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Abstract: The magmatic activities in the Early Paleoproterozoic are of great significance for understanding the tectonic evolution

history and geodynamic processes of the Trans-North China Orogen (TNCO) in the North China Craton (NCC). In this study, the
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Early Paleoproterozoic diabase-gabbro was discovered for the first time in the Luobuqigou area of southern Chifeng at the northern
end of the TNCO, and detailed petrography, whole rock geochemistry and zircon U-Pb-Hf isotope geochemistry studies were
carried out. Zircon U-Pb isotopic dating reveals that the intrusion age of diabase-gabbro is 2 332 Ma. The geochemical
characteristics indicate that the diabase-gabbro belongs to the tholeiitic basalt series. It shows positive anomalies of Rb, Ba, U
and Pb, and negative anomalies of Sr, Nb, Th and Y. It has a relatively gentle right-dipping REE distribution pattern, with a
weak enrichment of LREE relative to HREE, and the Eu anomaly is not obvious. Zircon e,{z) value ranging from —4.4 to
—0.8, and the single-stage Hf model age 7, range from 2 722 Ma to 2 873 Ma. Petrogenetic studies have shown that the
diabase-gabbro magma originated from the enriched subcontinent lithosphere mantle with the participation of the asthenospheric
mantle. The enriched mantle source is a 10% to 20% partially melted spinel- and garnet-bearing lherzolite mantle. Its magma
evolution is dominated by the fractional crystallization of clinopyroxene, followed by olivine and plagioclase, and the influence
of crustal contamination was limited. The comprehensive study shows that the ~2.33 Ga diabase-gabbro in the LLuobugigou area
of southern Chifeng at the northern end of the TNCO during the Early Proterozoic tectono-magmatic lull (TML) period, might
beformed in a back-arc extensional rift environment. The study area might have experienced the geodynamic process of
asthenosphere upwelling and lithosphere thinning caused by plate rollback. Our research results provide constraints and
references for the tectonic evolution of the northern end of the TNCO in the NCC during the Early Paleoproterozoic.

Key words: Luobugigou diabase - gabbro; Early Paleoproterozoic; zircon U - Pb - Hf isotopes; back - arc extensional rift

environment; northern end of Trans-North China Orogen; geochemistry.
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Fig.1 Tectonic map of the North China Craton (a) and geological sketch map of L.uobugigou-Xiaoniuqun area (b)
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Fig.2 Field photographs of the diabase-gabbro in the Luobuqigou area
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Fig.3 Photomicrographs (a.b) of the diabase-gabbro in the Luobugigou area
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Table 1 LA-ICP-MS zircon U-Pb dating results for the Early Paleoproterozoic diabase-gabbro in the LLuobugigou area

m “"pPb/ “pb/ *ph/ *pb/

= Pb Th U T 20 - 20 - 20 wopp 20 iEAE

g S iE(10°) v IF) 7 2 b A 4 (Ma)

Al 157 142 203 070 0.1504 00044 90700 0.2800 04422 00110 2350 24 99
A2 95 68 90.3  0.75 0.1479 0.0090 8.9700 04600 04302 0.0186 2322 40 99
A3 36.3 313 448 0.70 01507 0.0080 9.0900 04800 04411 00154 2354 46 100
! 113 97 164 059 01514 00056 9.0700 0.3800 04352 00088 2362 44 99
A5 324 241 807 0.30 0.1703 0.0022 11.6020 0.1780 04889 0.0104 2561 18 100
A6 61.2 54.4 106 051 0.1471 00054 85800 0.3800 04261 00152 2312 34 100
A7 69.9 59.8 142 042 0.1486 00040 9.1600 04200 04418 00150 2330 38 100
A8 41.6 38.7 67.3 0.58 0.1477 0.0076 8.9000 04200 04469 0.0158 2319 38 98
A9 49.9 52.6 260 0.20 0.1420 0.0094 7.3500 0.7000 0.3920 0.0220 2252 90 99
Al0 66.7 62.6 105 0.60 0.1519 00082 89300 05400 04404 00190 2367 50 99
All 37.6 333 58.5 0.57 0.1450 0.0082 8.7700 0.5800 04435 0.0182 2288 60 98
Al2 73 63.4 130 049 0.1428 0.0082 84800 1.0000 04300 0.0460 2261 90 99
Al3 110 92.6 104 089 0.1449 00074 86100 04200 04291 00144 2287 42 100
Ald 73.6 77.2 330 0.23 0.1458 0.0068 7.9100 0.5800 04110 00280 2297 56 100
Al5 117 106 251 042 0.1405 00084 65700 04800 03540 00300 2233 66 95
Al6 113 111 212 0.52 0.1398 0.0058 6.8300 04200 0.3630 0.0200 2225 48 95
A17 124 76.6 278 0.28 0.1427 0.0040 7.2495 02737 03653 0.0151 2256 49 93
Al8 94.1 117 174 068 0.1490 00042 84185 04111 04055 00167 2330 50 96
A19 773 40.2 147 027 0.1525 0.0047 89865 0.3897 04237 0.0169 2369 52 97
A20 34.1 26.4 59.7 044 01530 0.0087 9.6064 03712 04621 0.0205 2365 94 99
A21 55.4 37.1 97.3  0.38 0.1469 0.0045 9.1156 04540 04446 0.0146 2305 52 99
A22 98.2 54.9 244 022 01416 00039 65546 0.3204 03362 00082 2242 47 90
A23 43.3 34.7 83.4 042 0.1524 0.0052 8.5509 04829 04024 0.0171 2366 61 95
A24 75.9 62.3 132 047 0.1515 00045 9.1323 03421 04303 00114 2358 50 98
A25 104 88.7 223 040 0.1443 00025 7.5018 0.2674 03741 00126 2277 30 94
A26 96.3 68.4 183.1 0.37 0.1469 0.0037 84863 04243 04176 00145 2322 33 99
A27 43.7 32.6 69.0 047 01500 0.0043 10.1123 04766 04850 0.0195 2341 49 96
A28 45.5 331 80.1 041 01527 0.0039 9.6386 04522 04552 00160 2373 45 99
A29 70.2 73.6 114 065 01522 00054 95276 04788 04517 00131 2364 62 99
A30 102 43.2 188 0.23 0.1471 00038 92067 04510 04509 00147 2309 45 98
A31 108 78.7 243 032 0.1400 0.0037 6.8864 0.3628 03554 0.0170 2223 45 93
A32 123 251 265 095 01410 00036 67195 0.6262 03434 00273 2235 45 91

A33 100 47.9 202 0.24 0.1445 0.0035 7.7665 04267 0.3890 0.0164 2278 42 96
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x2 FIrEAHTTHREHBERIERS LA-ICP-MS A Lu-HIF I RE R
Table 2 LA-ICP-MS zircon Lu-Hf isotope results for the Early Paleoproterozoic diabase-gabbro in the Luobugqigou area

WS r(Ma)  OYb/HE Lu/THE TOHE/THE 20 O/ HE, en0) ey 0) 20 tonMa)  fi e
Al 2350  0.014260  0.000526  0.281255  0.000 012 0281232 536 1.8 04 2749 -0.98
A2 2322 0.018350  0.000602  0.281252  0.000 012 0.281226 537 2.7 04 2759 -0.98
A3 2354 0.012537  0.000436  0.281225  0.000 012 0.281205 547 27 04 2783 ~0.99
Ad 2362 0.018139  0.000629  0.281281  0.000 012 0281252 527 0.8 04 2722 -0.98
A6 2312 0.010523  0.000414  0.281246  0.000 011 0281228 540 28 04 2754 ~0.99
A7 2330  0.012734  0.000470  0.281259  0.000 012 0281238 535 2.0 04 2740 ~0.99
A8 2319  0.015636  0.000608  0.281246  0.000 015 0281219 540 30 05 2768 -0.98
Al3 2287  0.025005  0.000985  0.281262  0.000021 0281219 534 37 038 2773 -0.97
Al4 2297 0015112  0.000610  0.281222  0.000 017 0281195 548 43 0.6 2800 -0.98
Al7 2256  0.023534  0.000875  0.281266  0.000013 0281229 532 41 05 2759 -0.97
A21 2305  0.019707  0.000708  0.281278  0.000 014 0.281 247 52.8 23 05 2732 0.98
A23 2366  0.008874  0.000302  0.281240  0.000 012 0.281 226 54.2 1.6 04 2754 0.99
A24 2358  0.025860  0.000905  0.281258  0.000 012 0.281 217 53.5 21 04 2773 0.97
A25 2277  0.024889  0.000963  0.281247  0.000 019 0.281 205 53.9 44 07 2792 0.97
A26 2322 0.036846  0.001326  0.281263  0.000 017 0.281 204 53.4 34 06 2796 0.96
A27 2341 0.016067  0.000605  0.281260  0.000 012 0281233  -535 -2.0 04 2749 -0.98
A28 2373 0.012245  0.000479  0.281255  0.000014 0281234 536 12 05 2746 ~0.99
A29 2364  0.025627  0.001015  0.281217  0.000 014 0.281 171 -55.0 3.7 05 2837 -0.97
A30 2309  0.015799  0.000600  0.281273  0.000012 0281247  -53.0 22 04 2 730 -0.98
A33 2278  0.022936  0.000937  0.281274  0.000017 0281233  -53.0 34 0.6 2753 -0.97

®3 FIMNEAHTHREPEZERENEETIE(D)MRETZEA)SHER
Table 3 Analyzed whole-rock major (%) and trace (107) element results for the Early Paleoproterozoic diabase-gabbro in the

Luobugigou area

FE a5 LBQG-H2 LBQG-H3 LBQG-H4 LBQG-H5 LBQG-H6 LBQG-H7 LBQG-H8 LBQG-H9 LBQG-HI1
Sio, 46.8 46.77 47.75 45.07 43.04 44.27 46.83 47.09 47.64
TiO, 2.48 2.85 2.53 2.2 2.28 2.95 1.72 1.74 1.99
ALO, 13.17 11.78 13.86 12.11 12.43 12.29 13.94 13.58 12.93
Fe,0," 15.67 17.01 13.44 13.82 16.84 17.3 13.75 13.87 14.03
MnO 0.2 0.21 0.18 0.19 0.2 0.22 0.21 0.28 0.29
MgO 5.43 4.53 6.01 5.65 6.17 5.26 6.9 6.88 6.16
CaO 5.1 5.63 6.69 8.08 7.33 6.21 9.15 7.07 8.51
Na,O 2.56 2.24 2.32 2.21 1.34 1.72 2.69 1.9 3.92
K,O 2.42 1.89 1.99 0.46 0.46 3.1 1.32 3.88 0.38
P,O; 0.23 0.28 0.22 0.19 0.19 0.27 0.15 0.16 0.18
LOI 5.81 7.24 5.16 10.1 9.8 6.59 2.78 2.7 3.69
Total 99.87 100.43 100.15 100.08 100.08 100.18 99.44 99.15 99.72
FeO 10.96 9.12 7.47 10.78 12.21 8.48 7.54 7.31 8.23
Mg" 44.68 38.30 51.03 48.79 46.06 41.47 53.91 53.62 50.57

Li 48.0 60.5 37.6 66.4 75.3 35.9 28.6 27.9 16.7
Be 2.19 2.59 1.91 1.69 1.69 1.92 0.86 0.87 1.44
Sc 35.8 38.1 37.5 34.1 36.0 39.8 41.9 43.6 38.1
Ti 15 849 18 309 16 005 14 276 14 826 18 058 12 217 12 656 11 925
\Y% 433 588 456 399 439 599 446 459 445
Cr 76.4 63.4 123 125 129 67.4 128 127 71.8

Mn 1651 1773 1402 1547 1657 1738 1849 2543 2205
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&%R3
B g5 LBQG-H2 LBQG-H3 LBQG-H4 LBQG-H5 LBQG-H6 LBQG-H7 LBQG-H8 LBQG-H9 LBQG-HI1
Co 52.6 52.7 48.1 52.4 61.9 57.8 62.0 62.7 49.3
Ni 58.0 48.5 70.3 67.3 70.2 48.7 86.1 87.5 53.1
Cu 97.0 83.9 183 110 51.5 162 98.8 29.9 490
Zn 129 235 104 113 141 261 169 263 188
Ga 21.8 21.3 20.5 19.2 21.4 21.3 22.0 21.9 19.3
Ge 1.63 1.92 2.00 2.08 2.49 1.92 2.05 2.37 2.19
As 2.18 6.90 3.36 3.09 5.42 3.57 16.29 7.34 5.01
Rb 115 62.7 102 19.0 19.6 88.0 46.4 192 12.7
Sr 112 204 321 237 204 89 418 316 223
Y 30.3 33.5 27.9 25.3 27.2 30.0 23.9 24.9 25.7
Zr 209 227 204 173 183 212 151 155 153
Nb 12.9 17.3 14.6 12.7 13.6 16.0 9.82 10.3 10.1
Mo 0.89 0.62 0.97 1.00 0.92 0.68 0.54 0.46 0.52
In 0.12 0.13 0.10 0.09 0.09 0.10 0.10 0.10 0.09
Cd 0.10 0.15 0.11 0.13 0.10 0.14 0.13 0.10 0.11
Sn 1.68 1.82 1.75 1.83 1.20 1.67 1.27 1.27 1.34
Sh 6.36 8.23 5.56 6.22 7.30 6.75 8.19 8.20 7.93
Cs 5.43 1.69 1.50 0.76 0.73 0.83 0.35 1.14 1.38
Ba 342 431 450 109 100 500 254 1588 59.8
La 13.4 18.7 15.7 13.0 13.8 15.6 12.9 13.3 13.9
Ce 36.1 47.0 40.4 34.5 36.0 41.0 30.9 31.5 34.6
Pr 4.09 5.08 4.45 3.84 4.05 4.44 3.37 3.35 3.60
Nd 21.9 25.8 23.1 20.0 21.1 22.8 17.4 17.5 18.6
Sm 5.83 6.59 5.93 5.16 5.59 5.90 4.53 4.54 4.91
Eu 2.02 2.42 2.10 1.50 1.64 2.10 1.77 2.39 1.68
Gd 6.74 7.86 7.00 5.75 6.68 6.97 5.06 5.57 5.59
Th 1.17 1.28 1.09 0.97 1.10 1.14 0.91 0.91 0.98
Dy 6.80 7.65 6.41 5.72 6.55 6.76 5.39 5.41 5.83
Ho 1.25 1.42 1.18 1.03 1.18 1.26 0.99 1.00 1.08
Er 3.91 4.53 3.70 3.24 3.60 4.05 3.29 3.29 3.42
Tm 0.47 0.55 0.45 0.39 0.43 0.49 0.40 0.40 0.41
Yh 3.22 3.84 3.02 2.71 2.95 3.48 2.86 2.80 2.92
Lu 0.43 0.51 0.41 0.34 0.39 0.47 0.38 0.38 0.39
Hf 5.59 6.09 5.54 4.75 5.18 5.77 4.29 4.27 4.24
Ta 0.95 1.24 1.09 0.95 1.03 1.19 0.73 0.76 0.79
W 1.51 7.71 1.45 2.05 1.94 2.79 1.42 1.09 1.64
Tl 0.55 0.30 0.45 0.09 0.09 0.40 0.18 0.77 0.07
Pb 2.46 11.1 4.50 4.19 5.74 12.9 15.6 9.73 9.83
Bi 0.13 0.06 0.03 0.13 0.23 0.04 0.04 0.05 0.03
Th 1.55 2.27 2.08 1.78 2.03 2.09 2.11 2.12 2.16
U 0.48 0.65 0.77 0.67 0.73 0.55 0.53 0.50 0.61
SREE 107 133 115 98.1 105 116 90.1 92.3 97.9
LREE 83.30 106 91.7 78.0 82.2 91.8 70.8 72.5 77.2
HREE 23.99 27.6 23.3 20.1 22.9 24.6 19.3 19.8 20.6
LREE/HREE 3.47 3.82 3.95 3.87 3.60 3.73 3.68 3.67 3.75
Lay/Yby 2.99 3.49 3.74 3.44 3.35 3.21 3.24 3.40 3.41
SEu 0.98 1.03 1.00 0.84 0.82 1.00 1.13 1.45 0.98
5Ce 1.20 1.18 1.18 1.20 1.18 1.21 1.15 1.16 1.20

HLOT R4 2k i Mg™ =100 (Mg0/40.30)/(Mg0/40.30+Fe,0," % 0.899 8/71.839 X (1—0.15)); dEu=Eucy/(Smey X Gdey)?, 0Ce=
Ceen/(Lagy X Pre)"?, CN g BRRE B A7 45 4L (Sun and McDonough, 1989).
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Geochemical classification diagrams of the diabase-gabbro in the Luobugqigou area

a. Nb/Y-Zr/Ti0, X 0.000 1 [ f# (## Winchester and Floyd, 1977) ; b. SiO,-FeO"/MgO &l fi# (4 Miyashiro, 1975)

1 M A B A (Hoskin and  Schaltegger,
2003 ). 43 A 45 S &R, 33 A4S I 4 A Th &
Bl M 26.4X10 °~251X10°, U & & & B X
44.8X10 °~807>x 10", Th/U [t ff N 0.20~0.95
(P {H R 0.48) , & B 3 26 gk 7 5k B A7 i 7Y
Y 2K 8% 1 R 1E (Hoskin and Schaltegger, 2003 ).

Ve B I EE R 99 % ~100% By 16 ANl 3R A5
T FAE S, 16 40 AT A5 AR AT [ 32 A4 IR Sy 2 328+
51 Ma(n=16, MSWD=0.35) ( & 4a) , “"Pb/*"Pb
AE WS YU o 2 252~2 373 Ma, 3545 “"Pb/*"Pb il A2
SEHJAE W N 2 332415 Ma(n=16, MSWD=1.8)
(I 4b), Th/U KK M 0.20~0.89, %14 0.52, 45 &
U 4B A UK R B B A B4y B s HL s Th/
U e EH (0.20~0.89) , 5k H “"Pb/*"Pb il A - ¥4 4¢
% 2 332415 Ma 0 R M4 1 K 5 WA K
45 i AR .2 561 Ma g5 A1 b ~2.33 Ga M &% K
A KA ~2.56 Ga BT K i AR AR R B A
4.2 $#A Lu-HfE I Z kL%

AW 5% h %k BUES 47 U-Pb 43 87 45 5% % 4 19 20
A5, BEAT B A R A B X Lu-HA ] A7 200 3k (&
4a) Ay Hrat B3 2,6, (1=2 332 Ma)1(Ga) Kl &
R B B oR TLu/THE H B A 0.000 302~
0.001 326, ¥ /N F 0.002, £ B &5 A 1 W5 K & £
TS A HE B ) TR/ THE AR AT AR b HE
Wi 25 0 B A R R Y AT S (R AR TS, 2007).
%N (~2 332 Ma) 8 A 1 HI/THE (B R
0.281 217~0.281 281, it 5 15 2 &, (/=2 332 Ma)
fH R —44~—08, F ¥ H K —2.7; fin B0 H
—0.99~ —0.96, B [y B B X AR W o B 2 722~
2 837 Ma, & W] 23 5 U8 o A7 78 87 K by AR 52 i 4

43 EEFMETEMBRLE

TNV R S K A R S A B
Hh 3K Ak 27 43 A 4 2R L3R 3.

LN AR NI AU B (S 3 S e S
B B i i o0 R E O R o SR Al b R —
b & 100%. #F 5% & & B o F & E B Sio,
(47.3%~50.3%) , & & @ B TiO, (1.78%~
3.15%) . Fe,O," (14.2%~18.7%) , h & & & 1Y
ALO,(12.6%~14.6%) . MgO (4.86%~7.14% ) &
Mgl (38.3~53.9) . 48 & & 1Y Cr(63.4X10 "~
129X 10 %) Ml Ni (48.5X10 *~87.5X10 °) , & &
1 Co(48.1X10 *~62.7X10 °) \ V(399X 10 *~
599X 10°%) . Nb (9.82X10 "~17.3X10""). 7 Nb/
Y-Zr/Ti0,%0.000 1 25 £ 43 F E g b (&l 5a) , 9 1
FE il 42 5 I 76 W 5 ME X B B 7E SIO,FeO'/
MgO Kl I (I 5b) , #4238 % 76 7 38 X KA X
B, WA B R R R A A AR TR B BT
ZR ARG E R CE 6) &R, ALO, . CaO |
Ni. Cr{f B Mg i R 1% 17 B 1%, 2 1F A8 ¢ 5 Sc i Bl
Mg™ {8 B Ik T 1% i B B A%, 2 59 1F 48 ¢ 5 TiO,.
Fe,0," \P,O; .V {H ki Mg™{E F AR F+ 5, 5% A G

W S W A S R o E BRORE B A bR A AR T R
B 3 Pl o o AR L A (] 7a) |, S W I A 2 A
+EER AW, I RS W 1 S i (SREE=
90.1X 10 *~133X10"°; P} 106 X10°) , # i + T
# (LREE) M X F B # £ 55 & 4 (Lay/Yby=2.99~
3.74; F#43.36) ; EM 0 E (HREE) (985 7 it , 3%
AH 2 475 il b 2 P A R A HERRE SR A AH 5 55 Ce IE
5 (0Ce=1.15~1.20;F 1 1.18) ; Eu F & 5t 55 ft
S HC % (0Eu=0.82~1.03) , W & K 1 £ 15
O3 3 AN A FE S Eu 2 55 1 7% (0Eu=1.13,
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Fig.6 Harker plots of the diabase-gabbro in the Luobugigou area
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1.45) , R WA RHE A IRAF A /D 1 HE B L 76 I 46 Mg 4
HEAL S e Rk N (& 7h) |, B 4 0 KA R
KB FEAILE Rb. Ba, U(LBQG-H5 . H6 H11 B&
Ah, HBa 7 i) &4, Sr 7 it (LBQG-HS8 \HI B 4h,
HSrE#H), m#monE Nb Th.Y £ 5 #FH1E .

5 Hg

5.1 {hEE RS IT & #1E L & 0T A

1 HF A by 5T U 5% R A A 27 BIF 5 b 34 AT R 4
R A R N R R B A kA, 32 e R AT 45
BoR P BB S LOT(ER &) & & (2709~
10.1%, ¥I{H 5.99% ) , B b, 47 2 2914k pl 48 1
XF 4 A TRl 2R A3 A 4 R B s e AR R LR F
FINK, KRZH & Y5kt % (Zr HI  Nb, Ta, Th,
Y . Ti) #1 REE, B i 76 1 [N 55 — B 5 AH 22 52 4
AT HE I A% Bk AR R 35 (Pearce, 19755 Grauch,
1989; Manikyamba ez al., 2009; Wang er al.,
2013b; Santosh ez al., 2017).Rb.Sr% K& T4
JC R (LILE) 7 Hy 7 F b 18 22 [a] B A 4% i 1) 43 188 A
H 5w ol AR AR 54 5% H A TR e I AR (Ver-
ma, 1981; Hart and Staudigel, 1982; Polat and Hof-
mann, 2003; Zhai et al., 2013). 547 & "Lu-""Hf ik
SRV [R) A R 2R G0 X P AR T R i - AR R A A B
T Ry Fafd, e O 4 L s (9 HI A A7 2 R AE
(Valley er al., 2015). KK it , 78 & A A i+F i i 72
Hh 3 B T AR ok A AR FH R BCRR 1 o AT B8 s 2 (A
HFSE . REE) Fl 5 1 e, () | B By B #5220 47 3%
L FEAT VIS, Rt R RS T IT R .
52 HEERMMTIRS

Gy B4 ORI Hb e IR Y R e R AT AR S K
— A H DR AR, R E RS R KR I E K
iSRSl L L VRS S o A G e
NGRS ol T A I C A (o = sl A
mhol %5 O AE A (DePaolo, 1981).
521 HB&&E Y hREWESERSHET &S
Y MgO (4.86%~7.14%) . o % Mg™ {f (38.3~
53.91) , AR & B Cr(63.4X 10 *~128.6 X 10 ) Fl
Ni(48.5X 10 °~87.5X10°°) , ik T 5 b & # 4 7+ °F
7 1 I 4R AR (MgO=8.0% F1/8f Mg" =72; Ni>>
40010 *~500 10 °,Cr>>1 000 < 10 % Cox, 1980;
Winter, 2014) , 3R % NI A RS ORTE T
i 08 AT AR A IR, AR S K D R/ T B M 3R Y
P RET —EBRERN A S

La/Sm [ {H A Fifi La 28 4k, Ce/Yb LbAH A Bifi Ce A8
b, TN o A A UL 4 B 45 o 325 i AE Hb
e R 3 R AR A R AR R N A O
A B A S Cr & 5t i8R i A R RDE A 1Y
45 S BT RE SR Y NI Cr 5 Mg™ 2 B 2 IE A
& Ni Y Cr i iE A0 56 & Sc Fe,0," 5 Mg™ i1y 1t A
O, R P MY (Y o3 B 45 A e, R W RO 4 AN
BHEE B 4> B 45 i (& 6c.6d . 6g.6h.61),Crt
Mg™ 1Y 1E AH 56 3¢ R Fe W 1 5% 9 i A0 R RO A7 =
RERE AT 43 B 45 (1B 6d).CaO K& CaO/ALO, 5
Mg™ 1Y 1E AH OC 1 ¢ B R A1 09 43 25 45 &b (18] 6b
6e) , JF— 2 F UM A AL RS A 50 B 45
EH .Fe,0," . TiO,.P,O,. V 5 Mg Z [l iy 1 # %
PE ([ 61.6).6k.61) FUITE 7 K45 f 53, Fe-Ti%|
A0 A K A oy B A T RE R BT AE A R T A
b R SR B () BRI ] T Fe-Ti % L4 AN
W K A B9 45 5 (Rutherford ez al., 2006). ALO; 5
Mg™ Z 8] () T AH OGP (& 6a) & BT RHE A 1Y 53 B 45
At SR, AW 1Y Eu S5 8 (6Eu=0.82~1.45; -1
LO3)RMBK A B 45 MR EAE Y =+
(& 7b) v] B8 5 SR A 19 4 B 45 i AT G

Pearce JG % ¥ {H ( Pearce element ratios) | iZ
ME T TR R BT R 0 4 S AL RN Ay B 4
B, FEEE SRS Y (M A E A
R ) 1Y &8 43 45 &, A Pearce JC % LA fif H
TOOU R E R B A K AR S e i Ok SF o R
(40 Si.Ca.K.Na,Al . Fe Mg), ifi Pearce J& & It
IR S ) S R i e = A5 o A I 7 I 1
(Pearce, 1968; Russell and Nicholls 1988). fF
[0.25A14+0.5 (Fe+Mg) +1.5Ca+2.75Na ] /K-Si/
KE (F 8a) I n &tk ¥ , R B(E 24 1, A
FESCHR T WF ST FE S RO A L PR A IR A
M 7y B 45 16 (Fe+Mg) /Ti-Si/Ti & (& 8b)
b WOR AR S RN A S A

LG, W 2 0 K A o B 45 o R R R
MM A R R E A AR K A YA
PR I T A
522 MIFRFE MU KA LR S KR
SE AT, M 78 TR YL J& N ]k G 9 DRI, AE R b ek 4k
27RO 2B S R ) 1 S R HE R 3 PR R T,
PPy i TR % 00 52 e, — i AT LASE 3 431 4 B A
b2 0 3R /TR A5 2R Bl 22 T 9 4 OGP SR 10 b 52 TR
B & ¥ (Hawkesworth ez al., 1995; Wang et al.,
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% Russell and Nicholls, 1988. 8" #1455 : OL MBS & 5 Opx. B #EA 5 Cpx. SARHEA ; Plg. BAHE A

2014) GEEN LN WURAATE IR I, 5 R BUE A
LREE Fl LILE & £ , # i S it 0 22 5 4 b s s 74 1k
Wk 9 & G R Bt Nb Ta  Tis %, 1E Ze HIF % B R
W FEY) Fi# Nb. Ta. Ti, & Zr .Hf(Rudnick and Gao,
2003; Zhao et al., 2007; Zhao and Zhou, 2009).{H
S ML 7E R YL FIMR B 4 FlER 23 5 B0 Nb-Ta i 3% 1k
(Sun and McDonough, 1989) , 1fij M & £ Hi1 & J 14 4l
Yo AR $E B 2s P2 AR A 6T Nb Hil La-Ce FU IS IE Ta S8
(Hoffmann and Wilson, 2017). ¥ & ## 18 o€ 2 Wk
B (&l 7b) 2L 55 0F -+ 45 IE Rb . Ba,Pb 5 % J 55
Nb.Th.Y .Sr5% % , Ta i/~ X T La-Ce i B IE
SR EE S, TiLZe JHE G B 5 0 25 1E , 1
M58 TR g AN W] 0, mTR G R AR HL AT R A AE AR
K AR A — B, KB M 5T EL AT AR X 5 Y Th/
Ce b {H (~0.15) F1 W] & i Eu % & (Taylor and
McLennan, 1995) , 11 1 18 117 4= B 5 3 2 A AR
Th/Ce o ff (0.02~0.05; Sun and McDonough,
1989) , i M 4% #% K 4 #F it 19 Th/Ce {6 iy 0.04~
0.07, 55 1 —JC Eu st % , R b 2 iR e AN 1 . KB
i 5E B AR 9 Ce/Pb(3.5~5.0) Fl4Z &5 9 La/Nb
(1.6~2.6) . Th/Nb(0.24~0.88) .Lu/Yb {4 (0.16~
0.18, b 437 4= 7 3% BAK Lu/Yb{H 0.14~0.15) (Sun
and McDonough, 1989; Rudnick and Gao, 2003) ,
SRTITFE 19 Ce/Pb(1.98~14.64, ¥J1H 6.03) K T 5%
P A Al L La/Nb(0.97~1.37) .\ Th/Nb(0.12~
0.21) .Lu/Yb{H (0.13~0.14) /N T Kl b 572 , 2 1
b SE IR Y N B R, B BRI R SR HE KA T Sr-Mg”
P (8] 6) o 5447 A 56, THO, K Mg™ 2 8] 149 A 56
R — i (L 6)). #5249 53 9 i AT L3 Jn 5

PR IK Th & & , 1 A 5 75 Nb/Yb-Th/Yb &l ( &l
9b) H FE AR kb F MORB-OIB [ %1 h , ok ZE 2] T
M 5E X, R SRR ORI R, B N R
1 ~2.33 Ga 4% W K BE 2 IR K 18 2 2 0] W Y
Hi 7 R G
5.3 HuigiE R

BN GE ) ~2.33 Ga #F 44 K 5 5 3% 8 BB
ZRER,BAEOE A e () EH(—44~
—0.8) , RUI MM K A RE T & % i
(Hofmann, 1997 ; Peng ez al., 2012) . B 8% ¥ & #%
KD T s s i ARRE 5 I R A A T & e,
TR B A ML B R B A M ALK LE, 7]
S5 e G B 3 rf RH N o6 FR B A, DR AT A GG
PR A% B ( Turner, 1996 3 Zhao et al., 2009 ) .

HFSE/LREE [ A A 1 S #b i 5 X ¥ BT
2 (1) 48 41 (Smith es al., 1999). BF 5% & & (9 Nb/
La L {8 24 0.73~1.03 (#K U Bl M i 13 A4 5 0K 0w
% Nb/La, 0.93~1.32; Sun and McDonough,
1989) , 5 % uii Pl Hb 02 A7 4> &, TR Bl
e (K Bk H 72 Nb/La=0.4; Rudnick and Gao,
2003) , 1 H K Bl 7 A R Hb AT AR A K B A R
Nb/Laff , 3 B Hb 12 Y5 AT G A7 7 50 0 P8l b i 7 o7
ik . 7E La/Yb-Nb/La & o (& 9a) , #5 &% #% K & FF
mofE A A B - B B M B E R M
(Smith ez al., 1999) , 3 F5 T B g i = 55

Th/Nb 0] D448 78 78 /4 7 % o3 i A, Ti/YDb
A DL 7R HA R B2 (Pearce, 2008) . WE4% WEK A FE S
TE Nb/Yb-Th/Yb ElH, {ii T MORB-OIB [4 41 f E-
MORB 1 OIB 2 [a] (& 9b) , & B & K X B AT E-
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(a) Nb/La-La/Yb; (b) Nb/Yb-Th/Yb; (c) Nb/Yb-TiO,/Yb; (d) Lay/Smy-Tbhy/Yby diagrams of mantle source for diabase-

&l a~c#li Pearce, 2008, 2014; K d 4l Wang ez al. (2002)

MORB-OIB 2 7 by 0 5 457 AiF . {H 5 7Rt 1l i 5 7
W AF AE /D i M A RN/ 8K B A T e
A AEME v AR 7 % 4> (Pearce, 2008, 2014) , 1 T #F
FERE 50 Ml 5T R Y R B 0N 3 T b U 5
TR R A3 0 R Bl A L 0 OC R B D) LA
f&£ Nb/Yb-TiO./Yb &, fii T E-MORB I J5
MORB 1 OIB [ 41 52 ¥ £ & (& 9¢) , M RFAE 5 4
i B O 2 Wk R0 PR — B0 I L e A - e A
H £ A (plume-ridge interaction) %L i i E-MORB
HEA OIB X, 2% B b 8 2 4 U5 mT 68 5 507t el M
T AH 5 (Pearce, 2014). & & 8 & 7n Hb b U5
WIEm (A A E AR mEEm (R BA
BONE 5 25 0 ) Ak e B, 0 il R B OB U kG K, AT
e S mE L/ AaBmila X, WEnT
AR P G M R 5h 2 3R 4% (Pearce , 2008, 2014 ) .
J3 4, M F HREE 78 A f8 A h BA & JE M
ML — B A AW A MO A T 5 K Thy/
Yb > 1.8, i % 9 & A1 #UME %5 °F 5 45 1K (9 Thy/

I3
A

Yby<<1.8. H Il , B Bk BT & A 19 Thy/Yby Lt AT
L Sk 29 o8 4% il IR BE (Mckenzie and O'Nions ,
1991; Wang ez al., 2002) . #% &¢ #5 K & B & 1
Thy/Yby{ H 1.44~1.70 , £ Thy/YbyLay/Smy Kl
AL TR A M SR e b (B 9d) , H
Ok T AR A il A AR 8 =z ARy o Al

R T HE— 2T i b R A fL 2% R R Dy/
Yb . Dy/Dy* Lt AE #5035 4 165 fil o F2 v X 5% B8 A
R A1 50, DX 53] e Y50 Rl A% 1 BRI A Ok R O
TH i 4 A7 % N 1 #2 (Condie, 2001; Davidson ez al. ,
2013) . 7E A A A B e S v s A g 0% K, Dy /Yb
FUAE AT g 23 90 20 Hb 43 18 T A 2R b A e b
AR 2= 4 i B Hh 43 8 (Davidson ez al., 2013). & 42 &
A RO A s A R 9 Dy /Y b {E 38 R <<1.5, 1
AR A R RORS A Hbg JE IR 1 Dy /Y b {3 H >
2.5.~2.33 Ga # gt ¥ K & K & Dy/Yb L H
1.88~2.22, K W] & 4L Mg U vl HESR H &R A
A1 R AT MR A b 2 0 U A Dy/Dy* U {H A
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E aHh Dy/Dy*5E Xk [ Davidson ez al.(2013). & b4l Aldanmaz ez al.(2000) , H & i £ % € 26 70 3 % 7% = i MORB M (DMM) il S 4
B K i A T g (SCLIMD) 475 Rl 3, 73 0 50 g s il A2 1% 5 Hovb garnet-lherzolite (grt) . A7 B8 47 “MERIA 2 5 spinel-Therzolite (sp) . 23 i £7 — BEHHL
A s DMM. 75 307 P a0 s N/E-MORB. IEH# /5@ B K RE s OIB. i XA s PMLE I LIS s GLOSS. BRI h T

0.88~1.03, & & ik F J& 4 (Dy/Dy*=1) 1 75 i
(Dy/Dy*=1.75) & & ( Davidson ez al., 2013). ¢
Dy/Dy*-Dy/Yb & (& 10a) #1, ~2.33 Ga #F 4 ¥ K
AR . (1) B8 & % MORB Mg i, H LREE
BRI ; (2) RVE DU A R IG R34 1,
P WY E JN b 7 TR G ARAR 5 (3) B i I A M A0 40
g i a1 OIB 37 JE T, 3 W R IX A7 A6 2R b A1
] 1 R A O O e b o O R ¥4 (4) REE i %
FE R M (Dy/Dy*<<1) 5] £ M (Dy/Dy*>1) iy
AR R BRIV A (/AN A ) o3 B8 45 i A )
3% Ak (Davidson et al., 2013) . [FH i , 2 M
M 23 W S S i R A 3 AR A R A O
L Ao I A e R A 48 ORI, Nb/Yb-Ti0,/Yb (&l
9c) Fil La/Sm-Sm/Yb (& 10b) 4k iF T 3X — 5% .
M T+ o0 & WAE (W La/Sm . Th/Yb #l
Sm/Yb) 7E R K FE B IR 323 43 15 il A/ 58 5y 5
25 S AE B 52 i ( Aldanmaz et al., 2000) , A i, 3E
PE AL ) R R T W 2 S R M0 AR
BE Rl DLl of A koo B A ORI R B E (Al
danmaz ez al., 2000). 1 H # & La/Sm. Tb/Yb
A1 Sm/Yb B 5 MgO Jo B & 59 41 56 Pk (R s
MHXE ), i~ L2 RURM LT REILTE S5
B4 bk B T G, AT DA G ke A ) b i U 1
15 o Hb W2 5 ) B9 A B8 A, AT LK HREE WA
LREE A1 MREE 5 21 73 8 (McKenzie and
O'Nions, 1991) , M i fif 2 5 47 = W SO 7t % 95

[ 45 7 B A7 A T i MREE/HREE {8 (41 Sm/Yb) ,
50 R A M OB A b R IR 43 BT MREE/
HREE {8 18 W X5 L, Bl & &8 45 1 mil F2 B2 9 38
LREE/MREE (Ul La/Sm) {8 F& ik ( Aldanmaz et al. ,
2009; Zeng et al., 2018) , T AT LABH A2 Hb 0 475 fl
B 3k YR (Aldanmaz ez al., 2000). F La/Sm-Sm/
Yb A (B 10b) , #4345 il ith 2 5% ] Shaw (1970) 9
A B 2 HE U0 il A L O 1R 3% G b (Sun and
McDonough, 1989) #l 77 #ift MORB Hf % (McKenzie
and O'Nions, 1991) 4 ¥ oG B9 I8 X 43, & b I
W LR W K FE S R ST E-MORB 5 4 Hi i Y5 A
I W AT OV RORE A 1 0 i R A O AR A+
AR AT OV ARORS A e s i e B b (B S i e S
% W Aldanmaz et al., 2000; Zeng et al., 2018),
TUWE DRI SEK S A KORIE T 1090~
20 %0 43 K5 Fl (4 7 3 b A7 R AR AT R AROE  H
e 5, o s Rl o) N R BE i ~80 km (Frey et al.,
1991 ; McKenzie and O'Nions, 1991). 1 1 & bk &
Il A g B o B R X A 7 B (<Z80 km) .

FREE R K, ~2.33 Ga® Dl Il I 4 #F
K b g R IR T K B A A B g N ~80 km
T 10%6~20%6 8 43 15 dl i 2 9 f A0 F A0 B A
WERORE A e R O H A O g 2 5
54 WHEES

DL ERFGR R W], ~2.33 Ga % R VA M G 05 K 4
R WA P B A R G AN ELAR R o 2R 5T )
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BR AL 2= R AE OV S MK RE L VR AE Ze-Ze/Y
2Nb-Zr/4-Y , Ta/Hf-Th/Hf # 1& 2 55 J) 51 & A
WA IEE o (1), 59 4, M SR 0 K BE L Y
TiO, & & (1.78%~3.15%) . Zr/Sm H {H (31.1~
35.8) 5t N % B & & A 2 (Pearce, 1982; Wil-
son, 1989; My N ¥ 1 Zr/Sm {H =25, Rudnick and
Gao, 2003) ; Th/Ta (1.63~2.91) . Ti/V (26.8~
36.6) Fb{E 48 7% A P 1 2R 5 (b PN R 2R 5% Th/
Ta>1.6 Ml Ti/V>20; E = 5 %, 2001; 2=k ¢
45, 2012), Ta/HI(0.17~0.21) >0.1 48 7% K Bl N
P R FRAE (VE = 52 55, 2001) . X Utk , Ml 3k 4k
AR RIS N ~2.33 GaME G K AN
M N Hn BE % BT T RN R 2 A IR B
55 HBEHAFEENX

Z e sl TN e | A 2 B e N R e [ |
UL SR P - N Sl N v Il v AV
M 30 5 3R TG B B, R WL ~2.3 Ga B 5 R il
SN (S N/ 0 S N B o B O
~2.33 Gatlt IN 2448 B0 855 7 1B 1 M 2 W K 5 ik

VT BEAE Y BF 5T 6 B, 2.50~2.42 Ga i = AE
AT REIC s T AR b v P 45 b Bk DAARE o il 48 ) A
Ja RSy s P Ak AR H b R i A B AR Kl
SRR AR P AL A S5 T, JF FUR & AR L v B K
i b 72 1 B F G L 2.42~2.20 Ga & J& S Hig i 2L
AW Bt (Zhai et al.,2021; Zhou and Zhai, 2022).

BT AE 3B 3 1l i B A e R R
KAE S 1 X I FE R W], ~2.35 GaZ I L R A48
YEH %5 . A0 e BOF- b IX 2 Bty o0 o AR 300 B 4k
Filik, Liu et al.(2002) I\ R 0 R HE~2.31 Ga BE Bk it
KR oA A PR DTS SR BT R R R R

1 10 Zr/4 Y
Ta/Hf

Tang et al.(2017) N RMIR 2.327 Ga B 8 5 4 ik
R T RAWE R A IX, Duer al (2013) Fift
FIRAE(2020) N R85 42 1 ~2.137 Ga i) A BIAE 54 7+
o T AE 3 Ll s fi e PR 4, 42 1 2.2~2.1 Ga g2 i i
T 1L 8 Bl P A R SR AR B B s RO A5 (2006) A
K&EM KA T ~2.2 Gafll JB I H 5 Gao et
al. (2021)WF 58N R A F 0L 6 Z% 4 P8 63 0y oty
R(2.3~2.1 Ga) e AR E A aINEREEN
9 77 ), 32 ok U5 TR R AR IS 1 A
Wang ez al.(2010) £ i1 5 B2 HLIX 2.3~2.1 Ga Wi Zl
KR S APURFREE R W , 7E 2.3~2.1 GafEfElG
AR BRI, Trap e al. (2012)IN N7
23 GaMAMEM TR T HERATIORITES
) RATHE AR K VU B R AT RS EH —IF
SECT WA PLE R Wel er al.(2014) 38 2oF
XTE L~ B P i oo R 2.35~2.0 Ga 7 3¢
TG TR 25 B B 5E N R 2.35~2.0 Ga K L
5 R XL AR N AR IS R PR B L AR AR
X ,2.36~2.24 Galf A TTG h kA BBk
KRR A R AR A SRR A RLAE K
FORHE  JOF R B BRI K, X S A B T R
55 (Jia et al. 2020).Li et al. (2024 ) % 7N 28 14 #b X
KGR E T ~2.3 Gafb i} a B AIRES A 870 ce () H
FUAA N A B Rl && v T P T/ P AE B 95 36 W &
R AE K Bl 244 385 I B 5 Zhou er al. (2021)
38 2k X AR B Ll M X R AR A A th 2.35~2.30 Gafik
BE A 80 B AE B s FIUIE K TTG M #E K 5
R vl R T NN S a4 LK (VW s R A K
J R B A J& IR S i R 5% Tang and Santosh
(2018) $& i Bk 1l & B AR M o R, 2.5~
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2.45 Ga Hif filf 18 5C ] A9 7 4, 15 2.45~2.12 Ga i} 1Y)
PRI LS AR fE I M2 (B R R
F B UCAT IF L DTS B oo AR R 4 b B 3
A TG A - 2 N bl Y B S AR AL R B
H O Ok, rh LAl A e AR ) sk B
DI R - NG Sl | i e R 7 s T
B OR AR 2 IR B ) T SR O AR i R R A
o H R LA - B R DA AR NS i e 2R
5t .Sun er al.(2022) B98N A v B 1 Ll b v Y
b [ [ 87 N = R R - U LT S E L o P T
TOARWFIEIX) ,7E 2.52~2.48 Galif ], # Bk 5y J1 24
SO MR BT B 9 i 3R BE . Kusky and Li
(2003) Fl Kusky ez al. (2016) 13 $i& H} & b 7 $7 8 b
2 (N5 JL AL i (LA IMNHO) F 2.30 Ga f% 4%
Shy 2 55 i RN Bl R Rl i %, R WA TE 2.52~2.30 Ga lf]
], A A v i b 2% (b AR LA b ) Ak T 52 3ok
FI A6 P J5 1] A R AR b A 9IS B B8 2 Ve ~
2.33 Ga W S HE 1 o M g 7™ B 9 i 8 R4 A 058
LR T A O E S5 R R R AR R e
A, 48 U5 25 2L F EMORB-OIB i J 26 50, [ 9b 9¢
S e AR g PR EL OB 35 Ly L I BB 47 X {ff e
WA KRG MR & B, 7RIS Z5 Hh & JR a F2
i, R A AR N RRAE 1Y OIB 5 % L K OIB Al
EMORB Z it & 77 W £ (Pearce and Stern, 2006
Rossel et al., 2013; Gao et al., 2018; Zhou et al.,
2021).Rossel et al. (2013) Fil Turner et al. (2017) #&
L O iR T SR AN W) M0 R A S AE & OIB
EMORB iy 1 J5 % i 3 5 5 E 249 5 b 08 42 v R FE S
b 8 5L 114 U A O L e e A PN S kA A 1Y) R
FI R B 1 AR IR 7 Bk ) OB 5 X 49 J5i sk 32 A% i K
Bt 5 A VB H e . O S P BE X R R R R
M JE B, 8 5 R A OGRS s A
H % W BT, LA S A B S 0™ A Y A ) A E
s ) S5 DA b b 0 AR RN R S K U B b g B R
8 B, 51 S el TR AR 2 s i, BE S| R A A P
(Faccenna et al., 2010; Kusky et al., 2014). ¥£ X
R B0 AR ST Y M e AR ) B kb S L
e AR A AR it B BT DU AT L i R OIS i
R R B EBC R AR 5 EMORB-O1B 26 7
EAEMEIE XUMBETHSG BRMBX AT
A7 A B P A R A I A R BR 58 bR 5 P S
i bprak 7 Bl ool AU i R RO
1, A LA RS A X D Al P R R Ay

a1 RS (1S TS = -8 1 PN Rl % i | o R s |
-1 P AR W B R I b X AT BE AE A NS i
WAEMEm R X Re sl 7RG &
f9 39t Bl TR L A B e % b 3k Bl ) A o AR
56 MiE-5 % KB (TML) H &IE WL H R
AEH

Fa i — A ORI (CTMLL) W B R, — 28 A
& W1 T R e A B A5 i R 0 7 5 3 i 1 i B
Fy i SC ML, BOM I A IR Bl 5 (O Neill ez al.,
2007; Silver and Behn, 2008; Condie ez al., 2009).
5 [ A0 At Tl 2 v 38 YR T R I Y
L BA &M, B85 > (Spencer et al., 2018;
Condie et al., 2022).Partin et al.(2014) .Pehrsson et
al.(2014) B98N R 2.4~2.2 Gatly i — 4 BRI Y
B M 5T AR A SRR AR B ) 3 I B AR 2 A [ B
Y, 4 1 SRR i e A LA I e A 3l )
SEREE AN HT SCRT IR AR I K JEE Arrowsmith
1Ay L TH 4 1 5 B 38 Minerio 47 03 Fi7 35 ] Ta-
nilla #7 | Bl Bf Dharwar , Bastar 52 $i il . P4 8 K ] 17
Yilgarn P LATEA wehiis N & BLH i 5 R
W2.4~2.2 GaBy A Kac s 8 i R A IR 8 R4
T4 [R] A A7 A D B 3R 1 L H A ki i 5 A
i 2 2448 o = (Spencer ez al., 2018; Condie et al.,
2022) . i A b v dir 38 oS s LA AR ool AR
FOIRR R R R A T TR R AR I, R T

AR S0 9 ) 35— TR S o B 1A A A i e 2
BHRM, XMW 2RI T EFRMRE .

6 é|:| 1/L’\;

(1) ms ol w0 79 3% bR & 0 O & %
KA AFB R 2.33 Ga.

(2)~2.33 Ga % IR 16 M 4% 0 K 5 0 8 A il
A2 B 6 B MK T8 I B 1k h 3 X R A R AL R
U5 T A i Pl i 2 55 00 K i o A B e A g, A
~80 km (1% 2 & A1 R A AR A BIORE e e sk 08 7
Oy W TR B A I A DL R RE 4 A
F LM A IR AR, M SE TR Y5 e A R

(3) % D VR W S W G 2 A b IR AL 27 40 A 3R
B MRS KA MR P BE X RS, 7 T ~2.33 Ga
ik 10 ) A 2 SR A PR R SE IX T RE R ) T Al R 5 4R
| & B B R B A P R Y K Bl ) 2 ek AR

B BRMAEFRERREILITRE
B R E LA B AR F R e



2752 HIERRL2E  http://www.earth-science.net

5550 %

BASLEEyHERBAM) F . PME &
FORM M ES L BEF AT ERF
KERFEFIRHE P REA DG L
H AR B RO R s AR R &S A PR 3] AR
ARMEL KERFKERAAKL LA FTFH
I B AMELRFHEHELS LS K
AR LR FE(ZT)ERFFT S EREAR
AT I i R W M TR Gl Al I R S S

References

Aldanmaz, E., Pearce, J. A., Thirlwall, M. F., et al.,
2000. Petrogenetic Evolution of Late Cenozoic, Post-
Collision Volcanism i Western Anatolia, Turkey.
Journal of Volcanology and Geothermal Research,
102(1—2): 67—95. https://doi. org/10.1016/S0377 -
0273(00)00182-7

Aldanmaz, E., Schmidt, M. W., Gourgaud, A., et al.,
2009. Mid - Ocean Ridge and Supra - Subduction Geo-
chemical Signatures in Spinel-Peridotites from the Neo-
tethyan Ophiolites in SW Turkey: Implications for Up-
per Mantle Melting Processes. Lithos, 113(3—4): 691—
708. https://doi.org/10.1016/].lithos.2009.03.010

Belica, M. E., Piispa, E. J., Meert, J. G., et al., 2014. Pa-
leoproterozoic Mafic Dyke Swarms from the Dharwar
Craton: Paleomagnetic Poles for India from 2.37 to
1.88 Ga and Rethinking the Columbia Supercontinent.
Precambrian Research, 244: 100—122. https://doi.org/
10.1016/j.precamres.2013.12.005

Blichert- Toft, J., Albaréde, F., 1997. The Lu-Hf Isotope
Geochemistry of Chondrites and the Evolution of the
Mantle-Crust System. Earth and Planetary Science Let-
ters, 148(1—2): 243—258. https://doi. org/10.1016/
S0012-821X(97)00040-X

Campbell, I.H., Griffiths, R.W., 2014. Did the Formation of
D" Cause the Archaean - Proterozoic Transition? Earth
and Planetary Science Letters, 388: 1—8. https://doi.
org/10.1016/j.epsl.2013.11.048

Chen, B., Liu, S.W., Wang, R., et al., 2006. The Nd-Sr
Isotopic Characteristics and Petrogenesis of Neoarchean-
Proterozoic Granites in Lvliang - Wutai Block, North
China Craton. Acta Geologica Sinica, 80(12): 1841 (in
Chinese with English abstract).

Chifeng Geology and Mineral Exploration and Development
Institute, Inner Mongolia, 2016. Report of the 1: 50 000
Regional Mineral Geological Survey of Xiaoniuqun
Sheet and the Other Two Sheets in Chifeng City, Inner

Mongolia Autonomous Region. National Geological Da-

ta Museum, 19— 122 (in Chinese).

Condie, K. C., 2001. Mantle Plumes and Their Record in
Earth History. Cambridge University Press, Cambridge.

Condie, K. C., O’ Neill, C., Aster, R. C., 2009. Evidence
and Implications for a Widespread Magmatic Shutdown
for 250 My on Earth. Earth and Planetary Science Let-
ters, 282(1—4): 294—298. https://doi. org/10.1016/j.
epsl.2009.03.033

Condie, K. C., Pisarevsky, S. A., Puetz, S.J., etal., 2022.
A Reappraisal of the Global Tectono-Magmatic Lull at
~2.3 Ga. Precambrian Research, 376: 106690. https://
doi.org/10.1016/j.precamres.2022.106690

Cox, K. G., 1980. A Model for Flood Basalt Volcanism.
Journal of Petrology, 21(4): 629—650. https://doi.org/
10.1093/petrology/21.4.629

Davidson, J., Turner, S., Plank, T., 2013. Dy/Dy*: Varia-
tions Arising from Mantle Sources and Petrogenetic Pro-
cesses. Journal of Petrology, 54(3): 525—537. https://
doi.org/10.1093/petrology/egs076

DePaolo, D. J., 1981. Trace Element and Isotopic Ef-
fects of Combined Wallrock Assimilation and Frac-
tional Crystallization. FEarth and Planetary Science
Letters, 53(2): 189—202. https://doi. org/10.1016/
0012-821X(81)90153-9

Dong, C. Y., Ma, M. Z., Wilde, S. A., et al., 2022.
The First Identification of Early Paleoproterozoic
(2.46—2.38 Ga) Supracrustal Rocks in the Daqing-
shan Area, Northwestern North China Craton: Geolo-
gy, Geochemistry and SHRIMP U-Pb Dating.Precam-
brian  Research, 377: 106727.
10.1016/j.precamres.2022.106727

Du, L. L., Yang, C. H., Song, H. X., et al., 2020.

https://doi. org/

Neoarchean - Paleoproterozoic Multi - Stage Geological
Events and Their Tectonic Implications in the Fuping
Complex, North China Craton. Earth Science, 45(9):
3179—3195 (in Chinese with English abstract).

Du, L. L., Yang, C. H., Wang, W., etal., 2013. Paleopro-
terozoic Rifting of the North China Craton: Geochemical
and Zircon Hf Isotopic Evidence from the 2 137 Ma
Huangjinshan A-Type Granite Porphyry in the Wutai Ar-
ea. Journal of Asian Earth Sciences, 72: 190—202.
https://doi.org/10.1016/j.jseaes.2012.11.040

Duan, Q. S., Du, L. L., Song, H. X., et al., 2021. Petro-
genesis of the 2.3 Ga Lengkou Metavolcanic Rocks in
the North China Craton: Implications for Tectonic Set-
tings during the Magmatic Quiescence. Precambrian Re-
search, 357: 106151. https://doi. org/10.1016/j. pre-
camres.2021.106151



57

RS 2 A AE ST R P AR L AR B R A ~2.33 Ga SR I A I TR B A 3t 7 X 2753

Faccenna, C., Becker, T. W., Lallemand, S., et al., 2010.
Subduction-Triggered Magmatic Pulses: A New Class of
Plumes? Earth and Planetary Science Letters, 299(1—
2): 54—68. https://doi.org/10.1016/]j.epsl.2010.08.012

Faure, M., Trap, P., Lin, W., et al., 2007. Polyorogenic
Evolution of the Paleoproterozoic Trans - North China
Belt—New Insights from the Liliangshan - Hengshan -
Wutaishan and Fuping Massifs. Episodes, 30(2): 96—
107. https://doi.org/10.18814/epiiugs/2007/v30i2/004

Frey, F. A., Garcia, M. O., Wise, W. S., etal., 1991. The
Evolution of Mauna Kea Volcano, Hawaii: Petrogenesis
of Tholeiitic and Alkalic Basalts. Journal of Geophysical
Research: Solid Earth, 96(B9): 14347—14375. https://
doi.org/10.1029/91JB00940

Gao, P., Santosh, M., Kwon, S., etal., 2021. Ocean Plate
Stratigraphy of a L.ong-Lived Precambrian Subduction -
Accretion System: The Wutai Complex, North China
Craton. Precambrian Research, 363: 106334. https://
doi.org/10.1016/j.precamres.2021.106334

Gao, Z., Zhang, H. F., Yang, H., et al., 2018. Back-
Arc Basin Development: Constraints on Geochronolo-
gy and Geochemistry of Arc-like and OIB-like Basalts
in the Central Qilian Block (Northwest China). Lith-
os, 310—311: 255—268. https://doi. org/10.1016/].
lithos.2018.04.002

Grauch, R.1., 1989. Rare Earth Elements in Metamorphic
Rocks. In: Lipin, B.R., McKay, G.A., eds., Geochem-
istry and Mineralogy of Rare Earth Elements. Mineralog-
ical Society of America, Washington, D.C., 147—167.

Griffin, W. L., Pearson, N. J., Belousova, E., et al., 2000.
The Hf Isotope Composition of Cratonic Mantle: LAM -
MC-ICPMS Analysis of Zircon Megacrysts in Kimber-
lites. Geochimica et Cosmochimica Acta, 64(1): 133—
147. https://doi.org/10.1016/S0016-7037(99)00343-9

Hart, S. R., Staudigel, H., 1982. The Control of Alkalies
and Uranium in Seawater by Ocean Crust Alteration.
Earth and Planetary Science Letters, 58(2): 202—212.
https://doi.org/10.1016/0012-821X(82)90194-7

Hawkesworth, C. J., Lightfoot, P. C., Fedorenko, V.
A., et al., 1995. Magma Differentiation and Mineral-
isation in the Siberian Continental Flood Basalts.
Lithos, 34(1—3): 61—88. https://doi. org/10.1016/
0024-4937(95)90011-X

Hofmann, A. W., 1997. Mantle Geochemistry: The Message
from Oceanic Volcanism. Nature, 385(6613): 219—229.
https://doi.org/10.1038/385219a0

Hoffmann, J. E., Wilson, A. H., 2017. The Origin of High-
ly Radiogenic Hf Isotope Compositions in 3.33 Ga Com-

mondale Komatiite Lavas (South Africa). Chemical Ge-
ology, 455: 6—21. https://doi. org/10.1016/j. chem-
2e0.2016.10.010

Hoskin, P. W. O., Schaltegger, U., 2003. The Composition
of Zircon and Igneous and Metamorphic Petrogenesis.
Reviews in Mineralogy and Geochemistry, 53(1): 27—
62. https://doi.org/10.2113/0530027

Hou, K. J., Li, Y. H., Zou, T. R., et al., 2007. Laser
Ablation-MC-ICP-MS Technique for Hf Isotope Micro-
analysis of Zircon and Its Geological Applications. Acta
Petrologica Sinica, 23(10): 2595—2604 (in Chinese
with English abstract).

Jia, X. L., Zhai, M. G., Xiao, W. J., et al., 2020. Mesoar-
chean to Paleoproterozoic Crustal Evolution of the Tai-
hua Complex in the Southern North China Craton. Pre-
cambrian  Research, 337: 105451. https://doi. org/
10.1016/j.precamres.2019.105451

Kusky, T. M., Li, J. H., 2003. Paleoproterozoic Tectonic
Evolution of the North China Craton. Journal of Asian
Earth Sciences, 22(4): 383—397. https://doi. org/
10.1016/S1367-9120(03)00071-3

Kusky, T. M., 2011. Geophysical and Geological Tests of
Tectonic Models of the North China Craton. Gondwana
Research, 20(1): 26—35. https://doi. org/10.1016/j.
¢r.2011.01.004

Kusky, T. M., Windley, B. F., Wang, L., et al., 2014.
Flat Slab Subduction, Trench Suction, and Craton
Destruction: Comparison of the North China, Wyo-
ming, and Brazilian Cratons. Tectonophysics, 630:
208—221. https://doi.org/10.1016/j.tect0.2014.05.028

Kusky, T. M., Polat, A., Windley, B. F., et al., 2016. In-
sights into the Tectonic Evolution of the North China
Craton through Comparative Tectonic Analysis: A Re-
cord of Outward Growth of Precambrian Continents.
Earth-Science Reviews, 162(1): 387—432. https://doi.
org/10.1016/j.earscirev.2016.09.002

Li, J. H., Qian, X. L., Huang, X. N., et al., 2000. Tecton-
ic Framework of North China Block and Its Cratoniza-
tion in the Early Precambrian. Acta Petrologica Sinica,
16(1): 1—10 (in Chinese with English abstract).

Li, X. H., Li, W. X., He, B., 2012. Building of the
South China Block and Its Relevance to Assembly
and Breakup of Rodinia Supercontinent: Observations,
Interpretations and Tests. Bulletin of Mineralogy, Pe-
trology and  Geochemistry, 31(6): 543—559 (in
Chinese with English abstract).

Li, Z. X., Zhang, S. B., Zheng, Y. F., etal., 2024. Linking

the Paleoproterozoic Tectono-Magmatic Lull to the Ar-



2754 HIERRL2E  http://www.earth-science.net

5550 %

chean Supercratons: Geochemical Insights from Paleo-
proterozoic Rocks in the North China Craton. Precambri-
an Research, 404: 107326. https://doi. org/10.1016/j.
precamres.2024.107326

Liu, S. W., Fu, J. H., Lu, Y. J., etal., 2019. Precambrian
Hongqiyingzi Complex at the Northern Margin of the
North China Craton: Its Zircon U-Pb-Hf Systematics,
Geochemistry and Constraints on Crustal Evolution. Pre-
cambrian Research, 326: 58—83. https://doi. org/
10.1016/j.precamres.2018.05.019

Liu, S. W., Pan, Y. M., Li, J. H., etal., 2002. Geological
and Isotopic Geochemical Constraints on the Evolution
of the Fuping Complex, North China Craton. Precam-
brian Research, 117(1—2): 41—56. https://doi. org/
10.1016/S0301-9268(02)00063-3

Liu, S. W., Santosh, M., Wang, W., et al., 2011. Zircon
U-Pb Chronology of the Jianping Complex: Implications
for the Precambrian Crustal Evolution History of the
Northern Margin of North China Craton. Gondwana Re-
search, 20(1): 48—63. https://doi. org/10.1016/].
gr.2011.01.003

Liu, Y. S., Hu, Z. C., Gao, S., etal., 2008. In Situ Analy-
sis of Major and Trace Elements of Anhydrous Minerals
by LA-ICP-MS without Applying an Internal Standard.
Chemical Geology, 257(1—2): 34—43. https://doi.org/
10.1016/j.chemgeo.2008.08.004

Ludwig, K.R., 2003. User's Manual for Isoplot 3.0: A Geo-
chronological Toolkit for Microsoft Excel. Berkeley Geo-
chronology Center, Berkeley, 70.

Manikyamba, C., Kerrich, R., Khanna, T. C., et al., 2009.
Enriched and Depleted Arc Basalts, with Mg-Andesites
and Adakites: A Potential Paired Arc-Back-Arc of the
2.6 Ga Hutti Greenstone Terrane, India. Geochimica et
Cosmochimica Acta, 73(6): 1711—1736. https://doi.
org/10.1016/j.gca.2008.12.020

McKenzie, D., O’ Nions, R. K., 1991. Partial Melt Distribu-
tions from Inversion of Rare Earth Element Concentra-
tions. Journal of Petrology, 32(5): 1021—1091. https://
doi.org/10.1093/petrology/32.5.1021

Meschede, M., 1986. A Method of Discriminating between
Different Types of Mid-Ocean Ridge Basalts and Conti-
nental Tholeiites with the Nb-Zr-Y Diagram. Chemical
Geology, 56(3—4): 207—218. https://doi.org/10.1016/
0009-2541(86)90004-5

Miyashiro, A., 1975. Classification, Characteristics, and Ori-
gin of Ophiolites. The Journal of Geology, 83(2): 249—
281. https://doi.org/10.1086/628085

No. 208 Team of Nuclear Industry, 2015. Report of the 1:

50 000 Regional Mineral Geological Survey of Chaoyangdi
Sheet and the Other Three Sheets in Chifeng City,
Inner Mongolia Autonomous Region. National Geological
Data Museum, 25— 91 (in Chinese).

O’ Neill, C., Lenardic, A., Moresi, L., etal., 2007. Episod-
ic Precambrian Subduction. Earth and Planetary Science
Letters, 262(3—4): 552—562. https://doi.org/10.1016/
J.epsl.2007.04.056

Ouzegane, K., Liégeois, J. P., Doukkari, S., et al., 2023.
The Egéré Paleo-Mesoproterozoic Rifted Passive Mar-
gin of the LATEA Metacraton (Central Hoggar, Tuareg
Shield, Algeria) Subducted and Exhumed during the
Pan-African Orogeny: U-Pb Zircon Ages, P-T-t Paths,
Geochemistry and Sr-Nd Isotopes. Earth-Science Re-
views, 236: 104262. https://doi. org/10.1016/j. earsci-
rev.2022.104262

Panda, A., Shankar, R., Sarma, D.S., et al., 2023. Precise
Pb-Pb Baddeleyite Geochronology, Geochemistry, and
Sr-Nd Isotopic Constraints on the 2.36 &. 1.88 Ga Mafic
Dykes from the Bastar Craton, India: Implications for
Their Petrogenesis in Conjunction with the Dharwar
Mafic Dykes. Precambrian Research, 393: 107090.
https://doi.org/10.1016/j.precamres.2023.107090

Partin, C. A., Bekker, A., Sylvester, P. J., et al., 2014.
Filling in the Juvenile Magmatic Gap: Evidence for Unin-
terrupted Paleoproterozoic Plate Tectonics. Earth and
Planetary Science Letters, 388: 123—133. https://doi.
org/10.1016/j.epsl.2013.11.041

Pehrsson, S. J., Buchan, K. L., Eglington, B. M., et al.,
2014. Did Plate Tectonics Shutdown in the Palaeopro-
terozoic? A View from the Siderian Geologic Record.
Gondwana Research, 26(3—4): 803—815. https://doi.
org/10.1016/j.gr.2014.06.001

Peng, P., Guo, J. H., Zhai, M. G., et al., 2012. Gene-
sis of the Hengling Magmatic Belt in the North China
Craton: Implications for Paleoproterozoic Tectonics.
Lithos, 148: 27—44. https://doi. org/10.1016/]. lith-
0s.2012.05.021

Peng, P., Emst, R. E., Hou, G. T., et al., 2016. Dyke
Swarms: Keys to Paleogeographic Reconstructions. Sci-
ence Bulletin, 61(21): 1669—1671. https://doi. org/
10.1007/s11434-016-1184-x

Pearce, T. H., 1968. A Contribution to the Theory of Varia-
tion Diagrams. Contributions to Mineralogy and Petrol-
ogy, 19(2): 142—157. https://doi. org/10.1007/
BF00635485

Pearce, J. A., 1975. Basalt Geochemistry Used to Investigate

Past Tectonic Environments on Cyprus. Tectonophys-



57

RS 2 A AE ST R P AR L AR B R A ~2.33 Ga SR I A I TR B A 3t 7 X 2755

ics, 25(1—2): 41—67. hitps://doi. org/10.1016/0040 -
1951(75)90010-4

Pearce, J.A., 1982. Trace Element Characteristics of Lavas
from Destructive Plate Boundaries. In: Thorpe, R.S.,
ed., Andesites: Orogenic Andesites and Related Rocks.
Wiley, Chichester, 525— 548.

Pearce, J. A., 2008. Geochemical Fingerprinting of Oce-
anic Basalts with Applications to Ophiolite Classifica-
tion and the Search for Archean Oceanic Crust. Lith-
o0s, 100(1—4): 14—48. https://doi.org/10.1016/j.lith-
0s.2007.06.016

Pearce, J. A., 2014. Immobile Element Fingerprinting of
Ophiolites. Elements, 10(2): 101—108. https://doi.org/
10.2113/gselements.10.2.101

Pearce, J. A., Norry, M. J., 1979. Petrogenetic Implications
of Ti, Zr, Y, and Nb Variations in Volcanic Rocks.
Contributions to Mineralogy and Petrology, 69(1): 33—
47. https://doi.org/10.1007/BF00375192

Pearce, J. A., Stern, R. J., 2006. Origin of Back-Arc Basin
Magmas: Trace Element and Isotope Perspectives. In:
Christie, M.D., Fisher, R.C., Lee, S., et al., eds.,
Back - Arc Spreading Systems: Geological, Biological,
Chemical, and Physical Interactions. American Geo-
physical Union, Washington, D. C., 63—86. https://
doi.org/10.1029/166gm06

Pisarevsky, S. A., De Waele, B., Jones, S., et al., 2015.
Paleomagnetism and U-Pb Age of the 2.4 Ga Erayinia
Mafic Dykes in the South- Western Yilgarn, Western
Australia: Paleogeographic and Geodynamic Implica-
tions. Precambrian Research, 259: 222—231. https://
doi.org/10.1016/j.precamres.2014.05.023

Polat, A., Hofmann, A. W., 2003. Alteration and Geochem-
ical Patterns in the 3.7—3.8 Ga Isua Greenstone Belt,
West Greenland. Precambrian Research, 126(3—4):
197—218. https://doi. org/10.1016/S0301 - 9268(03)
00095-0

Polat, A., Kusky, T., Li, J. H., et al., 2005. Geochemistry
of Neoarchean (ca. 2.55—2.50 Ga) Volcanic and Ophiol-
itic Rocks in the Wutaishan Greenstone Belt, Central
Orogenic Belt, North China Craton: Implications for
Geodynamic Setting and Continental Growth. Geologi-
cal Society of America Bulletin, 117(11—12): 1387 —
1399. https://doi.org/10.1130/b25724.1

Rossel, P., Oliveros, V., Ducea, M. N., et al., 2013. The
Early Andean Subduction System as an Analog to Island
Arcs: Evidence from Across - Arc Geochemical Varia-
tions in Northern Chile. Lithos, 179: 211—230. https://
doi.org/10.1016/j.lithos.2013.08.014

Rudnick, R. L., Gao, S., 2003. Composition of the Conti-
nental Crust. Treatise on Geochemistry, 3: 1—64.
https://doi.org/10.1016/B0-08-043751-6/03016-4

Russell, J. K., Nicholls, J., 1988. Analysis of Petrologic Hy-
potheses with Pearce Element Ratios. Contributions to
Mineralogy and Petrology, 99(1): 25— 35. https://doi.
org/10.1007/BF00399362

Rutherford, L., Barovich, K., Hand, M., et al., 2006.
Continental ca 1.7—1.69 Ga Fe-Rich Metatholeiites
in the Curnamona Province, Australia: A Record of
Melting of a Heterogeneous, Subduction - Modified
Lithospheric Mantle. Australian Journal of Earth Sci-
ences, 53(3): 501—519. https://doi. org/10.1080/
08120090600632466

Santosh, M., Hu, C. N., He, X. F., et al., 2017. Neopro-
terozoic Arc Magmatism in the Southern Madurai
Block, India: Subduction, Relamination, Continental
Outbuilding, and the Growth of Gondwana. Gondwana
Research, 45 1—42. https://doi. org/10.1016/].
gr.2016.12.009

Shaw, D. M., 1970. Trace Element Fractionation during
Anatexis. Geochimica et Cosmochimica Acta, 34(2):
237—243. https://doi. org/10.1016/0016 - 7037(70)
90009-8

Silver, P. G., Behn, M. D., 2008. Intermittent Plate Tecton-
ics?  Science, 319(5859): 85—88. https://doi. org/
10.1126/science.1148397

Smith, E. I., Sanchez, A., Walker, J. D., et al., 1999. Geo-
chemistry of Mafic Magmas in the Hurricane Volcanic
Field, Utah: Implications for Small- and Large - Scale
Chemical Variability of the Lithospheric Mantle. The
Journal of Geology, 107(4): 433—448. https://doi.org/
10.1086/314355

Spencer, C. J., Murphy, J. B., Kirkland, C. L., et al.,
2018. A Palaeoproterozoic Tectono-Magmatic Lull as a
Potential Trigger for the Supercontinent Cycle. Nature
Geoscience, 11(2): 97—101. https://doi. org/10.1038/
s41561-017-0051-y

Srivastava, R.K., 2010. Dyke Swarms: Keys for Geodynamic
Interpretation. Proceedings of the Sixth International
Dyke Conference. Springer, Berlin, 636. https://doi.
org/10.1007/978-3-642-12496-9

Sun, G. Z., Liu, S. W., Lu, Y. J., et al., 2022.
Chronological Framework of Precambrian Dantazi
Complex: Implications for the Formation and Evolu-
tion of the Northern North China Craton. Precambri-
an Research, 379: 106819. https://doi.org/10.1016/].
precamres.2022.106819



2756 i BR B 27

http://www.earth-science.net

5550 %

Sun, S. S., McDonough, W. F., 1989. Chemical and Isoto-
pic Systematics of Oceanic Basalts: Implications for
Mantle Composition and Processes. Geological Society,
London, Special Publications, 42(1): 313—345. https:
//doi.org/10.1144/GSL.SP.1989.042.01.19

Sun, Z. J., Yu, H. N., Li, C., et al., 2017. Paleopro-
terozoic (ca. 1.7 Ga) Magmatism in Chifeng, Inner
Mongolia: Implications for the Tectonic Evolution of
the Trans-North China Orogen. Arabian Journal of

10(20):  453. https://doi. org/10.1007/
s12517-017-3206-7

Tang, L., Santosh, M., Tsunogae, T., etal., 2017. Petrol-

Geosciences ,

ogy, Phase Equilibria Modelling and Zircon U-Pb Geo-
chronology of Paleoproterozoic Mafic Granulites from
the Fuping Complex, North China Craton. Journal of
Metamorphic Geology, 35(5): 517—540. https://doi.
org/10.1111/jmg.12243

Tang, L., Santosh, M., 2018. Neoarchean Granite-Greenstone
Belts and Related Ore Mineralization in the North China
Craton: An Overview. Geoscience Frontiers, 9(3): 751 —
768. https://doi.org/10.1016/.gs.2017.04.002

Taylor, S. R., McLennan, S. M., 1995. The Geochemi-
cal Evolution of the Continental Crust. Reviews of
Geophysics, 33(2): 241—265. https://doi.org/10.1029/
95RG00262

Trap, P., Faure, M., Lin, W., etal., 2012. Paleoproterozo-
ic Tectonic Evolution of the Trans-North China Orogen:
Toward a Comprehensive Model. Precambrian Re-
search, 222—223: 191—211. https://doi.org/10.1016/].
precamres.2011.09.008

Turner, S. P., 1996. Petrogenesis of the Late - Delamerian
Gabbroic Complex at Black Hill, South Australia: Impli-
cations for Convective Thinning of the Lithospheric
Mantle. Mineralogy and Petrology, 56(1): 51—89.
https://doi.org/10.1007/BF01162657

Turner, S. J., Langmuir, C. H., Dungan, M. A., et al.,
2017. The Importance of Mantle Wedge Heterogeneity
to Subduction Zone Magmatism and the Origin of EM1.
Earth and Planetary Science Letters, 472: 216—228.
https://doi.org/10.1016/j.epsl.2017.04.051

Valley, J. W., Reinhard, D. A., Cavosie, A. J., et al.,
2015. Nano- and Micro - Geochronology in Hadean and
Archean Zircons by Atom - Probe Tomography and
SIMS: New Tools for Old Mineralsa. American Miner-
alogist, 100(7): 1355—1377. https://doi. org/10.2138/
am-2015-5134

Verma, S. P., 1981. Seawater Alteration Effects on
“Sr/*Sr, K, Rb, Cs, Ba and Sr in Oceanic Igneous

Rocks. Chemical Geology, 34(1—2): 81—89. https://
doi.org/10.1016/0009-2541(81)90073-5

Wang, G. D., Wang, H., Chen, H. X., et al., 2014. Meta-
morphic Evolution and Zircon U-Pb Geochronology of
the Mts. Huashan Amphibolites: Insights into the Palaeo-
proterozoic Amalgamation of the North China Craton.
Precambrian Research, 245: 100—114. https://doi.org/
10.1016/j.precamres.2014.02.004

Wang, J. P., Li, X. W., Ning, W. B., etal., 2019. Geology
of a Neoarchean Suture: Evidence from the Zunhua Ophi-
olitic Mélange of the Eastern Heber Province, North
China Craton. GSA Bulletin, 131(11—12): 1943—
1964. https://doi.org/10.1130/B35138.1

Wang, K., Plank, T., Walker, J. D., et al., 2002. A Man-
tle Melting Profile across the Basin and Range, SW
USA. Journal of Geophysical Research: Solid Earth,
107(B1): ECV5-1-ECV5-21. https://doi.org/10.1029/
2001JB000209

Wang, W., Liu, S. W., Santosh, M., et al., 2013a. Zircon
U -Pb-Hf Isotopes and Whole - Rock Geochemistry of
Granitoid Gneisses in the Jianping Gneissic Terrane,
Western Liaoning Province: Constraints on the Neoar-
chean Crustal Evolution of the North China Craton. Pre-
cambrian Research, 224: 184—221. https://doi. org/
10.1016/j.precamres.2012.09.019

Wang, Y.J., Zhang, A. M., Cawood, P. A., et al., 2013b.
Geochronological, Geochemical and Nd-Hf-Os Isotopic
Fingerprinting of an Early Neoproterozoic Arc-Back-Arc
System in South China and Its Accretionary Assembly
along the Margin of Rodinia. Precambrian Research,
231:  343—371. https://doi. org/10.1016/j. pre-
camres.2013.03.020

Wang, W., Liu, S. W., Santosh, M., et al., 2015. Neoar-
chean Intra-Oceanic Arc System in the Western Liaoning
Province: Implications for Early Precambrian Crustal
Evolution in the Eastern Block of the North China Cra-
ton. Earth-Science Reviews, 150: 329— 364. https://doi.
org/10.1016/j.earscirev.2015.08.002

Wang, Y. L., Zhang, C. J., Xiu, S. Z., 2001. Th/Hf-Ta/
Hf Identification of Tectonic Setting of Basalts. Acta
Petrologica Sinica, 17(3): 413—421 (in Chinese with
English abstract).

Wang, Z. H., Wilde, S. A., Wan, J. L., 2010. Tectonic
Setting and Significance of 2.3—2.1 Ga Magmatic
Events in the Trans - North China Orogen: New Con-
straints from the Yanmenguan Mafic - Ultramafic Intru-
sion in the Hengshan-Wutai-Fuping Area. Precambrian
Research, 178(1—4): 27—42. https://doi.org/10.1016/



57

RS 2 A AE ST R P AR L AR B R A ~2.33 Ga SR I A I TR B A 3t 7 X 2757

j.precamres.2010.01.005

Wei, C. J., Qian, J. H., Zhou, X. W., 2014. Paleopro-
terozoic Crustal Evolution of the Hengshan - Wutai -
Fuping Region, North China Craton. Geoscience
Frontiers, 5(4): 485—497. https://doi.org/10.1016/].
gsf.2014.02.008

Wilde, S. A., Zhao, G. C., Sun, M., 2002. Development of
the North China Craton during the Late Archaean and Its
Final Amalgamation at 1.8 Ga: Some Speculations on
Its Position within a Global Palaeoproterozoic Supercon-
tinent. Gondwana Research, 5(1): 85— 94. https://doi.
org/10.1016/S1342-937X(05)70892-3

Wilson, M., 1989. Igneous Petrogenesis: A Global Tectonic
Approach. Chapman and Hall, London. https://doi.org/
10.1007/978-1-4020-6788-4

Winchester, J. A., Floyd, P. A., 1977. Geochemical Dis-
crimination of Different Magma Series and Their Differ-
entiation Products Using Immobile Elements. Chemical
Geology, 20: 325— 343. https://doi.org/10.1016/0009-
2541(77)90057-2

Winter, J.D., 2014. Principles of Igneous and Metamor-
phic Petrology (Second ed.). Cambridge University
Press, 745. https://doi. org/10.1017/
CBO9780511813429

Wu, C., Wang, G. S., Zhou, Z. G., et al., 2022. Late Ar-
cheana Paleoproterozoic Plate Tectonics along the
Northern Margin of the North China Craton. GSA Bulle-
tin, 135(3—4): 967—989. https://doi. org/10.1130/
B36533.1

Wu, C., Zhou, Z. G., Zuza, A. V., et al., 2018. A 1.9 Ga
Meélange along the Northern Margin of the North China

Cambridge,

Craton: Implications for the Assembly of Columbia Su-
percontinent. Tectonics, 37(10): 3610—3646. https://
doi.org/10.1029/2018TC005103

Wu, F. Y., Li, X. H., Zheng, Y. F., et al., 2007. Lu-Hf
Isotopic Systematics and Their Applications in Petrolo-
gy. Acta Petrologica Sinica, 23(2): 185—220 (in
Chinese with English abstract).

Yuan, L. L., Zhang, X. H., Yang, Z. L., et al., 2017. Pa-
leoproterozoic Alaskan - Type Ultramafic - Mafic Intru-
sions in the Zhongtiao Mountain Region, North China
Craton: Petrogenesis and Tectonic Implications. Precam-
brian Research, 296: 39—61. https://doi.org/10.1016/
j.precamres.2017.04.037

Zeng, Y. C., Chen, Q., Xu, J. F., et al., 2018. Petrogene-
sis and Geodynamic Significance of Neoproterozoic
(~925 Ma) High-Fe-Ti Gabbros of the RenTso Ophiol-

ite, Lhasa Terrane, Central Tibet. Precambrian Re-

search, 314: 160—169. https://doi. org/10.1016/]. pre-
camres.2018.06.005

Zhai, M. G., 2011. Cratonization and the Ancient North
China Continent: A Summary and Review. Science Chi-
na Earth Sciences, 54(8): 1110—1120. https://doi.org/
10.1007/s11430-011-4250-x

Zhai, M. G., Liu, W. J., 2003. Palaeoproterozoic Tectonic
History of the North China Craton: A Review. Precam-
brian Research, 122(1—4): 183—199. https://doi.org/
10.1016/S0301-9268(02)00211-5

Zhai, M. G., Peng, P., 2020. Origin of Early Continents and
Beginning of Plate Tectonics. Science Bulletin, 65(12):
970—973. https://doi.org/10.1016/j.scib.2020.03.022

Zhai, M. G., Santosh, M., 2011. The Early Precambrian
Odyssey of the North China Craton: A Synoptic Over-
view. Gondwana Research, 20(1): 6—25. https://doi.
org/10.1016/j.gr.2011.02.005

Zhai, M.G., Zhang, Y.B., Li, Q.L., etal., 2021. Cratoniza-
tion, Lower Crust and Continental Lithosphere. Acta
Petrologica Sinica, 37(1): 1—23 (in Chinese with
English abstract).

Zhai, Q. G., Jahn, B. M., Su, L., et al., 2013. SHRIMP
Zircon U-Pb Geochronology, Geochemistry and Sr-Nd-
Hf Isotopic Compositions of a Mafic Dyke Swarm in the
Qiangtang Terrane, Northern Tibet and Geodynamic
Implications. Lithos, 174: 28—43. https://doi. org/
10.1016/;.1ithos.2012.10.018

Zhang, H., Hou, G. T., Tian, W., 2023. Baddeleyite Dat-
ing of a 2.34 Ga Mafic Dyke in the Western Shandong
Province, North China Craton, and Its Tectonic Impli-
cations. Lithos, 438—439: 107013. https://doi. org/
10.1016/.1ithos.2022.107013

Zhao, G. C., Cawood, P. A., Li, S. Z., et al., 2012. Amal-
gamation of the North China Craton: Key Issues and Dis-
cussion. Precambrian Research, 222—223: 55—76.
https://doi.org/10.1016/].precamres.2012.09.016

Zhao, G. C., Cawood, P. A., Wilde, S. A., et al., 2002.
Review of Global 2.1—1.8 Ga Orogens: Implications for
a Pre-Rodinia Supercontinent. Earth-Science Reviews,
59(1—4): 125—162. https://doi. org/10.1016/S0012 -
8252(02)00073-9

Zhao, G. C., Sun, M., Wilde, S. A., etal., 2004. A Paleo-
Mesoproterozoic  Supercontinent: Assembly, Growth
and Breakup. Earth-Science Reviews, 67(1—2): 91—
123. https://doi.org/10.1016/j.earscirev.2004.02.003

Zhao, G. C., Sun, M., Wilde, S. A., et al., 2005. Late
Archean to Paleoproterozoic Evolution of the North

China Craton: Key Issues Revisited. Precambrian Re-



2758 HIERRL2E  http://www.earth-science.net

5550 %

search, 136(2): 177—202. https://doi. org/10.1016/].
precamres.2004.10.002

Zhao, G. C., Zhai, M. G., 2013. Lithotectonic Elements
of Precambrian Basement in the North China Craton:
Review and Tectonic Implications. Gondwana Re-
search, 23(4): 1207—1240. https://doi.org/10.1016/].
gr.2012.08.016

Zhao, J. H., Hu, R. Z., Zhou, M. F., et al., 2007. Elemen-
tal and Sr-Nd-Pb Isotopic Geochemistry of Mesozoic
Mafic Intrusions in Southern Fujian Province, SE Chi-
na: Implications for Lithospheric Mantle Evolution. Geo-
logical Magazine, 144(6): 937—952. https://doi. org/
10.1017/S0016756807003834

Zhao, J. H., Zhou, M. F., 2009. Secular Evolution of the
Neoproterozoic  Lithospheric Mantle underneath the
Northern Margin of the Yangtze Block, South China.
Lithos, 107(3—4): 152—168. https://doi.org/10.1016/
j.lithos.2008.09.017

Zhao, T. P., Chen, W., Zhou, M. F., 2009. Geochemical
and Nd - Hf Isotopic Constraints on the Origin of the
~1.74 Ga Damiao Anorthosite Complex, North China
Craton. Lithos, 113(3—4): 673—690. https://doi. org/
10.1016/5.1ithos.2009.07.002

Zheng, Y. F., Zhao, G. C., 2020. Two Styles of Plate Tec-
tonics in Earth’s History. Science Bulletin, 65(4): 329—
334. https://doi.org/10.1016/].scib.2018.12.029

Zhou, Y. Y., Sun, Q. Y., Zhao, T. P., et al., 2021.
Petrogenesis of the Early Paleoproterozoic Low - 80
Potassic Granites in the Southern NCC and Its Possi-
ble Implications for No Confluence of Glaciations and
Magmatic Shutdown at ca. 2.3 Ga. Precambrian Re-
search, 361: 106258. https://doi. org/10.1016/j. pre-
camres.2021.106258

Zhou, Y. Y., Zhai, M. G., 2022. Mantle Plume-Triggered

Rifting Closely Following Neoarchean Cratonization Re-
vealed by 2.50—2.20 Ga Magmatism across North
China Craton. Earth - Science Reviews, 230: 104060.
https://doi.org/10.1016/j.earscirev.2022.104060

W X5 % Tk

Ak, B 3, AL 2006, ATt s hriE A B 1A M HUET R
At e AR AE B B Nd-Sr R 7 2 H R 1k 2 K L,
RS b T2 4, 80(12):1841.

FERIMR, B, Respk, 25, 2020, #EAL T8 Hil BF 25 07
TR ARl T A% 2 0 b T o R LR T R . R
2, 45(9): 3179—3195.

Al — O JNKBA, 2015, N 524l 1 i X 5 4 7 (o PR 1t 45 g
W) 1e 5 07 X B 7 i A A L 4 R R
25—91.

AN F, ZEGE], 48K N, %, 2007. LA-MC-ICP-MS 4 A
HLE [R5 28 B4 43 A 05 3 B b o N D . A 24 4T, 23(10):
2595—2604.

ASVLHE, SRFENE, BMERE . 4, 2000. A2 b [ He 5L 5 K 3 A% )R
K R I sa Pam A R S A 2E i, 16(1): 1—10.

ke, 22, sk, 2012, 48 il Bk (49 5 5 Rodinia 48
KEFR G 2R WAL SRR S K . P O HhEk
fb2z3 4R, 31(6): 543—559.

PN 5% oy R e b R B R A T & B, 2016. N SRl F YA X AR G
WM RESE =R )12 507 K 7 b 5T ) A 4 . A
b RME , 19— 122.

TS, KT, B, 2001, % & A 288 Y K Hh # 1
5T Th/HE-Ta/Hf B 50 . 5 A %4, 17(3):
413—421.

RAEIG, ZEERAE, FBAKCK, S5, 2007, Lu-Hf R 7 24K 5 K H:
FAFEN L A AR, 23(2): 185—220.

FRUIE, sk, 228k, 45, 2021, FHE LR e 5 KR
A0 B —— PR B ok H e R AR AR L A 2R
37(1): 1—23.




