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Magma mixing mechanism of the Jiefangyingzi granodiorite in Inner Mongolia:
Evidence from mineral chemistry of plagioclase and hornblende
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Abstract: In order to reveal the magma mixing mechanism of the Mid-late Triassic Jiefangyingzi Pluton on the
northern margin of the North China Craton, this paper carried out electron microprobe analyses of plagioclase and
hornblende in host rock and mafic enclaves. The results show that the plagioclase phenocrysts in rich-phenocrysts
enclaves and the edges of poor-phenocrysts enclaves develop the spike zone of increased An value. The spike zone
of An value (32~46) is higher than those of the core and rim in same plagioclase grain, and the An value of the
core is consistent with that of plagioclase in host rock, indicating the spike zone was the result of the mafic magma

capturing and modifying the plagioclase from host rock. The core of plagioclase at the central part of poor-phenocrysts
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enclaves has an erosion sieve structure, and the An value of the residual part (40~47) is higher than that of the e-

rosion part (32~36) in the core of the plagioclase grain, but generally higher than that of rim in the phenocryst and

fine-grained plagioclase in the matrix (17 ~35),

indicating the central part of the enclaves has been modified by

felsic composition. On the other hand, the TiO, content of hornblende phenocrysts in host rocks (0.50% ~1. 10%)

is significantly lower than that of hornblende in enclaves (1.17% ~2.47%), while the TiO, content of fine-grained

hornblende in the matrix (1.58% ~2.26%) is similar to that of hornblende in enclave, indicating that there was a

mixture of mafic components at the late stage of host rocks evolution. The above studies show that magma mingling

on a macroscopic scale and the migration of minerals and elements of magma mixing on a microscopic scale occurred

between mafic and felsic magma during the formation of Jiefangyingzi Pluton.
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Fig. 1

Tectonic subdivision sketch map of East Asia (a, modified after Li, 2006) , sketch map showing the distribution of Early

Paleozoic kimberlite and Mid-Late Triassic alkaline and mafic-ultramafic complexes of NCC (b, modified after Liu et al. , 2020)

and geological map of Jiefangyingzi area of Chifeng city, Inner Mongolia (c, after Wang et al. , 2016)
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4, 2002)
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Fig. 2 The field geological characteristics of the host rock ( granodiorite) , the rich-phenocrysts enclaves and poor-phenocrysts

enclaves in the Jiefangyingzi Pluton
a— BN ERL 0.5~2.0 m EHAM; b—HAEL 10 m WPBHEMR, WETERINEKENK; c—ZBa R TR AR ;
d—DBEAL IR R PO AL G

a—irregular shape of rich-phenocrysts enclaves with a diameter of about 0. 5~2.0 m; b—poor-phenocrysts enclaves with a diameter of about 10 m,

containing granodiorite veins; c—plagioclase xenocrystals in rich-phenocrysts enclaves; d—massive structure of poor-phenocrysts enclaves
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Fig. 3  Field and petrographical features of host rock, the rich-phenocrysts enclaves and poor-phenocrysts enclaves
a~ e FH WU PRAL G EMFHAE ; d~f—Z BRI YA S RHO RIS SR A 5 g~ i— D BRI PSR S S RRE
PI—RHRA s AP AT Hb—FAINT; Qe — A0 Bi—R B, Ap— KA s Spn—HBa

a~c—the mineral type and structural characteristics of host rock; d~f—mineral types of rich-phenocrysts enclaves and the resorption structure

and poikilitic structure of plagioclase phenocrysts; g~i—mineral type and structural characteristics of poor-phenocrysts enclaves; Pl—plagioclase;

Af—alkali feldspar; Hb—hornblende; Qz—quartz; Bi—Dbiotite; Ap—apatite; Spn—sphene
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Ffa A 5 BE R HERT 3BT X LG AT A AR N A (20KL06-2) HEHK A1 78 2
A OB TORTERIXI ST, BHRATIES An 0 13~31,
4 WA LIS, A PRR T KA (8 4a, 4b) , B
4.1 SKAT YIS FRENIES, An (HNSREIG, R BR IEH B4 ¥4 1Y
= 53 b 3= 4 f%ﬁE(@&i)o
BH A AL R R 1,
1 BHEFEERKABFRIESMIKER wy/ %
Table 1 Electron microprobe analyzed results of plagioclase in Jiefangyingzi Pluton
8 nY Si0, Ti0,  ALO;  FeO" MnO MgO Ca0 Na,0 K,0 Ab An Or
FEAA(FERINEK )
20KL06-2-1 64. 36 0.00 22.39 0.05 0.00 0.00 3.33 9.19 0.12 83 17 1
20KL06-2-2 63.26 0. 00 22.92 0.04 0. 00 0.00 4.02 8.95 0.12 80 20 1
20KL06-2-3 62. 85 0.00 23.09 0.01 0.02 0.00 4.36 8.51 0.12 77 22 1
20KL06-2-4 62.19 0. 00 23.82 0. 10 0. 00 0.01 5.32 8. 15 0.14 73 26 1
20KL06-2-5 61.07 0.04 24.07 0. 06 0.00 0.00 5.27 8.07 0.22 73 26 1
20KL06-2-6 62.11 0.00 23.72 0.09 0.00 0.00 4.81 8.19 0.17 75 24 1
20KL06-2-7 60. 02 0.02 23.65 0.09 0.02 0.00 5.82 7.98 0.21 70 28 1
20KL06-2-8 60. 30 0.00 23.54 0.08 0.00 0.00 5.84 7.88 0.21 70 29 1
20KL.06-2-9 61.11 0. 00 22.89 0. 06 0. 00 0.00 4. 85 8.59 0.18 75 24 1
- 20KL06-2-10 59.41 0.00 24.18 0.09 0.01 0.00 6.55 7.73 0.21 67 32 1
Hieh 20KL06-2-11 59.99 0.02 23.85 0.05 0.00 0.00 6. 06 7.71 0.19 69 30 1
20KL06-2-12 60. 66 0. 00 23.43 0.08 0. 00 0.01 5.36 7.99 0.20 72 27 1
20KL06-2-13 60. 44 0.00 23.58 0.07 0.02 0.00 5.62 8.17 0.22 72 27 1
20KL06-2-14 61.49 0.01 24.02 0.09 0.03 0.00 5.36 7.89 0.27 72 27 2
20KL06-2-15 62.31 0.00 23.51 0. 06 0.01 0.01 5.01 8.23 0. 30 74 25 2
20KL06-2-16 60. 70 0.03 23.23 0.14 0.03 0.01 5.41 8.09 0.26 72 27 2
20KL06-2-17 62. 14 0. 00 23.35 0.11 0. 00 0.01 4.92 8.30 0.31 74 24 2
20KLO06-2-18 61.17 0.00 22.99 0.11 0.01 0.00 4.72 8.49 0.28 75 23 2
20KL06-2-19 61.76 0. 00 22.59 0.07 0. 00 0.01 4.49 8.89 0.19 77 22 1
20K1.06-2-20 65.38 0.04 21.30 0.02 0.00 0.00 2.78 10. 14 0.09 86 13 0
IR (AR RKINKS)
20K1.08-9-1 59.12 0. 00 25.43 0. 06 0.01 0.00 7.72 7.00 0.12 62 38 1
20K1.08-9-2 56.77 0.02 27.68 0.07 0. 00 0.01 9.14 5.67 0.52 51 46 3
20KL08-9-3 57.26 0.04 27.19 0.07 0.01 0.02 8.82 6.29 0.13 56 43 1
20K1.08-9-4 59.20 0. 00 25.78 0.04 0.01 0.01 6.94 6.94 0.10 64 35 1
20KL08-9-5 62.35 0.00 23.21 0. 05 0.00 0.01 4.98 9.01 0.15 76 23 1
20K1L.08-9-6 62. 08 0. 00 23.34 0.08 0. 00 0.00 5.22 8.87 0.13 75 24 1
20KL.08-9-7 57.00 0. 00 27.47 0.07 0. 00 0.00 5.01 6. 14 0.08 77 23 1
20KL08-9-8 62. 65 0.00 23.46 0. 06 0.02 0.00 4.57 8.44 0.11 77 22 1
20KL.08-9-9 62.95 0. 00 22.80 0. 06 0.03 0.00 4.71 9.09 0.21 73 26 1
R 20KL08-9-10 62.04 0.02 24.11 0.02 0.00 0.00 5.24 8.15 0.20 70 27 3
m 20KL08-9-11 60. 75 0.04 24. 04 0.56 0. 00 0.16 5.33 7.69 0.44 73 25 1
20KL.08-9-12 61.68 0. 00 24.08 0.11 0.02 0.00 5.11 8.21 0.24 76 23 1
20KL08-9-13 62.35 0.00 23.32 0. 06 0.03 0.01 4.90 8.91 0.16 75 24 1
20KL08-9-14 61.96 0. 00 23.76 0.01 0. 00 0.01 4.87 8.40 0.17 73 26 1
20KL08-9-15 62.62 0.00 23.27 0.02 0.01 0.02 5.30 8.37 0.15 71 28 1
20KL08-9-16 61.28 0.01 24.50 0.04 0. 00 0.00 5.67 7.93 0.14 57 42 1
20KL.08-9-17 57.62 0. 00 26.92 0.14 0.02 0.01 8.42 6.33 0.12 53 46 1
20KL08-9-18 56.70 0.01 26. 83 0. 06 0.00 0.00 9.36 6.01 0.11 68 32 1
20KL08-9-19 60. 63 0. 00 24.59 0. 06 0.01 0.00 6. 64 7.81 0.13 75 24 1
20KL08-9-20 62. 60 0.00 23.86 0.06 0.00 0.01 4.74 8.29 0.14 67 32 1
20KL.08-9-22 60. 31 0. 06 25.15 0.09 0. 00 0.02 6.43 7.49 0.15 69 30 1
MR 20KL08-9-23 60.91 0.00 24.72 0. 06 0.00 0.00 5.98 7.62 0.15 77 22 1
o 20KL08-9-24 63.10 0.00 23.51 0.05 0.00 0.00 4.53 8.52 0.17 77 22 1
20KL08-9-25 62. 88 0.02 23.31 0.16 0.01 0.01 4.68 8.69 0.19 76 23 1
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Continued Table 1
L e Si0,  Ti0, ALO;  Fe0T  MnO  MgO  CaO  Na,0  K,0 Ab An Or
DBHR (AN
20KL08-6-1 63.22 0. 00 22.77 0.02 0. 00 0.00 4.58 8. 88 0.04 78 22 0
20KL08-6-2 62.29 0. 00 22.84 0. 06 0.02 0.00 4.55 9.30 0.02 79 21 0
20KL08-6-3 63. 66 0.00 22.87 0.07 0.01 0.00 3.86 9.28 0.04 81 19 0
20KL08-6-4 62.79 0.00 23.85 0.04 0.00 0.00 4.36 8.79 0.02 78 21 0
20KL08-6-5 63.44 0.00 22.50 0. 06 0.00 0.00 3.89 9.57 0.02 82 18 0
20KL08-6-6 59.08 0. 06 25.30 0.12 0. 00 0.00 7.34 7.31 0.03 64 36 0
20K1.08-6-7 57.55 0. 00 26. 64 0.04 0.01 0.00 8.24 6.55 0.03 59 41 0
20KL08-6-8 58.01 0. 00 26.91 0.04 0.02 0.01 8.22 6.57 0. 00 59 41 0
20KL08-6-9 58.47 0.01 26.26 0.00 0.00 0.00 7.60 6. 86 0.02 62 38 0
20KL08-6-10 62.10 0.01 23.38 0. 06 0.03 0.00 5.06 8.91 0.03 76 24 0
20KL08-6-11 60. 08 0.00 25.38 0.02 0.00 0.00 6.27 7.56 0.02 69 31 0
20KL08-6-12 62.38 0. 00 24.00 0. 00 0. 00 0.00 4.75 8.44 0.03 76 24 0
20KL08-6-13 61.90 0.02 24.11 0.03 0.00 0.00 5.04 8.28 0.03 75 25 0
20KL08-6-14 62. 61 0.00 23.65 0.00 0. 06 0.00 4.67 8.69 0.03 77 23 0
BE 20KL08-6-15 60.92 0.00 24.49 0.30 0.00 0.06 5.29 7.94 0.08 73 27 0
20KL08-6-16 61.35 0. 00 24.36 0. 06 0. 00 0.00 5.67 7.90 0.02 72 28 0
20KL08-6-17 61.68 0. 00 24.10 0.07 0. 00 0.00 5.33 8. 11 0.02 73 27 0
20KL08-6-18 60. 95 0.03 23.96 0.03 0.04 0.00 5.62 8.54 0.03 73 27 0
20KL08-6-19 60. 96 0.00 24.12 0.04 0.02 0.00 6.15 8.12 0.02 70 29 0
20KL08-6-20 61.83 0.02 24.04 0.04 0.00 0.01 5.15 8.17 0.02 74 26 0
20K1.08-6-21 60. 30 0. 00 24.92 0.06 0. 00 0.01 6.25 7.78 0.01 69 31 0
20KL08-6-22 63. 07 0. 00 23.52 0. 06 0. 00 0.00 4.40 8. 64 0.02 78 22 0
20KL08-6-23 61.19 0.01 24.27 0.08 0. 00 0.01 5.30 8.27 0.13 73 26 1
20KL08-6-24 60. 78 0.01 25.21 0.08 0.00 0.00 6.04 7.65 0.01 70 30 0
20KL08-6-25 62.12 0. 06 23.42 0.11 0.00 0.00 4.81 9.05 0.02 77 23 0
20K1.08-6-26 58.45 0.01 25.91 0.07 0. 00 0.01 8.51 6.31 0.01 57 43 0
20KL.08-6-27 58.79 0.02 25.85 0.08 0.02 0.01 7.26 7.10 0.03 64 36 0
20KL08-6-28 62. 46 0.00 23.33 0.07 0.03 0.00 4.51 8. 65 0.03 78 22 0
20KI1.08-6-29 63.35 0.00 23.19 0.13 0.00 0.03 4.38 8.67 0.03 78 22 0
JF1-9-1 63.93 0.00 22.82 0. 06 0.00 0.00 3.68 9.24 0.12 81 18 1
JFE1-9-2 62.53 0. 00 23.95 0. 06 0.03 0.00 4.33 8.35 0.22 77 22 1
JIE1-9-3 62.63 0.03 22.67 0.08 0. 00 0.00 4. 14 9. 64 0.18 80 19 1
JF1-9-4 62.63 0. 00 22.89 0. 06 0. 00 0.01 4.59 9.33 0.16 78 21 1
JF1-9-5 61.17 0.00 23.76 0. 06 0.00 0.01 5.49 8.61 0.18 73 26 1
JF1-9-6 60. 19 0. 05 24.77 0.05 0.02 0.00 6.13 8.24 0.15 70 29 1
JF1-9-7 59.08 0.02 25.33 0.03 0.00 0.01 7.23 7.74 0.08 66 34 0
JF1-9-8 60. 13 0. 00 24.71 0.07 0.01 0.00 6.57 8. 18 0.10 69 31 1
JF1-9-9 60. 96 0.03 24.25 0.04 0. 00 0.00 5.75 8.73 0. 10 73 27 1
JF1-9-10 60. 56 0.03 24.35 0. 06 0.00 0.00 5.98 8.41 0.07 72 28 0
JF1-9-11 61.28 0.01 24. 66 0. 06 0.00 0.00 5.88 7.83 0.11 70 29 1
. JF1-9-12 62.50 0.00 23.79 0.02 0.00 0.00 4.71 8.68 0. 10 77 23 1
HEdn JF1-9-13 60. 62 0.00 24.97 0. 06 0.00 0.00 6.12 7.81 0.14 69 30 1
JF1-9-14 55.89 0.00 27.74 0. 04 0. 05 0.00 9. 85 6.16 0.09 53 47 0
JF1-9-15 56.72 0.02 27.21 0. 06 0.04 0.00 9.10 6.61 0.09 57 43 0
JF1-9-16 57.50 0.01 26.51 0.09 0.02 0.01 8.63 7.04 0.10 59 40 1
JF1-9-17 58. 67 0. 00 25.74 0.05 0. 00 0.00 7.47 7.41 0.12 64 36 1
JF1-9-18 58.52 0. 00 25.92 0. 06 0. 00 0.00 7. 60 7.35 0.13 63 36 1
JF1-9-19 58. 64 0.02 25.57 0.05 0.02 0.00 7.52 7.25 0.15 63 36 1
JF1-9-20 58.53 0.04 25.67 0.02 0.00 0.00 7.59 7.38 0.12 63 36 1
JF1-9-21 59.26 0.00 25.32 0.08 0.00 0.01 6.82 7.93 0.10 67 32 1
JF1-9-22 57.70 0.00 26. 12 0. 04 0.00 0.02 8.47 6.92 0. 06 59 40 0
JF1-9-23 56.45 0.03 28.01 0. 05 0.00 0.00 9.44 5.93 0. 06 53 47 0
JF1-9-24 56. 65 0.03 27.34 0.07 0.02 0.01 9.15 6.12 0.10 54 45 1
JF1-9-25 59.92 0.03 24.76 0.05 0.00 0.00 6.59 8.05 0.09 69 31 1
JF1-9-26 62.62 0. 00 23.23 0.12 0. 00 0.00 4.73 9.17 0. 10 77 22 1
H R JF1-9-27 62. 65 0.02 22.70 0.08 0.01 0.01 4.31 9.50 0.09 80 20 0
JF1-9-28 62. 81 0.00 22.73 0. 06 0.01 0.00 4.20 9.63 0.12 80 19 1
JF1-9-29 61.95 0.00 23.45 0.03 0.00 0.00 4. 88 8.84 0.11 76 23 1
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Fig. 4 Diagram of plagioclase classification (a, after Smith, 1974) and comparison of An components (b)

BRI R 2 R B TR RN TRAE
JEIZERY (8] Sc, 5d) . Hrh, ZEE4K(20KL08-9)
A An (BB K, /v F 23~28 Z[H], 5%
FAEAPRHE AT BE AR An (EAHT; ST A
BT 150 wm BUEARTEAT An [HIE N AL IR
M, H An{ER 31~46, B THEA; HFH An 55
PR W RRAIG (22 ~31) FUFRAE , FETT gk AH A 8y
W HE KA (An=22~31), SEEM M An {8
AR ([ 4b, 5b) .,

DB A A T AR R R R AT B, SR
AR RE S (20K108-6) TR K AT BE B4R 5 2 B
AR BHE GEE AL, ROV EA 5%
AP An (5 (22~31), SR AIABEAE An
AN BE S AS BT (An=32~46), F|3HEE An 18 W]

T (An=18~22) ([ 4b, Sc) . ALAHLIRALEE
an TR (JF1-9) I RHS A G0 T AT UL B B i A% 3 45
F, RIS, FER 16T, ek
AREBDL TR, I A A R ke, R
Rt W, %80 An (HI 5 (30~47), B TH K
£, HAP g A A An {5 (40 ~47) @ TR R4
7 An {H(32~36) ; HB An [HAT 17~35 206, J&
FHERKA(E 4); MBI An BRERE T
Rerf ka3, B o A IR 6 O A R R A TR K
A1, An fH(19~23) 5EEMRAGAHE (8 4, 5d) .
4.2 RBANATYLEHE

FINA T IRET T 45 SR L 2, DL 23 4R
SRR, T AN [ A 283 A DA A B
TR M,

®2 BMHETEEANGRFRINSMULER wy/ %
Table 2 Electron microprobe analyzed results of amphiboles in Jiefangyingzi Pluton
VA e Si0, Tio, Al 04 FeO" MnO MgO Ca0 Na, 0 K,0 Total 1/C
A FEA (FERINKE)
2KL06-2-1 41.08 0.85 10. 80 24.24 0.45 6.44 11.59 1. 80 0.28 97.53 810
2KL06-2-2 42.17 0.76 9.64 23.68 0.50 7.05 11.27 1.55 0.29 96.91 784
2KL06-2-3 42.43 0.81 9.58 23.69 0.52 7.00 11.37 1.69 0.25 97. 34 780
2KL06-2-4 41.33 0.96 10.27 23.62 0.45 7.07 11.34 2.05 0.31 97. 40 804
2KL06-2-5 42.67 0.92 9.27 22.67 0.41 7.67 11.41 2.00 0.24 97.25 775
2KL06-2-6 42.49 1.00 9.29 23.03 0.48 7.39 11.47 2.12 0.23 97.49 778
2KL06-2-7 42.91 1.03 9.26 21.61 0.43 8.57 11.12 1. 81 0.22 96. 96 777
B 2KL06-2-8 42. 46 1. 10 9.35 22.28 0.47 8.07 11.39 2.05 0.29 97. 46 784
2KL06-2-9 43.07 1.10 9.11 22.01 0.43 8.07 11.42 1.83 0.27 97.30 770
2KL06-2-10 43.67 1.04 8.79 21.83 0.42 8.44 11.37 1.91 0.20 97. 67 763
2KL06-2-11 43.19 1.04 8.79 21.71 0.41 8.41 11.50 1.82 0.25 97.12 767
2KL06-2-12 43.16 0.91 8.89 21.71 0.52 8.25 11.54 1.78 0.24 96.99 767
2KLO06-2-13 42.95 0.50 9.47 23.72 0.50 7.31 11.75 1.32 0.20 97.73 778
2KL06-2-14 43.12 0.89 7.83 22.51 0.50 8.17 11.73 1.47 0.22 96. 43 778
2KL06-2-15 42.34 0.65 9.57 23.03 0.44 7.65 11.76 1.50 0.23 97.16 787
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gxR2
Continued Table 2

A J=853 Si0, Tio, Al 0,4 FeO" MnO MgO Ca0 Na, O K,0 Total 1/C
2KL06-2-16  42.87 0.83 9.10 22.66 0. 46 7.94 11.50 1.68 0.24 97.27 775
2KL06-2-17  42.43 1.05 9.20 22.68 0. 46 7.80 11.44 1.74 0.26 97.04 781
2KL06-2-18  43.57 0.97 8.56 21.81 0. 46 8.36 11.39 1.85 0.22 97.18 759
2KLO06-2-19  42.83 1.01 8.58 21.66 0.47 8.15 11.32 1.95 0.18 96.15 764

o 2KL06-2-20  42.31 1.00 8.85 21.34 0.43 8.22 11.26 1.98 0.24 95. 62 771

H 2KL06-2-21  42.89 0. 80 9.36 21.55 0. 44 8.18 11.45 1.88 0.27 96. 82 772
2KL06-2-22 42,74 0. 84 9.10 22.01 0.47 8.09 11.59 1.75 0.19 96.77 774
2KLO06-2-23  43.09 0.88 8.97 23.15 0.49 7.69 11.71 1.67 0.21 97.85 773
2KL06-2-24  42.37 0. 81 8.89 22.56 0.41 7.73 11.84 1.44 0.23 96. 26 775
2KL06-2-25  42.33 0. 87 9.71 22.92 0.43 7.45 11. 64 1.69 0.26 97.30 785
2KL06-2-27  39.73 1.58 10.47  24.85 0.45 6.32 11.32 1.29 1.53 97.54 831

HFR 2KL06-2-28  40.91 2.08 9.57 23.44 0.44 6.65 11.71 1.61 1.40 97.82 803
2KL06-2-29  41.27 2.27 9.73 22.58 0.47 6. 64 11.68 1.81 1.37 97.83 794

LR (AR RKINKE)
JFO1-4-22 42.68 1.17 9.29 23.46 0.49 7.48 10. 96 1. 64 0.23 97.39 780
JFO1-4-23 42.12 2.47 9.50 23.28 0. 46 7.22 10. 86 1.74 0.23 97.88 793
JF01-4-24 41.75 1.86 10.40  23.65 0.43 6.97 11.48 1.45 0.28 98.28 820
JFO1-4-25 42.15 2.35 8.98 23.33 0.50 7.24 10. 34 1.63 0.25 96.78 784
Bt JF01-4-26 42.65 2.24 8.96 23.39 0.49 7.16 11.10 1.50 0.20 97. 68 780
JFO1-4-27 41.27 1.93 10.31  22.70 0.39 7.03 11.25 1.68 0.28 96. 84 803
JFO1-4-28 41.17 1.93 10.41 2391 0.42 6. 83 11.30 1.12 0.30 97.39 814
JF01-4-29 41.11 1.78 10.44  22.93 0.43 6.85 11.57 1.53 0.26 96. 90 807
JF01-4-30 41.77 1.38 10.55  22.82 0.45 6.98 11.13 1. 66 0.30 97.01 795
DHEALIR (A BENKS)

20KLO8-5-1  41.65 1.66 8. 81 23.11 0. 40 7.49 11.53 1.16 1.08 96. 87 790
20KLO08-5-2  40.85 1.34 10.77  23.94 0.39 6.85 11.39 1.20 1.17 97.91 818
20KL08-5-3  42.23 2.00 9.04 21.74 0.37 7.93 11.57 1.25 1.06 97.19 783
20KLO8-5-4 42.44 2.04 9.06 21.34 0.36 7.98 11.41 1.22 1.11 96. 95 777
20K108-5-5  43.25 2.20 8.55 21.49 0.43 7.95 11.29 1.50 0.97 97.62 763
20KL08-5-6  42.74 1.49 8.97 22.07 0.43 8.02 11.41 1.31 1.05 97.49 776
20KL08-5-7  42.37 1.35 9.57 22.07 0.37 7.28 11.51 1.16 1.10 96.78 775
20KL08-5-8  41.71 1.42 9.40 23.33 0.38 7.08 11.65 1.08 1. 04 97.08 790
20KL08-5-9  42.91 1.50 8. 68 22.38 0.39 8.03 11.62 1.20 1.02 97.73 774
.. 20KLO8-5-10  41.90 1.85 9.19 23.16 0.35 7.57 11.52 1.22 1.17 97.93 794

HE i 20KLO8-5-11  42.25 2.11 8.90 21.70 0.45 7.90 11.47 1.28 1.06 97.09 781
20KL08-5-12  41.81 2.18 9.03 22.06 0.43 7.46 11.53 1.34 1.20 97.03 785
20KL08-5-13  41.98 1.15 9.89 23.48 0.35 7.16 11.26 1.21 1.12 97.61 792
20KLO08-5-14  42.16 1.92 9.08 22.05 0.38 7.80 11.33 1.36 1.16 97.23 783
20KL08-5-15  42.56 1.87 8.85 21.73 0.38 7.89 11.40 1.35 1.06 97.09 774
20KLO8-5-16  42.59 1.87 8.83 21.49 0.39 7.66 11.58 1.35 1.22 96. 98 768
20KL08-5-17  42.46 1.96 8.91 21.36 0.41 8.03 11.56 1.36 1.09 97. 14 776
20KL08-5-18  42.59 1.59 8.96 22.39 0.39 7.99 11.43 1.27 1.11 97.73 780
20KLO8-5-19  40.99 1.28 10.05  23.63 0.42 7.15 11.51 1.23 1.20 97. 44 810
20KL08-5-20  39.76 1.08 10.57  24.72 0.37 6. 87 11.20 1.11 1.13 96.79 834
20KL08-5-22  41.11 1.46 10.39  23.31 0.36 6.93 11.46 1.28 1.36 97. 66 807

HPR 20KL08-5-23  41.04 2.00 10.08  22.65 0.34 7.01 11.47 1.28 1.36 97.23 804
20KL08-5-24  39.72 1.96 10.73  23.05 0.40 6.49 11.51 1.44 1.34 96. 65 825

HEAARINEK A (20KL06-2) HAINA B 6.44%~8. 57% 1. 32% ~2. 12% 1 0. 50% ~ 1. 10%
R RIS, H CaO ALO; MgO Na,0 FITiO, & (£ 2), M Leake 55 (1997) K973, SRR T8k
AT AR 11, 12% ~ 11. 84% . 7. 83% ~ 10. 80% .,  BEESINA -8k INA (K6)  MAZER a3 # , M IN A1
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Fig. 5 Microscopic characteristics of plagioclase in Jiefangyingzi Pluton (left) and An-FeQ" composition profiles (right)
a—7F F AT RHCARHE ; b—Z B RHC A HlDE i 5 B BURE s o— DA AR RHC A3 RARHE s d—DBERIR OB RHE
AT BEFURAIE 5 18] RS 5 15 Bl 2301 AT R 5 v FL - T 20 HT A 6 75
a—characteristics of plagioclase in host rock ; b—plagioclase xenocrystals and matrix characteristics in rich-phenocrysts enclaves; c—plagioclase xeno-
crystals characteristics at the edge of poor-phenocrysts enclaves; d—plagioclase phenocrysts and matrix characteristics at the central part of poor-pheno-

crysts enclaves; the horizontal line and the circle in the figure are the positions of the electron probe analysis in the phenocryst and the matrix respectively

BEAHET MO 1 AL O, & 803 BRI SEE 5SS EHAL (K 7¢), {5 Tio, & & 8
fE (& 7a) . BB 4k A ALO, MgO I Na,0  FHEi(1.58%~2.27%) .
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o e £ o B AN B I AR, 5 A F A TR
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el AN IN AT, ERTCE S S B A TN A A
B BAAE (K 6), DBk S ZBEaAh fAINA TiO, & A
i " L " | I, R TEF A PR MINA, (5% F 50
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Kl 6 fINADZEERE(HE Leake et al. , 1997)
Fig. 6 Classification diagram of hornblende (after Leake

et al. , 1997)

ZBEALIA (JFO1-4) A I A BE A R BUBE R OGIE
AN 5], HCa0 (10. 34% ~11. 57% ) Al O, (8.96% ~

FEFAINA Tio, FaEirl(E Te, 7f, 7i),

5 g
5.1 EEREKRE

FURIT, 5C FAE R 7 P e A A B A LA [R] f)

25r ¢

T b Na.O BEAG N
B ) 2.0 Pal R
B WE i + \/ +++., ) o B ’ 5
L AlLO # ¥ % #+ 4o
I 1.5 * o e |
L 1 ” 1 #
# I 1.0 I
r ! TiO, !
I 0.5 1
MgO I I
1 0 1
0 - P 30

A
Y

BE

| .\/ 2.0
L [\ a0, r‘\ |(
1.5} #
| +
i ]U_++++ +++++++:"‘++++ -=I++

MgO

w257 i TiO,

Na,0 |
BESE g EE

S| '

I
I
I
1
I
L

0 -

» 05 [ P25

i

B7 AN S Rl B 7 PR AT 4 2R
Fig. 7 Microscopic characteristics and electron probe analysis results of hornblende
a~c—AER A A TN BEAR S S BARAE ;. d~ (—Z BRI AT BERR AL ; g~ i— /0 BEAL A A IR0 BE A I B AR

a~ c—characteristics of hornblende phenocryst and matrix in granodiorite; d ~f—characteristics of hornblende phenocrysts in rich-phenocrysts

enclaves; g~i—characteristics of hornblende phenocrysts and matrix in poor-phenocrysts enclaves
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JREAL, BRI DB B A T 00 J5 ) DB AR | L 4 %
RFUAE ARG P2 W) %5 (Vernon, 1984, 2014; White
and Chappell, 1977; Chappell et al. , 1987 ; Barbarin,
2005 ; Shellnutt et al. , 2010), Liu % (2012, 2020)
WFFERM], MRCE 1A b & 18 5 g Ok R B
£ U-Pb AFH8E M (230 Ma) , A B LR Y25 0K
SERRAE, HEBR T ALK 5% B A S L 4 1A ]
REME; BARBA ] 0 AdE S A5 M, K S a8 TE
Sr-Nd [A}f 5 A W22 5 [ eNd (¢) {H2 5 3.
84~4.94 —1.0~-0.4) ], HEBRIF R AL 5% BB R 1Y
AIREME, PR G ARy SRR S A, o A
Tear Foa i B BUIR GO A Z5ER 7 1, R
GAIEIBPEARTE 7= W) (18] 2a) (BEE 44, 2002),
AR RHC A SN AR B )RS IR B K
A1, RWIE TSR B, A EE (18] 31) (Wyllie et
al., 1962) , MeAh, AR UL )bk, HoR R A i
R g ) B o JR A AR TR ) B o 3 v
PRV AT 7 A 8 2R B A T B R A TR L,
W S BE SR & IR 2 — CREFI5E, 2006) 4
5.2 ®KAWRHEHRE

RHCAT BT AT B e 1 25 il A v e 4
oy AR A2 22754k, i T on st RN A
PBCHEAIA, AR S 1Y ORAF PR S5 1, T E 5%
A5 I UH B PL A ( Nelson and Montana, 1992;
Blundy and Cashman, 2001; R4, 2006; % H1g
&, 2007)

A Fa AR A BE S An {H B A% E ) 30 R
WREAR, FeO' S RILRGANELI (K 6a) , XFIIR
WRAIE S 125 0 o3 B 25 S F v, L0080 O
SEVERHC AT AR 5 A A IR B 58 2V, BB
T B B AR, 78 4 — il B X TR AR B — 3 o K
A, B S I RHC A B dn A R IR M, TR
AEH P FHS A7 2R 47 (Stimac and Pearce, 1992; 5
SEBEE, 1997; Couch et al. , 2003; W ESE, 2004 ;
Az A 2014)

AR o5 A T RHC A BE R Y 1R W BRAl, 25
FDBEBEER B A 48 e B AT S8 A8 A R
OB, X IGRH A BE AR AL TR An fE(23 ~28) 59
FEAPRHCABERRAZEAY An {5 (25~31) Az (K
4b), ST EAFAE An (E 3N A R AL BRAT (31 ~
46) , [FBSER N FeO' i34 N, ZJ5 An {1347
SEHIREAR(22~31) ([ 5h) o XFFRHCA An (EIE
PN R AZ IR, — S F YO T BE R A R R

T 18R AR & 5% A9 ( Humphreys et al. , 2006
Coote and Shane, 2016) , 75— L2224 I\ hy HAC R
TERATT R, AN R B0 A B 5
(IR e RS TE LY ( Tepley et al. , 1999, 2000;
Barbarin, 2005; Browne et al. , 2006) . M7 A
BERGHFHIERT , J& T MR P IR U= A S B 45
Fy, AT AHEBR R AR Bl R BT, TR AR
BRI L, Ak, MR R AP R TR,
FeO" B B 7EAH X £ P A9 5 9 R 4 v o DR FE AR X AR
JE , TTETF R GE b 23 B A o3 1Y) 5028 T A 1]
7254k ( Bindeman et al. , 1998; Wilke and Behrens,
1999) o 75 I3 578 FRAl (18 485 T Rp AiE LA B RS A %
AN S EEA -8 Hil, ZFE I ENZ R
TR BRI K AR i K e rh, iR
FLZE SRR A BT A s il YIRS
PRI BE AN 42 DA R 77 58 2 Rl i, AFE b 405
FEE 1 An (E 360 09 5 A8 BRaty I o Rk B I IR 7 34
A2 AL 0T i — 2D A AR RHC A

BRI A B ARHC A BEAR AL, D BEAL AR e
Aok & F HA B WAL S M RHC A BER (& 5d)
XEBHCATE WA T R & & B IRER RS
A CHEAXS 2T (P 5d) o RHS AT Y S AR FRR
0 22 FLOPR I Tl 45 P 8 A e I B B e IR 4
At AR An (ERHC AT, TERE A S PGHE BT
B AT AR S pra St B rh, a5 I oK % & o3
8 a3t S BOURH A i A 10 45 P 2 A T 8 52 30
oyl W T2 BB R O, A% A Tk
FLAIHE At HE 8RR B B R HC A S A 45 2R (K
245, 1999; Baxter and Feely, 2002; Martel et al.
2006) . MHLFHREF AT 45 ROk R, BA B ARE0R
REEF ) BE AL An {H (30~47) W5 T30 An
H(17~35), [AIFHL ] i T & B 2748 3 1 RHC
AIBEAZES An B (23~28), HEBREMTS kK EH R4
PR A B A AR R T 2 320 A0 RO A9
M REAR R BE B B K R4 i ™=, 5 —0r
T, BERE kAL An (32 ~36) /N TR AT EB
LY An {5 (40~47), {HILILER An H (17 ~35) B
i, TR BT RER 5 K BTUE RN A 58 4 Y 4
R ZRRHANTE An (B 5 kK F R HRHS
AVER An {H(22~31) LUSEEBTRA0/NVRHC AT An (H
(19~23) AHIE, ARERTEAJ S e S AR ] i s 1) 4%
T IEY)
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HIARFGR R, MAINA T T &8RS 45 Y
1A & (Gilbert et al. , 1982; King et al. , 1999;
Niida and Green, 1999) , 32 2|5 3 fb 27 B 43 W) 155
il (Molina et al. , 2009) , HRIE A N AT,
TR AR AN A AT A T B A N A S5
DR B 45 TR BE 0 1) A 762 ~ 834°C 760 ~ 810°C Al
794 ~830°C ( Ridolfi et al. , 2010), =F KT,
FAAERRCE A RS S R v, JEEXT A TN A v
Ti SR, SR OC, RS T
A EAA(ERINEKA) B4 Tio, &5k 0.42% ~
1.03%, HoffRA B Tio, &0 0.50% ~ 1. 10%;
TSR AL (R LA i Y 4 Ti0, it (1. 68% ~
2.46%) , FEEE B AR IN A BES Tio, & (1. 17% ~
2.47%) (Liu et al. , 2020) , LG /RAEMUE F a1k
g R A3 6 AR TN A TiO, A A R 35 A 4 1
EH

e EA AR N AT, BB AR A Tio,
i (1.58% ~2.26% ) W5 & T A IN A BE TiO, &
H(0.50%~ 1. 10%) , H 54 M N4 B Ti0,
T (1. 17% ~2. 47% ) M, $57R 48 <IN A 4 i
MRS Ti ISR A . 5 —Jr T, D BEERRY
NGB TiO, SRS M mRASIE(E 7i) , 48
TNEERIR T ) A DA A B B R P A A S5 AT
Ti JEA S, 17T 61 DR A BT it 2 B 2 B (0 S -
ARG A v] BB 5 K 9 T 5 9K 11 S A G ( Grogan
and Reavy, 2002; Xiong et al., 2012; [fi K 55,
2016) . FIRFEIESR R A IR A SRR A ALE Tio, A
VR T 8 e P R TR R T kR I ) K B T 2 S 1)
T,
5.4 EREAVHINITE
F IO A TR BT e — 2 T P (| R I A
F T Al B 22 ) DRI 98 3t 1L 58] 3 1L g 0 Ao 1 2 A oy
Bi(Liu et al. , 2012, 2020), ‘A& 2k E K%
AR VR BIAR 25 R A B PAR A Bk o A, 200 1
Fe A RTE B B TP AR A S AL A 1 (18]
2), JCRAFEIN R BRI T 2B, b e o
BB TIO, S5 (1. 68% ~2.46% ) L K Nb |
Ta 25 E B i, eNd(1) H+3.84~+4.94, i
7O BB R IR AR AR 5 0 B D1 BAT IR Y TiO,
TE(0.42%~1.03%) , B Nb Ta JLR 7 5% L
K eNd(1) H-1.0~-0. 4, WRHFERIEAFAE; 10
SRS T REICEM eNd (0) AR BT HA

208 (Liu et al. , 2012, 2020) , $8m A& P W AETE
PITCEY BORIER RHE R LR A E A

A AFE A58 2R AR 08 T8 RE B R v
AR WA SR A, XA IR A P B b
AR, BN EA A MR EZENT AR, &
K T A A B AR AR R 8 7 25 R TR A P S it
TRHERIEYE . MR T HREF M4 SRR B, BRI
i R E 5 AR P I ARHE A BE A QR R TR Y B
BRI AR AR s 1 RH A 445 &b (BT Sb, Se)
DB A A ELA SR RN 22 FLAR I Tl 25 44
MIRHS A BE S B T e R R R i AR 6 5
KITUAE KRN I ZER (K 5d) , 580N
ABEE TiO, 7 2 M A1 2 A REAE (] 7g ~
7i) , BTSSR TR A AT B R v [ Ak
IR T RS TARK ., 500, FE5a
FE T 2 U] S AR FR TN O, R B T
BEfmAINAR TiO, &, mSsEgkmakrhMNa
TiO, AT (B Te, 76, 71), 8RR KT AR 45
A T [R) A6 I RO T BE R B A . AR IF 5T A
N, BEERUA I EA SR R R, ) AR
WK B Jo 2 A8, TR B A K PR AR
FhERHE, RIBEBERR A SOMA, A RE TR,
WA 5 [R] £k 6 Bk It A 2% ( Castro, 20015 5K i 55
2007; Pistone et al. , 2016) . M S T 465 N K
FRE R HOERIE F R WAL H R E R, 1A
I S B b BEAFFENLAIR &, AP FEL2A IR &,
([IRER=y IEE=puN S bl qibkaw= Sy qElH

6 FEINR

(1) fHCE T AR gk Rk kT A
An (BN 28 A2 PR A% 0 HAT & AR AR o
SRR IR RH A BE AR, BN SRR B B A 2
MARIE T IR AP TR B A AR A 5 o A B ok
BA I B dh O 52 K e B0 IR B0 B RHS A1 B

=]
HH o

(2) 2F A A7 T b &5 A G 300 04 200KE AR TR A
TiO, % B 2w THEAR A N AT Y TiO, & 4k, TS5 8k
BRITEAA TP A INAT TiO, &AL, $RR KETUA K
45 SR AL IR T E TiO, BUBEBRIBIAR 4)

(3) MRHCE T HRIE G e, BRI 3
Bt H Z R BRAE R R WURUEE I HLMGR &, dBAFEAE
TROULIRUBE B 19 LA ) 1] S0 3R 3 B 0 R AIE 1) 1 2 TR
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