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Fig. 1 Geological map of the Hongshanzi composite granitic intrusives, Hexigten Banner (after Zhu Hongtao et al. , 2019&)
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(Q—CQuaternary; N,h—Miocene Hannuoba Formation; J;x—Upper Jurassic Xinmin Formation; P,y—Lower Permian Yujiabeigou Formation;

K, y—Early Cretaceous granite; J;y—Late Jurassic granite; P,y6—Middle Permian granodiorite; A7—rthyolite porphyry; y7—granite-porphyry
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Fig. 2 Specimens and microphotographs of the Late Jurassic biotite granites from the Hongshanzi

composite granitic intrusives, Hexigten Banner
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(a) Medium—fine-grained biotite granites; (b) Semi-shaped patchy structure; (c¢) Plagioclase Polycrystalline; (d) Porphyritic

biotite granites; (e) Matrix is Fine-particulate structure; (f) Biotite is filled with feldspar and quartz gaps
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Fig. 3 The rare earth elements chondrite normalized diagram (a) and trace elements spider diagram (b) of the Late Jurassic

biotite granites from the Hongshanzi composite granitic intrusives, Hexigten Banner ( elements contents of the chondrite and

primitive mantle from Sun and McDonough (1989)
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A—Medium—fine-grained biotite granites; []—Porphyritic biotite granites
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Table 1 Analysis results for major( %) and trace elements( x10™°) of the Late Jurassic biotite granites
from the Hongshanzi composite granitic intrusives, Hexigten Banner
s HS36 HS37 ‘ HS38 ‘ HS40 ‘ HS41 ‘ HS42 HS65 ‘ HS66 ‘ HS67 ‘ HS68 ‘ HS69 ‘ HS70

A TR R < BEAE R BIBER B S B R A

Si0, 76.0 76.0 75.2 76.6 75.9 75.7 74.8 74.9 74.6 74.8 75.3 74.8
Ti0, 0.08 0.08 0.09 0.09 0.08 0.09 0.19 0.18 0.17 0.17 0.18 0.18
Al O, 11.9 11.9 12.3 11.5 11.9 12.2 12.6 12.6 12.7 12.7 12.5 12.6
Fe, 05 0.87 0.72 0.88 0.89 0.83 0.87 0.36 0.24 0.29 0.44 0.43 0.42

FeO 1.78 1.51 1.75 1.72 1.58 1.61 2.12 2.16 2.11 1.89 1.97 2
MnO 0. 06 0. 06 0. 06 0. 06 0.06 0. 06 0.09 0.08 0.08 0.08 0.08 0.09
MgO 0. 06 0.06 0.08 0.05 0.07 0.05 0.19 0.18 0.2 0.18 0.19 0.17
Ca0 1.14 1.24 1.17 0. 65 1.17 0.30 0.83 0.77 0.82 0.77 0.76 0.81
Na, O 3.46 3.47 3.59 3.71 3.43 4.09 3.87 3.91 3.99 3.88 3.84 3.96
K,0 4.77 4.78 4. 89 4.64 4.77 4. 86 5.1 5.08 5.16 5.22 4.94 5.13
P, 04 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.03
Bt 1.17 1.1 1.1 0. 89 1.09 0.61 0.77 0.75 0.76 0.77 0.67 0.67
Sy 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
K,0+Na, O 8.24 8.26 8.47 8.35 8.19 8.96 8.97 8.99 9.15 9.10 8.78 9.09
K,0/Na, 0O 1.38 1.38 1.36 1.25 1.39 1.19 1.32 1.30 1.29 1.35 1.29 1.29
FeO" 2.13 1.79 2.11 2.11 1.94 2.00 1.91 1.84 1.83 1. 80 1.87 1.87
Mg# 4.01 4.72 5.31 3.42 5.09 3.59 12.2 11.9 13.1 12.3 12.6 11.3
A/CNK 0.92 0.91 0.92 0.93 0.92 0.97 0.94 0.95 0.93 0.95 0.96 0.93
A/NK 1.10 1.09 1.09 1.03 1.10 1.01 1.06 1.06 1.05 1.06 1.07 1.05
Q 35.0 35.0 33.1 35.7 35.3 32.3 30. 1 30.2 29.2 30.0 31.6 29.8
An 2.84 2.82 2.88 0.99 3 0.44 2 1.97 1.53 1.9 2.23 1.53
Ab 29.4 29.54 30. 48 31.53 29.12 34.84 32.85 33.2 33.88 32.95 32.57 33.6
Or 28.3 28.4 29.0 27.6 28.4 28.9 30.3 30. 1 30.6 30.9 29.3 30.4
A 55.0 55.3 56.7 58.0 54.7 63.2 61.1 61.3 62.8 62.0 59.6 62.4
P 5.52 5.49 5.63 2.08 5.79 0.96 4.04 4.01 3. 14 3.81 4.53 3. 14
Di 2.43 2.86 2.49 1.93 2.41 0.88 1.73 1.47 2.1 1.53 1.23 2.03
Hy 0.62 0.16 0.58 0.79 0.43 1. 15 2.07 2.34 1.94 1.78 2.08 1.63
1 0.15 0.15 0.17 0.17 0.15 0.17 0.36 0.34 0.33 0.33 0.34 0.34
Mt 1.26 1.04 1.29 1.29 1.2 1.27 0.53 0.35 0.42 0.63 0.63 0.61
Ap 0.03 0.03 0.04 0.03 0.03 0.02 0. 06 0.05 0.05 0.05 0.05 0. 06
DI 92.7 92.9 92.6 94.8 92.8 96. 1 93.3 93.5 93.6 93.8 93.4 93.8
t,(C) 872 863 834 864 869 854 838 833 819 830 839 816
La 154 108 110 186 152 115 105 91.6 90. 6 75.9 95.1 87.6
Ce 293 205 212 345 289 216 205 162 160 135 184 154
Pr 34.4 24.3 24.4 39.7 34.0 25.5 21.0 18.2 17.8 15.4 18.9 17.4
Nd 114 78.4 80.4 130 112 86.7 69.0 59.5 58.5 51.2 63.1 57.8
Sm 26.8 18.6 19.8 31.7 26.6 21.2 11.3 9.81 9.54 8.6 10. 6 9.63
Eu 0.28 0.22 0.22 0.30 0.27 0.25 0.55 0.52 0.55 0.44 0.51 0.49
Gd 24.8 17.1 18.2 28.9 24.7 19.2 10.2 8.77 8.69 7.93 9.32 8. 81
Th 5.08 3.55 3.85 6.10 5.11 4.23 1.69 1.48 1.46 1.35 1.58 1.49
Dy 38.2 26.9 29.4 45.8 38.4 33.1 9.68 8.48 8.45 7.88 8.99 8.60
Ho 8.42 5.92 6.49 10.0 8.45 7.43 1.98 1.71 1.75 1.61 1.81 1.74
Er 23.5 16.8 18.0 28.1 23.7 21.5 5.91 5.11 5.25 4.84 5.43 5.22
Tm 5.08 3. 66 3.89 5.92 5.14 4. 66 1.26 1.07 1. 10 1.01 1.14 1. 10
Yb 28.4 21.1 22.1 33.4 29.4 26.2 8. 15 6.97 7.29 6. 64 7.29 7.13
Lu 3.85 2.93 2.92 4.42 3.55 3.41 1.27 1.13 1.15 1.04 1.14 1.12
SREE 760 533 552 895 752 584 452 376 372 319 409 362
(La/Yb) g 3.66 3.47 3.36 3.76 3.49 2.96 8.67 8. 88 8.40 7.72 8. 81 8.31
(La/Sm) 3.61 3.67 3.50 3.68 3.59 3.40 5.84 5.88 5.97 5.56 5.63 5.73
(Gd/Yb) 0.71 0. 66 0.67 0.70 0. 68 0.59 1.01 1.02 0.97 0.97 1.04 1. 00
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FERL S HS36 ‘ HS37 ‘ HS38 ‘ HS40 ‘ HS41 ‘ HS42 HS65 ‘ HS66 ‘ HS67 ‘ HS68 ‘ HS69 ‘ HS70
Fa TR 2 REAE B A LIBERE =R A

SEu 0.03 0.04 0.04 0.03 0.03 0.04 0.16 0.17 0.18 0.16 0.16 0.16

Rb 1344 1225 1318 1094 1320 1034 551 497 454 439 541 458

Sr 42.5 47.7 44.7 25.0 46. 1 11.9 27.7 26.0 24.5 22.6 28.5 26. 1

Ba 87.5 95.5 99.3 48.2 99.3 32.5 209 218 177 171 225 167

U 22.3 13.3 14.8 12.3 18.0 7.23 6. 66 6.81 5.04 6.90 6.13 4.53

Th 102 90. 0 85.5 62.0 105 30.6 34.2 31.0 27.8 25.4 35.7 27.0

Ir 432 406 300 388 420 342 306 287 254 281 301 245

Hf 17.2 15.9 13.6 16.6 15.8 15.7 12.1 11.6 9.55 11.0 11.6 9.24

Nb 167 187 188 192 247 140 61.8 52.9 51.5 49.8 59.0 52.6

Ta 8.37 10.4 10.2 11.2 12.6 7.60 4.77 4.18 3.98 3.93 4.69 4.11

Y 257 184 196 311 255 235 70. 1 59.9 61.7 55.8 61.9 60.5

Ga 43.0 39.3 42.3 40.0 43.1 42.0 26.5 22.8 22.8 22.0 24.9 23.2

Zr+Nb+Ce+Y 1149 982 897 1236 1212 933 643 561 527 522 607 513

10000Ga/Al 6.90 6.28 6.58 6. 60 6.89 6.53 3.98 3.42 3.40 3.28 3.80 3.50

Rb/Sr 31.6 25.7 29.5 43.7 28.6 87.2 19.9 19. 1 18.6 19.4 19.0 17.6

Nb/Ta 19.9 18.0 18.6 17.2 19.6 18.4 12.9 12.7 12.9 12.7 12.6 12.8

Ti/Y 1.96 2.47 2.87 1. 66 1.97 2.17 15.9 18.1 16.4 18.2 17.5 17.5

Rb/Nb 8.07 6.56 7.00 5.70 5.34 7.39 8.92 9.38 8. 81 8.82 9.17 8.72

Y/Nb 1.54 0.98 1.04 1.62 1.03 1.68 1.14 1.13 1.20 1.12 1.05 1.15

Ti/Zr 1.17 1.12 1.88 1.32 1.20 1.50 3.65 3.79 3.98 3.61 3.59 4.33

ff-Mg”:IOOX%' A/CNK = n(AL03) (XBEARHEE ,2015) 51,(C) B35 725 UL Watson and Harrison

’ n(Mg2+)+n(F62+), n(K,0)+n(Na,0)+n(Ca0) ”

(1983) 5 REXUA 45 (2019)

A Eu #2055 B RS, SREE 4397 8 533x107° ~
895%10™° F1 319x10°~452x10™°, (La/Yb) 75K
2.96~3.76 F17.72~8.88,(La/Sm) 7354 3. 40 ~
3.68 fil 5.56~35.97,(Gd/Yb) 554 0.59~0. 71
F10.97~1.02, 8Eu 4354 0.03 ~0.04 1 0. 16 ~
0.18,Ce &35 205x107° ~345x107° F1 135x
107°~205%107°, Zr 4354 300x107° ~432x107°
F1245%107° ~306x 107, Nb & 43 %4 140x107° ~
247x107° F149.8x10°° ~61.8x10°°,Y &40l N
184x107°~311x107° F1 59.9%x107°~70. 1x10™°, Ga
SR M 39.3%x107° ~43. 1x10™° F122.0x107° ~
256. 5x10°°( & 1) , TEBRAL WA ArifEfb e 3 il 26 12
(E 3a) I, AR @ 427, FLARH £ ih 26 A1
XTECBE , AR 22, S AR i v E AL
SrMRRHE, FER A KA & B LY (i
i A R A ) Ay B A (0 O,
2005) , 1M1 Eu By 535 75 401, 76878 5 K A FE bk
A B S 1) 43 S 45 d AR BB A Rl sk 7 rh R HC A R
FEIRIX , BHERBE ¥ AITE Rb K U, Th FEHI
B ICE Zr HE Nb Ta 0%, oK T34
JGZ Ba St 55, TE 0L O 3 i i b A7 7 Ak ik 1) 1]
(® 3b) I, @78 Rb U Th Pb I§Hl Ba Sr.P . Ti &

ARF A
4.3 Sr—Nd—Pb—O [EfIZ4H1E

21 I TR A R TP AR R 2 BEAE B 2 T BREIR S
=B St—Nd—Pb—O0 [Alf LAk, T8
A LU T HHE .

(1) "PEikr B BRI
e e [0(7ST)
F=il] [n(gﬁsr)
0.702482~ 0.708654( % 2) , 5L K EZ ARy
["E%zr;} (0. 702 ~ 0. 706, 14 175 5 , 2004 ) —
A SR A AR R AR R R
LR (0. 704435 ~ 0. 705415, T8 2%, 2019) 1€
KIBE 2 (0. 704732 ~0. 707756, F 3 7545 2019) FILL
Ll 4% b i Rk 2 BT RS 41 3 80 (10703039 ~
0.705849 , Ak #1455  2016) 19 [n(¥'Sr)/n (¥Sr) ],
{E#ﬁt,lﬂﬁﬂi&?z 1 AR |5 a4 ) 5 G =3
(0.706510~0. 709821, i I %5 55 , 2016 ) FIFE AT 42 Hh
Ak 2 B R4 I B0 (0. 709244 ~ 0. 713168, 22111
A n(*'Sr)
4 2018) E/‘Jlin(%Sr)i'i {E,
(2) e (D) MEA BN -5. 40~ -4. 30F1-2. 79 ~

AU SR 2] 25 B L 14

} A5 R 0.702488 ~ 0.707742 Fl
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Table 2 The analysis results and related parameters of St—Nd—Pb—O isotopic of the Late Jurassic

biotite granites in the Hongshanzi composite granitic intrusives, Hexigten Banner

. Rb Sr n(**Rb) n(¥Sr)/n(*Sr) n(¥Sr) Sm Nd
L . Py - \ [ % o i

(X107) | (x107™) | na("'Sr) (D tlo n(®sr) by | (x107%) | (x107%)
HS36 1344 42.5 50.3 0.811788 | 0.000016 0. 702488 26.8 114
HS37 1225 47.7 49.5 0.815130 | 0.000014 0. 707600 18.6 78.4
HS38 1318 4.7 56.2 0.829840 | 0.000021 0.707743 19.8 80.4
HS40 1094 25 53.8 0.820371 | 0.000017 0. 703607 31.7 130
HS41 1320 46. 1 48.2 0.807237 | 0.000019 0. 702628 26.6 112
HS65 551 27.7 42.2 0.794856 | 0.000018 0. 702482 11.3 69
HS67 454 24.5 31.8 0.778035 | 0.000015 0. 708654 9.54 58.5
HS68 439 22.6 41.4 0.795513 | 0.000013 0.705186 8.6 51.2
HS69 541 28.5 40.5 0.794198 | 0.000013 0.705841 10.6 63. 1
HS70 458 26. 1 39 0.791411 | 0.000015 0. 706362 9.63 57.8
. n(¥sm) | n('*Nd)/n("*Nd) | 1n(143Nd) n(*Pb)/n(**Ph)
FE S T - [T Ena(t) | fsmna Ipm2 -

n("Nd) | g (10) n(UNd) Iy i (1o)
HS36 | 0.1497 |0.512315 | 0.000009 | 0.512441 -5.39 | -0.24 | 1380 | 17.849 | 0.002
HS37 | 0.149 |0.512332 | 0.000007 | 0.512441 -5.04 | -0.2 | 1329 | 17.974 | 0.002
HS38 | 0.1575 |0.512355 | 0.000012 | 0.512441 -4.76 | -0.21 | 1291 | 17.797 | 0.002
HS40 | 0.1559 |0.512377 | 0.000006 | 0.512441 -4.30 | -0.24 | 1381 | 17.819 | 0.003
HS41 | 0.1493 |0.512314 | 0.000009 | 0.512441 -5.30 | -0.22 | 1297 | 17.965 0. 002
HS65 | 0.1012 | 0.512415 | 0.000011 | 0.512313 | -2.47 | -0.49 | 1143 | 18.026 | 0.002
HS67 | 0.1021 | 0.51246 | 0.000009 | 0.512357 | -1.62 | -0.48 | 1073 | 18.058 | 0.003
HS68 | 0.1069 | 0.512418 | 0.000013 | 0.512311 -2.53 | -0.46 | 1147 | 18.043 0. 002
HS69 | 0.1058 | 0.512423 | 0.000011 | 0.512317 | -2.41 | -0.46 | 1137 | 18.048 | 0.003
HS70 | 0.1053 | 0.512403 | 0.000012 | 0.512297 | -2.79 | -0.46 | 1168 | 18.083 0. 003

7”,( 7 Pb ) 771 ( » Pb ) 206 207 208 18
B 2 (™ Ph) n (™ Ph) ["r( Pb) [ﬂ( Pb) ["( Pb) 67 Oy.syow
n(204Pb) |, | Ln(204Pb) |, | Ln(204Pb) |, (%)

pFEED lo ME lo
HS36 | 15.436 | 0.002 | 38.191 | 0.004 17.35 15.43 37.45 5.1
HS37 |15.475 | 0.002 | 38.518 | 0.004 17.62 15. 47 37.74 6.3
HS38 | 15.422 | 0.001 | 38.196 | 0.003 17.5 15.42 37.63 4.5
HS40 | 15.46 | 0.002 | 38.303 | 0.006 17. 56 15. 46 37.87 4.9
HS41 | 15.453 | 0.002 | 38.445 | 0.004 17. 46 15.45 37.47 5.3
HS65 | 15.51 | 0.002 | 38.027 | 0.005 17.73 15.51 37.54 4.3
HS67 | 15.506 | 0.003 | 38.014 | 0.006 17.74 15.5 37.44 1.9
HS68 | 15.491 | 0.002 | 37.949 | 0.005 17. 62 15.49 37.45 1.9
HS69 | 15.495 | 0.003 | 37.976 | 0.007 17.74 15.49 37.4 1.2
HS70 | 15.515 | 0.002 | 38.044 | 0.006 17.81 15.51 37.52 0.3

T BHH R ¢ 200K LA-ICP-MS #5417 U-Pb 4E#% 153. 6 Ma( #LHEESSE2019) , & 2800053 05 1% WL AR

AR (2016)

—-1.62( 3R 2), ¥R F U0 I — M R A AR 1
exa()TH (=18~ -8; K [EHE, 1998 ) Fl & 4 Hb g (1)
exa(OTH(-13~ —-8.0, BEHLI5F, 1996, 1998 ; Yang
Jinhui et al. ,2004a,b) , W& KT 2 3 B R 2 37 R4
WMEUA (=7 11 ~—4. 44 fEFF B 25, 2016) AL 7
Hi AR 2 TR R TS (-8. 76~ —8. 42, £ 1114,
2018) ey () 18 (HATE S0 72 A R R [k
TR R B R A (-5, 1~ -3.99, EH AR

45 2019) AE K BE A (—4.93 ~ —2.72, % K%,
2019) FILL 1L #5 Hu e AR 2 BT R AL i 805 (5. 56
~—4.67, AL 2016) ey, (1) 1 R IK—3;
Souna ST -0. 44 ~ —0.36 F1-0.28 ~ -0.29, ¥J7¢
—0. 6~-0.2 Z[H], 25 3 B A WA b 5T 5 L) Ty, 1H
433124 1291 Ma ~1381 Ma 1 1073 Ma~ 1168 Ma( 3
2),JEon i, 54l 782 s R R
KL M 7 BE AR B A (1251 ~ 1341 Ma, F 3 R 4%,
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2019) AERABES (1148 ~1327 Ma, £ 4 %,2019)
() Ty, TEIEAS—Z0, W/ NTFL1 10 25 H e AR 25 B
A S0E (1395~ 1323 Ma, AR EEAESE 2016) (25
F MG R % TR R ZH A 80 (1521 Ma ~ 1304 Ma,
i FF 545, 2016 ) FNFC 0T 40 L B 1k 2 B R 2 3 8L
71 (1521 Ma~1304 Ma, 211155 ,2018) 1Y Ty, 1H.
(3)Ph FIfir 2L R {”(Pb)} S
n(™"Pb) |
. n(*"Pb)
HM17.35~17.62 1 17.62 ~ 17. SI‘L(MPb)] 4y
n(**Pb)
I3 h 37.45~37.87 Fl1 37.44~37.54( % 2) , 541
W5 AUE AR R AR R = B KA
n(*Pb) n(*Pb)

ZOSPb
WK 15.42 ~ 15.47 F1 15.49 ~ 15.51 . [”()}

} =17.66~18.01\[ } =15.47~

n(**Ph) o e
15.52 Ml | —5——| =36.81 ~ 37.55 b i Bt &+
n(*Pb) J;
n(**Pb) n(*"Pb)
— | =16.91~17.82 | — | = 15.48~
n(*"Pb) |, n(*"Ph) |,
2()8Pb
15. 53 A [n(m)} =37.33 ~37.76 ( F # K%,
n(*™"Pb) |
2019) F 21 1y 4 H GOk 2 I T R4 i B0
Eﬁiﬁghl, =17.09~17.56 ngighl =15.19
n(ﬂMPb) i_ : SN n(szb) i_ :
18
Bt 7 51 e (@)
15 B
o g R
= 1 wik A I
C D
¥ 9 WiE e\ \
& DA G
z W XA
6 0 T
% TN % 51
0 1 1 1 1 1
30 40 50 60 70 80 90
Si0,(%)

15.37 Fil [n<2o4pb)} = 36.92 ~ 37. 49 ( Ak 1 He 4
n(*"Pb) |,

2016) . 2 4k HboMR Ok OB R4 R a0 A

|:n(206Pb>:| |:n(2()7pb):|

B =17 13~17.80 | 2| = 15,41~

2 (*Pb) |, n(*Pb) |,

15. 48 0 [”(MP}’)} = 37.38 ~ 37. 63 ( fift I Bk 4%,
n(*"Pb) |,

2016) . +L 1 7% b R 0R 2t BT R 4 W 8 A

n<204Pb) i ° : A n(ZOAPb) ]' °
n(208Pb) ~ .
15.41 L(””Pb)] = 37.37 ~ 37.49 ( % 1l %%,

2018) 4TIl 7 R A —3K

(4)8"0yqon THZFHIH 4. 5%0 ~ 6. 3%0F 0. 3%
~4.3%0 (2 2) , MK T 1E 5 Ho 8 19 6" Oygyon H
(5.3%0+0.3%0, Valley et al. , 1998) , tfi T IE %
30 T A 8" 0yayoy 1 (6%0~10%0) , JBAK 60 4
B, 67 e TR AR A TR (GRB7K ORI PRI
2000) , 55 2 i 7 b g R 2 B R B (4. 0%0 ~
5. 1%o0, AR FEAE5E | 2017a) FIFCIH 2 b i Ok 2 7 ()
HF LA (4. 1% ~ 4.5%0, % 11 %5, 2018) 1
8" Oyeyow FM—3, Wi T2 10752 U R L
THEIAE 5 BE 5 1 6"0 yqyow (—4. 6%0 ~ —0. 4%, F.
WARAE,2019) HIA WAL F 201752 A R R H g
LA 410RL B 2= B AR 5 A 1 6" 0ysnow (8. 9%0 ~
11. 4%o, T H A% ,2019) ,

(b
Wr AN E B
S A
Q6
<
g
2
i)
=)
<
Z
2
_6 Il 1
50 60 70 80

Si0,(%)

Pl 4 SEft st LT L 52 A R D B = BEAE B 4 TAS &I () (Le maitre,2002) 12
Si0,—MALI Elf#(b) (JIEEIYE Frost et al. , 2001)
Fig. 4 TAS (a) (after Le maitre,2002) and SiO,—MALI ( after Frost et al. , 2001) diagrams (b) of the

Late Jurassic biotite granites from the Hongshanzi composite granitic intrusives, Hexigten Banner
A—PURL IR R RAE RS O—BOIRR = BB R
A—Medium—fine-grained biotite granites; []—Porphyritic biotite granites
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5 HhEE X

5.1 BARINEE

T IeE I, L2 A R AR R 2 B
165425 T BEAR B = BE AR i< LA e B A
Bk BARAS S M RRIE, Si0, 5 P05 W
7 G SR G (RTH ) s 7E TAS Bl s AL
BRAPEAE B 5 X AN (& 4a) |, 7E Si0,—MALI & figth
5N S A A A AR A XN (] 4b)
FRARFNFE KL ( ASD) Bl A/CNK 43511 4 0. 90 ~ 0. 97 FiI
0.93~0.96, H)/NF 1, B EEFR £ (A Y3 KT 0, BD
A/NK 2358 1.01~ 1.1 F11.05~1.07, ¥ KT 1,
TE A/CNK—A/NK [Elfi# ([ 5a) i ik A HESS BTl
Fil, F6 712 A6 10 b R B A B o (5 55, 2000
BIMHESE 2009 3 437 645 2013) ;FeO" S EATHIN
1.79% ~2. 13% 1 1.80% ~1.91% , ¥ K F 1.00%,
7E Si0,— FeO"/(FeO"+MgO) R rh & A%k 5t A %1
AE R AU N (18 5b) 5 85 A RFIIE BE 430 834 ~
869°C Fl 819~839°C , ¥J KT 800°C , HA A RIfL X
AR AR bR UERT ) (CIPW) TS5 R B R A
FHIE (C) FIHEMEA (Ac) , JF HRR AT BRaity b iy
R R EIRHEAAAE AN KARNE T, 8R4
FHAMERE A BN A 0 W FRE (AR5,
2013) . VA LARIEB B AR FARUET PNl £ > 1%
P,0,—Si0, MR IEA B A AR 1) S HIAE i
¥+ (White, 1992 SR A% IT 5, 2007 ) ALY (FeO +

1.9 F (a)
1.7
1.5 ) )
#E 8 R 4R R
v 1.3
g
p, 1.1
09 | IR
0.7
05 1 1 1 1 1 1 1
0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9
A/CNK

FeO'/(FeO'+Mg0)

Fe,0,) & (Gl % < 1.00%) AR (10 18 B iR
(764°C) Y 43 5 T BUAE K 7 ((E 5 4F, 20005 55/
WESE 2009) BIHFAE, 5 A 76 B A 558 1 (FeO +
Fe,0,) &t (3l % > 1. 00% ) Fl & 6998 i B (>
800°C ) Y4 AE ( 5845, 2000 ; B /NS 2009 ) —
.

P oe R i, 20 10 2 A R AR R = B
TERd A FBEIR B = BEAE  5 B AT B R B i Ga,
Ce Zr Nb.Y,Zr+Nb+Ce+Y & H K 513x107° ~ 1236
x107°,10000Ga/Al {5~ 3. 28 ~6. 90, ¥ KT A KL
% Zr+Nb+Ce+Y Y T FR{H 350x107° 1 10000Ga/
Al R BR1H 2. 6 ( Whalen, 1987 ) , #H [t J& 11 %3 b 4
BT, LTI 2 S R A T I 4 A Y
TMEH ) Zr+Nb+Ce+Y 751 (808 x 107 ~ 1474 x
107°) F1 10000Ga/ Al {8 (3. 14 ~4.78) — 3 ( HE g 4E
452016 PR 4F 2016, 22 1045, 2018) , {H Bt &5
T2 2 A R R T R AR B 2 B
KA AR BE A (Zr+Nb+Ce+Y = 143%x107° ~ 234
x107°,10000Ga/Al=2. 62~3. 62, FH 44 ,2019) Fil
IRALLI T 7 HHT RAL IR SO A 1 2 L 17
WHIBE A (Zr+Nb+Ce+Y = 248x107° ~ 294 x 10°°,
10000Ga/Al=2. 86~3.23, T #%%,2016) A Zr+Nb+
Ce+Y T A1 10000Ga/ Al {8, I HAELE 5 A A A1 il
DR 2 700 3] S i o X8 P8 N A BRUAE B 5 9 TR P (R
6) ;[ & 41 & 4 Rb K Th 5 KB ¥ KA LR M
Zr Mf %555 3730 K M 5 11 Ba Sr Eu 0%, K
AR ) A RUAE B 5 i T 2 A0 AR I ARRAE (95 £ OF

1.0

(b) A
0.9 r (4 froan) Ll
0.8
0.7
0.6 | %518 (Magnesian)
0.5
0.4 > : * *
50 55 60 65 70 75 80
Si0,(%)

S sofhsos LT 7 A AR 2 i B A BEAE B A A/ CNK—A/NK (a) &l fi# (JiE 408 Maniar and Piccoli, 1989)
F 8i0,—Fe0"/(FeO"+Mg0) (b) [Elf# (JEFYE Frost et al. ,2001)
Fig. 5 A/CNK—A/NK (a) (after Maniar and Piccoli,1989) and SiO,—FeQ"/(FeO'+MgO) (b) (after Frost et al. , 2001)

diagrams of the Late Jurassic biotite granites from the Hongshanzi composite granitic intrusives, Hexigten Banner
A—PURL IR R RAE RS O—BOIRR = BB R
A—Medium—fine-grained biotite granites; []—Porphyritic biotite granites
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Fig. 6 Petrogenetic classification diagrams of the Late Jurassic biotite granites in the Hongshanzi composite
granitic intrusives, Hexigten Banner (after Whalen, 1987)
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A—Medium—fine-grained biotite granites ; []—Porphyritic biotite granites
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AR 2 BEE R A RBE R 2 B gy % Ba St RIBSASIUCE P Ti, SUATHLSG P o2k
P e B T 7 0 L
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2009 ; Pearce , 1983 ; Zhou et al. ,2015) ; [GIM , Fh 4k ¥g -

9; edr(fm ‘ ‘oe#a ml [F] Fisf ':F'.EH*\ |:n(86 r)} 0. 702 ~ 0. 706 ) 3 A5 $6 7 0%
BB R MBEIR R = BB K & Rb/Sr T/ Y, n(>Sr) |,

Ti/Zr B35 25. 7~87.2 A1 17.6~19.9 1. 66 ~
2.17 f115.9~18.2.1. 12~ 1. 88 Fl 3.59 ~ 4. 33,
B TFFEIR A5 (Rb/Sr>0. 5, Ti/Y <100, Ti/Zr <
20, Pearce, 1983 ; Tischendorf et al. , 1985; Wilson,
1989) W, F5 /R BT 5200, 746, A & %
E7RICE Nb Ta Zr Hf, 28590 H e U5 50 445 i 4
S o P S B s Tl B ) 7 2K B RRAE ( Zhou
Zhenhua et al. ,2015; =48 05,2007 ) , iX A 68 S
T A FE IR DX B 4 R T REAE e RS A
i YIDRL 2 2 B A6 B FLBREAR 2R = B AR I A Y
n(¥Sr)
Lz(gﬁsr)
0.702482 ~ 0.708654, 5 /A TA 19 1 Ui 5 3K A 1Y

} A% 9 R 0.702488 ~ 0.707742  Fi

15
MSRB (@)
5k
[m] aNg
5 A
sk
& TR R R
[EREN
i A 1
-35 -
-45 1
0.700 0.705 0.710 0.715 0.720
[n(""St)/n(*S1)];

[n("*Nd)/n("**Nd)]

RIRG H ) AT G e () 1B SAAEL, 203010 O -
5.40~-4.30 F1-2.79 ~ - 1. 62, #5755 R 5 b
Feul S A OC (BT 455,2010) fHey, (1) fHIL
= FAEdb e 38 & T M e (- 44 ~ -32, Jahn Bor-
ming et al. , 1999) Be, (t)1E, -5 B0 FRkE
FORM ey, (1) H(-18~ -8, 5K E#E, 1998 ) Fil & 5
Humg (%) e, (t) fH (-13 ~ -8, Yang Jinhui et al.,
2004a,2004b ; Zhang Hongfu et al. , 2005) it ( &l
Ta) B SR TR H R (+2. 11 ~ +5.93, JH i 55,
2011) Bey,(t) fH, F57n 75 HOAR R 540 v hid
N HISE ORI 5 DU I R JRRORL 5 AL IR 1
JEAHIE WSR2 B, DU I R RRRE A A A2 U
AR R MGE T 7 IR AR T e i) — &R
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n(*'Sr) . .
— (b) of the Late Jurassic biotite granites

n(*Sr)

from the Hongshanzi composite granitic intrusives, Hexigten Banner
A—mRR B BAE R A O—FPR B R AL XA . HIMU—EA & U /Pb {HAHLE ; DMM—7 i 1 it oc
EM(T,I1) —& H i 35i 7C , # Zindler and Hart (1986) s NHRL—ILFEERS %L It Hart (1984)
DU BRI 6] 9 7K [ (1998 ) 5 b e il T i 5e | L Fe iy B4 Jahn Bor-ming 4%(1999) ;DMM .EM I \EM Il \HIMU I MORB
§it Hart(1984) Fl Zindler et al. (1986) , 7K (8 IR0 UREL L F b X W 0k B IR B0 RACBER , B 51 B AR 1R 45 (2016,2017a) i IT
s (2016) (ZEILAF(2018) , BARIBAMURLLII T 2 24 PR B (1 Rt ARC IR I AE B A FIAE BB B 51 B T HE S8 (2016) FIlE 8 R 5%

(2019) , F3CHHIA,

A—Medium—fine-grained biotite granites ; [ ]—Porphyritic biotite granites. HIMU—mantle with high U/Pb ratio; EMI, EMII—enriched mantle,

after Zindler and Hart (1986) ; NHRL—the northern hemisphere reference line, after Hart (1984)

Boundary of the granulite in Hannoba area from Zhang Guohui( 1998&) ; boundaries of the upper and lower crust from Jahn Bor-ming et al. (1999) ;
DMM EM I [EM Il (HIMU and MORB boundaries from Hart(1984) and Zindler and Hart (1986) ; grey shaded area is the area of Late Jurassic

rhyolite and rhyolitic porphyry in Hongshanzi area, data from Wu Jianhua et al. (2016&, 2017a& ), Xie Kaiduan et al. (2016&) , Jiang Shan et

al. (2018&) ; dashed line area is Early Cretaceous fine grained alkali feldspar granite and granite porphyry, data from Ding Hui et al. (2016&) and

Wang Changdong et al. (2019&)
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Fig. 8 Diagram of |:n( ):| _[n( ):| (a) and l:n( )):| —l:n( ):| (b) of the Late Jurassic biotite granites

n(204Pb) n(204Pb)

n(*Pb)

n( 204Pb)

from the Hongshanzi composite granitic intrusives, Hexigten Banner
A—TATRLR BB s O—FEIR B 148K A, HIMU—HEA 7 U/Ph (A3 ; DMM—5 451t 18 35 5
EM(T.TT) — & &Mk C 3 Zindler and Hart (1986) ; NHRL—AtEERS %48 4% Hart (1984) . L ULIE 7
A—Medium—fine-grained biotite granites ; []—Porphyritic biotite granites. HIMU—mantle with high U/Pb ratio; EMI, EMII—enriched
mantle, after Zindler and Hart (1986) ; NHRL—the northern hemisphere reference line, after Hart (1984). Others see fig. 7
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Fig. 10 Trace elements discrimination diagrams of the tectonic settings from the Late Jurassic biotite granites

from the Hongshanzi composite granitic intrusives, Hexigten Banner (after Pearce et al. ,1984 )
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A—Medium—fine-grained biotite granites ; []—Porphyritic biotite granites. WPG—within plate granites;

VAG—volcanic arc granites; syn-COLG—syn-collision granites; ORG—ocean ridge granites
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Objectives: The Hongshanzi complex intrusives located in the northeastern part of the Guyuan—Hongshanzi

uranium belt, which is composed of early Late Jurassic alkali feldspar granite , biotite granite and early Cretaceous

early fine-grained biotite granite and granite porphyry. The composition of the rock is dominated by the alkali-

feldspar granite and biotite granite in the early Jurassic. The early Late Jurassic biotite granites include medium—
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fine-grained biotite granites and porphyritic biotite granites, At present, uranium mineralization has been found in
the inner and outer contact zone between the Early—late Jurassic mid—fine-grained biotite granite and the Late
Jurassic volcanic rock in the compound rock body, indicating that this zone is a favorable place for further uranium
exploration. However, the geochemical characteristics of the Late Jurassic alkaline feldspar granite and biotite
granite that make up the Hongshanzi complex rock mass have not been systematically studied, which restricts the
in-depth study of uranium mineralization.

Methods: Based on detailed observations of occurrence of Hongshanzi complex rock mass in the field, we
have studied the petrology, geochemistry, Sr—Nd—Pb radio isotope and O isotope of these biotite granite to
discuss nature of source region and tectonic setting, than, we have discussed the relationship between biotite granite
and uranium mineralization.

Results: All of biotite granite are characterized by high SiO, (75.2% ~ 76.6% and 74.6% ~ 75.3%,
respectively) , (K,0+Na,0) (8.19% ~8.96% and 8. 78% ~9. 10% , respectively) , and K,0/Na,O (1. 19~1.39
and 1.29~1.35, respectively) , low AL,O,(11.5% ~12.3% and 12.5% ~12.7% ), CaO (0.30% ~ 1. 24% and
0.76% ~0. 83% , respectively). It does not contain standard mineral corundum, indicating that the magma source
area is magmatic rock; FeO' is 1. 79% ~2. 13% and 1. 80% ~ 1. 91%, respectively, both greater than 1. 00% , with
iron-rich characteristics of A-type granite; zircon saturation temperatures are 834 ~869°C and 819~839°C , greater
than 800°C , with the high-temperature characteristics of A-type granite. The contents of Al,O; are 11. 5% ~12.3%
and 12. 5% ~12. 7% , respectively. A/CNK are 0.90~0.97 and 0.93 ~0.96, respectively. Enrichment of large
ion lithophile elements Rb, Th, K, etc. and high field strength elements Zr, Hf, Nd, Ta, Y, etc. Loss of large
ion lithophile elements Ba, Sr, etc. (Zr+Nb+Ce+Y) are 897x107°~1236x10° and 513x107°~643x107°, both
of which are greater than 350x107°, and the values of 10* s Ga/Al are 6. 28 ~6. 90 and 3. 28 ~3. 98, respectively,
greater than 2. 6, with trace element characteristics of type A granite, which is the product of the intraplate tensile
n(¥Sr) n(MPb)} [n(szb)}

n(SGSr)]’ higher &,,(t), younger T,,,, lower [n(ZMPb) n(™Pb)

structure. Their lower {

|:n( 208Pb>
n( 204Pb)

Conclusions: The results indicates the magma originated from the partial melting of the young lower crust by

18
} and lower 8 Oy_gyow-
i

type EM I mantle-derived basic magma bottom infiltrating the lower crust, and experienced high-temperature
hydrothermal alteration. The U content of medium—fine-grained biotite granite and porphyritic biotite granite is 7. 3
X107~ 22.3x 107 (average 14.6x10™°) and 4.53x 107 ~ 6.90% 10™° (average 6. 01X 107°) , especially the
uranium mineralization has been found in the inner and outer contact zones of the former and the Late Jurassic
volcanic rocks, which is a favorite part for deep exploration of uranium deposits.

Keywords: biotite granite; A-type granite; Late Jurassic; geochemistry; Guyuan—Hongshanzi uranium belt
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