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Abstract: The Jiaozishan batholith was a Yanshanian intrusive rock with the second largest area in the stretch-
ing branch of the Funiu Mountains, eastern of the Qinling orogenic belts. Its petrogenetic model was significant
to understand the regular pattern of the early Cretaceous acid magma and deep tectonic evolution in the stretch-
ing branch of the Funiu Mountains. Among the total 30 zircon spots from dating sample JZS07 by LA-ICP-MS
dating method, the U-Pb isotopic results of 18 zircon spots were available, and they were divided into two
groups with (129.5+1.4) Ma (1 spot) and (116.1+1.4)~(122.2+1.3) Ma (17 spots), which had formed the zircon
age spectrum. The weighted mean age of the second group was (119.3+£0.9) Ma. Combined with the previous
zircon U-Pb age data of 10 available zircon spots, the weighted average age of 27 zircons was (118.2+1.2) Ma,
which represented the formation age of the Jiaozishan granite. The samples of the Jiaozishan granite were char-
acterized by higher SiO, and alkali, and lower MgO and CaO, and compositional spots fell into high-K calc-al-
kaline series in the SiO,—K,0O diagram. The positive anomalies of Rb, Th, Zr and Hf, and negative anomalies of
Sr, P and Ti were shown in spider diagram. Their total REEs contents were from 20.9x10° to 204x10 ° with
(La/Yb)y ratios of 4.24~21.0. They had shown the characteristics of LREE—enrichment, MREE and HREE de-
pletion with Eu negative anomalies (3Eu values were 0.53~0.78). In the Lay— (La/Yb) diagram, the sample
points of the Jiaozishan granite had shown a positive correlation, indicating that the compositional variation was
controlled by partial melting of source rock. The residual phases of its partial melting source included mainly
hornblende, plagioclase and rutile, and no garnet. The Jiaozishan granite was formed in the crust with normal
thickness, and there are two partial melting sources with depths of roughly 40~50 km and less than 30 km, re-
spectively. The Jiaozishan granite experienced magma/fluid mixing and reactivation, and its formation tectonic
setting was intraplate orogenic environment. The Jiaozishan granite was one of the products of the lithosphere
delamination in~120 Ma.

Keywords: Jiaozishan; syenogranite; magma/fluid mixing and reactivation; lithosphere delamination; the

stretching branch of the Funiu mountains; south margin of North China Craton
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Fig. 1 Simplified regional geologic map of the stretching branch of the Funiu Mountains,

southern margin of the North China Craton
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Fig. 2 Simplified geologic map of the Jiaozishan granite in the

stretching branch of the Funiu Mountains
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Tab. 1 The zircon U—Pb ages of Yanshanian granites in the Fangcheng—Biyang—Tongbai area, the southern Henan province
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Fig. 3 Petrographs of the Jiaozishan granite in the stretching branch of the Funiu mountains.
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a BEfh JZS07 H 30 A5 AN A A U-Pb AT s b, BEdL JZS07 Hr 18 N4 I 5 A U-Pb i A1 CAS 2 15 JZS07-01
-05. -08. -09. -10, -12, -15. -16. -19. 21, 24 f1-26); c. #fh JZS07 H1 17 A5 4 5 (JZS07-02., -03., -04,
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Fig. 5 LA-ICP-MS U-Pb concordia diagrams of sample JZS07 from the Jiaozishan granite in the
stretching branch of the Funiu Mountains
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Tab.3 Major (%) and trace (1076) elements analysis results of
the Jiaozishan granite in the stretching branch of the Funiu mountains
FE & JZS01 JZS03 JZS04 JZS05 JZS06 JZS07 JZS08 JZS09
A BARIERENS
SiO, 76.82 77.19 74.76 77.66 74.77 73.30 76.39 74.83
TiO, 0.08 0.05 0.21 0.05 0.13 0.20 0.12 0.18
AlLO, 12.68 12.83 12.92 12.42 13.06 13.48 12.74 13.16
TFe,O4 1.16 0.92 1.96 0.83 1.68 2.05 1.20 1.71
MnO 0.02 0.01 0.05 0.01 0.04 0.05 0.02 0.07
MgO 0.12 0.03 0.42 0.04 0.23 0.47 0.16 0.22
CaO 0.66 0.51 1.31 0.43 0.83 1.44 0.66 0.80
Na,O 3.84 4.27 3.47 4.10 3.49 3.80 3.51 391
K,0 4.59 4.17 4.52 4.02 4.97 4.98 4.86 5.10
P,0s 0.03 0.01 0.09 0.01 0.04 0.08 0.03 0.05
ek 0.54 0.54 0.42 0.61 0.77 0.42 0.82 0.42
B 100.54 100.53 100.12 100.18 100.02 100.28 100.51 100.46
Na,O+K,0 8.43 8.44 7.99 8.12 8.46 8.78 8.37 9.01
Na,O0/K,0 0.84 1.02 0.77 1.02 0.70 0.76 0.72 0.77
A/CNK 1.01 1.03 0.99 1.04 1.03 0.94 1.04 0.98
A/NK 1.12 1.11 1.22 1.12 1.17 1.16 1.15 1.10
Ga 19.6 21.6 16.6 20.4 18.7 18.2 19.0 21.6
Ba 104 22.8 386 17.3 238 492 333 483
Rb 323 357 161 325 284 242 320 330
Th 38.5 48.6 27.0 313 293 27.8 43.7 57.3
U 6.67 5.68 2.52 3.33 2.21 253 4.39 15.3
Sr 49.0 26.4 231 22.7 109 234 105 129
Zr 110 73.0 127 68.0 100 105 139 203
Hf 4.6 3.6 3.7 4.2 4.7 3.6 4.9 7.0
Nb 20.1 17.2 14.9 26.4 23.2 19.3 30.4 52.2
Ta 1.7 1.3 1.3 2.3 22 1.6 2.6 4.4
Y 6.6 3.8 11.3 3.8 9.6 10.2 9.1 18.5
La 20.9 21.1 39.0 6.6 28.8 33.0 329 60.4
Ce 32.8 28.4 62.1 8.1 48.1 53.7 56.8 95.7
Pr 2.90 2.08 5.89 0.82 4.14 5.12 4.97 8.75
Nd 8.4 4.9 18.8 2.1 12.7 16.3 14.2 25.0
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14 I LA AU e R R 4 A T LILAE B A RS A U-Pb SEAF | A A MU ER AL 41 A 15 103
2:3%3
ZATE e 17801 12503 1ZS04 12505 12506 12507 17508 12509
A B EREKA
Sm 131 0.60 3.05 0.64 1.96 2.62 1.87 345
Eu 0.20 0.10 0.65 0.11 0.40 0.58 0.37 0.53
Gd 0.88 0.45 2.00 0.26 1.28 1.76 1.29 2.44
Tb 0.14 0.07 0.31 0.05 0.21 0.27 0.22 0.41
Dy 0.85 0.39 1.75 0.37 1.23 1.51 1.30 2.50
Ho 0.18 0.10 0.35 0.09 0.26 0.30 0.26 0.52
Er 0.64 0.39 1.02 0.41 0.92 0.95 1.00 1.84
Tm 0.12 0.09 0.16 0.10 0.15 0.15 0.19 0.33
Yb 1.06 0.77 1.25 1.05 1.37 1.22 1.46 247
Lu 0.21 0.18 0.20 0.24 0.27 0.22 0.26 0.45
SREE 70.6 59.6 137 20.9 102 118 117 205
(La/Yb) 133 18.5 21.0 424 14.2 18.2 15.2 16.5
5Eu 0.54 0.57 0.76 0.70 0.73 0.78 0.69 0.53
Nb/Ta 11.8 13.2 11.5 115 10.5 12.1 11.7 11.9
Zr/Hf 239 20.3 343 16.2 213 29.2 28.4 29.0
Th/U 5.77 8.56 10.7 9.40 13.3 1.10 9.95 3.76
Rb/Sr 6.59 13.5 0.70 143 261 1.03 3.06 2.56
Y/Nb 0.33 0.22 0.76 0.14 0.41 0.53 0.30 0.35
Rb/Ba 3.11 15.66 0.42 18.79 1.19 0.49 0.96 0.68
1, C) 757 725 765 722 749 741 779 803
W SEuit B AR N SEu=2xEuy/( Sm+Gdy) ; 4 A Zrify FiR FE 1,31 55 )7 125 4 Watson et al.( 1983)
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Fig. 6 Harker diagrams of the Jiaozishan granite in the stretching branch of the Funiu mountains
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Fig. 7 Diagrams of Jiaozishan granite in the stretching branch of the Funiu mountains
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Fig. 8 (a)Diagrams of spider and (b)REE distribution patter for the Jiaozishan granite in the stretching branch of the Funiu mountains
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Fig. 9 Zircon U-Pb dating summary of the Jiaozishan granite in

the stretching branch of the Funiu mountains

FE TR 7 38— 00 BH — Al 1t DX A A — 91 5 A L
16 B3 5 T8 AR T 1 48 i 25 (GR D, Ik gk | il
W L N2 28 LI AR 5 2, 5K e RS2 LA 5 A HR AT
HZ AT R ARG, LRI E Sk B M R B
R A U-Pb 4E #8435y (111.7+0.6) Ma Fil
(114.0+0.5) Ma(j5{ =%, 2017; P95, 20192), K1l
Ok RLZR U A K OBE A Y B A U-P AR IR 4 i ok
113~125 Ma( £ 7545, 2008; 7 IH, 2014; Zhao et al.,
202D F1(112+1) Ma( 23 7755, 2006), fR 4= 1L 4l
FETE 115~120 Ma 1 5 3K A7 A 1 3 (Gao et al., 2014;
SRS, 2018) . X KRR RIS E LW A7E S M1 1L
AT U AR A RS B

A A 1S A B AR R (129.5+1.4) Ma, {H
A LA KA 1 8 AR 45 8 2 R T ~130 Ma Fil
~118 Ma PIZHAE WS, TE WL T 85 A AR I 1% (JE 9) . X2
FLECATRE Y, IRy O ZR M K 4R B Rl 1 L A8 54 25 7Y

B AR IS % 4L A 2 9 o ~120 Ma Al ~136 Ma 5
~117 Ma F1 134 Ma( {45, 2023), Efi1JL-F & —3
() o @77 IR—b BH—A A b X )32 H 88 5 ~ 130 Ma
L AL B (6 1o 7 3l— 1 BH — A Ay . DX S L 5=
8 AL RTR H L AR R AR A AR A R
&R T B A AE I 3, W (R AR W 4 A O ~ 130 Ma Al
~145 Ma, B {115 F 4R A Wf 11155 A 4 08 1% 40 2 2
ST AR FR R A B IE AR R O 5 2020,
2021; FEVE4E, 2021a, 2021b) . I, M T 1AL K A
G5 T BRI R A PR AVE L, 5 PG (a6l
oz A EL AT AR ) 0 B R 48 7 o

g5 LR, M1 IR R A T2 T (118.241.2) Ma,
J& R R B R I R M R B i ), 4
DI T AR RIS IS ER .

42 BEX4FE

A LA < 1RG5 B 7R T ALO; Al CaO fit
PG R LA S St Bu U5 8, 45 G FF fh 5 M o iE KAk
b, IR S IN A R RH A 45 A S5 R . ER,
DU 4> b 57 55 52 A5 5 T X Rl A TR (DR (0, ok 4 14
HATFIAERKNEEZRTREAS/ATF ISR,
M, R A T 58 B A 7 L A I 2 S T Ak T i
A &I RH A RS A RAER . @ALO, Fil CaO J2&4}
KA1 EBAL 845, Na,O Fl K0 [RlRE &, B A1
78— B M SG DR AR e B A RE U R A 4 O S
T 1L AE 5 5 Y Na,O T K,0 A B 45 FH 0 4 Bip 28 i 3
(E 6). T ILAE K A 1Y (La/Yb) - Lay 3 5 #a 3 R 1
A3 s o) L 4378 S (L 8b), TR K A A AF R AR
AR BT I A AIE AL St Eu 5% .

a7 ILAE K A 1 TiO, & KT 0.25% (& 6), A
A WA Ti R (R 8a), 13 28 W HEHR 0 #s m L IX.
WERRHEDLATMNA, L AEE TV W
B (La/Yb) B8/N(4.24~21.00 L K Y i 0 B0 5
(3.8x10 °~18.5x10™"), & HH & W8 40 s Flu A VL IX A 5
AT 506 LR BN 5 AR 00 i i A5 = A
OFA=AE, 2014), A1 Ll A JEAE il 9 1 B 0 B = rh
R T e E M ER 0K 7 i (Dy-
Ho-Er 11 58 ), 33 158 B L0 430 mil Y DX 5% 49 A v 1) A
INAI 250 T Dy, Ho Ml Er Jii & 704k .

XS 4 45 (1996, 2004)TA Ky A6 i 7 B Fis - i 7 A5
= Eu 518 0 8 % K BUT UL X 2R B2, JC 17 Eu
SEH A S TN BG5S, 0 Bu S H AN T OE B S B R
7¢, BB BUGREFER R B Ak, IR A A RS



106 o4t o# R

NORTHWESTERN GEOLOGY

2024 4F

(K,O & 1 )t 5 M 5¢ 5 BEAFFE XS W DG &%, BB 200
o A T T A B T 2R 9 A X I Y 5 R
KEFEER K A KT 67 km, 67~40 km Fl 40~17 km
(B 845, 2004, 2015) . 5K % (201005 Sr i Yb &
SEREAE AR o IR IR B B RO W R R 0 A
4R B R AR K T 50 km, 40~50 km,
30~40 km F/NF 30 km. £ T 1AL 5 78 T 5 A1 45
Bk R A, I s T 6 Bu S, E Yb-Sr & i b DL E
I fE R Sy 32, FB 0 R VR A W ] R g 04 R
(100, RUIEIE BT IE 5 )& B #7E, 76 40~50 km
F/INT 30 km AN 7] 3 BE A A7 76 W5 A4S 358 40 08 Al A A

1 000

800 -

600 +

Sr (10°)

400 +

>mono
AL —

200 Gt

0

E10 R4 LKRBkFHFLEREER Yb-Sr Bl (RERE
SKIE S 2010; EGIE E 6)
Fig. 10 Yb-Sr diagram of the Jiaozishan granite in the

stretching branch of the Funiu mountains
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