 17.28 11.85
Cd 0.01 0.03 0.00 0.14 0.03 Mg# 54 54 53 62 54
In 0.01 0.01 0.02 0.10 0.02 4 Eu 0.98 0.98 1.03 0.90 0.95

11 : 6 Eu=Euy/ (Smnt+Gdy) 2, Mg*=100xMg>/ (Mg**+Fe*") ,
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Xilikete granodiorites and their MEE (after Wilson!*)
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Late Triassic magma mixing in the East Kunlun orogenic belt: A case study of
Helegang Xilikete granodiorites

CHEN Guo—chao', PEI Xian—zhi', LI Rui—bao', LI Zuo—chen', PEI Lei?
LIU Zhan—qing’, CHEN You—xin', LIU Cheng—jun'

(1. Key Laboratory of Western China’s Mineral Resources and Geological Engineering, Ministry of Education,Faculty of Earth Science and
Resources,Chang’ an University, Xi’ an 710054, Shaanxi, China; 2. School of Earth Sciences and Resources, China University of Geosciences,
Beijing 100083, China; 3. College of Geosciences, Guilin University of Technology, Guilin 541004, Guangxi, China; 4. Survey and Research
Institute, Shaanxi Bureau of Coalfield Geology, Xi’ an 710054, Shaanxi, China)

Abstract:In the East Kunlun orogenic belt (EKOB), mafic microgranular enclaves (MME) occur frequently in
Late Permian —Triassic granitic rocks. In this paper, the authors took Helegang Xilikete granodiorites in the
eastern part of the EKOB as an example to study their host rocks and MME in detail. Characteristics of the host
rocks and the MME, such as field occurrence, morphology, texture and structure and mineralogy, together with
the geochemistry, show that they were cooled and crystallized in a short time immediately after the intrusion of
basaltic magma into intermediate—acidic magma and thus have similar distribution patterns to the host rocks in the
REE diagram and trace element spider diagram, such as the enrichment of the LREE and LILE and the depletion
of the HREE and HFSE, reflecting a typical feature of magma mixing. The result of LA —ICP —MS zircon
geochronology implies that the crystallization age of the MME 1is about 224.9+4.1 Ma, very close to that of the
host rock (2255 Ma), suggesting a crust—mantle magma mixing event at the stage of post—collision in the EKOB
in Late Triassic.

Key words:East Kunlun orogenic belt; Helegang Xilikete granodiorites; mafic microgranular enclaves, magma

mixing, LA—ICP—MS zircon U—Pb age, Late Triassic
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