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Abstract : The East Kunlun orogenic belt is characterized by widespread Early-Middle Triassic Epoch granitic rocks with a large propor-
tion of mafic enclaves therein, however, there is still lack of petrography and mineralogy studies on the Mafic enclaves with different

textures. In this paper, a systematic petrography and mineral chemistry study has been carried out for the representative Xiangjia gran-
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ite pluton as well as the enclosed Mafic enclaves, which have clarified the processes of crust-mantle interaction in East Kunlun area.
Studies on petrography have shown that the mafic enclaves have some disequilibrium textures and some phenomenon point to rapid
crystallization, such as needle-like apatite, needle-like amphibole and augen-shaped quartz, all of which suggest the possible of magma
mixing process, and the enclave with ophitic-gabbro texture likely to be the basic end-member. In addition, multi-stage growing of feld-
spar indicates there might be multi-mixing process. Whole rock geochemistry shows that the mafic enclaves have lower Mg” and higher
Fe™ values relative to their host rocks (Mg® : 0.39—0.56, Fe” ;. 0.44—0.62). Electron microprobe investigation shows that enclaves
have two kinds of amphiboles, one kind in mafic enclaves (TiO,: 2.1% —2.9%, SiO,: 41.75% —44.49%) crystallized from mantle-
derived basic magma in the early stage, while the other kind (TiO,: 1.0% —1.8%, SiO,: 42.49% —48.10%) probably crystallized
from the mixed magma in the shallow crust level. Some biotites (MgQO: 9.78% —11.53% , Mg~ : 0.462—0.541) are similar to biotites
crystallizing in the mantle-derived magma. The rhythmic zoning and geochemistry contents of Plagioclases show that they may have
suffered the process of magma mixing. Calculated results by geobarameter indicate that the mantle-derived basic magma crystallized un-
der 5X10% bar, i.e. about 18 km depth, producing the high-Ti amphiboles, and then mixed with the acid magma. The mixed magma
emplaced to upper crust, maybe at 2.5X10° bar, i.e. about 8km depth, producing the Low-Ti amphiboles. All these features above
show that the East Kunlun orogenic belt might have experienced crust-mantle interaction repeatly during the Triassic Epoch, and the

injection of mantle magma played an important role in the crustal growth and crust anatexis. The wide crust-mantle interaction may be

the response to the slab break-off of Animaqing Ocean during the Triassic Period.

Key words: East Kunlun orogenic belt; mafic enclaves; granite; geochemistry; multi-mixing.
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Fig.1 Geotectonic framework of East Kunlun (a), and geo-

logical sketch of Xiangjia pluton in the south side of
East Kunlun belt (b)
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Fig.2 Field photographs showing mutual geological relationships between the enclaves and their host granite
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The petrographic characteristics of Xiangjia host granites and enclaves
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Table 2 Major elements compositions (%) of enclaves and their host granites from Xiangjia
s 0009-1 0346-1 0588-1 2085-1 09NM56-1 09NMS56-5 09NM56-7 09NM56-10
A AABER — IBEAR — ABER — IBEAR — AABER — 1237301 2373018 2373018
B3] KAL B AR S KAL R KAL < A KAL R (DEES (EREN (TR
SiO; 72.95 69.73 68.95 74.01 69.48 53.8 55.64 59.95
TiO, 0.28 0.37 0.48 0.21 0.44 0.72 1.05 0.76
Al; O3 13.57 14.43 14.38 13.10 14.78 15.79 18.2 17.24
FeO 1.63 2.53 2.12 1.10 1.85 5.95 4.80 3.85
Fe, O3 0.77 0.91 1.07 0.62 1.14 2.11 1.92 1.47
MnO 0.06 0.06 0.06 0.03 0.06 0.26 0.15 0.13
MgO 0.75 0.92 1.47 0.38 1.31 5.52 3.27 2.81
CaO 1.94 2.71 3.21 1.20 3.13 6.29 5.27 5.67
Na; O 3.21 3.41 3.45 3.12 3.53 4.27 4.26 3.88
K;0O 3.97 3.25 3.32 5.19 3.09 2.34 2.97 2.11
P, 05 0.08 0.09 0.14 0.04 0.12 0.33 0.32 0.23
LOI 0.60 1.04 0.44 0.68
H, O™ 0.46 1.29 1.10 0.71 0.78 1.70 1.73 1.45
CO; 0.13 0.09 0.09 0.11 0.06 0.68 0.13 0.17
Total 99.80 99.79 99.84 99.82 99.77 99.76 99.71 99.72
K; O+ Na, O 7.18 6.66 6.77 8.31 6.62 6.61 7.23 5.99
FeO™ 2.02 2.99 2.66 1.41 2.42 7.01 5.76 4.59
R, 2718 2 570 2 492 2 556 2 559 1283 1290 1958
R 511 619 698 404 690 1 257 1083 1084
A/CNK 1.04 1.03 0.95 1.01 1.00 0.75 0.92 0.91
A/NK 1.42 1.58 1.55 1.22 1.62 1.65 1.78 1.99
Mg*# 45.06 39.33 55.28 38.11 55.79 62.32 54.84 56.54
Fe™ 0.55 0.61 0.45 0.62 0.44 0.38 0.45 0.43
FeO* /MgO 2.69 3.24 1.81 3.71 1.85 1.27 1.76 1.63
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1B EL A 20 7 B AR 1 s 3, AR R Y B WK R 2 0. 44 ~
0.62,0.43~0.45710.38, 3% 156 B M\ A {4 3] 27 £ 46 54
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o B TRy 20 W 08 /D M R AR A 32 3T R 55 5 TR R
TR W1 o R BR BT R B B s ) P, Os & 8, AT
RS HEIHRKA B ANAEERGT YA
Ko R HUA 9K B W KRR,

BEAK T AL IR 1 Fe Fl Mg & B H %5 46 K 5 5
RZ ALEATH) Fe/(Fe+Mg) lHEAH Y, B IE
7 LR B AL 2 R . 5 Didier and Barbarin
(1991) Wy 5¢ e 5 J IR A Fa H5ohd [6] , T B 2 A [m) 2
KL oy S (S BT, 2006).

5 EEEAT YIRE

5.1 ARA

BT A 5 DA A 3 R S 5 AR N A ((Ca+
Na)>>1.34,(Na);<<0.67, Ti<<0.50, Ca, >>1.50) , F.K
TR S (Na+K) o <<0.50, Fe' ™ = AL ; 4 4 [ Br ™
Y220 R 1) 44 FR 2% B 23 (IMA-CNMMND fip
SRR S 3B h 5 AR DN A I 2K Y B 5 A DR A A
FREEIN A (K] 8,3 3) D HICH B Bk 5 TN 538 A I A

EHH T MEE LRI AINA TS @454, HAF
BE T AL 2 B S ) s 68 4 HES. A I A ]
HEALE Fe' " /Fe’ {H(0.245~0.546) , & 7~ f1 [N £1
T T4 348 JB 19 31 55 (Stone, 20005 XM 45, 2010).
N R ZE R SIO, (41.84% ~48.10%) & & V&
) Mg*® (0.53% ~ 0. 67%) fli. &% & 1y TiO,
(1.00%~2.90%) fl Na,O(1.06% ~2.00Y% ) 1H, 5
K 1 o B A A T 9IRS S v v D A A DR A R A
AL (Coltorti et al., 2007; Martin, 2007).

TEE 10 o, 819 i v Bk A TN A 4 4% A U
DX BRI o 17T 2 A IV DX P AR K A A4 £ TN A 5 3 32 £
AT 75 A e g R UR X, m gk M N A B o Ti
(2.1%~2.9 %) ¥¥AE I8 MU B & T4 E4E X &
N AL A IV X A I8 A, BOAE XEAIR T
(1.00 %6 ~1.79 %) R ik, B WL BE 5 25 F 46 < A
AN A AR, 3106 W] LT BE R B A 2 B S A A i
BANAE EERBREKERAERESG REGE—E
FERE 45 fb AR TR AR A A

WAL “F R AR 7R AL R A7 78 22 B R 46 i 0 £ TR
AR R R L T A I 0T A N B
#h . H B A — s 2 @k, Hoh 3w o B g — IR
w2 EPEAR T 20 N A (B 11a). /N A r K&
e DAAZ S [0 301 G532 W A L S1O SR AT T 55 14
B UL AR DN A 45 b IR BE R A T AR A 3K ol R Al 45
AN A Ra s R R T EERFL

045 P
oaol RIS A
: . © W

6.0 6I.5 7.0 75 8.0
Si
B9 HEMINA Siap.fu,0=23)-Ti(%) & fif
Fig.9 SiCa.p.f.u.,O=23)-Ti(%) diagram of Ca-amphiboles
Tl iy O A T AT 5 T K P e P 2 v ity O A IR s
BRCAETANA; NohRIERAE T KR ANA; VIR
SRS IA 4 A A 0 D BT AR (1994)

3.5

® HFEARMNA
AL ARTI S A A7
301 o G ik ETIfN NG
CY
2.5
518 VR VR
= a0f e | i
= FEUE
=
=z 150 ‘0)
1.0 *
0.5+
0.0 L L L L L L L L L L
0 1 2 3 4 5 6 7 8 9 10 11 12

W(ALO3)%
B 10 fMINA AL O;-TiO, Klf#
Fig.10 Al, Oy vs. TiO; of hornblende
it BRI 5 (1993)

P11 IR S DN A TR 58 i B A TN A A () B TN Bl (b)
Fig.11 Low-Ti amphibole grows around High-Ti amphi-
bole (a) and Amphibole zoning (b)

(P 11b) ZEF N il A DR A B 45 11 R S0 R
T JEE IR A0 0 LR B T K 2 B R R A K S
AR LS R T U IR A IR R AR A
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Table 4 Feature comparison of high-Ti and low-Ti amphiboles
VIR S i Ti ik Ti
Z ok iy — W4k — IR
& 3B R
% SiO2 A% ALY & 8 SiO2 e ALY & i 8K
2 fbTE —F A TE FAE—-—ATE
(og-27] UK > BEREARD 4 A AL 2 R BB BE A KA SR
B WU 5% e Ul e G B A e Uk G T AR B AR
TE W X (L3 SR G
x5 BEMEGPEZBIERR (N RBFELEXTEER
Table 5 Major elements (%) and crystal chemical formula of biotites in Xiangjia Rock
RS fu ik 56-10 fufd 56-10 fuf 56-4 4 56-1
TR AL T A B R h 19 T M0k 1 T B0k A8 TR A kL
PREF RS 13 14 15 16 17 18 19 20 59 60 61 85 86 87 88 94 95
SiOz 35.97  35.47  35.97  35.46 34.55 35.53 35.71 35.31 36.78 37.89 37.69 37.74  36.53 36.81 36.56 36.03 36.90
TiO, 4.71 4.86 4.89 5.01 4.75 4.65 4.70 4.68 4.11 4.22 3.93 4.33 4.23 4.32 430 4.89 473
Al; O 14.23  14.35 14.18 14.22 13.77  14.61 14.03 14.24 13.64 13.96 13.91 13.77  13.84 13.88 13.90 13.82 13.66
FeO™ 22,93 23.26 23.13 22,97 23.03 2298 23.45 23.32 22.35 20.28 20.58 20.25 22.80 22.57 22.62 22.28 20.06
MnO 0.33 0.36 0.34 0.34 0.32 0.37 0.37 0.37 0.34 0.35 0.33 0.44 0.42 0.45 0.40 0.34 0.36
MgO 10.35 10.25 10.11  9.97 9.78 10.28 10.29 10.01 10.96 11.41 11.53 11.42 10.84 11.04 10.93 10.35 10.94
CaO 0 0 0 0.04 0.02 0.05 0 0 0.03 0.02 0.07 0.01 0 0.01 0.01 0 0
Na; O 0.12 0.08 0.11 0.08 0.10 0.16 0.14 0.17 0.12 0.07 0.09 0.10 0.17 0.10 0.09 0.12 0.18
K. O 9.02 8.97 8.92 8.61 8.79 8.66 8.96 8.87 9.4 9.33 8.80 9.18 9.29 9.23 9.33 9.18 8.98
FeO 20.03 20.41 20.1 19.86 20.29 20.03 20.66 20.53 19.69 17.25 17.49 17.21 20.17 19.79 19.94 19.38 17.01
Fe, O3 3.22 3.17 3.37 3.46 3.05 3.27 3.10 3.10 2.95 3.37 3.44 3.38 2,92  3.09 298 3.22 3.39
Total 97.66 97.58 97.66  96.69 95.10 97.28 97.64 96.96 97.72 97.54  96.93 97.23 98.11 98.4 98.15 97.02 95.82
SilV 2.71 2.68 2.71 2.69 2.69 2.68 2.70 2.69 2.76 2.81 2.81 2.81 2,74 2,714 2,714 2,73 2.79
AN 1.26 1.28 1.26 1.27 1.26 1.30 1.25 1.28 1.21 1.19 1.19 1.19 1.22 122 123 1.23 1.21
Til 0.03 0.04 0.03 0.04 0.05 0.02 0.05 0.04 0.03 0 0 0 0.04  0.04 0.03 0.04 0
ALY 0 0 0 0 0 0 0 0 0 0.03 0.03 0.01 0 0 0 0 0
i 0.24 0.23 0.24 0.24 0.22 0.25 0.22 0.23 0.20 0.24 0.22 0.24 0.20 0.21 0.21 0.24 0.27
Fe?* 1.26 1.29 1.27 1.26 1.32 1.27 1.31 1.31 1.24 1.07 1.09 1.07 1.27 123 125 1.23 1.07
Fe?™ 0.18 0.18 0.19 0.2 0.18 0.19 0.18 0.18 0.17 0.19 0.19 0.19 0.16 0.17 0.17 0.18 0.19
Mn?* 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.02 0.02
Mg 1.16 1.15 1.13 1.13 1.13 1.16 1.16 1.14 1.23 1.26 1.28 1.27 121 1.23 122 117 1.23
Na 0.02 0.01 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.02  0.01 0.01 0.02  0.03
K 0.87 0.86 0.86 0.83 0.87 0.83 0.86 0.86 0.90 0.88 0.84 0.87 0.89 0.88 0.89 0.89 0.87
TOTAL 7.75 7.75 7.73 7.71 7.76 7.74 7.76 7.76 7.78 7.70 7.69 7.70 7.78 7.76 0 7.7 774 7.69
Mg* 0.48 0.47 0.47 0.47 0.46 0.48 0.47 0.46 0.50 0.54 0.54 0.54 0.49  0.50 0.49 0.49 0.53
HRPIH RSN ERITTR B TR g B Ba 0 Fe? ' Al Fed ' (B R F AR SCR RN W0 (1994) 9357 7 2 31459, 9+ DL 22 4>
AR TN A TR 2 B0 BB TR AH G R TR FeO ﬂi&%@?
PRI £ DN A T S A A A RRAE X L Bk 4 . AN T 7 AR 0 BB s B B0 R A IS A S OB AR J5R [ A
52 EZXE 2 F A A ) 2R = B B IR T E@ FAE(Ti<<
B bR (A AN ALM T 0, (OHD, , H 0.20 %) 5 78 5T B A % 8 2= B T % 728 4k 1 LA K

F T=Si.Al; M=Mg.Fe.Mn.Cr.Ti.Zn.V; A=

K.Na.Ba; OH=F.Cl.OH) &t K &5 4 h o Ai
BB Y, BARE SR/, AR IR

F AR A 22 WA, (8 H AR 22 B4 B A8 AR X
E&ﬁﬁbﬁ%ﬁﬁﬁ%%ﬁ{’ﬁfﬁ.
EL BT 45 (1994) 38 1 88 3+ B Py Ab SCik b 120 A4

KR

H Mg/<Mg+Fe> (9 HEAR 22 KT 0,55 111 5 3% i IR A
BEEA AR Ti & i 0.20 % <<Ti<<0.55%) , H.
Mg/<Mg+Fe>E'JI:ME T 0.35~0.55Z [A]. 7 Jin 5 14
FaORSEEAPHEST T FEN 0.22% ~
0.29% . H Mg/ (Mg + Fe) ¥y L {H A F0.43~0.50, i
B I A v BB = B3R R 5 SRR (3 5).
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Fig.13 Fe” /(FeO” +Mg0)-MgO relation for biotites
6 J £k (1988)

h T S R AR 2B o B R B AR Ak 2 ik
W T A0 KA BRI B = Bk (3R 5 85~88,
94.95 S RO 5 AWM B SRR 5 1 17~20 5450
PEAT R IC R LA H . 45 5 R 7 35 K A7 B
Y G5 00 5 B DR B AR B SURL ] 1Y B
BRI Ry 5 R s B (8] 12).

BB FREITRE—EBRE LIRS HKN
TR DX S5 L 7R 1 R B 5 B Mg O > 15 %, 1fif 76 T 2
=B MgO & B <<6 %6 (T 2247, 1988) . F
R B S BER MgO & it A8 AE 9.78 %0 ~11.53 %02
V] B2 e 1 5 0 VR A B R AE . R B Mg ™ {0 0.46~
0.54, 58 5 B R A 1 R = B A A 2 L U
I A P A W R o AR B 13 rh, T LR BTG IR
EAREETF F A TR AR ATEIES X
B W 7R A A A TR AT BRI TR R A (R 13).

Abdel-Rahman(1994) i i 4t 11 4= BR ¥ i 325

L RSk Pt
A kB AR

~ 200
é
3
< 150

10.0

5.0 1 1 L
0.0 5.0 10.0 15.0 20.0
MgO(%)

14 B BE A B BT ) ) 8 i
Fig.14 Discrimination diagram of tectonic settings for biotite
AERE IR B A R Col A R ES IR M5 R Pod B LA &R 4
Abdel-Rahman(1994)

Or

[ WAER KA
/| Atk

L A mhawh | _
Ab (o)} And Lb By An

15 AF F2 o B B AL R v A A i 4326

Fig.15 Classification of feldspars in the mafic enclaves and

host rocks

AR BERE S FE DT R AR AR R AN ]
ARG S T AR IR S AR L LT A R S R
F BR U R 2R = BERRAE 45 L o Al 3 ol fe v
HRATH RSB E S BIE s B, R FeO /
MgO K 7.04 ;i8R (5 S BD A3 A b il = B ik
Mz BE P2 FeO" /MgO 2h 3,48 ff i 1 #7355 Y
R M KA T R B E B, P FeO™ /MgO i
1.76.33% 2 B IR 18 (LB M 25 R 7 1 il L JC oK 1 38
B A F T #ED BB AR 1 b i WS 4G i
TR S 2 B BA B Fe (R AE T 3 LU 10 455 66
PR 22 0 500 vh oA 54 OFF bt 78 o 7 A 1Y R K A
R A R T 6B A I A RN R Y R S S
Wl i R = BE R A S E Mg X E ALLFE
Fe F1 Ti M ¥ fE. & 5 & b B = B W
FeO" /MgOfHZEfb 1.77~2.36, F¥H2.10, 5
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Table 6 Major elements (%) and crystal chemical formula of feldspar in Xiangjia rock
eSS fUfk 56-10 £k 56-6 Ak 56-5 A 56-1
g 27 28 31 32 33 34 54 55 56 57 58 9 10 11 12 99 100
SiO, 57.58 57.98 60.25 60.41 61.17 62.62 59.02 59.95 44.84 58.68 60.58 61.55 63.65 60.51 60.24 60.81 60.63
TiO, 0.02 0.3 003 004 0.03 0.03 0.05 004 005 002 0 0.03 0.04 0.0l 0.05 002 0
Al Oy 26.87 26.15 25.16 25.03 24.43 23.35 2543 2538 23.25 25.99 24.89 24.04 2244 2454 24.96 2442 24.39
FeO 0.1 01 015 014 016 01 014 015 048 008 0.9 013 024 011 011 016 0.14
MnO 0 0 0 0 0 0 0 0 0.01 0 0 0.00  0.00 000 0.00 0 0
MgO 0.0l 003 0.02 00l 001 003 003 004 018 0.02 001 004 003 002 0.03 001 0.02
CaO 9.15 854 7.3 7.04 637 535 7.99 7.52 2376 827 6.92 620 4.60 6.85 7.04 652 6.37
Na; O 592 6.31 7.08 6.87 743 808 642 6.63 025 637 7.09 753 858 7.1 7.00 75 742
K, O 0.23 027 027 028 035 032 0.28 028 061 019 025 034 034 030 031 0.28 0.32
Cr2 03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 99.87  99.42 100.09 99.82  99.94 99.88 99.37 99.99 93.42 99.62 99.84  99.86 99.92 99.44 99.72 99.7 99.31
Ab 53 56 63 63 66 72 58 60 2 58 64 67 76 64 63 66 67
An 45 42 35 36 31 26 40 38 95 41 35 31 22 34 35 32 31.56
Or 1 2 2 2 2 2 2 2 3 1 1 2 2 2 2 2 2
Abdel-Rahman(1994) B 57 15 Hi 09 I b & (L 3R 5% T 3 HA
MBS HE FeO™ /MgO P ¥ M1 B =8 HAT b 2% e
TR & B MR AE L R 14 A oA 78 1 Ll B a7
F X, UL PR < BRI 0T RE S 1 A R A O =
53 KA Zaf
o] N N N A
REARARNKROE T EEEST Y, .
BRI LAAAAE F 2 0 Ak 9 2 A B 0. 3 n 2 44 o L
PRSI RE A B IE — M BHS A 3 &
FRARCIR AL T 2 A L TR — B AR R K A BE R 3 . . . .
0 50 100 150 200 250
. ¥t |2 a7 L =9 3L e F
/J\Z: 7g§&kaﬁfﬂﬁi/’jﬁ Eﬁ}ﬂ:’rﬁ’/n*@ﬂﬁ‘l’kaﬂq M:FHEEEP‘DHE%(HHI)
An i N 30~50,7 K DES K 1 P e
HERHN I RA, SPRARRAME 16 KA IR AL B % An (LI

KA (An mik 95, & 15,3 6). T WL, B A AR
I 2 9 R (X 2R 5, 2002) K A 488 4 1 0
I (00 1) ok B I L IR S8 (LA BEIR A I A
F) L 3k B HR I KR A AE A I IESE CF BROVESE
2002). KA 2 H B BUR 48 7 RHS A 5 w1 5 KK
T BE R B v e A RS A 1) % ik 3 AR AE T (Tsuchiya-
ma, 1985).

RHE A R B IE I RV R 2 A (R
16) 3K Tl 52 22 T HE 25 4 B Wl T 25 S A 43 X 45 b A 1
(R AR A A IE 27 36 B Sk 1 A% 30 3 0 38 1Y) 4 K
A 57 F 08 (B 16a, RHS A 34 B o0 2 %, R)
27~34 5 LA W2 An:45.42.35.36.31.26).3%
FRHE A AT RBJE 4 th IR A A K4 i AR i A
R RE AW A R A AR R K5 A K
RN SR RS E Ab BEZMRK A
JUT AL 2 TR IR 0 SR A B A R ) A ) —
W AHE A R 38 L An 20 43 5, T B 5 45 AR

Fig.16 An value of feldspar zoning varies from the core to

the margin

FH B R A 3030 Bk B & Ab 24 AT e AH A
OE R ) B 0 ER R R Y T R PR

22 T 1] (1) 1 43 PR R AR 5% T RHE A Z 8
AR (E 16b, BH AR RO B, BT 54~
58 5 .41 JE An:40.38.95.41.35) . AT REFE /R T 38
i 4 St A A BUA I S BE R A IR 1) 2 R
B DA R v TR R BT SR A I AR R A I B 1
(X% 75 %, 20025 Perugini et al., 2005; Pietranik et
al., 2006). & An RHCA AT REZETR &5 K Pk
AR R B R 3045 R E 7 1E . 1987).

T A3 A AT PR B4 s A S i G SR L T
A IR 1k (B 16, RHC A BRAF A a0 2 3 2 B
9~12 . 9JE An:31.22.34.35) , X KR AHE A F
NS IR B PE A J rh 45 b R L T8 I D 32 B B R B A
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AR L TR i 3 465 T A 0 5 B B ) R AL
g5 0 An (& O 52004 s 225 55, 2006).

6 AR RL RIS

Bk B A A& (56-5) Jyals DU £ M 45 4, £
B SR PR RHS A AR DA A B S D R A R BT A A
AN BBk RS A B A FLPIR 78 AR B AR AR
N A Z (8], o400 T f R A (BT 4, 18] 172).
AR S5 AR Z [ AEFE A VF 28 A8 G & L B, {o) %
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