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Abstract: The Sharhada granite in West Ujimgqin, Inner Mongolia intruded into ophiolite in Hegenshan suture. LA—ICP—MS zircon
dating indicates that the Sharhada granite was emplaced in the Late Jurassic (154.6+1.2 Ma) . The mineral assemblage of the Shardaha
granite is mainly composed of quartz, alkali feldspar and plagioclase. The granite is characterized by high SiO,(74.86% ~75.97%),
K,O(4.4% ~4.95%) , low MgO (0.044% ~0.22%), CaO (0.38% ~0.77%), TiO,(0.046% ~0.18%) and P,O.(0.007% ~
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0.042%), A/CNK = 1.03~1.09 < 1.1. It is strongly depleted in Ba, Sr, Eu, P and Ti, with a typical right dipping "Seagull—type"

REE distribution pattern, showing the geochemical characteristics of typical aluminous A—type granite. The Sharhada A—type granite has
low (¥St/*Sr) ,(0.7014~0.70374) , positive &,,(f) values (+ 3.96~+ 4.31) and high &,,(f) (+10.54~+ 14.72), which may due to

the partial melting of the newly formed intermediate/basic crustal materials and the subsequent crystallization differentiation.

Furthermore, together with other A —type granites scattered in the Mongolia —Northern North China block, the Sharhada A —type

granite is recognized as the product of the post—orogenic extension of the Mongolian —Okhotsk tectonic domain in the Late Jurassic,

which indicates the extensive middle—lower crust extension in the Middle—Late Jurassic.

Key words: A—type granite; Late Jurassic; geochemistry; zircon U—Pb dating; central Inner Mongolia; geological survey engineering
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Fig. 1 Regional sketch tectonic map(a)and geological map(b) of the Sharhada granite in West Ujimgin, Inner Mongolia
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Fig. 2 Outcrop(a) and micrograph(b,cross polarized light) of the Sharhada granite
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Fig. 3 CL image representative zircons from the Sharhada granite and the U—Pb ziicon concordia diagram
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Table 1 Zircon LA-ICP-MS U-Th-Pb dating results of the Sharhada granite

w107 [HiENE41 4/ Ma
I3 *7Pb *7Pb *°Pb *7Pb *7Pb *°Pb
gy v /*Pb " /U ' /U " /2 Pb s U /72U
1 28 1138 0.0493  0.0010  0.1636  0.0037 ~ 0.0241  0.0003 160 49 154 4 153
2 17 682 0.0508 0.0014  0.1724  0.0048  0.0246  0.0003 230 62 161 4 157
3 68 2695  0.0561  0.0014  0.1909  0.0050 0.0247  0.0003 457 55 177 5 157
4 24 885 0.0802 0.0018 02677 0.0063  0.0242  0.0003 1202 45 241 6 154
5 24 917 0.0499  0.0010  0.1784  0.0038  0.0259  0.0003 191 49 167 4 165
6 30 1215 0.0499  0.0009  0.1698  0.0033  0.0247  0.0003 189 41 159 3 157
7 22932 0.0496  0.0013  0.1617  0.0043  0.0237 0.0003 174 59 152 4 151
8 17 704 0.0525  0.0014  0.1709  0.0046  0.0236  0.0003 308 60 160 4 150
9 16 689 0.0529  0.0014 0.1713  0.0047  0.0235 0.0003 325 60 161 4 150
10 19 777 0.0484 0.0013  0.1576  0.0044 0.0236  0.0003 118 63 149 4 151
11 26 1101 0.0493  0.0010  0.1635 0.0036  0.0241  0.0003 162 47 154 3 153
1225 1045 0.0615 0.0012  0.2019  0.0042  0.0238  0.0003 657 43 187 4 152
1333 1393 0.0502  0.0009 0.1667 0.0032  0.0241  0.0003 204 42 157 3 153
14 20 759 0.0548  0.0043 0.1987  0.0159  0.0263  0.0003 405 177 184 15 167
15 13 556 0.0520  0.0026  0.1704  0.0089  0.0238  0.0003 287 115 160 8 151
1630 1271 0.0492  0.0012  0.1619  0.0040  0.0239  0.0003 156 57 152 4 152
17 17 671 0.0501  0.0015 0.1731  0.0052  0.0251  0.0003 200 68 162 5 160
18 53 2206  0.0520 0.0008 0.1758  0.0029  0.0245 0.0003 285 34 164 3 156
19 14 554 0.0515  0.0021  0.1765  0.0075  0.0248  0.0003 265 95 165 7 158
20 14 576 0.0505  0.0016 0.1736  0.0056  0.0249  0.0003 220 71 163 5 159
21 18 761 0.0544  0.0020 0.1790  0.0068  0.0239  0.0003 386 83 167 6 152
22 22 928  0.0501 0.0011 0.1658 0.0039  0.0240 0.0003 199 51 156 4 153
23 35 1404 0.0495 0.0010 0.1725  0.0038  0.0253  0.0003 171 45 162 4 161
24 29 1233 0.0506  0.0009 0.1680  0.0034 0.0241  0.0003 223 42 158 3 153
25 17 733 0.0517  0.0015  0.1738  0.0055  0.0244  0.0003 272 66 163 5 155
26 80 2969  0.0533  0.0007 0.1926  0.0030  0.0262 0.0003 341 32 179 3 167
27 15 600 0.0501  0.0016 0.1687  0.0054 0.0244 0.0003 198 72 158 5 156
28 17690  0.0515  0.0014  0.1749  0.0052  0.0246  0.0003 262 64 164 5 157
29 16 669  0.0514 0.0014 0.1721 0.0048  0.0243  0.0003 257 61 161 5 155
30 33 1367 0.0510  0.0009 0.1717  0.0036  0.0244 0.0003 239 43 161 3 156
31 21 851 0.0496  0.0014  0.1676  0.0052  0.0245  0.0003 177 68 157 5 156
3229 1200 0.0493  0.0010  0.1658  0.0037  0.0244  0.0003 163 48 156 3 155
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Table 2 Zircon Hf dating results of the Sharhada granite

Fem > i/ Ma 70Yb/1THE Lo/ TTHE O HE T HE 20 epe() Tpw/Ma Tpy/Ma frope
1 154.6 0.0331 0.0011 0.283071 0.000025 13.87 256 316 —0.97
3 154.6 0.0376 0.0012 0.283088 0.000031 14.44 233 279 —0.96
7 154.6 0.0147 0.0005 0.283044 0.000024 12.99 289 372 —0.99
8 154.6 0.0314 0.0011 0.283042 0.000024 12.84 298 383 —0.97
9 154.6 0.0382 0.0012 0.283078 0.000024 14.12 247 302 —0.97
0 154.6 0.0383 0.0012 0.283074 0.000034 13.94 253 311 —0.96
10 154.6 0.0259 0.0008 0.283058 0.000029 13.45 273 345 —0.97
11 154.6 0.0405 0.0013 0.283060 0.000024 13.45 274 344 —0.96
13 154.6 0.0323 0.0010 0.283009 0.000034 11.68 344 457 —0.97
15 154.6 0.0336 0.0011 0.283091 0.000032 14.54 228 272 —0.97
16 154.6 0.0463 0.0014 0.283041 0.000027 12.77 302 387 —0.96
17 154.6 0.0358 0.0011 0.283031 0.000028 12.45 313 407 —0.97
18 154.6 0.0275 0.0009 0.283095 0.000027 14.72 221 261 —0.97
19 154.6 0.0669 0.0020 0.283064 0.000028 13.55 272 337 —0.94
20 154.6 0.0515 0.0019 0.283029 0.000025 12.28 324 419 —0.94
21 154.6 0.0204 0.0007 0.282992 0.000022 11.11 365 494 —0.98
22 154.6 0.0278 0.0010 0.283047 0.000027 13.02 290 371 —0.97
23 154.6 0.0483 0.0016 0.282978 0.000023 10.54 394 532 —0.95
24 154.6 0.0340 0.0011 0.283071 0.000022 13.87 256 316 —0.97
25 154.6 0.0308 0.0010 0.283043 0.000021 12.88 296 381 —0.97
27 154.6 0.0398 0.0013 0.283001 0.000026 11.36 358 477 —0.96
28 154.6 0.0368 0.0012 0.283071 0.000026 13.87 257 317 —0.96
29 154.6 0.0208 0.0007 0.283015 0.000024 11.92 333 442 —0.98
30 154.6 0.0215 0.0008 0.282981 0.000024 10.72 381 519 —0.98
31 154.6 0.0318 0.0011 0.282989 0.000021 10.97 373 503 —0.97
32 154.6 0.0338 0.0011 0.283022 0.000022 12.14 326 428 —0.97
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Table 3 Major,trace elements and REE compositions of the Sharhada granite

FeEfhS  SZGS01—1 SZGS01-2 SZGS02—1 SZGS02—2 SZGS03 FEfS  SZGS01—1 SZGS01-2 SZGS02—1 SZGS02—2 SZGS03
Sio, 75.97 75.78 75.7 74.86 75.12 Nb 19.3 47.4 22 22.2 27.9
Al, O, 13 13.25 12.71 13.1 12.84 Ta 3.23 5.62 2.62 2.16 2.92
FeO 0.65 0.81 1.41 1.46 1.5 Zr 165 94.3 258 262 277
Fe, O, 0.53 0.1 0.33 0.29 0.32 Hf 7.11 7.59 10.2 10.2 10.9
TFeO 1.13 0.90 1.71 1.72 1.79 Be 10.3 8.99 11.7 6.1 10.5
TFe, O, 1.25 1.00 1.90 1.91 1.99 U 2.06 1.39 1.98 2.09 1.68
CaO 0.47 0.38 0.46 0.56 0.77 Th 14.1 6.21 9.94 15 7.1
MgO 0.093 0.044 0.17 0.22 0.2 La 10.3 1.89 28 24 14.3
K,O 4.48 4.94 4.5 4.71 4.4 Ce 23.3 4.8 54.8 48.3 25.7
Na, O 3.96 4.16 3.62 3.75 3.81 Pr 3.1 0.83 6.4 6.93 3.69
TiO, 0.1 0.046 0.16 0.17 0.18 Nd 11.7 3.49 22.8 25.9 14.3
P,Oq 0.025 0.007 0.033 0.036 0.042 Sm 2.74 1.13 5.02 5.57 2.93
MnO 0.026 0.03 0.041 0.043 0.047 Eu 0.08 0.01 0.13 0.21 0.12
ek i 0.62 0.36 0.72 0.65 0.61 Gd 2.87 1.32 4.53 5.39 3.00
CO, 0.079 0.047 0.014 0.032 0.014 Tb 0.54 0.31 0.82 0.97 0.54
B 100 99.95 99.87 99.88 99.85 Dy 3.42 2.33 4.68 5.86 3.39
A/NK 1.14 1.09 1.17 1.16 1.16 Ho 0.72 0.53 0.92 1.17 0.68
A/CNK 1.06 1.03 1.09 1.07 1.03 Er 2.25 1.74 2.69 3.57 2.07
TFeO/MgO 12.1 20.5 10.0 7.82 8.94 Tm 0.37 0.31 0.40 0.52 0.32
Cr 3.30 2.34 2.44 5.98 2.89 Yb 2.60 2.05 2.52 3.42 2.19
Ni 2.56 1.40 1.27 1.08 2.23 Lu 0.40 0.30 0.38 0.51 0.30
Co 0.69 0.24 0.72 0.83 0.88 Y 18.5 17.6 24.6 33.9 20.6
Li 20.8 103 37.6 38.2 63.4 SREE 64.4 21.0 134 132 73.5
Rb 249 344 259 241 235 LREE 51.2 12.2 117 111 61.0
Cs 5.11 14.6 5.73 5.26 6.93 HREE 13.2 8.89 16.9 21.4 12.5
W 1.43 0.69 4.43 1.59 0.63 (La/Yb) 2.84 0.66 7.97 5.03 4.68
Mo 0.54 0.45 0.34 0.67 0.6 SEu 0.09 0.03 0.08 0.12 0.12
Sr 32.2 10.6 45 54.1 61.2 R, 2608 2422 2715 2562 2629
Ba 48.6 3.25 93.4 137 119 R, 312 304 310 330 347
\Y% 6.09 1.95 6.06 7.46 7.05 Mg* 12.82 8.02 15.08 18.56 16.62

Vi ERTCE AR AR, R AR £ TR SRR 1070
IR IR A M oo R B RAK (% 3),

Y REE=21.04x10"°~134.09x10"°, (La/Yb)  =0.66 ~
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Table 4 Sr—Nd isotopic data of the Sharhada granite

SRb/

57 St/

W Sm/

143Nd/

S I I t T/ M

FE b i Ma sog, sog, Sr g g Nd ena( ) pmz’Ma fona
B1/BGD1 154.6  25.4394 0.759392 0.70348 0.1554 0.512799  0.512642 3.96 622 —0.21
B3/BGD3 154.6  18.7883 0.742696 0.70140 0.1411 0.512802  0.512659 4.29 594 —0.28
B4/BGD4 154.6  13.8245 0.734120 0.70374 0.1339 0.512795  0.512660 4.31 594 —-0.32
B5/BGD5 154.6  12.2480 0.729856 0.70294 0.1344 0.512784  0.512648 4.08 612 =0.32

RIay —FH A (K 6—f.g) , RITHIE M E 4%,

A TG A R AU 2 W BORIE R £
FEPE LT IT A i B AR R TRl e = A A BAE
A AR R Al BT 2 R b 1 A
WA AR T e A BUIE B A IR TR AP A
R PR A 0 B R i 2 B 4 . DM PR 37 38 %
A oy B 48 5 TR G @52 ) T B
SRR AR ) 7T R R M K 5 0 R Sk K
RAE,

FMESIAT T A TUAE B 38 F 5 K AR
T R o oL = Y A 56 [ A
) A BURSCA M MV /R IR A X /b 5 2 A AR
(A [RIA rpPE f, HLSE I A A F o 2R I 1 U
S S R AAE W i 1 R A R A OB K R
(SiO, <68% ) B it 5% B3 M5 4, I f A K& b [a] 7=
Py RIVEETE Al B AR IR R B L
FANATREME L 25% , VT 2 A AR i B (A 48 HLAK
TRA Sk RO ) AR 2 5 IR ™ IR 1) e f: i A
VPRI IR A B o m e, HoA A A s — ST
IR A B SRR, ETAKIRSG
VERIE M A BRIIE G 0 & B I M fAoRn A48
IR R A £ A 1 [ AL A !, AR Xl
AREFE VP IR IR AE B A ARRAE

WIRM IR AL B AT B AR A BUAE B A 1Y
SR A DIRRE R A R R
FE B 5T (A/CNK=1.03~1.09) , FH
BT8R (304~347, KT 280) . £AJ5 A
RUPE i #3030 A R 2 R M SE RA E R P
AN, Mg™l N 8.02~18.56 , I/NT 45, F W g 4
JEXFUP IR TE A BITE A 5 1) B DT kI A SR/,
K VD /R IG A A BUAE B R e IR ) 3B o s il 3
5 Sr—Nd—Hf [ R FHEAAT . VDRI IR AL B
ena(O) M &, (1) PIAIEAA, &, (1) —1, R 3% B f 45

IR IR X (K] 7—a) , TE e, (1) —t B (& 7—
b) BIETERRRL B A b5 F5 8B A i ST i, X
552G LAl A 1 LR BB 0 A B R DR
RN S A 2 ERIE S P R S R B -
FE I TR B A0 A AN ] 1 5 T8 149 M3 7K Je T LA
PR A BUAE B R A BIVIG e I I e 55 A R
fe R i B0 o 2 VPRI IR R A LA
i HE-Nd 1 B BO AR I O 622~261 Ma, 4
B HAERAL S RRE , B O Bk A Bl A—ilr
AARHTT Ml e B SR R v e R AR TR BB
il S HO R 09 23 SR
42 MEER

A BUAE T AR 3 5 S e W B o 2 Al
ZA AR L EREE T RE S KB R ] A BUAE
A B BT 2 A 1S PR | AR KR Lachalen £
Bty A BUAE AT LAE BT 36 1L Y & R R 4R
Bonin'™ By #fifi th, A BLAE X A 5 3k 11z 3l 78 %5 (A
PO AR AR 8] b ¢ R DD, IRl 48 HhOHOIE
B TAEGEN I AR N PR 8 , TT A2 Al R T 2R 1Y
Wah g &, KB 5Hik s fA
SR A, A BRUAE B S ) B R T S A
FATFRR

UIRMIAAE R A 1Y FE i | o O 3R s R Ak 2
55 S ) e U B0 48 b o S XA [R] I AR8 A IE
L A BUAE B A R ARAT , T 18T 38 LU F 0 5e ok 34
1= S

TE TFeO/ ( TFeO +MgO) —SiO, fil Al, O, —SiO,
P (] 8—a b) 1, K 87 A 38 LLAE B A X
Pearce %“’Sjﬁ\jﬂ,Y\Yb\Rb\Ba‘K\Nb\Ta\Ce\Sm\
Zr A Hf REA RUX 73 AL X0 A 13 15 5 TE RGBT 5T
TR T S B R a5 fFE ARG (18 8)
AT LAE ], 7E Rb—(Y +Nb) & fif i 295 A5 il 48 78
B A X (& 8—c) ,EFHICR R, —R, M iE IR H



CERNE I TR ]

WG A58 PG LV R IR R 2 I A RUAE B o MBERAL PRI 0 iR 5 3 )7 5

1403

100 700
(@)
600
500}
L] ©
Q o
=) —_—
210 A-A 3 100
Q <o
2 300
[ 3
=
200
T T
S—ZUfA T 1 100l =
0 65 . 70 75 80 63 65 67 69 71 73 75 77 79 63 65 67 69 71 73 75 77 719
Si0,/% Si0,/% SiO,/%
1.0 12 _
@ (@)
0.9} BB s 8t £
% 1 TR
=08 2 [
T | S 4f
@ o7l S,
= B X 0 [
= i 4864 ML [y & of 486/ HAYIY
EO.G ATIE BRI A gm ARITE 2 I R
“os A
04 ‘ ‘ -8 -
l50 60 . 0,% 70 80 50 60 10./% 70 80
) &
20 anl.
= =
T T
o) o
£0.8 57 AN
g e
o) S } S~
5] 3] AR S
= 0.7 . N
\\\\\ N
. j
0.6 0.6 ==
10 12 4 16 18 20 10 20 30 40
ALO/% ALO /(K.O/Na,0%)
6 VHIRMIKAER # Si0, “TFeO/MgO(a) .SiO,~Zr(b) .SiO,~Nb(¢) ,SiO, ~TFeOQ/ ( TFeO+MgO) (d) .

Si0, —(Na,O+K,0—Ca0) (e) ,AlL,O,~TFeO/ ( TFeO+MgO) (f) F1 Al,0,/(K,0/Na,O) “TFeO/ ( TFeO+MgO) (g) Kl fi#
(B b.c ESHZCH63] ;B a TS H R 18] ;18 e fIREES T SCHR [ 64 ;& £ JIREIHES % CHR[8])
Fig. 6 SiO,~TFeO/MgO(a) ,SiO,~Zr(b) ,SiO, ~Nb(c) ,SiO, ~TFeO/ ( TEeO+MgO) (d) ,SiO, ~( Na,O+K,0-Ca0) (¢) ,
Al, O, —TFeO/ ( TFeO+MgO) () and Al,O,/(K,0/Na,O) —TFeO/ ( TFeO+MgO) ( g) plots for the Sharhada granite

15 - -
DM a
10 () l Jﬂgf@,/lgg (b)
10 A=K é“fﬂ
5 F S 2 0 L Ty 2R EX %O‘b
e oo € &
(L.
9 g BR R B A
= 5+ = \) K> 10 -
y F 10 <\ 8 Tom
-10h < p
-15+ 2 3&\)?%) 4
EMII ) )
o e N 0
30 200 300 400 500 600
=25 1 ! - L L L L L
0.701 0.705 0.710 0.715 0 500 1000 1500 2000 2500 3000
L. Ei/Ma

Bl 7 I—ey(t) BB A =, (o) B (b) (24585 10 4R B 1if R 24U S %50k 13])
Fig. 7 I, vs &y, (t)diagram(a)and &, () vs {(Ma) diagram(b)
DM—75 il ; EM T — T AR A b, EM T — 1AL 4 e



1404 H Wi B IR GEOLOGICAL BULLETIN OF CHINA 2022 4F
10 17
(a) (b)
16 | IAG+CAG+CCG
09
RRG+CEUG
)
5 0.8 ~
p= S
* =,
2 St
2 <
507
L
S
F
0-6 IAG+CAG+CCG
RRG+CEUG
0.5 10 . . . . . . . . .
60 64 68 72 76 80 70 71 72 73 74 75 76 77 78 719 80
Si0,/% $i0,/%
10000
[ () (d)
i 2000 |
Hh g 5y S
1000 syn - COLG
1500 |
R B AIE $i 7
= 100 o
=]
~ 1000 |
10k
E 500 |
ORG
1 10 100 1000 10000 0 500 1000 1500 2000 2500 3000
R,

(Y+Nb)/10°

K8

DIR WA SEAE b A FA 18 1 1) PR (1) a b B3 S0k 69 ], ¢ B30k 68] ,d 5% 3CHk[70])

Fig. 8 Tectonic discriminant diagrams of the Sharhada granite
IAG—E AL R 5 28 ; CAG— KRB IIAL K 5 28 ; CCG—RREREAE b 528 s POG—JE 1 LLAE I A 28 5
RRG—E A KA F 2 ; CEUG—S RETAYIE AT AL R 528 VAG—KINITE R A2 ORG—HEH A 2K
WPG—H K K 45 2 ; syn—COLG—IRl Bl 46 i 5 2

HER P BT e X 8—d), %k
AU W VD IR G IR AE 5 5 T8 T3 LU S R A S 4
43 MIREX

A AR LR, f W R E g
HE2 TR AR K v R RO Y T Ak e 2
P A Es T SR E R A B R E KT
PEZ I 5 2500 km 7H 35 AU 30010 km® Ay
N R S N RN O (o 37T B SN 1 o
TR, BRIAN — R AR TSR

ST T T B K L

J VT Tk A RS 2 o R R S R R A AT
B LI ) v B R 2 2 A e i gl R A T R
RBTEE 2R 3h " 45 75 v 52 I 8l i e
R A P 5 AR LR T S AR R
TEAR I SE T30 Ko 24 538 11 i 22 A 1) — 2R 97 G
PR A BUAE B, NP S A I LA B 57 (A
SRR HL X A AE B ™ NS ARERLL L TR
nBRHERE™ PR AR T KA R AT A
U Jek M DX TE B 0 AT b B0 A B ™ S AR SCHY Y
HEVD IR IR AR 2 i A BUAE B A RIS — L
JUHR Rl 14 T M52 A AP R 2 Tk Ak



B4 s

MG A St P S VD IR IR IR OR S T A TRUAE R MUERILS AR AR ORI S8 T2t 1405

JE SRS X AR HCIR T T Hh5e A S s E IE
S ST AR AT 8 o — 6 ok 2 R A 4B ( failed rift)
ZE LAY E B 5 Davis S5 BT IL P b KR
WA R GRS, U T AT RS e A e 1L i
LUy 1) o — B R 2 A R SR, T — R 2 A
L 2 B R R A, Y SRl AL
H B i v AR AR i L BR Bh ) 2 o AR AR T ORI
A

KL, A7 93X — 2R 3K i 16 £ SR S HL ] )
R, SR I R y RTFE AR R A IR b FH T e
SN E R TR G T 2

ZHEEFE VR, AR e RLE IR 5 RV
M B A g 5% | H s R 50y 5 | A A b o v i R
LY L R B S R RN S i R =, i
BRI () i b e i i 1202270 i v — B pk 2
Ty S X A b v 3 Y A e s T2 R R
TR AL VG LAAR M IX 2 AR o L ) 55 Ak
e R, Aedb sl AR AR A b 2 W R A
BEZXAERY 224 FRET M s T 52, /IR
5 b5t e 3 b S R JF I AR L AR TR 2 42
ARG A S AR K A I8 25 1l X 5% i NE [ Ji A 1 I
B KA A, AT T WO R B 31 2% 1l K
O rhar =0 o AR, JEe R A A] I, 38 S s (]
b AT RS IR R B VD IR E IR A BUAE R
AR BE = o AT AR S oh R T 89774
Ty L A BT AR A AR SR R Sl SR K
F TR R 2 5 ] AR A A R St —
T U R 2 I8 R B b — T 7 M DX B —
B A P T ) K Ll B S ) R WAk
B A R 2% 2 08 A6 R 22 ™ (4 162
Ma) i #B 143l ve Sk SR 2 | B Jb—0 v Hb X A
ERWAME A (165~ 157 Ma) ; B
A RLAWE B A T AR L (29 142 Ma) (BEHRAYED
Jet4l (29 142 Ma) B PER SR, DL X3 b—iT
PUHL X ARSI ZH (£) 135 Ma) , 3X 2 # kil
(W R 2 R . S R0 ) 8 73 X I Jre A 5 1Y
BRI A A S ILE S A #R B B2 A
A R BR B X, H B AT A At pE AR AR R
FUomon IR 2 WK S 55 SR E R
TR R BT A AT JCT PRIt T S R s ) B2 A
AF IR DRI, 5 iy —He b A6 bl Y rh—B6 R 2 1 1 2
Wi sh B E A2 T 5 SR S v A B H Bk 3

Jrpad B RS IX VD IR 1k A YA B o R 5t =5
BRI i I S 5

5 48

(1) NS H T I/RIG IR A A U—Pb 4R R
154.6+1.2 Ma, JE BT BR AR S i

(2) W I/RIGIBBEIR BB = BER K AL 5 5 & SiO,
(74.86% ~75.97% ) K, O (4.4% ~4.95% ) , 78 MgO
(0.044% ~0.22% ) , CaO ( 0.38% ~0.77% ) . TiO,
(0.046% ~0.18% ) F1 P, O, (0.007% ~0.042% ) , A/
CNK=1.03~1.09,/NF 1.1, 555 Ba Sr Eu.P,
Ti, HAT MUY ) A5 {0 Vg K AL B 4= 50 3 3 oA =
HHRIAIER T A BB

(3) Sr—Nd-Hf [Ff5; Z 5 Hr R B, VIR IG Ik A Al
A6 B3 T RE YR T8 AR v S b 7 o ) S 4 0
KIS S ER

(4) VDIRIGIN A BUAE R R AR 2 T 5t =56
BRI LS R E ), 55 1R
bR B A ) o A TR AL e 2 3[R 48 R h—
MR 2 )3z i T e iR

S 3k

[1] RARTT, 2Rk, A, 45 A6 B o i R BT S AR T D 7]
24,2007, (6): 12171238,

[2] Whalen ] B, Currie K L, Chappel B W.A—type granites: geochemical
characteristics, discrimination and petrogenesis [ J |. Contributions to
Mineralogy and Petrology, 1987,95(4): 407—419.

[3] Creaser R A, Price R C, Wormald R J. A —type granites revisited:
Assessment of a residual—source model[J].Geology, 1991,19(2): 163—166.

[4] Patifio Douce A E.Generation of metaluminous A —type granites by
low — pressure melting of calc — alkaline granitoids [ J]. Geology
(Boulder),1997,25(8): 743—746.

[5] Landenberger B, Collins W J.Derivation of A —type Granites from a
Dehydrated Charnockitic Lower Crust: Evidence from the Chaelundi
Complex, Eastern Australia[ J].Journal of Petrology,1996,37(1): 145—170.

[6] Frost C D, Frost B R.Reduced rapakivi —type granites; the tholeiite
connection[ J].Geology(Boulder),1997,25(7) : 647 —650.

[7] King P L, White A J R, Chappell B W, et al. Characterization and
Origin of Aluminous A —type Granites from the Lachlan Fold Belt,
Southeastern Australia[ J].Journal of Petrology,1997,38(3): 371—-391.

[8] Dall’Agnol R, de Oliveira D C.Oxidized, magnetite —series, rapakivi —
type granites of Carajas, Brazil: Implications for classification and
petrogenesis of A—type granites| J].Lithos,2007,93(3): 215-233.

[9] Turner S P, Foden J D, Morrison R S.Derivation of some A —type
magmas by fractionation of basaltic magma: An example from the
Padthaway Ridge, South Australia[ J].Lithos,1992,28(2): 151—179.

[10] Mushkin A, Navon O, Halicz L, et al. The Petrogenesis of A —type



1406 H ST i IR

GEOLOGICAL BULLETIN OF CHINA

2022 &

Magmas from the Amram Massif, Southern Israel [ J]. Journal of
Petrology,2003,44(5): 815—832.

[11] Dall’Agnol R, Frost C D, Rimé O T.IGCP Project 510 “A —type
Granites and Related Rocks through Time”: Project vita, results, and
contribution to granite research|J].Lithos,2012,151: 1-16.

[12] Kemp A I S, Wormald R J, Whitehouse M ], et al. Hf isotopes in
zircon reveal contrasting sources and crystallization histories for
alkaline to peralkaline granites of Temora, southeastern Australia[]].
Geology(Boulder),2005,33(10): 797 =800.

[13] Yang J, Wu F, Chung S, et al. A hybrid origin for the Qianshan A—
type granite, northeast China: Geochemical and Sr—Nd —Hf isotopic
evidence|[ J].Lithos,2006,89(1/2): 89—106.

[14] Zhang X, Yuan L,Xue F, et al. Contrasting Triassic ferroan granitoids
from northwestern Liaoning, North China: Magmatic monitor of
Mesozoic decratonization and a craton—orogen boundary[ J].Lithos,
2012,144/145: 12—23.

[15] Sylvester. Post — collisional alkaline granites [ J]. The Journal of
Geology,1989,97(3): 261-280.

[16] Rogers J J W, Greenberg J K. Late —orogenic, Post —orogenic, and
anorogenic granites: Distinction by major — element and trace —
element chemistry and possible origins[ J]. The Journal of Geology,
1990,98(3):291-309.

[17] Eby G N.Chemical subdivision of the A—type granitoids: petrologic
and tectonic implications[ J].Geology, 1992,20(7): 641 —644.

[18] Eby G N.The A—type granitoids: A review of their occurrence and
chemical characteristics and speculations on their petrogenesis [ J].
Lithos, 1990,26(1/2): 115—134.

[19] 5k, B YRLE, g/ AR ARAA —JOiE LA e L e 0] A 026 54 & 119
JEE ] A AT P42, 2000, (4) : 297-306.

[20] BB, TAHFL, BOTEE. A BIFE 5 A IR BUR X R (). A4
Y2235, 2007, (1) : 57-66.

[21] B/, E5ik, FEUIEE. A BUAE b A O BT 5 28 e S 38 L[ . ke
i 54,2009, 33(3) : 465480

[22] 3 f, EHE, T, 55 ST 0 A 5w B HE I U T R A6 i B
AE U-Pb AR R S RS LA )] T 35T, 2021, 48
(1):229—246.

(23] F4:T7, ZEHEA, ZE LT B, &5 1ty S Y0 B R ol AR A T 88 5 0 3k L i
Je: BURIAE AT KL A SRR R BR AL 5 TR ). s B2 41,
2020,94(12): 3561-3580.

[24] KSR, W 4 A, X057, A ol S Y 1) R A = e =T T
S——2k B BRI TLAE PR AR (O, —C) ) HZ Y ZETTRLD
SE[J] MBS YRR, 2018,27 (1) 16-21.

[25] Zhang X, Yuan L, Wilde S A.Crust/mantle interaction during the
construction of an extensional magmatic dome: Middle to Late
Jurassic plutonic complex from western Liaoning, North China
Craton[ J].Lithos,2014,205: 185—-207.

[26] Zhu R, Yang J, Wu F.Timing of destruction of the North China
Craton|]].Lithos,2012,149: 51-60.

[27] Wang T, Zheng Y, Zhang J, et al. Pattern and kinematic polarity of
late Mesozoic extension in continental NE Asia: Perspectives from
metamorphic core complexes[J]. Tectonics,2011,30(6): TC6007.

[28] Wu F Y, Yang J H, Wilde S A, et al. Geochronology, petrogenesis and

tectonic implications of Jurassic granites in the Liaodong Peninsula,
NE China[ J].Chemical Geology,2005,221(1): 127-156.

[29] Zorin Y A. Geodynamics of the western part of the Mongolia —
Okhotsk collisional belt, Trans —Baikal region (Russia) and Mongolia[J].
Tectonophysics, 1999,306(1): 33-56.

[30] AT ¥4, BMY, ¥R, 8 N S8 IR R R ZE I AR O A BUTE I A Y 4
A U-Pb AFi BRI R A B b RS L[ ] 8 0 )2 4 A,
2016,35(2): 229—241.

[31] 47 5, X 25—, KA, 45 P9 52 7 o 20 MU X IR I — 46 i o 26
SHRIMP 2% J]. 1T 2412, 2004, (6) : 789—799.

[32] ¥ 3CEE, b, 2 i, S N St R SR AR A A TR R A R R
7 P 20 2 L R AL AR AE K H it BT RS S [ ). b R 3R
(ARBFIR),2011,47(2): 321-330.

[33] AESGuR, XU, 5Kk, 55 P 5Tt PG 24 0 2 ) e o OV I
HERA 2 AR A [ )] 78 MROR 2 2 (M BR B2 ) , 2020, 50(5) :
1599—-1614.

[34] A DG, B IRAE, M B2 N Sty — e R AL A TR 8l DX R o
T FR R B AR A B R (). MR R A S5 5T, 2020, 43
(4):287-292.

[35] U, AR, A T5, 45 N 52 O S HE NG A A I ) e B Mk v
R 5B B TR o I R B AL o ) 24 SR ] b B R,
2021,40(1): 82—94.

[36] TRE2HE. B VD IR I IR 4K B 5 M TR ML BRI 98 | D). A R E S
TR BE 12018 3, 2015

[37] 7 A7, XUAR, R AR, 45 N 52t A 46 b B R AR A A% 2 I
TR XA A SR AT [ ] A A 254, 2014,30(11) : 3155-3171.

[38] ZETEA, T 7, L0, 55 N 58 7h 74 5 JICA 55 48 S hr s 2 o 14
P[] 5423, 2015,31(5) : 14611470,

[39] 477, 250, 2R L0 M, 5. N 5l Mg 95 1 S hr g 2 o IR a8 3
I B AR )] BT EE 41, 2017,91(8) - 1776 -1795.

[40] Liu Y S,Hu Z C,Zong K Q, et al. Reappraisement and refinement of
zircon U—Pb isotope and trace element analyses by LA—ICP—MS[]].
Chinese Science Bulletin,2010,55(15): 1535—1546.

[41] Ludwig K R. User’ s Manual for Isoplot/EX Version 3.00: A
geochoronological Toolkit for Microsoft Excel [ M |. Berkeley
Geochronology Center Special Publication,2003: 1-70.

[42] BKEE, 2R3, sl fd, 45 45 HE Al 241 Y LA-MC-ICP -
MS %2 [ J]. 4 B )%, 2011,30(10) : 1508—1513.

[43] 1 Gk, T ok, I IN R, 55 05 BT (GBW04420) i X JF A7 U—
Pb EAEAHT[]). b BT IR A 55, 2020,43(1): 1 4.

[44] 22 7, 898, EFM, 55 IR IR 2 & o Bl 5 55 8 1A B
IR B F 4Ed )] bR 50F58,2019,42(4) : 271-277.

[45] Belousova E, Griftin W, O “Reilly S Y, et al. Igneous zircon: trace
element composition as an indicator of source rock type [J].
Contributions to Mineralogy and Petrology,2002,143(5): 602—622.

[46] Rubatto D. Zircon trace element geochemistry: partitioning with
garnet and the link between U —Pb ages and metamorphism [ J].
Chemical Geology,2002,184(1): 123—138.

[47] SEARIT, 2k, KK 6, 55 Lu—Hf R IR R RSN )]
A12%41],2007, (2) : 185-220.

(48] FKHIE, ETT e, GxERR, S5 KT 15 LA LR AL A A ] 3
FUiE R, 2008,27(1): 1-18.



B4 s BAMSAE: P95 PG VR e

ISMEARE A BURE R R A RFIE CE AR 53 7 E R 1407

[49] Sun S S, McDonough W F. Chemical and isotopic systematics of
oceanic basalts: implications for mantle composition and processes[ J].
Geological Society, London, Special Publications, 1989,42(1): 313—345.

[50] KT, 2R 25 AL b A [ M. AL 5T WEPE ik, 2012,

[51] KT, FHIR, 27K AR A BIAE B 19 SE R A 42 (]
i£,2012,31(4): 621-626.

[52] X T2, B/ N, BRI SR, 45 A BUEE 4328 FIBIBRE TR ()]
KT R, 2003, (4): 573591,

[53] VFOR KL, 1A L, 5 R, A A R AR
TH[]]. Hb2F T2, 1998, (3): 113—124.

[54] Hildreth W, Halliday A N, Christiansen R L. Isotopic and chemical

HOT YA

B2 A 2 M2 B Y Ok

evidence concerning the genesis and contamination of basaltic and
rhyolitic magma beneath the Yellowstone Plateau volcanic field| J].
Journal of Petrology, 1991,32(1): 63—138.

[55] Whitaker M L, Whitaker M L, Nekvasil H, et al. Can crystallization of
olivine tholeiite give rise to potassic rhyolites?—an experimental
investigation[ J].Bulletin of Volcanology,2008,70(3): 417—434.

[56] Frost C D, Frost B R. On Ferroan (A — type) granitoids: their
compositional variability and modes of origin [ J]. Journal of
Petrology,2011,52(1): 39—53.

[57] Glazner A F.Thermal limitations on incorporation of wall rock into
magmal J]. Geology(Boulder) 2007,35(4): 319-322.

[58] T34 AR AR T, X IF %2, 85 R 422 W v s 4 Tl Hb DX 440 4 78 B
BRI R BRI 1 B AR g U-Pb AR A
T J]. A A2, 2012,28(8) : 2647 -2655.

[59] Wu F Y,Jahn B M, Wilde S A, et al.Phanerozoic crustal growth: U—Pb
and Sr—Nd isotopic evidence from the granites in northeastern China[]].
Tectonophysics, 2000,328(1): 89—113.

[60] PR, T A0, IHIAR, S5 WP IEIE & ) [EAE b4 5 7 1 R 18
AR B 5 A= K 196 R [ ] BT 224, 2003, (2) : 203-209.

[61] HER T, 3, BB, 4 24515 LI IE &, (1) (EAE A B R
KBl b e A K [ ] HIS BT 2%, 2000, (2) : 441—456.

[62] Skjerlie K P,Johnston A D.Fluid—Absent Melting Behavior of an F—
Rich Tonalitic Gneiss at Mid—Crustal Pressures: Implications for the
Generation of Anorogenic Granites| J].Journal of Petrology, 1993,34
(4): 785—815.

[63] Collins W J,Beams S D, White A J R, et al.Nature and origin of A—
type granites with particular reference to southeastern Australia[ J].
Contributions to Mineralogy and Petrology, 1982,80(2): 189—200.

[64] Frost B R, Barnes C G, Collins W J, et al. A Geochemical
Classification for Granitic Rocks [ J].Journal of Petrology, 2001, 42
(11):2033—2048.

[65] Bonin B.A—type granites and related rocks: Evolution of a concept,
problems and prospects| J].Lithos,2007,97(1): 1—29.

[66] BELFS, RARIR, B & AR e AL 5 B L R A RUAE b 5 1A 45
£ SHRIMP U~Pb % 4F A s T [ J]. 754 2441, 2009, 25 (3) :
515-526.

[67] T4 75, ZEHe, 2400, 55 N 58l 79 S A I Ll MR AR 2 tH——
LA A TR R RS A U—Pb AR A BREE ). 3 BTE R,
2018,37(2/3): 382—396.

[68] Pearce J A,Harris N B W, Tindle A G.Trace element discrimination

diagrams for the tectonic interpretation of granitic rocks[ J].Journal of

Petrology, 1984,25(4): 956—983.

[69] Maniar P D, Piccoli P M. Tectonic discrimination of granitoids[J].
Geological Society of America Bulletin, 1989,101(5): 635—643.
[70] Batchelor R A, Bowden P.Petrogenetic interpretation of granitoid
rock series using multicationic parameters [ J]. Chemical Geology,

1985,48(1): 43-55.

[71] Wang T, Guo L, Zheng Y D, et al. Timing and processes of late
Mesozoic mid—lower —crustal extension in continental NE Asia and
implications for the tectonic setting of the destruction of the North
China Craton: Mainly constrained by zircon U —Pb ages from
metamorphic core complexes[J].Lithos,2012,154: 315-345.

[72] Donskaya V, Windley B F, Mazukabzov A M, et al. Age and evolution
of late Mesozoic metamorphic core complexes in southern Siberia
and northern Mongolia [ J]. Journal of the Geological Society
(London),2008,165(1): 405—421.

73] Mazukabzov A M, Donskaya T V, Gladkochub D P, et al. Structure
and age of the metamorphic core complex of the Burgutui ridge
(southwestern Transbaikal region) [ J].Doklady Earth Sciences, 2006,
407(1):179-183.

[74] Darby B J, Davis G A, Zhang X H. The newly discovered Waziyu
metamorphic core complex, Yiwulushan, western Liaoning Province,
Northwest China[J].Earth Science Frontiers,2004,11: 145—155.

[75] Meng Q. What drove late Mesozoic extension of the northern
China—Mongolia tract? [ J]. Tectonophysics,2003,369(3): 155—174.

[76] Ritts B D, Darby B J, Cope T. Early Jurassic extensional basin
formation in the Daging Shan segment of the Yinshan belt, North
China Block, Inner Mongolia [ J]. Tectonophysics, 2001, 339 (3):
239-258.

[77] Graham S A,Hendrix M S,Johnson C L, et al.Sedimentary record and
tectonic implications of Mesozoic rifting in Southeast Mongolia [ J].
Geological Society of America Bulletin,2001,113(12): 1560—1579.

[78] Wang F,Zhou X H, Zhang L C, et al.Late Mesozoic volcanism in the
Great Xing’an Range (NE China): Timing and implications for the
dynamic setting of NE Asia[ J].Earth and Planetary Science Letters,
2006,251(1/2): 179-198.

[79] Fan W M, Guo F, Wang Y J, et al. Late Mesozoic calc —alkaline
volcanism of post —orogenic extension in the northern Da Hinggan
Mountains, northeastern China [ J]. Journal of Volcanology and
Geothermal Research,2003,121(1): 115-135.

[80] Guo L, Wang T, Castro A, et al. Petrogenesis and evolution of late
Mesozoic granitic magmatism in the Hohhot metamorphic core
complex, Daging Shan, North China [ J]. International Geology
Review,2012,54(16): 1885-1905.

[81] Charles N, Gumiaux C, Augier R, et al. Metamorphic Core
Complexes vs.synkinematic plutons in continental extension setting:
Insights from key structures (Shandong Province, eastern China) [ J].
Journal of Asian Earth Sciences,2011,40(1):261-278.

[82] B BT £L, SR IERE, XIS B, 4. A 52 7ty P b ik ofe 3t DX e (R 25 1t A 7
e MR AL 2 R AIE A A R R 5 3 B3 ()] 8 A AR,
2015,31(6): 1774—1788.

[83] kv, AR AR, JH KA, 45, V\]?ﬁﬁa*ﬁﬂM?"Ef%ﬁiﬂﬁﬁiﬂ}’
ﬁ%zﬁﬁmﬁiﬁﬂﬁt% IR N LB RS (). M BTIE T, 2020,



1408 H Wi B IR

GEOLOGICAL BULLETIN OF CHINA

2022 &

66(3):765-785.

[84] BRAET™, 5KiE B, SRABTE, A5 N Sl P RLAR AR a7 B 54 40
XA BURE R A R 22 T I 7T 5 [ J]. A1 5441, 2008, 24 (4):
879-889.

[85] fift ¥t iy, 2T, AR L, 4% PN 52 7l 3 BR R AT A 3t X A TR0 48 B o 4F
R HERfL A B B X[ ]] A A %A 3R, 2012,28(2) : 483494,

[86] Davis G A,Darby B J.Early Cretaceous overprinting of the Mesozoic
Dagqing Shan fold—and—thrust belt by the Hohhot metamorphic core
complex, Inner Mongolia, Chinal J]. Geoscience Frontiers.2010,1(1):
1-20.

(87] %BHEfE,Davis G A, E T3 e o A AR A R S AR R
TETF A ). M B 244, 2000,19(4) : 289-302.

[88] Traynor J J, Sladen C.Tectonic and stratigraphic evolution of the
Mongolian People “s Republic and its influence on hydrocarbon
geology and potential [ J]. Marine and Petroleum Geology, 1995, 12
(1):35—-52.

[89] Zhang S H, Zhao Y,Davis G A, et al. Temporal and spatial variations
of Mesozoic magmatism and deformation in the North China
Craton: Implications for lithospheric thinning and decratonization| J].
Earth—Science Reviews,2014,131: 49—87.

[90] Chen B, Jahn B M, Suzuki K.Petrological and Nd—=Sr—Os isotopic
constraints on the origin of high—Mg adakitic rocks from the North
China Craton: Tectonic implications|J].Geology,2013,41(1): 91—94.

[91] Fha R b A b o A AUA SRR 5 e i Ak [ J]. & A 8
2R 35,2013,32(5): 577-592.

[92] LfFSCE PVRIH, R, A5 245238 L7 (19 J8 % 1 45 4 3 T Al i
[J]. HuBR B}, 2019, 44(5) : 1620—1646.

[93] Cocks L R M, Torsvik T H.The dynamic evolution of the Palacozoic
geography of eastern Asia[]J].Earth—science Reviews.2013,117: 40—79.

[94] Metelkin D V, Vernikovsky V' A, Kazansky A Y, et al.Late Mesozoic
tectonics of Central Asia based on paleomagnetic evidence [ J].
Gondwana Research,2010,18(2): 400—419.

[95] i B, V7 3C KL B A, A5 T Ui B b IX SR b rp A AR Ll
B U-Pb AR bR 2% M H M T R S 7). A0 244, 2011,
27(4): 1209-1226.

[96] A, AL, 177 3C K. K 222 U 1 T8 49 IR A1 Ui S0 Y 46 A1
R AR ER AL A TR | J) 8 125412, 2013,29(3) : 853-863.

[97] B B, X8 30, 4% 2 .30 PG 4 DX R LLUBR PN et Ly L A A i
/}‘rﬂfﬁﬂ"]*ﬁﬁilﬁi[ %E%‘éﬁ{ 2007(3)- 605—616.

Hi T IE 42, 2004,23(2/3) : 854—863.
[99] 52, ZEUEAR, WIIEH, 45 FLAL WPl DX v A AR K L 3 2 4
U-Pb M4E K i 7| ] HBkBl2, 2005, (6) : 707-720.

[100] Zhang ] H, Gao S, Ge W C, et al. Geochronology of the Mesozoic
volcanic rocks in the Great Xing an Range, northeastern China:
Implications for subduction —induced delamination [ J|. Chemical
Geology,2010,276(3/4): 144—165.

[101] Zhang J H,Ge W C, Wu F Y, et al.Large —scale Early Cretaceous
volcanic events in the northern Great Xing an Range, Northeastern

China[J].Lithos,2008,102(1/2): 138—157.



