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Abstract:

Archean to Paleoproterozoic, with the magmatic and metamorphic processes remain as the research questions.

The North China Craton underwent a prolonged and complex geological evolution during the

This study focuses on the TTG (tonalite-trondhjemite-granodiorite) gneisses of the Taihua Group in the Xiong’
ershan area along the southern margin of the North China Craton. The integrated field investigations, petro-
graphic analysis under the microscope, geochemistry, zircon U-Pb dating and Hf isotopic studies are conducted
to elucidate the Paleoproterozoic magmatic mechanisms and the tectonic evolution of this region. Zircon U-Pb
dating constrains the magmatic crystallization age of the Taihua Group TTG gneisses in the Xiong’ershan area to
approximately 2 300 Ma, while the metamorphic ages range from 1984 Ma to 1940 Ma. The Taihua Group TTG
gneisses exhibit a wide compositional range, with SiO, (59.35%~70.78%), Al,O; (12.41%~17.93%), and rela-
tively high CaO (1.40%~5.52%) and MgO (0.95%~2.56%) contents. It is enriched in light rare earth elements
(LREE) and depleted in heavy rare earth elements (HREE), displaying strong fractionation between LREE and
HREE. In composition, it resembles high-Al TTG gneisses. The samples are enriched in large-ion lithophile ele-
ments (LILEs) such as Rb, Ba, and Sr, but depleted in high-field-strength elements (HFSEs) like Nb, Ta, and Ti,
which are similar to the features of island arc granites. Additionally, magmatic zircons display relatively high
('"Hf/'"Hf); ratios (0.281 282~0.281 332), eHf(t) values (—2.98 ~ +0.20), and two-stage model ages (2 844~2 994
Ma), indicating that the magmatic source originated from the partial melting of Mesoarchean ancient crust.
These findings suggest that the TTG gneisses in the Xiong’ershan area formed during the Paleoproterozoic sub-
duction process between the eastern and western blocks of the North China Craton. The metamorphic age of
1984~1940 Ma records the collisional process along the Trans-North China Orogeny. This further constrains
the timing of collision between the eastern and western continental blocks.

Keywords: Xiong'ershan area; TTG gneiss; Taihua Group; petrogenesis; North China Craton
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Fig. 1 (a) Tectonic framework of the North China Craton, and (b) geological sketch map of

the Xiong'ershan area in the southern margin of the North China Craton
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Fig. 2 Field and microscopic photographs of TTG gneiss in the Xiong'ershan area
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Tab. 1 Major element (%) and trace element (10 °) analytical results of the Xiong'ershan TTG gneiss

B i 2 5 20TH-01 20TH-02 20TH-04 20TH-05 20TH-06 20TH-07 20TH-08
Sio, 66.19 61.79 70.78 63.96 70.46 68.91 59.35
TiO, 0.39 0.50 0.55 0.44 0.42 043 0.59

AlL,O, 15.93 16.18 13.38 12.41 13.25 14.10 17.93
Fe,0, 3.66 5.18 3.52 6.67 4.12 3.99 5.60
MnO 0.05 0.07 0.06 0.14 0.04 0.05 0.11
MgO 1.73 2.56 0.96 1.26 0.95 0.99 2.18
Ca0 4.48 453 2.83 2.87 1.40 3.16 5.53
Na,0 3.99 3.89 4.07 2.09 2.52 3.68 425
K.O 1.42 2.10 2.07 5.57 541 2.63 225
P,0, 0.09 0.08 0.14 0.11 0.09 0.10 0.15
LOI 135 245 1.24 3.76 0.90 1.30 1.83
Total 99.28 99.33 99.58 99.28 99.56 99.33 99.76
Li 5.65 8.76 417 7.73 5.66 6.26 9.82
Co 11.0 20.1 6.14 20.1 3.73 6.75 10.5
Ni 17.6 279 3.63 10.8 1.55 3.09 17.2
Rb 402 60.3 38.6 137 144 68.0 84.7
Sr 499 603 256 360 146 356 784
Y 5.88 9.85 232 39.7 459 25.0 40.5
Zr 68.6 98.8 614 409 417 283 300
Nb 3.82 522 1.8 18.1 25.1 163 16.2

Ba 780 1254 1727 2245 1214 1268 1211
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Ce 17.7 27.0 290 186 200 131 121
Pr 2.01 3.28 29.8 20.8 22.6 14.2 13.6
Nd 7.79 12.8 94.7 71.5 76.5 50.5 49.5
Sm 1.35 2.43 11.3 11.5 12.7 8.32 8.58
Eu 0.68 0.86 1.65 2.06 1.66 1.64 1.57
Gd 1.15 2.10 7.06 8.93 9.92 6.50 7.24
Tb 0.19 0.33 0.94 1.32 1.48 0.94 1.19
Dy 1.04 1.74 4.57 7.31 8.60 5.01 7.17
Ho 0.21 0.35 0.92 1.42 1.70 0.94 1.49
Er 0.59 1.02 2.39 4.28 4.95 2.32 4.41
Tm 0.079 0.14 0.31 0.58 0.66 0.30 0.59
Yb 0.59 0.96 2.07 3.92 4.37 1.83 4.00
Lu 0.090 0.15 0.31 0.57 0.64 0.27 0.59
Hf 1.72 2.49 15.7 10.5 11.1 7.45 7.59
Ta 0.21 0.30 0.34 0.83 1.01 0.76 0.74
Pb 10.9 16.4 15.4 74.6 21.0 18.3 21.5
Th 0.51 0.66 30.8 17.3 35.6 18.1 8.93
U 0.40 0.31 1.33 2.86 3.97 2.01 1.71
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Fig. 3 (a) TAS classification diagram and, (b) SiO,-K,O discrimination diagram of

the Taihua Group TTG gneiss in the Xiong'ershan area
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Fig. 4 (a) Chondrite normalized REE and (b) primitive mantle-normalized trace elements diagrams of the Taihua Group TTG gneisses
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Fig. 5 (a, b) Zircon CL images and (c, d) zircon concordia diagrams of the Taihua Group TTG gneisses in the Xiong'ershan area
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f‘; O SRR B AR TTG ARRE . B aRAE I A 72
10} R ”ﬁc’i‘i’“’ T R R e e 0 b AR JE AP P R B R
S T S TE 3 TR 8 3 0 VPR R U, 3
S s N 2 TS A S5 W b R T R S A
T 47, 2017, EEEAF, 2021) 0 FEAR Y Rb JC3R & AT
-20 o 2004 (< 150x10°°), BRAL I A7 b5 M AL P % 275 HE Ti Nb, Ta
oL 20TH-06 0578 J P IE 573 (Pl 4a) , J5 862 67 e 11k 9
0 500 1000 1500 2000 2500 3000 3500 ﬁmﬁ;ﬁ:%%jﬁ%%%ﬁﬁ%(l(b Ba. Th, U), 5 #i
o #(Rb. Ba, Th, U), 754
#9580 R (Nb, Ta, Ti), S50 sf i A 5 KSR TR A

£z 4% R ge L np £

e OB AR A7 S (Kamber et ol 2000).

Lu-Hf [5) i & 41 . VRN
Fig. 6 Zircon Lu-Hf isotopic characteristics of TTG gneisses in SESR, SHY-Y 55 (La/Yb) (Vo) FUSI P b fif 20

the Xiong'ershan area, southern margin of the
North China Craton

T 1L FAE R ) & 28 F (1 962422) Ma, #5784 PG 36
Bili R T Gy il 488 1) A FRAS 1 T 1.96 Ga
42 FABBEMEREX

FESLELE Si0,(59.35%~70.78%) . ALO;(12.41%~
17.93%) , & Na 7% K(Na,0/K,0>1, Na,0=2.09%~4.25%,
K,0=1.42%~5.57%) $:1E, # L0 R i/ B Bk +
JLE B ((La/Yb)y =9.72%~57.20%) Fl & i + o0 K
T (Yb=0.852x10"° ), JE R BN % | EHM L ICKMmE

A ICE KA K BGR v it TTG X (& 7); Nb-Y
1 Rb-(Y+Nb) i ke A SR I LI X 3k
(1l 8), F8 7~ RE H- 1L H IX (1) iy so AR KA TTG R bk
FIE BT AR T R v R R S
KEFEGIN K TTG US4 S 1E T Hi5%
%% Mg, Cr., Ni XIS AR A, s R Hise b s Mg,
Cr. Ni FORF rpyE 5T 5B 2044 Al i (Nédélec et al., 2012) .
Hf [F] {57 2 AT DA R 7 3 TR X0 52 18 A A P 42 43t 56
SHIE A, FE A HE R AR 4 (2 845~2994 Ma; % 3) ik
22T N AR (2324416 Ma), H eHf(1) £ 5 7l
(—2.98~0.40) , F WA IR IX TR PG i & M52 9

®3 BELKER TTIC FRERER HIRMESTER
Tab.3 Zircon Hf isotope analysis results of TTG gneisses from the Taihua Group in the Xiong'ershan
iR "HETHE lo "Lu/"HE lo "yo/"HE lo eHf(0)  eHF()  Tpy  Tpy  fLwHF
20TH-04-03 0.281302  0.000013 0.000956  0.000 022 0.033 340 0.000 802 -52.0 -1.1 2716 2934  —-0.999 60
20TH-04-04  0.281312  0.000014  0.001 168  0.000 034 0.040 088 0.001 159 —51.6 -1.1 2718 2934 —-0.999 56
20TH-04-06  0.281283  0.000012  0.000471 0.000014  0.015643 0.000 469 —52.7 -1.0 2708 2929  —0.999 64
20TH-04-08  0.281282  0.000014  0.000559  0.000 006 0.019 087 0.000 206 =52.7 -1.2 2716 2940 —0.999 57
20TH-04-09  0.281312  0.000014  0.000936  0.000013 0.032611 0.000 537 -51.6 -0.7 2701 2911  —0.999 57
20TH-04-10  0.281332  0.000014  0.000822  0.000 009 0.026 649 0.000317 -50.9 0.2 2667 2857 —0.99957
20TH-04-13  0.281298  0.000016  0.000 771 0.000011 0.025389  0.000 404 —52.1 -0.9 2708 2924  —0.99953
20TH-04-14  0.281310  0.000013 0.000219  0.000011 0.006 957 0.000278 =51.7 0.4 2654 2845 —-0.99959
20TH-06-03 0.281309  0.000013 0.000 859  0.000016 0.027 366 0.000 604 -51.7 -1.6 2700 2910 —0.999 60
20TH-06-07  0.281289  0.000014  0.000682  0.000 002 0.021 677 0.000 072 —52.4 -2.0 2714 2935  —0.999 59
20TH-06-11 0.281288  0.000013  0.000692  0.000 003 0.022618  0.000 137 —52.5 -2.1 2717 2940  —0.999 60
20TH-06-12  0.281297  0.000016  0.001464  0.000 048 0.045 705 0.001 526 =522 -3.0 2760 2994  —0.999 53
20TH-06-13 0.281283  0.000013 0.000734  0.000 004 0.023 494 0.000 136 -52.7 2.3 2727 2955 —0.999 61
20TH-06-14  0.281289  0.000013 0.000 833 0.000 002 0.026 436 0.000 112 —52.5 2.3 2726 2952 —0.999 59
20TH-06-15  0.281288  0.000015  0.000692  0.000012  0.021 251 0.000 394 —52.5 -2.1 2717 2940  —0.999 56
20TH-06-16  0.281280  0.000014  0.000822  0.000 001 0.025 596 0.000 089 —52.8 —2.6 2737 2970  —-0.999 57
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a. PR DO R ARBE BB A 0 ELBR BT AR 5 b, BRI O R ARBR BB 4L 70 ELER BTN 10% AR I s e BRI KP4
LA HAR B AN d RO RCERE RS KA HERB AN 10% A RIMAING - e MRS B2 ;
£ ARRHE AT A BB A Rl g BH A IR AR
BE7 REE LMK TTG FBRAE (La/Yb)\-(Yb)y(a) #0 Sr/Y-Y ¥ EfZ (b; REETEZE, 2016)
Fig. 7 (a) Discrimination diagrams of (La/Yb)y-(Yb)y and (b) St/Y-Y for TTG gneisses in the Xiong'ershan area

(Kl 8, % 3). Nb/Taff (17.48~34.37)4L 5 32 ff wr b
F B K AR 5 ) B B R B A A U AEAH Bl (Kamber et al.,
2000; M e 2 55, 2024), S WRBFSE X 8 TTG A A 1Y
IR X AR AT B LS IR e S S s ) 2 4 ()
a5, 2009) . REHILIKAERE TTG R RS BA B 1
La/Yb {H (13.5~79.7; % 1). 7E(La/Yb)\-Yby F Sr/Y-
Y IS (1B 7)), JHR 53 B i s A UL (0 35 5K o 2 R
B TTG 1330 [, /N3 v A B I S e (0 1
0 [, F8 s HECE R BE S KO TTG ks, H
TR AL S H A KR e W B 2 5 . A, (La/Yb) -
Yby # St/Y-Y B (B 7) 2B, KAERERE A AR5 il
HEPTEEEOA. ABAOSANAER, $5
Nb/Ta fH 5 Zr/Sm {H (43 5] 24 17.48x10°~34.37x10°,
32.89x10 °~54.23x10 ){EA L #E K, FHHAMK Y T &
(5.88x10°~45.90x10 °) 55 Sr/Y {H(3.17~84.87) . ¥k
B A bR HEAL R 1 o0 KBS 4R R H iR Y Eu B
5% (Ew/Eu*=0.30~0.45), 5/~ K4ERE TTG R RETE

1000
a
B R
_ 100 -
£ KA A
2 Hit i
£
Z
10 +
1 P AR
1 s I I
1 10 100 1 000

Y (10°9)

ik AR e AR B R B RHS AT S S
43 HEERENX

e Pl & P T 2 B Bt i Akl AR
2.58~2.48 Ga, Fh/R Z Wi | i 55 B & ML PE B
G A6 R A A M B R AR R PR, S
[7i] B At = Al BV — R 91 ~2.50 Ga 46 i< —
SAEHIL R, BRI SORE 9] 46 5P L (Zhai et
al., 2011; Tang et al., 2018) . 2.50~2.45 Ga, K & LAk
AT M 5 K R RLAE, 1 O 35k Sy B AR %) S A 4 e
VERL, SR 51 & W 16 1L B %5 A 4225 4 o A 1 7
YR CE R IESE, 2016) . ~2.45~2.12 Ga, fHILI | £
AP B BRGNS
T 5 B A U AE ] s 390 28 1 2445 46 FH (Tang et
al., 2018) . 2.12~1.98 Ga, Ti. 55— - IX & £ XL il fff
h, FEAERE HEMBRICAW RA T Z K
AT BN, [ — B LR AR B A A sk
it FE . 1.96~1.80 Ga, 7£ 75 . P4 i B B A1 H

1000

b

100 -

Rb (10°9)

KL R ERE

1 10 100
Y-Nb (10°)

1000

B8 FEE LMK KLER TTG K KA Y-Nb(a)F1(Y+Nb)-Rb(b) ¥iE IR 5T | 51 B #% (K E & Pearce et al.,1984)
Fig. 8 (a) Y-Nb and (b)(Y+Nb)-Rb tectonic discrimination diagrams of the Taihua Group TTG gneiss in the Xiong'ershan area
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FIIR SN T, Je i o3 25 0 il B e & kA= R G (Tang et al.,
2018; Wang et al., 2024) . K 1tt, #2 b v Hi7 38 A &8 7 568
BAUSE T — N E TR RO AR ST RLE A 2 5 Y UK i
AEIN Y SER IS P NUE AR TS UK AN E A 2/ 4
A Hep SRR, RO G — et b
It A Columbia ## Kfili (Tang et al., 2018) .

I 25 R BoR, Adb v hr il pg 2% A8 5 1L X 11 K
HERE TTG F R 5 SR AR I8 2 ~2.30 Ga, JE 1 T-f e
B I B B RRE, o HE R 2 80 W s A 2R R
XARA i M e o, 105k T et o b i vy me 2
P i i R AE ~ 2.3 Ga 5 HAth Bt HLRF il 43 2o A O
PR T T WA AR o R Y S BT AR R Dy~
1.96 Ga, 4875 7= . V5 ¥ ki e ilf 18 PF 5 09 B RS 1 T
1.96 Ga, 7k, PG i i e o v 70 Lol 5 i 43 3 1 = F
AT 1.96~1.90 Ga.

5 458

(1) #edb veHid r 2% fe H- 11 XOR A2 7 TTG F
JBRE 1) 8 SR 4 I AR B BR A 2 324~2 307 Ma, 72 it 4
14 h (1962+22)Ma.,

(2) REH 1 M X K AR BE TTG R A I8 = 7 A
TTG, HA W h i 5N 09 5 90E 3 A FRAE, 5 R X
RAG i 25 Y Bt B & 8520508 1R IE

(3) BEH 1L Hb X KA HE TTG B A TE BTl oo
AR L P B Bl BN b A G 4 SICE AR T, AR AR
W% — 20 Py AR L P S il He B Al A PR Sl 1.96~
1.90 Ga,
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