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Abstract: An integrated study, involving petrology, zircon U-Pb geochronology, and lithogeochemistry and
zircon Lu-Hf isotope, was conducted on the Early Cretaceous alkaline rocks in the Tangchi area of the eastern
Beihuaiyang of the Dabie orogen, aiming to constrain its petrogenesis and tectonic implications. The alkaline
rock suites consist of syenogranite, quartz syenite, and syenite porphyry, accompanied by dolerite. Zircon
U-Pb dating reveals that dolerite, syenogranite, and syenite porphyry were formed at 130.3+1.7 Ma, 128.4+
1.7 Ma and 122.3£1.5 Ma, respectively, indicating that these rocks were products of Early Cretaceous magma-
tism. The dolerite exhibits low SiO, (45.23~56.92 wt.%) and high Na,0O+K,O contents (5.24~8.04 wt.%) and
relatively high Mg” values (average of 48). Other rock types are characterized by high SiO, (62.44~77.25
wt.%) and Na,0+K,O contents (7.97~10.35 wt.%), along with low CaO concentrations, as well as elevated
Ga/Al and FeO'/MgO ratios, similar to typical A-type granites. The zircon &udt) values of the dolerite range
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from -6.4 to -2.9, with whole rock Nb/Ta ratio of 17.1~22.0 (close to the mantle value of 17.5), indicating that

these rocks were formed via partial melting of an enriched mantle. The Tangchi A-type granites yield richer

Hf component and much lower eudt) values (-23.3 ~ -3.5) and whole rock Nb/Ta ratio (11.2~22.7, average of

16.5), suggesting that the A-type alkaline magmas have been produced primarily by partial melting of the low-

er crust caused by the emplacement of the mantle-derived mafic magmas. Together with regional data, it is

proposed that the Dabie orogeny was in transition from the collisional extrusion during the Early Cretaceous

to subsequent post-collisional extension.

Key words: Dabie orogen; Tangchi; Early Cretaceous; A-type granites; dolerite; geochemistry
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Fig. 1 Geological sketch map of the Dabie-Sulu orogenic belt (a), distribution of Late Mesozoic post-collisional igneous rocks in

Beihuaiyang (b) and simplified geological map of Tangchi complex (c)
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Fig. 2 Field outcrop photos and photos under orthogonal polarized microscope of Tangchi complex
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R2 G EFELA-ICP-MS#A U-Pb AR EHTER
Table 2 LA-ICP-MS zircon U-Pb ages of the Tangchi complex
opn—— w/x10° - [ {7 2 FU AR 44 (Ma)

U Th 2TPb/BU lo 2Py lo 26y lo
19TC16-1 FEL4R5}
19TC16-1-01 190 128 1.49 0.1395 0.0138 0.0206 0.0005 131.6 3.1
19TC16-1-02 383 152 2.52 0.1310 0.0122 0.0189 0.0004 120.7 2.5
19TC16-1-03 163 181 0.90 0.1383 0.0098 0.0199 0.0004 126.9 22
19TC16-1-04 1011 409 2.47 0.1253 0.0079 0.0191 0.0002 122.2 1.5
19TC16-1-05 515 318 1.62 0.2393 0.0180 0.0198 0.0004 126.4 2.3
19TC16-1-06 241 268 0.90 0.1460 0.0086 0.0210 0.0004 133.7 22
19TC16-1-07 169 132 1.28 0.2137 0.0172 0.0222 0.0005 141.7 32
19TC16-1-08 197 162 121 0.1368 0.0102 0.0207 0.0004 132.4 24
19TC16-1-09 587 242 2.43 0.1502 0.0140 0.0213 0.0007 135.8 44
19TC16-1-10 175 163 1.08 0.1408 0.0102 0.0204 0.0004 129.9 2.4
19TC16-1-11 225 148 1.52 0.1362 0.0102 0.0204 0.0004 129.9 24
19TC16-1-12 209 164 1.28 0.1397 0.0134 0.0209 0.0004 133.1 2.7
19TC16-1-13 95.0 102 0.93 0.1299 0.0131 0.0204 0.0005 129.9 3.0
19TC16-1-14 432 308 1.41 0.1388 0.0089 0.0204 0.0003 130.0 1.9
19TC16-1-15 273 214 127 0.1277 0.0081 0.0197 0.0004 125.5 2.3
19TC16-1-16 620 337 1.84 0.1834 0.0327 0.0256 0.0038 163.0 23.7
19TC16-1-17 322 216 1.49 0.1539 0.0240 0.0220 0.0005 140.1 3.0
19TC16-1-18 342 519 0.66 0.1399 0.0069 0.0201 0.0002 128.4 15
19TC16-1-19 207 141 1.47 0.1401 0.0104 0.0201 0.0004 128.2 2.7
19TC16-1-20 554 286 1.94 0.1504 0.0085 0.0212 0.0003 135.3 2.1
19TC20-1 IEKAE R
19TC20-1-01 1419 740 1.92 0.2336 0.0091 0.0211 0.0003 134.4 1.6
19TC20-1-02 765 366 2.09 0.1369 0.0093 0.0196 0.0003 125.0 22
19TC20-1-03 921 657 1.40 0.1385 0.0062 0.0201 0.0003 128.5 1.6
19TC20-1-04 968 261 3.71 0.2522 0.0244 0.0196 0.0004 125.0 2.3
19TC20-1-05 141 137 1.03 0.1428 0.0150 0.0220 0.0006 140.2 3.6
19TC20-1-06 1407 768 1.83 0.1221 0.0052 0.0187 0.0002 119.4 1.3
19TC20-1-07 455 222 2.05 0.1441 0.0133 0.0205 0.0003 131.0 2.1
19TC20-1-08 932 300 3.10 0.4110 0.0230 0.0220 0.0003 140.5 22
19TC20-1-09 485 181 2.68 0.2134 0.0143 0.0198 0.0004 126.2 2.3
19TC20-1-10 985 333 2.96 0.1489 0.0091 0.0213 0.0004 135.6 22
19TC20-1-11 380 303 1.25 0.1384 0.0080 0.0199 0.0003 1273 2.0
19TC20-1-12 1076 273 3.94 0.1285 0.0125 0.0192 0.0006 1225 4.1
19TC20-1-13 328 192 1.71 0.1444 0.0093 0.0206 0.0005 131.7 29
19TC20-1-14 439 319 1.38 0.1433 0.0072 0.0203 0.0003 129.8 1.9
19TC20-1-15 763 259 2.95 0.1398 0.0104 0.0201 0.0004 128.6 22
19TC20-1-16 414 302 1.37 0.1416 0.0085 0.0204 0.0003 130.5 1.8
19TC20-1-17 738 504 1.46 0.1332 0.0069 0.0191 0.0002 122.0 1.5
19TC20-1-18 657 284 2.31 0.6606 0.0261 0.0250 0.0005 159.5 3.1
19TC20-1-19 190 145 1.31 0.1312 0.0097 0.0193 0.0004 122.9 2.6
19TC20-1-20 461 212 2.17 0.1388 0.0099 0.0203 0.0004 129.3 25




H40% 551 IR ARG A R L Yt S S T A A R R T = S 37
2%y
oy w/*x10° S—— 7 [7 i 2 U % (Ma)
By PTh 2TphAY lo 26ph/AY lo WPy lo
19TC21-1 IEKBER
19TC21-1-01 89.6 258 0.35 0.1442 0.0137 0.0208 0.0004 132.6 26
19TC21-1-02 417 225 1.86 0.1381 0.0094 0.0198 0.0004 126.6 23
19TC21-1-03 367 185 1.98 0.1292 0.0100 0.0186 0.0004 118.6 23
19TC21-1-04 337 208 1.62 0.1412 0.0090 0.0203 0.0004 129.5 24
19TC21-1-05 150 124 121 0.3134 0.0197 0.0202 0.0004 129.0 26
19TC21-1-06 475 322 1.47 0.1283 0.0081 0.0198 0.0003 126.4 2.0
19TC21-1-07 451 267 1.69 0.1341 0.0076 0.0196 0.0003 124.9 1.9
19TC21-1-08 869 402 2.16 0.1376 0.0153 0.0199 0.0007 127.1 4.1
19TC21-1-09 517 369 1.40 0.1332 0.0067 0.0191 0.0003 122.1 1.7
19TC21-1-10 276 170 1.62 0.1225 0.0103 0.0191 0.0004 121.8 22
19TC21-1-11 401 160 2.50 0.1392 0.0100 0.0202 0.0004 128.9 25
19TC21-1-12 185 166 1.12 0.1320 0.0081 0.0196 0.0003 125.1 2.1
19TC21-1-13 752 429 1.76 0.1299 0.0060 0.0187 0.0003 119.3 1.7
19TC21-1-14 478 380 1.26 0.1366 0.0067 0.0196 0.0003 124.9 1.7
19TC21-1-15 829 330 2.51 0.1308 0.0076 0.0190 0.0003 121.2 1.7
19TC21-1-16 853 474 1.80 0.1269 0.0065 0.0188 0.0002 119.8 1.5
19TC21-1-17 135 137 0.98 0.1275 0.0099 0.0190 0.0004 121.6 24
19TC21-1-18 667 328 2.04 0.1300 0.0076 0.0187 0.0003 119.5 1.7
19TC21-1-19 109 542 2.02 0.1313 0.0190 0.0189 0.0006 120.4 3.9
19TC21-1-20 255 219 1.16 0.1300 0.0080 0.0188 0.0003 119.8 1.8

KGR 10 1~2: 178 = F A CLIEG H , YRk
WS EI W] 0 IR PR, R ITHO A SR (513 )
FiF A P v 0 B A B B 1) Th/U LA (0.35~
3.9) Ml B EERH LM MER L (LD A
La-(Sm/La)xFI(Sm/La)s-Ce/Ce* [l (151 4) b, K4
BRI VR AL A R A DX, 37 S AR
A D3 o DA RRIE R Bt R B 5 A SR 350
B (RITRAER KK, 2004; Hoskin, 2005)
WELRT A B A LD 20 M A K205
TEMEANZE FaiBT , Horp 14800 ST 4A5 H P/
28U I AL ¥ 4R R 130.3+1.7 Ma(MSWD=1.6)
([4] 5a, 5b) ARREKEE T 7.9.16 .17 S84
[ 2Pb/ U AE #8491 141.7+3.2 Ma, 135.8+4.4
Ma.163.0+23.7 Ma F1 140.1+3.0 Ma, 7E 15 FIE] F 45
AT HL, AN WAk A, R RE AR B A .2 .4
Bl s A R AR, RS 5 INECE R
TE AL B A L0 5 20 A5 s, Hed 1
ANEE SR EE B, THEAS 2 Ph/A U A1

AEHA N 128.4+1.7 Ma(MSWD=1.4) (%] 5¢, 5d) ,4.8
F 18 5l s I AR, RS 5 mACE 24
W15 561217 19 S0 5 1 2P/ U 4R 43 5]
7 119+1.3 Ma, 122.5+4.1 Ma, 122.0+1.5 F1 122.9+
2.6 Ma, i TINACE- 4R 0%, AT e 5 5 B 0k 514
H1Pb ERA K, RS S IMBCTFAE11455 8 .10
B S5 2P/ U AR Y 43 51 A 140.542.2 Ma il
126.2+2.3 Ma, AN ULAKEAZ , AT RE RS £ o

TE KB 7 SR 5 20 N0 o, K25k
TEIE FIZR sl B, Fo 17 A 8ot SO B A
25ph/ AU IACE Y AE RS 122.3£1.5 Ma(MSWD=2.2)
([#] 5, 56) o 1.5 .6 S H A0 " Po/~ U 4E 8 4331 -y
132.6+2.6 Ma ., 129.0+2.6 F1126.4+2.0 Ma, & T-IAL
SEEAERS N WLARARAZ W RE A AR A
4.2 FHRHBkLE

JCHEBH AR B i i 4 By IE R AL R A A
IER A BOER B F R e R oM g 1 W5
3 HR LR By A Y S10, 5 Ol 45.23~56.92 wt.%,
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2B & AF (Na,0+K.0=5.24~8.04 wt.% ) , & fi# (Na,O + K,0=7.97~9.34 wt.% , K.O/Na,0=1.06~
MgO (Mg0=2.92~6.06 wt.% ; Mg‘=41~55) . CaO 1.15) , #% £ (Mg0=0.05~0.20 wt.% ) Fll 5 (CaO=
(4.84~8.24 wt.%) Fil AL,O(15.06~16.34 wt.%) . 0.15~0.80 wt.% ) , 4> 8k 7 &t 4 (TFe,0,=1.10~1.75

TERAE R A & ik (Si0.=73.71~77.25 wt.%) & wt.%,FeQ"/Mg0=7.20~22.0)

100 pm

en(t)=
1344+1.6 Ma

9Ma 129.8+19Ma 128.6+2.2Ma

eu()=-19.6 ‘i g 233 eu(t)=-19.2 al()=-16.6  £,(1)=-19.6
126.64:2.3 Ma 6 fla 129.5 Ma 129.0+2.6 Ma 24.9+1.9Ma127.1£4.1 Ma

eu()=-19.6 g ] e ] ea(D=-17.0 £ ()=-19.2 &, (t £u()=-19.0
1221+1.7Ma 121.8422Ma 042.5Ma 125.142.1 Ma 1193+ 1.7 Ma 12494 1.7Ma 12124 1.7 Ma

eun()=2.9 £ ()=-4.0 & (0=-16.4 / 4.8 =45 e enl(1)=-5.6
131.6£3.1 Ma 120.74+2.5Ma 126.9+2.2 Ma 17_2 2acil. 5 Ml 141 7+"1 2Ma 126.4+2.3 Ma 4 ” a 132.4+24Ma

>» &

&y(1)=-5.0 2u(£)=-919 eu(1)=-4.6 - (£)=-4.6 1i(1)=—6.4
lﬁL, -H\Id 129.9+2.4 Ma l’99+’4Mi 133.1£2.7 Ma l")‘)Jr?()M'l 1300*1‘)1\14

5 ;
100 um

3 il E s R L (CL) BHR
Fig. 3 Cathodoluminescence images of zircons from the Tangchi complex
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Fig. 4 Zircon La-(Sm/La)x(a) and (Sm/La)x-Ce/Ce*(b) diagrams of the Tangchi complex
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Fig. 5 Zircon U-Pb Concordia diagrams and weighted mean age from the Tangchi complex

A 3OE K A B Si0. 7 55 R (Si0=68.77~ 1% & (9.52~10.23 wt.% ) W =5 T IE K A i 4, (2
69.07 wt.% ) , A X & 8 (08 & &= 4 10.11~10.42  MgO (1.07~1.27 wt.% ) Fil CaO (1.80~2.30 wt.% ) 7%
wt.% ) Fl1 Bk (TFe,0:=2.35~2.41 wt.% ) , 7% BE 145 R8Ik, AH HU B AE K A FiA e B K, L TFe,0s
(Mg0=0.39~0.42 wt.%.Ca0=1.00~1.06 wt.%) . B (3.43~4.06 wt.% ) B .
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AR A I K 2 JLE AR AL 5 A A 2
W2 235 FEFL AR — 3 7 Si0.-K.0 i (14 6b) W,
WESE By 5 A T 1E K I K B AR b 24 V% A8 il
MR Z2A R A0, T 1E A AL 1 25 D0 % 7 v 0 4605 i
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Fig. 6 Major elements discrimination diagrams of the Tangchi complex
a. Ri-R.43 25 E i IS EYE De la Roche et al., 1980); b. Si0,-K.0 51 Efg (FE 4 Peccerillo and Taylor, 1976); ¢. A/CNK-A/NK ] 5 [%] f#

(JFEEHE Maniar and Piccoli, 1989); d. K,O-Na,O H 51 & fi# (Jig

T AR T A= (287 10°~473%10°),
AR 1, A R B B IR (Lay/ Yby=
21.9~31.4) JRFLMUA PRI REE FL o 2 sk ity
AR (4] 7a) , HL5AY Eu 11 54 (5Eu=0.77~0.85) .
FATDXT &K T A CR (W Rb Ba, Th UK
), Tt EsR e E (WINb  Ta Zr FITHES ), HLBH ﬁ
[ “Nb-Ta " FEA1“Ti St P2 4HFAE (14 7b) LB A
A = Nb/Ta(17.1~22.0) Fl Ti/Zr FCAE ( 17.4~47.5) ,

B 48 Middlemost, 1975)

DI AR Nb/La FEAEL(0.12~0.23) (£3)
AT A YETE K 5 (470x10°~633x10°) FlE K
i (338x10°~543%10°) , IEK AL X A B A HAKAY
s 105 M (87.7x10°~228%10°) L iX L2547 1y 3Kk
BB PRI 1 TC o i 2 X A R, e
T 43180 B (Lay/Yby = 16.8~37.4) , Z50FE 5 7
55 3] F 252 1) Bu 1 5 5 (8Eu=0.29~0.70) , A4
IE K BEAFE S B B Bu IE 55 (18] 7c) e B
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Fig. 7 Chondrite-normalized REE distribution pattern and primitive mantle-normalized trace element spider

diagram of the Tangchi complex

BRBE I A B Ak (R A M AR AL (B B Sun and McDonough(1989)

43 SR Lu-HIRMEZER

B Lu-HE [R 2 Bl S W4 4. 0 A FE 5
() " Lu/ HE HAE /N T 0.004, FKBLA AR 5y
AL ATR SRR HETCER , BRI 55)
() " HE/ THE HABEIEAS iT IR FEHIE s A v HE TRl
B BRI SR A R RS A " HE THE LB
410.282513~0.282613, eudt){H N-6.4~-2.9, HAG G
T BB AR (Tow=1214~1409 Ma) . 1 H:A )
W50 45 7 LA S AG 69 TCHE THE B E (43 B R

0.282115 Fl1 0.282229) Fll eudz) fE ( 43 5l A -16.4
F1-20.4) , LA K5 =5 1) o B 20 AR % (4 5o
1962 Ma 12181 Ma) . 5L By A M L, IEK AL
B A FIE A BE A TP i ok 2 B0k A 5o AR
THE/HE Ml (0.282041~0.282228) Fll eudt) 1H
(-23.3~-16.6) FI B =5 19 — B Bt B =0 4 8 (Tome=
1966~2332 Ma) o SR i1 , IE 4 AE I 5 H A9 PO s 41
HI R O A B A THE/HE H AR (0.282550~
0.282600) Flleu(t){E (-5.2~-3.5) (#:4)
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Table 4 Zircon Lu—Hf isotopic compositions of the Tangchi complex

FEAh S Y b/ HE lo TS/ HE lo TSHE/ THE lo £(0) eudt) tomi(Ma) tono(Ma) frumr
19TC16-1 ¥EL-B A

19TC16-1-01  0.059730  0.000347  0.002027  0.000015  0.282613  0.000030 -5.6 -2.9 930 1214 -0.94
19TC16-1-02  0.050218  0.000806  0.002086  0.000042  0.282581  0.000034 -6.7 -40 977 1276 -0.94
19TC16-1-03  0.049804  0.000318  0.001699  0.000014  0.282229  0.000024 -19.2 -16.4 1469 1962 -0.95
19TC16-1-04  0.022009  0.000049  0.000857  0.000004 0.282115 0.000019 -23.3 -20.4 1596 2181 -0.97
19TC16-1-05  0.075641  0.001187  0.003006  0.000056  0.282569  0.000026 -7.2 -45 1021 1305 -0.91
19TC16-1-06  0.037431  0.000049  0.001274  0.000006  0.282572  0.000019 -7.1 -42 969 1290 -0.96
19TC16-1-07  0.029263  0.000109  0.001231  0.000003  0.282556  0.000028 -7.6 -48 991 1322 -0.96
19TC16-1-08  0.034828  0.000102  0.001188  0.000000  0.282535  0.000021 -84 -56 1020 1363 -0.96
19TC16-1-09  0.019717  0.000082  0.000717  0.000001  0.282560  0.000015 -7.5 -4.6 972 1312 -0.98
19TC16-1-10  0.061190  0.000319  0.002102  0.000006  0.282552  0.000023 -7.8 -5.0 1021 1335 -0.94
19TC16-1-11  0.038893  0.000219  0.001397  0.000003  0.282537  0.000020 -8.3 -5.5 1022 1359 -0.96
19TC16-1-12  0.052396  0.000119  0.001849  0.000002  0.282563  0.000023 -7.4 -4.6 997 1311  -0.94
19TC16-1-13  0.025451  0.000147  0.000919  0.000001  0.282562  0.000016 -7.4 -4.6 974 1309  -0.97
19TC16-1-14  0.055940  0.000419  0.001901  0.000006 0.282513  0.000024 -9.2 -6.4 1070 1409 -0.94
19TC16-1-15  0.104362  0.000880  0.003483  0.000037  0.282581  0.000025 -6.8 -4.1 1017 1284 -0.9
19TC20-1 IEKAE b A

19TC20-1-01  0.061277  0.000419  0.002137  0.000013  0.282062  0.000024 -25.1 -22.5 1727 2290 -0.94
19TC20-1-02  0.054166  0.000773  0.002076  0.000027  0.282085  0.000023 -24.3 -21.7 1692 2247 -0.94
19TC20-1-03  0.096078  0.000478  0.003252  0.000013  0.282080  0.000027 -24.5 -21.9 1754 2260 -0.9
19TC20-1-04  0.027628  0.000139  0.001032  0.000005 0.282554  0.000019 -7.7 -5.0 988 1326  -0.97
19TC20-1-05  0.037831  0.000228  0.001632  0.000012  0.282071  0.000019 -24.8 -22.1 1691 2271 -0.95
19TC20-1-06  0.051614  0.000375  0.001862  0.000008  0.282093  0.000022 -24 -21.4 1669 2229 -0.94
19TC20-1-07  0.038107  0.000249  0.001337  0.000007  0.282082  0.000022 -24.4 -21.7 1662 2249 -0.96
19TC20-1-08  0.057326  0.000723  0.002242  0.000019  0.282550  0.000015 -7.9 -52 1027 1341 -0.93
19TC20-1-09  0.056161  0.000132  0.001724  0.000009  0.282069  0.000018 -24.9 222 1698 2275 -0.95
19TC20-1-10  0.075416  0.000640  0.002647  0.000013  0.282600  0.000030 -6.1 -3.5 965 1244  -0.92
19TC20-1-11  0.112216  0.000685  0.003384  0.000013  0.282107  0.000026 -23.5 -21.0 1721 2209 -0.9
19TC20-1-12  0.079364  0.000338  0.002780  0.000007  0.282561  0.000023 -7.5 -49 1027 1322 -0.92
19TC20-1-13  0.051897  0.000991  0.002236  0.000046  0.282116  0.000024 -23.2 -20.6 1654 2186 -0.93
19TC20-1-14  0.048895  0.000601  0.001602  0.000018  0.282086  0.000019 -242 -21.6 1667 2241 -0.95
19TC20-1-15  0.050419  0.001326  0.001693  0.000048  0.282085  0.000019 -24.3 -21.6 1673 2243 -0.95
19TC21-1 IEKBEA

19TC21-1-01  0.040982  0.000085  0.001692  0.000005 0.282141  0.000018 -22.3 -19.7 1594 2136 -0.95
19TC21-1-02  0.028579  0.000111  0.001062  0.000007  0.282144  0.000019 -22.2 -19.6 1564 2130 -0.97
19TC21-1-03  0.061288  0.000886  0.002172  0.000028  0.282068  0.000023 -24.9 -22.4 1720 2281 -0.93
19TC21-1-04  0.053199  0.000241  0.001854  0.000009 0.282041  0.000024 -25.9 -23.3 1743 2332 -0.94
19TC21-1-05  0.035941  0.000370  0.001274  0.000011 0282155  0.000019 -21.8 -192 1558 2109 -0.96
19TC21-1-06  0.034650  0.000240  0.001358  0.000004  0.282114  0.000015 -23.3 -20.7 1618 2188 -0.96
19TC21-1-07  0.028490  0.000215  0.000980  0.000009  0.282228  0.000018 -19.2 -16.6 1443 1966 -0.97
19TC21-1-08  0.029862  0.000285  0.001045  0.000008  0.282143  0.000019 -22.3 -19.6 1565 2131 -0.97
19TC21-1-09  0.045162  0.000537  0.001518  0.000021  0.282145 0.000019 -22.2 -19.6 1582 2129 -0.95
19TC21-1-10  0.029527  0.000274  0.001036  0.000012  0.282142  0.000018 -22.3 -19.7 1566 2133 -0.97
19TC21-1-11  0.034230  0.000543  0.001373  0.000020  0.282142  0.000016 -22.3 -19.7 1580 2135 -0.96
19TC21-1-12  0.054508  0.000950  0.001827  0.000035 0.282218  0.000021 -19.6 -17.0 1491 1989 -0.94
19TC21-1-13  0.028877  0.000081  0.000953  0.000002  0.282155  0.000019 -21.8 -192 1543 2106 -0.97
19TC21-1-14  0.020720  0.000188  0.000721  0.000005  0.282126  0.000016 -22.8 -202 1574 2162 -0.98
19TC21-1-15  0.020595  0.000179  0.000699  0.000005 0.282159  0.000016 -21.7 -19.0 1528 2098 -0.98

T P HE A 22808 (7Lu/ "H)anor = 0.0336, ("HE/'"Hf)cnor = 0.282785; (Lu/""Hf)on = 0.0384; ¢ JFE S HYTE AL
fifA],A=1.867 x 10" a' (Soderlund et al., 2004).
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5.1 TERAEREZEE

FlE A BIAE X A KR LA AT A A
HBRAL2ERRE A A2 b e R AR A A
IE A FNIE K BEA H HAT A BIAE <) 5 LI S 7
SCHRGER I G (] 20 ) B AT 2 AT %
FRIE X e i W 2 A B WA A
B R g A SRS, SRR T A B AR KA A A
(7 R 2013) S it b X R A8 B A 2 iR A 7
& AL (F735 1480x 10°) 85 A1, FEBH MR & EI5 2 01
o, R AL R A I H R (Xie L et al., 2005),

T IERAE KA AR A AIE R BEA B
e CE B = BN ST EE R RRE B T R R A e R
G, I 5 PR T - 55 2 40 BURRAE (5] 6b, 6¢) , 2541
TR B4R BT A BYAE %) A (Whalen et al., 1987,
Eby, 1990; 7 £ -4, 2006; Condie et al., 2023) .45
T A TG i 5 4 S VU S AR B e A AL 2
E AR e , AT B E LA X 43 (S 4655, 2007) o
SR AR T ARUE R, S0 S TRUE A i 2k
T — BN 1.0 wt.% ;i = 2057 S FAE b o T L
A B 10 POs 7 1 CEIE A 2.81 wt.% ) FIELAK Y
Na,O & it CEYIE N 0.14 wt.%) (15555, 2000; 5
LR 2007) o b IE KA R A A E KA FIE
KB 1 A8 & B B 7E 1.10~4.06 wt.% , P,Os 25
7/NF0.31 wt.%, 1Ml Na,O 7 54T 3.84~4.57 wt.%
ZIA], XRG40 5 S T UAE i) 5 Y
B2 R S IR AD , 3% 285 47 1) TFe,04/MgO HAE 7E
2.70~22.0 Z 8], S35 4H K 9.50, 5 T e ER LA 9 1
RIAE 54 (S4B 2.27) Al S UL 5 2 (SE34(E A
2.38) %) TFe,0:/MgO FLAE (Whalen et al., 1987),

S 1R M S RIE M A M e, AL
() — A~ B 2R AE 2 T8 B0 B 42 & (Miller et al.,
2003 ) AW FE A ARAT IE AL 5 A FLE B2 1)
A TiR B (Ferry and Watson, 2007) 435 A 750~
894 °C (“F-H4{H > 808+37 °C) F1709~857 °C (SF-H{H
783439 C) (4 1), W i T i 40 7 T RUAE B 2 1)
T R CFHIE R 760 °C ;King et al., 1997) , &)}
K F Boehnke et al. (2013 ) $2 Hi A 45 1 10 AR R 1

BN AR IER A K A A E K S FIE R B
B A AT FRL RIS 2031 K 776~857 °C . 903~928 °C Al
828~892 °C (£ 3), 41 A BIAE i = B Al
(> 830 °C; Miller et al., 2003) .

Vit IE K AE A e B E FNE R B 1)
Ga & 12.5x10°~19.2x10°, Yb &5 5 4 0.7x10°~
3.37 x 10°, 10000 x Ga/Al {5 & 1.9~2.69, H. 4= if
Na,0+K,0 57 (7.97~10.35 wt.%) 5 , Zr+Nb+Ce+Y
{0 191x10°~828x 10° (SF-HI{H Ky 424x10°) , FEA
54 Whalen et al. (1987) 1 Eby (1990) JH 2 A A
RUAE b A Y , A7 90 1 A i BH PG B i 405 TR AE 4
(A%, 2013) o 7E 10000 < Ga/Al-Ce \Nb F Zr }
(Na,0+K,0)/CaO-(Zr+Nb+Ce+Y YHISIEIf (4] &),
KRB TE A ARG R DX, 5 40 7 0 T8
AE 508 T ARy S0 TRYFN S RUAH X 5] A Bic S A
KXECE7) Hizr e i A 2R 2 B iRt &
M BT 3, DB S A 60 B S Ry R )R R B
A, HAT SR T A BUAE R A BORRIE (S5 21 T7H4F, 2009,
2009b; W EFAE, 2015; 4 LALAE, 2018; JUFHERAE,
2019) XA A F E Fm iR IR REE FIRb UL
%% Al.Sr.Ba TifI P, 5 &40 57 TRURN S RUAE 5 A A
B & X 5] (Whalen et al., 1987; Eby, 1990, 1992)

AR ) 3 R AL 22 100, A BUAE 153 TR
R0 . AU AL (Eby, 1992)  Horfr, A UK i
AT T AP AR RS 1 PREE , H Y/ND HUAE/N T 1.2;
ARG R T T I il o S 2%, I Y/ND LA
KF 127 MIERAE R A A E KA FIER B
f Y/Nb FCAETE 0.25~1.00 22 1] , 72 B 1% 26 5 7 7] fig
J& T A B AE K A (Eby, 1992)  7E Nb-Y-Ce #lI
Nb-Y-Ga 232K fift (14 9a, 9b) b, TE R AL I8 A
IERAMIERRE SR A RZETEA B XA X
A, SR ST P ACHE BH A B 11 2046 5 2 4 s i
A—F (FREE, 2000; 5 45, 2004; £ 24, 2009;
JH 2L F+4&, 2009a, 2009b; #f £ ¥ 55, 2015; By 55,
2016; & 5% 4, 2016; FE #k 75 55, 2017; 7 12 45,
2017; 4% XA, 2018; JUERERSE, 2019; SRR 45,
2020),
52 BRFRERELILRE

HE 2 By HLAT SR Y Si0, 75 it (45.23wt.%~
56.92 wt.% ) Fl 4% = 19 MgO & & (2.92wt.%~6.06
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Fig. 8 Diagram for distinguishing genetic types of the Tangchi complex
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Fig. 9 Nb-Y-Ce (a) and Nb-Y-Ga (b) diagram of the Tangchi A-type granites
JEEFEHE Eby (1992) s A -l 11 A BIAE B 5 Ar-Ji iR A TAE R 2
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wt.% ; Mg’ =41~55) (T H5¢ 4% 1& Mg’ <40, Rapp
and Watson, 1995) , HiZ A1 [ Nb/Ta Fl Ti/Zr HAE
A3 17.1~22.0 F1 17.4~47.5( 55 3) HE HINE A
(Nb/Ta=17.5; Ti/Zr>20; Tischendorf and Palchen,
1985; Green, 1995) , FH 55 M0 40 F il 19 5 9
FHAL o 7 O 2% By 5 R 2 808 A 1 endt) 1E
H9-6.4~-2.9, {3 5 T AL IE PHZR BEAE 4 A Al s ) B
(-10~-30) ([#] 10) o ixX — 25 S5 R 7 M M 4% By S5 AN
KT RE B R A 59 T i B o0 Ja il (S 21 715
2008, 2009b; [ 71, 2012; XIBE5HR4E, 2018) (HATE
R SR By end OB R L P Al
o S AR A R ) () (LA A — R
R S (43 91 -20.9~-2.3.-16.6~-10.4, J5 (i {h
45 2014;Dai F Q et al., 2016, 2017) , iX BN ML H
A AT RE O AR M S A s il A o Chen T F et al.
(2001) XYL AT i AR AP Nd R 3= BB
FEERRY] BT R B g B 25T
EM I35 CIARAE , Hoew)E N-5.2~7.7, £ —E
FEEE (1) & SRR, S5 Ut LR A AR R L, Wit
WLk Gyl Re i Th A TR IR E s A
bR 3 R 1Y) 7

SRy o Y E K TR A TR
B L n R UL T iR s n R RHIE (1] 7a, 7b)
HHAT 8K Nb/La HEAE (0.12~0.23) (#15E Nb/La~
0.7; Taylor and Mclennan, 1995) , I 71~ JH: Hs 8 5 X

AT REA BB B o 1 — 25 SRR — L ) 2
WE 2% By o h R P BUES , E AT ende) 18 23 00
Hy-20.4 Fil-16.4, 5 B A MBI R G R & £k
SRV B R Nd-HE ] 67 38 47 AE B R ) L B i
ll 28 5 % 4k - R B8 4k T £ AR R B LU [
(t)<-12; endt)<-10; Jahn et al., 1999; Wang Y J et al.,
200512 KA BA A B AR ARAE X i end) (E 12T
(P10, 5 75 17 R 5 By 2 1) A B b g 3050 X 5
HI 32 3 1 Bl 72 9 o i A AR O A, 2010,
Dai F Q et al., 2017; XI55 5%, 2018)

TERFAN  FATT R B By KD IE A A B
A SRR S, 808 LUNA ST X S AR AR
FL[FRE, IE R BEA 5 LS B ik sl ik i e Xk
AR ERAE R A A SRR A (5] 1) X S
G 7 i s XA FIAE 1 5 B TE B AT RE -5
SR AATAE—E IR I IE KA A FIIE K B
K2 A 1 o) B (-23.3~16.6) B 2 A% T #E 4
B en()fE (12 10), FB170M A BIZE A v] B2
FANEARAEARAL R T Hh5E ) FE v AL LA 5 =
T SRR e R P

MR8 A OF IR TR, KBk 1A TTG B A
T ph HLTE A TE B ) St RIS S A B A B A
end)EZ-30~-12 (&1 10, JZLTH45, 2008, 2009b; R
71, 2012; Dai F Q et al., 2017; X BEiR %%, 2018) , 4>
2 end(t) fH A -23~-14 (Chen J F and Jahn, 1998;

@
N e

T b

2 nAlve)

---15-Ga oo

29 - N
I -----20Ga
e
T A msme o L mg
R @ EkiHE SR ----25-Gr----- -
i @ Exkms %
O bR R B
| . i ) i ) i i . 340(G& -
500 1000 1500 2000 2500 3000 100 200
i (Ma)

EI10 it B AR A end ) (ERIARIS DS 5] £
Fig. 10 Zircon eudt) values vs. age diagram of the Tangchi complex

LI BHA B b A BE R IE T Dai F Q et al.(2017) JAIZLT14: (2008, 2009b) 5 1 (2012) X555 (2018)



48 L w oML

2024 4F:

Wang Q et al., 2007) . MK & T Hre Y i
{4 e A IR P S s 19 ()7 28 ARG LA W o
B AERERAE , S eud ) [N 4 end( ) (B2 4 -40
(A B0 2 2 %F 130 Ma 5584 ) (Ma C Q et
al., 2000; Zhang S B et al., 2006) . 77t A BIAE <) &
B eud0) [N -23.3~-16.6, T TIEIEBE R BRA , 55
K3 L TTG R JRR A e R e et i e
15 A i en) AL 10) o R, HEMNZRA Tk
S L L AR K, Tt A B R A P RE
bR AR )

Ut A AR i A 0 DY Y ende) 1H
H-5.2~-3.5, 5 M 4k By o B A 1 (o) fH (%
H-6.4~-2.9)HEIT (41 10) , 5 /R X BE A 5 5 AT A AT
RESEFC A BRI 25 53 (AL 755 ,2007) o AT,
Vit A BUAE 1 # Nb/Ta HUAE R 11.2~22.7, K25k
4% 3T b 52 FE {H (8~14; Stepanov and Hermann,
2013) (HF4HE 5 Nb/Ta FeAE R T BRRIBR LA (19,65
Miinker et al., 2003 ) , FBH A IR X 0] GEAG Hubg 4
JFi )2 5  TESBu-(La/Yb)s B (1 1), it A Y
16 5 B s, B T e B s, i/ D BOE K AE B A
IERTEERE S I8 ASTIIR G R X, iR R R 5
WFER A T 5T, 23 T HE) R (F
A5, 2017) o T A TG K 5 S SR By A bRk
SERHIE B —E BARLE (P 7) , ATz A
R B i) R H AR A B s s Rl B
YR 2R A SRR T R 8 N st A A kA
TS B AR ) SR oA EAE R AR

50 A R

® FKIKE R

O TRIEKH

sl & EKmH
mERARE (L8,

¢ a

2018)

(La/Yb),
o

20

F11 7 ARSEu- (La/Yb)w Flfif
Diagram of 6Eu- (La/Yb)x of the Tangchi complex

SRR + 1 4545 (2017)

IERAE B HA DI K FLE K B 5 b
1 Y Si0, & 1 AT AR 19 ALO, . CaO , TFe,O5 Hl MgO
T (423), BRI — 2 L T Sl e
TG R I RN i e B g (15 7) | IR AE
b A e B B SR 519 Ba P St Ti Eu f 54, DAL
PR B REE & &, X R M s Mk £ aES
BT RHCA B ARSI (i Rk
BRA) S W 4y B Al A AR O L 5 BB iE
KA < AN B EAT AT A AR R HE
(57 2R, ERRAE R WAR L T S IR A FLE
KBES, IER ALK A AT ReZe ) 1 5 R U
ahdhar SVER.

25 FTIR O Sk B e W] RE AR e el
WE AR AR B, T A BUAE B 25 AT REJE: FH DS R 20K
AR BN Hhre A R AR m, T2 B i
WAL M FE VR 2 o 46 D5 AN TRV R B P 45 i 0 A
FHI=9
5.3 Kitb#EE X

LR EARTE A FIE R B 1 A
AR 43 )M 130.3+1.7 Ma, 128.4+1.7 Ma F1 122.3+
1.5 Ma( 5] 5) , FRETHIE B T e 1L A, 2 i r it
e A 22 16 SR P2 W) AR HE Pearce and Cann (1973)
F1 Pearce and Norry (1979) WIWF5Y, & 3 AE I 72
XF Zr Y Nb . Ti % A ZETC R I /N il 3 4y
BriX SRR AFAE , 0] LS 2 il i A HO8 i ke 1
8% A Y/NB-TIO, . Zr-Zr/Y . Zr-Ti . Nb-Zr-Y & fi#t
([ 12)H gk By A AN Lk A Xk, 5
O3AT KA BEE AL, 26 It ML By 2 R T A
S VR A A 56 45 B ME Sk B e B Rl i 2%
A HLBR AL 2FARAE , I X ] BEAZ 20 i (A2 AR
B5E MR (Pearce and Cann, 1973) .

DG IE KA B R BEAFIE K ALK A&
Bl B8 DA AT R 11 Ga/AL I TFe,0/MgO fH
SR R T A RUAE 5 A B s BR AL A4 AE (4] 8) S 7E
Eby (1992) £ H i A BUAE i) 5 Ja P 0 0 B (<] 9)
th, Uit A BUAE B BB v A ALK, 1 )
IERAL A TE A A KIS, 4678 FEnT BB IR i F AR Y
A3 LU AT o E AL 1 PRI ) (B g, it A U AE
B K A a5 TR L E A B A X N (1] 132)



A0 1

R ARG AE « R L 7t 7 2w AR A A e B

49
A Egmy b
10
R
E = |
g N[
=
0 1 [ 1 1 1 il P
0 2 4 6 8 10 1 100 1000
Y/Nb Zr (x10°)
2Nb
d
WAL RE
10000 |- A A
z A
=
KRR R
D
1000 it L
10 100 800
Zr (x10°) i x
P12 ik By i L R B ) ) e fit
Fig. 12 Tectonic environment discrimination diagram of the Tangchi sillites
a. Y/Nb-TiO, Flf# (i s Floyd and Winchester, 1975); b. Zr-Zr/Y K fi# (RS Pearce and Cann, 1973); c. Zr-Ti [#lfif#
(JFE B Pearce, 1982); d. Nb-Zr-Y B it (i 1 #E Meschede, 1986)
AtAx: RNBRIE 2R A+C: ARNTITE XA B: PR P KaUE: D N Zila: C+D: KT Z s
2000 10000 ¢
® EKFENHE KB a : b
O AREKH .
O kA %
1500 F B IEKAERE (7 LA, 2018) % 1000
\‘\ 1 b syn-COLG
5 \\\
&' 1000 - . 73 100k
\\\\\\\\\\\\\\ \\\\ E
o ¢ e
50 Tl 33_ 1 ’ 6 A 10 £ VAG ORG
S oE8 -@--- g
0 1 1 1 1 1 1 % Egl s s
0 500 1000 1500 2000 2500 3000 1 10 100 1000 10000
R, Y+Nb (x107)
K13 it A A Ri-Ro(a) FI(Y+NDb)-Rb (b ) F 1 B 55 H40 51 P e
Fig. 13 Diagrams of R;-R; (a) and (Y+Nb)-Rb (b) tectonic environment discrimination of the Tangchi complex
& a Ji§ & #8 Batchelor and Bowden(1985) ; |8 b JiE 1 Pearce(1996)
Pela: |- RH AL I 5 2- RIS BRI 25 A6 4 5 3Rl IS WAL ST A6 b o 5 4 LLUBIAE B s S-AE 3 LU DX PEAE B 7 6- ) Rl 74

JRTIAE R A

7R LS A BUAE A B b: WPG-HR A

by iy

1ERA s ORG-TEH AL X 75

syn-COLG-[Rli#4E i 7+ ; post-COLG- )R Rl A #E i 7+

VAG-EITE R



50

oo BT

2024 4

FG R AL B A XN (1] 13b) , FBH 71 A BIAE
%B@ﬁﬁﬁiiﬁﬁim@@}%{’ﬁﬁﬁﬁ Ko
203 b KOs s R e S R s o
ﬂﬁﬁ\m&ﬁm&m%qso Ma) , A LA i B 5 i
PEAERIN K G- R AR A, 2R A, )
%Zﬁﬁﬁ TR 1A PR AR R, 2 IR A v
e ST Y A HBER b AL, Ry i JE /T}%if“ﬂfﬂﬁ
mi{iﬁkﬁmﬂﬂﬁfﬁ% Xu H J et al., 2012; XI| 50 4
2018) ; BB (130~112 Ma),EEUAlﬂJTEWEjﬂ
F, 5 DL AR A KO 3 BE7E K513 s A A
HB, I AEAT B B LS R P R K, R
VRIS TR + U R B A, N AT ) Sr IR Y RHAE,
%};’ii)da;%)‘ﬁjf%%iﬁ?%%ﬁ?lﬁﬂ%WﬁﬁE@%%
o B4, 1999; F5R4E, 2000; F A4, 2010; 7
jj, 2012; Dai F Q et al., 2016, 2017; ¥ & ¥ %
2020),
R L F~130 Ma & A 5 A1 P8 i o 5 ok
AL AR 350K v BUA S A R AR T i

oA AR A RUAE i A BB e 2R A T B A 4,
2004; Xu H J et al., 2007; JAIZLF+45, 2009a; i £

4,2015; BRIT A, 2016; SfEARAE, 2020) , brs & Al
;ﬁuwﬁﬁﬁﬂ’a,nﬁﬁojt%ﬂmmw%ﬁjétﬁAﬁ'JTEm

EAT R LRI R AU AL BU AN 31 (7 5 H 2%
2020) AHEETF AT, AT G H BN SRy
A7 E b I BE RS 25 7 AR Bt DX (5] 14) o RSB 1y
M AR 1A A B T B R TR R R A
A B E R (CEIRAE, 2000; FEBR 5545, 2017; 4 X
WA 0018, JEFTAE, 2019) Wt AR BT B A
(130~122 Ma) 5 K 5l 11147 A, BUAE (< 5 10 4F e
(130~112 Ma) MW &, FRWIHIE BT /5 hlf e A J A
BV A TIAE K 1 Sr/Y HUAE H 6.28~57.2, Hit
BRACAAFRAE S R BOE N Hoe S48 A A 3K
FANIR], T 55 i A R PR T 1 AL R B AL
g4 b B SRR RS  EF ANt
LYy R A LAY 5T BT RO L NS T b
SeRE SR Z R B B 9 FE R LR A (130~

113°E ll4°E 115°E 116°E 117°E
T T T T
EliEagn ?EJFhTDTEﬁS 135F
Aﬂﬁc‘rx"iﬁ AAE R s 5
S A I o it
// o1 %
fgno 3 é{)#
# st
R B 0t
—— eI 44 gz 110f
,%“}m%1 - uj% il - o AT
...... - [ hRE
Fida g B = il
=z ABTER s DHEGE =
N 30470 Ma A JTER G ﬂé?erEﬁS ~ K 4
SN 172 +1zM AMTER A o g Pk A RIAE
N 2 e 1254+04MA§=T’H% A”?‘F;it],leE 12042 Ma
N\ 1207+1.5Ma N~
LT 1k V A
AN e 1 T
N AE%OI:BTE ! %‘@f&v ~ \ ‘
N Rl 2 Ak 7! % L ﬁi\'
N, PN 4 g
% SEELTTG ARG oY
8\ g
AN %Tﬁ m
T EER o WNEW
> ABIE
TN 130£1.8 E%X .
z ~ i 35k
p \ \
“ % T 1
K@éﬁﬁ iEmE
2 133+1Ma , X {pHLst&,z.lMa
SEEAYIA= R .7"5 \\ , 4\” 119.043.2 Ma
= N
s # S
Yoo amtHE f ARERE
[ASES
Y AKEE \ P m 50 km

P14 KRS LA A TBIAE A faf 1]
Fig. 14 Distribution diagram of the A type granites in the Dabie orogenic belt

R 2R AN AR B S U5 SRR AT LLH (15555, 2000 )
2009) ; HHEFE (158, 2007) ; R 1L EIZLFH45,2009a)
K

(5%

BRI 25,2019 ) s BRKSR (5

YRR GRS 25 2004) 5 BEAIARIR TR (F) 27 7155 ,2008 ) s AR5 (Chen L et al.,

4%,2016) ;428 (BFJ54F,2016) ; I ORE ik S

KE4E,2017)
i

ST (JE1 2171, 20000 ) 5 PR (FEAR45, 2014) P b (i 34245, 2015)
s EE 71255 ,2017) s P40t (17 X055, 2018 )5

.,2020) 5 Pt (A30) s MBS A 74 1145 (2020)



405 H 1

R ARG AE « R L 7t 7 2w AR A A e B 51

112 Ma) , B TR BB 3 B0A A BRI, 1R 2 9
FIFARE fih 2 & A A P b R o0 i T BV 28 3y
o GULRI WIS ARIE SR AL, A R kAR
IO, BALT S AR e R AR K B A HE O
L85 b I LA BIAE B A, S 2 it A 7Y
T m-Ea A 2 A AR
FEHE R, e AR A KA TR S
ZA b Tk AR A LTS A A R T s R il
ZRAEFIR N HST IS DL IR A 5 (Y
2 45,1999 i B A4 K i, 2000; Zhou X M et
al., 2006) o K IL , 52 G KU W AR A 5¢ i A B
Y FH ) 2 0 b JBe R B (9 4% 7 55,2007 5 Yan Q S et
al., 2014; X455 2019) KRB LA BT 5T I b
AT AH B A B AR M X 2 b X% B i ]
WA FEMEAR A L KL A RSB R A6 B
EATEA AU R AR, I HAE IR 2R
s R X R B AR A REAIE o X F B 1 Ly
rErg AR R A T — I B Se s i R, Hop
G T HUE S S e, BE S R 51
AR HL 7258 A fl (521 7145, 2008, 2009b; i
HH4E,2010; 75 /7, 2012; Dai F Q et al., 2017; X653
2520185 A AR AR, 2020) W7 A BUAE 4 - HE
O E R A E RIS, F 8 T RN LA L
T2 A IR N2, R A Hh ] R i X
i AR AR ST - A B A R i - 2R A T
—ASH RS

6 2515

(1) KA (A LBz i A BIAE R A A 2
SR IE K AR K A (128.4+1.7 Ma) A7 95 1F K4 FlIE
KBEA (122.3+1.5 Ma) , fEA 1S3 5 K B (130.3+
1.7 Ma) , BN R (S A 20E sh i =4

(2) 17 M HE LR By 25 v] RE F AR i s AR A T 1A
A MV A BT A o A1 S E K A B R B A
IERAE R A P RE A I L M KRR 5 & T ot
Tl R AR Rl T R e S R
KA 4 e A E B

(3) Vith A FUAE b - HE SR By 2 3 A LB TE K
T IR Ly 5 P A s A 2 46 S R s Z A

JEEBT B, AR T LA T R 25 R, R A i
JESRBE T A A1 R A 5 e R DA 5%

A BRI B MR KBRS
ELEFIRB I TLTH I, RS RE R £
IAEA R M XTFE P LT o948 FFH 80,

Sk

TR M SR 313 ML A 1995, ] # i H-50-30-B K 5% I
H-50-31-A Hi 3§ H-50-30-D FLIsk i H-50-31-C1/5 J1 X
S R A [R].

AR Hb BT A BE.2011. 75 22 T (150C001002 ) 1:250000
DX 3ol o R A 4 A [R].

Wk 07,52 B Bl A5, SR I 0 BTN 42201 6. 2 B4 FE A AR o
FIHLER AL P4 AE X LA-ICP-MS 4543 U-Pb 4E {13 [1]. b S5
2:47,90(5):879-895.

Wi 2, B, 5K 4 BH, 0 el ), A 4 0, 5K 20127 4 K )
T LR A U1 (1:50 J7) B LU A (7). 1 e 8 41R,3 1
(1):13-20.

Wi AR IRIESC AL A /N T Rk 4, T, F /048201301
A BT EL A I R 10 2 A LR R 0 7 RS A i
ALY R [J] H52%412,87(10):1510-1524.

HALTT ARA AR 2 S TS A2 ] 58 . 20074 A< e rh AR 4052
AR ELAE AT E— T B R S A s - AR K A
ORI AR AR 2 5 M BR K 2E D). Ao L23(6):
1303-1312.

FNEE, O3, R ) . 2009.A B AL B 09 BWF 9 R N
SR HIF 3 5 2,33 (3):465-480.

2% BB, AU AAE AR, E AR PRIE AR, 1 K.2013 45 K
Ll DX N 1130 X A RYAE B % b K HE R Bl )27 7
S[I]BACHRT,27(3):509-524.

XU B 3, =) 0, 1 % [E.2018. b BH SR i A B X e Ik
K BEA A [I] 45T 22 417,92(1):41-64.

JRE Wk B, SRR S, B2 A R A PR Y, B I N 4, R AR
#2017, 6 ¥k PH 7R B W0 A 4K b 2R Ak 2E R AE
LA-ICP-MS #5f1 U-Pb 414 S 51 2 S [J]. A8 AR 1B 5T, 38
(2):81-90.

BRI O, VRO, 22 R B 1999 K 5 1L v AR AR T
SN 5 v A I b P 1 ) LR D)5 24,15
(3):379-395.

1 3 JH W R W BRIK E T #,3E P.2014. L BOD FEIA 41
X AP RRMEAR A IR R —— AR Jom A= 2
HI]#04124417,30(4):1097-1116.




52 £ O

2024 4F:

T 73.2012. A T B b, DX 1L B0 2 SR 2 i DR R LA
P38 5% [D]. P 5 KRR A8 5

I B, LT 45 )5, X1 DA 3. 2006, 5 58 P i s 2R 3k for AT
R T AR T A LR B S 0 Bk AL 2 A 5 0] kAL
2#,35(1):55-67.

Ti R, e, 5 Wy, X0 5 X0 L HT.2017. 75 2R 5 i 1 4y B
RS AT U-PO AR L BR Ak 2 RAE S L A TR R 2
HYE [J].5 A0 )5 4 3,36(5):633-645.

F 2 A.2009. 70 R A VAR BT A BUAE A 1 HLER AL 2

SR K H R R T[] M R M R SR E,25(4):
10-16.

T A% 0 ARG A 1995 v [ 2 s e A A A B AE B o
ARG T I 249 [ iR A M B 2 4k, 1(2): 1321

FRAE BT AR KR A R AR 20198 AR &
iy DX P AR 1 2 R (A A A1 U-Pb A1 1%, Bk
Ak R R DA [T, P L, 46(6):1512-1529.

T o, X IR AR, RE/IVRR. 2000, HR AT - K 312 1L HE 1L g A
15 7 U [J]. A A 0 24 44 75,19(4):297-306.

T, L, T e, Tk 4 BE A% #.2010. K B 1L R S A
FEPE Ik A SHRIMP 8547 U-Pb i 4E MR AL 225 1E Kl
[RI (0] 3R B2, 35(4):572-584.

R, E B N, M G R, R T 1. 2017
Columbia 8 K [ili B B 1 LUK So b A4 % K 4L
LI A TRUAE b 25 RS (] T2 4,91(11):2369-2386.

SR TG ZE AR AR M R, S K K.2007 48 i) R R 9T (0 45
T[] A A 27 41,23(6):1217-1238.

SEREIR, R R A 0 R, T 222020, K 9 7 LA AR K SRS R
W IX IE K AE B BEA K A1 U-Pb 4EAC 24 sk fL2F AR
T B X [I] HbERR,45(3):910-929.

e FF AR L R O, 18, TR P 201648 5 W B4 R VB
K A BITE 285 A1 U-Pb B 4 A R B L (D).
AT FR,32(4):1031-1048.

S TG R K.2004. 55 A1 BUR A P2 98 B XF U-Pb 4R 1%
FERERY T AR F#1E 1],49(16):1589-1604.

A K IE] IR B 2004, K BT Hh AR AR A TR B
o R PR A R DX AL G R (7). A 2E 4i.20(5):
1175-1184.

R AN, 50 0, 5K £, Wk oF, 2% [.2015. 8008 v
W IRANRLAE 1 5 1A A1 8 AF A 28 IS i (56
ZWFFE[I]. A A 41R,31(7):1929-1942.

AR, TR A XU AN 5K B3 . 1992 K L (LG o) o Fa it
F R A AL AR D] T2 41,66(1):1-14.

A S R, T A 1.1999. 78/ F 5 48 B 2 il R ——LU
Hh [ AR VI A 181 ). i A b BT 2 41, 5(3):2411-250.

VEOR BT [, 5K L. 1998. A AR 1<) 5 114 A1 2 2R K HL )
BRI = AT 2%,5:113-125.

MR 1Al 482, 4 — 3, WA 3. 2020, K550 13 1L B B K
PR A LR b7 5 a0 A ). A BT~ 412,26(2):
132-146.

b SCE T BUER 9, A WIRE BTN 4. 2018 L THE FH AR B i it
Fr UL BR AL 2EREAE B A7 U-Pb a2 45 B A [7]. 4 J5 27
H1,42(2):188-196.

Wi 5. 200770 B A8 R 1 BRI 1= 5 [D].
I 3t o R 2 (B ) A - 2 18 S

JU R, S B G VL R AN, B, AR,
#2019, 351 JU AR W AR THAE 1 2 R A0~ A5 E b o3t
JRORE SC[I] PR FAEE 5 TR, 33(1): 14-21.

K RIS T R AL AL AR 2019, B0 LR
FAEH R BR AL AR AE AR SO PR 0] A HE
Tl R (FARBEEAAR),42(7):988-998.

PR, P B R A 500 . 2012 L BIVD PRV B Y
BB PR SRR AIE e 255 $0™ 5 B[D]. 40 R M 52,3 1(1):
41-51.

TR & 2008 48 g s 28 ot -5 Rl il R A2 2 o : AR 3 - 9
e L A B R E 42,53(18):2129-2152.

JHRIZLTE, 5 B i, 5K 8.2008. ARt v 7 18 1 25 U8 B AR K SHE 1L
WER BT A BIAE b A AR HERAL 7 R R 0]
A15441,24(1):49-64.

JAZLT 75 46,5 B T.2009a R A AT UG AL 1 7 5
e He A TIAE 54 5 1 T [].47 RS % B 2= 4t (B SR
240),22(2):222-226.

JRIZLTH, B B PR #2.2009b. K555 LA BIFF B B 2 1K A
PRl B A 35 75 LA 0 U-Pb AR R IR Ak~ i 249 (7] 5
A1%41,25(5):1079-1091.

JEI R RV K 58,224 ].1995 JLHE B AE I - 1E KA
HER b 22 R T R b ) 3 58 SC[T]. b BT 38 1,4 1(2):
144-151.

JRI AR, 22 60, Tl [, 5%, 12 B O, 1= R 07 20 14, 3l 4
FE M L) B AR AR RS RO Rk S R
SIARHLIT,33(1):104-122.

JalE B2 . 2000. H P A R P HA AR AR A R A
R B A0 X R IR AR AR 4 5 OB R D). AR B
EJE,1:240-247.

Batchelor R A, Bowden P. 1985. Petrogenetic interpretation
of granitoid rock series using multicationic parame-
ters[J]. Chemical Geology, 48(1): 43-55.

Boehnke P, Watson E B, Trail D, Harrison T M, Schmitt A.

2013. Zircon saturation re-revisited[J]. Chemical Geolo-



A0 1

R ARG AE « R L 7t 7 2w AR A A e B 53

gy, 351: 324-334.

Chen J F, Jahn B M. 1998. Crustal evolution of southeastern
China: Nd and Sr isotopic evidence[J]. Tectonophysics,
284(1-2): 101-133.

Chen J F, Yan J, Xie Z, Xu X, Xing F. 2001. Nd and Sr isoto-
pic compositions of igneous rocks from the Lower Yang-
tze region in eastern China: constraints on sources[J].
Physics and Chemistry of the Earth, Part A: Solid Earth
and Geodesy, 26(9-10): 719-731.

Chen L, Ma C Q, She Z B, Mason R, Zhang J Y, Zhang C.
2009. Petrogenesis and tectonic implications of A-type
granites in the Dabie orogenic belt, China: geochronolog-
ical and geochemical constraints[J]. Geological Maga-
zine, 146(5): 638-651.

Condie K C, Pisarevsky S A, Puetz S J, Roberts N M W, Spen-
cer C J. 2023. A-type granites in space and time: Rela-
tionship to the supercontinent cycle and mantle
events[J]. Earth and Planetary Science Letters, 610:
118125.

Cong B L, Wang Q C, Zhai M G, Zhang R Y, Zhao Z H, Ye
K. 1994. Ultrahigh pressure metamorphic rocks in the
Dabie-Su Lu region, China: Their formation and exhuma-
tion[J]. The Island Arc, 3(13): 135-150.

Dai F Q, Zhao Z F, Dai L Q, Zheng Y F. 2016. Slab-mantle in-
teraction in the petrogenesis of andesitic magmas: geo-
chemical evidence from postcollisional intermediate vol-
canic rocks in the Dabie Orogen, China[J]. Journal of Pe-
trology, 57(6): 1109-1134.

Dai F Q, Zhao Z F, Zheng, Y F. 2017. Partial melting of the
orogenic lower crust: Geochemical insights from
post-collisional alkaline volcanics in the Dabie oro-
gen[J]. Chemical Geology, 454: 25-43.

De la Roche H D, Leterrier J T, Grandclaude P, Marchal M.
1980. A classification of volcanic and plutonic rocks us-
ing RiR;-diagram and major-element analyses—its rela-
tionships with current nomenclature[J]. Chemical Geolo-
gy, 29(1-4): 183-210.

Dong Y P, Santosh M. 2016. Tectonic architecture and multi-
ple orogeny of the Qinling orogenic belt, Central Chi-
na[J]. Gondwana Research, 29(1): 1-40.

Duchesne J C, Wilmart E. 1997. Igneous charnockites and re-
lated rocks from the Bjerkreim-Sokndal layered intrusion
(Southwest Norway): a jotunite (hypersthene monzodio-

rite)-derived A-type granitoid suite[J]. Journal of Petrolo-

gy, 38(3): 337-369.

Eby G N. 1990. The A-type granitoids: a review of their oc-
currence and chemical characteristics and speculations
on their petrogenesis[J]. Lithos, 26: 115-134.

Eby G N. 1992. Chemical subdivision of the A-type granit-
oids: Petrogenetic and tectonic implications[J]. Geology,
20(7): 641-644.

Ferry J M, Waston E B. 2007. New thermodynamic models
and revised calibrations for the Ti-in-zircon and Zr-in-ru-
tile thermometers[J]. Contributions to Mineralogy and
Petrology, 154(4): 429-437.

Floyd P A, Winchester J A. 1975. Magma type and tectonic
setting discrimination using immobile elements[J]. Earth
and Planetary Science Letters, 27(2): 211-218.

Green T H. 1995. Significance of Nb/Ta as an indicator of
geochemical processes in the crust-mantle system[J].
Chemical Geology, 120(3-4): 347-359.

Hoskin P W O. 2005. Trace-element composition of hydro-
thermal zircon and the alteration of Hadean zircon from
the Jack Hills, Australia[J]. Geochimica et Cosmochimi-
ca Acta, 69(3): 637-648.

HuZ C,Liu Y S, Gao S, Liu W G, Zhang W, Tong X R, Lin
L, Zong K Q, Li M, Chen H H, Zhou L, Yang L. 2012.
Improved in situ Hf isotope ratio analysis of zircon using
newly designed X skimmer cone and jet sample cone in
combination with the addition of nitrogen by laser abla-
tion multiple collector ICP-MSJ[J]. Journal of Analytical
Atomic Spectrometry, 27(9): 1391-1399.

Jahn BM, Wu F Y, Lo C H, Tsai C H. 1999. Crust-mantle in-
teraction induced by deep subduction of the continental
crust: geochemical and Sr-Nd isotopic evidence from
post-collisional mafic-ultramafic intrusions of the north-
ern Dabie complex, central China[J]. Chemical Geology,
157(1-2): 119-146.

Jiang X Y, Ling M X, Wu K. 2018. Insights into the origin of
coexisting A;- and A,-type granites: Implications from
zircon Hf-O isotopes of the Huayuangong intrusion in
the Lower Yangtze River Belt, Eastern China[J]. Lithos,
318:230-243.

Kamaunji V D, Wang L X, Ahmed H A, Zhu Y X, Vincent V
I, Girei M B. 2020. Coexisting A, and A, granites of
Kudaru Complex: implications for genetic and tectonic
diversity of A-type granite in the Younger Granite prov-

ince, north-central Nigeria[J]. International Journal of



54 £ O

2024 4F:

Earth Sciences, 109: 511-535.

King P L, White A J R, Chappell B W. 1997. Characterization
and origin of aluminous A type granites of the Lachalan
Fold Belt, southeastern Australia[J]. Journal of Petrolo-
gy, 36: 371-391.

LiuY S, Hu Z C, Gao S, Giinther D, Xu J, Gao C G, Chen
H H. 2008. In Situ analysis of major and trace ele-
ments of anhydrous minerals by LA-ICP-MS without
applying an internal standard[J]. Chemical Geology,
257: 34-43.

Loiselle M C, Wones D R. 1979. Characteristics and origin of
anorogenic granites|A]. Geological Society of America,
Abstracts with Programs, 11: 468.

Ma C Q, Ehlers C, Xu C H, Li Z C, Yang K G. 2000. The
roots of the Dabieshan ultrahigh-pressure metamorphic
terrane: constraints from geochemistry and Nd-Sr iso-
tope systematics[J]. Precambrian Research, 102(3-4):
279-301.

Ma Q, Zheng J P, Griffin W L, Zhang M, Tang HY, Su 'Y P,
Ping X Q. 2012. Triassic “Adakitic” Rocks in an Exten-
sional Setting (North China): Melts from the Cratonic
Lower Crust[J]. Lithos, 149:159-173.

Maniar P D, Piccoli P M. 1989. Tectonic discrimination of
granitoids[J]. Geological Society of America Bulletin,
101: 635-643.

Martin R F. 2006. A-type granites of crustal origin ultimately
result from open-system fenitization-type reactions in an
extensional environment[J]. Lithos, 91(1-4): 125-136.

Meschede M. 1986. A method of discriminating between dif-
ferent types of mid-ocean ridge basalts and continental
tholeiites with the Nb-Zr-Y diagram[J]. Chemical Geolo-
gy, 56(3-4): 207-218.

Middlemost E A. 1975. The basalt clan[J]. Earth-Science Re-
views, 11(4): 337-364.

Miller C F, McDowell S M, Mapes R W. 2003. Hot and cold
granites? Implications of zircon saturation temperatures
and preservation of inheritance[J]. 31(6):
529-532.

Munker C, Pfander J A, Weyer S, Buchl A, Kleine T, Mezger
K. 2003.

Geology,

Evolution of planetary cores and the
Earth-Moon system from Nb/Ta systematics[J]. Science,
301(5629): 84-87.

Nardi L V S, Bonin B. 1991. Post-orogenic and non-orogenic

alkaline granites associations: The Saibro intrusive suite,

southern Brazil-A case study[J]. Chemical Geology, 92:
197-211.

Pearce J A, Cann J R. 1973. Tectonoic setting of basic volca-
nic rocks determined using trace element analyse[J].
Earth and Planetary Science Letters, 19(2): 290-300.

Pearce J A, Norry M J. 1979. Petrogenetic implications of Ti,
Zr, Y and Nb variations in volcanic rocks[J]. Contribu-
tions to Mineralogy and Petrology, 69(1): 33-47.

Pearce J A. 1982. Trace element characteristics of lavas from
destructive plate boundaries[A].//Thrope R S. Andesites:
Orogenic Andesites and Related rocks. John Wiley and
Sons, Chichester: 528-548.

Pearce J A. 1996. Source and settings of granitic rocks[J]. Epi-
sodes, 19(4): 120-125.

Peccerillo A, Taylor S R. 1976. Geochemistry of Eocene
Calc-Alkaline Volcanic Rocks from the Kastamonu Area,
Northern Turkey[J]. Contributions to Mineralogy and Pe-
trology, 58(1): 63-81.

Rapp R P, Watson, E B. 1995. Dehydration melting of metaba-
salt at 8-32 kbar: Implications for continental growth and
crust-mantle recycling[J]. Journal of Petrology, 36(4):
891-931.

Shellnutt J G, Zhou M F. 2007. Permian peralkaline, per-
aluminous and metaluminous A-type granites in the
Panxi district, SW China: their relationship to the
Emeishan mantle plume[J]. Chemical Geology, 243
(3-4): 286-316.

Soderlund U, Patchett P J, Vervoort J D, Isachsen C E. 2004.
The "Lu decay constant determined by Lu-Hf and U-Pb
isotope systematics of Precambrian mafic intrusions[J].
Earth and Planetary Science Letters, 219(3-4): 311-324.

Stepanov A S, Hermann J. 2013. Fractionation of Nb and Ta
by biotite and phengite: Implications for the “missing Nb
paradox”[J]. Geology, 41(3): 303-306.

Sun S S, McDonough W F. 1989. Chemical and Isotopic Sys-
tematics of Oceanic Basalts: Implications for Mantle
Composition and Processes[J]. Geological Society, Lon-
don, Special Publications, 42(1): 313-345.

Taylor S R, McLennan S M. 1995. The geochemical evolu-
tion of the continental crust[J]. Reviews of Geophysics,
33:241-165.

Tischendorf G, Palchen W. 1985. Composition of the conti-
nental crust[J]. Zeitschrift Fuer Geologische Wissen-

schaften, 13(5): 615-627.



A0 1

R ARG AE « R L 7t 7 2w AR A A e B 55

Wang Q, Wyman D A, Xu J F, Jian P, Zhao Z H, Li C F, Xu
W, Ma J L, He B. 2007. Early Cretaceous adakitic gran-
ites in the Northern Dabie Complex, central China: impli-
cations for partial melting and delamination of thick-
ened lower crust[J]. Geochimica et Cosmochimica Acta,
71(10): 2609-2636.

Wang Y J, Fan W M, Pen T P, Zhang H F, Guo F. 2005. Na-
ture of the Mesozoic lithospheric mantle and tectonic de-
coupling beneath the Dabie Orogen, Central China: evi-
dence from *“Ar/’Ar geochronology, elemental and
Sr-Nd-Pb isotopic compositions of early Cretaceous maf-
ic igneous rocks[J]. Chemical 220(3-4):

165-189.
Whalen J B, Currie K L, Chappell B W. 1987. A-type gran-

Geology,

ites: Geochemical characteristics, discrimination and pet-
rogenesis[J]. Contributions to Mineralogy and Petrology,
95(4): 407-419.

WuFY, Sun DY, Li HM, Jahn B M, Wilde S. 2002. A-type
granites in northeastern China: Age and geochemical con-
straints on their petrogenesis[J]. Chemical Geology, 187
(1-2): 143-173.

Xie L, Wang R C, Chen X M, Qiu J S, Wang D Z. 2005.
Th-rich zircon from peralkaline A-type granite: Mineral-
ogical features and petrological implications[J]. Chinese
Science Bulletin, 50(8): 809-817.

Xu H J, Ma C Q, Song Y R, Zhang J Y. 2012. Early Creta-
ceous intermediate-mafic dykes in the Dabie orogen,
eastern China: and

Petrogenesis implications  for

crust-mantle interaction[J]. Lithos, 154: 83-99.

XuHJ, Ma C Q, Ye K. 2007. Early cretaceous granitoids and
their implications for the collapse of the Dabie orogen,
eastern China: SHRIMP zircon U-Pb dating and geo-
chemistry[J]. Chemical Geology, 240(3-4): 238-259.

Yan Q S, Shi X F, Castill P R. 2014. The late Mesozoic-Ceno-
zoic tectonic evolution of the South China Sea: A petro-
logic perspective[J]. Journal of Asian Earth Sciences, 85:
178-201.

Zhang S B, Zheng Y F, Wu'Y B, Zhao Z F, Gao S, Wu F Y.
2006. Zircon isotope evidence for > 3.5 Ga continental
crust in the Yangtze craton of China[J]. Precambrian Re-
search, 146(1-2): 16-34.

Zheng Y F. 2008. A perspective view on ultrahigh-pressure
metamorphism and continental collision in the Dabie-Su-
Iu orogenic belt[J]. Chinese Science Bulletin, 53:
3081-3104.

Zhou X M, Sun T, Shen W Z, Shu L S, Niu Y L. 2006. Petro-
genesis of Mesozoic granitoids and volcanic rocks in
South China: a response to tectonic evolution[J]. Epi-
sodes, 29(1): 26-33.

Zhu'Y X, Wang L X, Ma C Q, He Z X, Deng X, Tian Y. 2022.
Petrogenesis and tectonic implication of the Late Triassic
A\ -type alkaline volcanics from the Xiangride area, east-
ern segment of the East Kunlun Orogen (China)[J]. Lith-
0s, 412: 106595.

Zhu'Y X, Wang L X, Xiong Q H, Ma C Q, Zhang X, Zhang
C, Ahmed H A. 2020. Origin and evolution of ultrapotas-
sic intermediate magma: The Songxian syenite massif,

Central China[J]. Lithos, 366: 105554.



