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Petrogenesis and tectonic significance of mid-Paleoproterozoic granitic gneisses
in the Jiaobei terrane, North China Craton: Constraints from SHRIMP zircon
U-Pb dating and whole-rock geochemistry
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Abstract: In this study, SHRIMP zircon U-Pb ages and whole-rock geochemical data are reported for the mid-Pal-
eoproterozoic granitic gneisses from the Jiaobei terrane, southeastern North China Craton. Geochronological results
reveal that the granitic gneisses crystallized at 2 184 ~2 112 Ma and underwent metamorphism at ~ 1. 85 Ga.
Although the samples collected from different areas show obvious differences in geochemical composition, they com-
monly have high Si0,, Na,0+K,O and Zr contents, high 10 000Ga/Al values, and high zircon saturation tempera-
tures, indicating that their protoliths have an affinity to A-type granite. Together with published data in literatures,
protoliths of the mid-Paleoproterozoic granitic gneisses from the Jiaobei terrane were formed at two major stages:
2.13~2.10 Ga and 2. 19~2. 17 Ga. By comparison with the earlier stage granitic gneisses (2.19~2.17 Ga), the

later stage granitic gneisses (2. 13 ~2. 10 Ga) show higher Zr contents and zircon saturation temperatures, and
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relatively higher zircon £Hf(#) values. We concluded that protoliths of the 2. 19~2. 17 Ga granitic gneisses were
formed by high-temperature dehydration melting of ~2.7 Ga and ~2.9 Ga TTG in the Jiaobei terrane, whereas pro-
toliths of the 2. 13~2. 10 Ga granitic gneisses originated from partial melting of ~2.5 Ga TTG in the Jiaobei terrane
at higher temperature. The differences in magma source and melting temperature of the protoliths of the two stages
granitic gneisses imply that the Jiaobei terrane underwent two separate extensional tectonic events during the mid-
Paleoproterozoic.
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Distribution map of the early Precambrian metamorphic terranes in the North China Craton(a, after Wan et al. , 2014)

of the Jiaobei terrane(b)

A b et A LR AR LR | =T ARk
AR 2 SR DL R AR A S TR -k
W2 A b, Ry i RIS A 3 A3 A AR b
X, H =3 R AR X B bR N 3R 5 e 2
M T A7 5 AR B E 2w, X s a8 R F
AR, JRdl & AR R B IR IGE . B A AR
GERERMY, K AG X BT R 3R 7 A 1 R s e
WF ~2.9 Ga,~2.7 Ga fl~2.5 Ga(Tang et al. ,
2007; Jahn et al. , 2008; X #EHESE, 2011; Wang et
al. , 2014; Wu et al. , 2014; Xie et al. , 2014) , X
BRI A A SR A T ~2.5 Ga WA /R
F, s K ARAE B BT A R —SE v A R i
WO T H TR (1. 90~ 1. 80 Ga) 178 it 4F
(Jahn et al., 2008; X|#EMESE, 2011; Wu et al. ,
2014; Xie et al. , 2014) . WootfCERFE AL

=4
o



374 F=

fa i Y

2
¥R &

41 3

AR - B —H7 , M F I 22 A R
G SENB T I S, —F B AR, FE
B R A - RS R RHLA KA R
TS RA R, HorbR L 28 D s A TN A - RR
K ARAS AR, e mT UL v R RRR S, TR L
B RPNEAL, kR A MH-AINEME, 5772
R PR LS A T R e S AR L, ol
AR AMBRD, REEBE SKAFEZ A
o, HH AR/ (E 1), e AR
FEMT 2.19~2.05 Ga F11.87~1.80 Ga i
W (XIEEMESE , 2011 ; Liu et al. , 2014, 2017, 2018b;
Lan et al. , 2015; T HEAI5, 2015; Cheng et al.
2017; Li et al. , 2017; MEGEESE, 2017; M &k,
2017) o HiI—I4E < 0T A 3 A A2 oy oo iy AR ) AR
FAE G, R AMENNARIE, AR K
BB B FNERAG R 5 o — WA < R AR TR 5l 55 748
e, S BMBRREEH, ZWIE R A FEHRIEK AL
i AR R A AN AL B A A

2 BPHNTRAIRE A I

XA SRR 2R A2 XL oK% MR T L
S VY T R AR AT ATBIZ AT 5 A 3 X e AR
MIAERd R A T TRERLCREETARE (I 1), 445 6

e

b

P55 47 U-Ph IAERE S FI 33 B ERAL 22 FE 0
2.1 SPEER

AL TR AL T ERIA A2 4 km IO IS5, #5k
WA BRI AR - R 7Y 10 LA 2 200 m, 188 A T
fif, A - IE K AE KRR A AR D AE A
ID1532 MIERKAE K A bfs (K 2a), FE R RK A
(40% ~ 50% , PRFL4EL) FLE HE (40% ~ 50% ) 41 1K,
(Bl 3a), RHA BT Y& BB, B8 5% 7%
f, BOT M EERNBARE, BT, AHAT
DR A, A 28, ASERCRCR, BRI
o
2.2 BIERXIT EKEE

&SRR DAY AR L KIS, ik R
WA TEAR VUM R R, PR R Sk Y e fir
K, MEEA AR, B, HEEE A BB N
KAbR AR (14 2b) , JRdfal WA kiR A . A
UNARERE ah JD1622 2R AKEEAR R, REHMK A
(40% ~50% ) FiA7 5= (40% ~50% ) L (& 3b) . It
PO B NI WIS O S e S B e S (|
5%) o
2.3 RETESEER

165 JRR o % 7E B S A T A LAY PR A SR 3T
P, FEG JD1821 SR F FE R EiA% AT ZY 1.5 km AR
RERGUA (B2 200 m) , RN ER A AR, £

e —

8 1D1622

Bl 2 et oot U IR A b B A R

Fig. 2 Representative field photographs of mid-Paleoproterozoic granitic gneisses from the Jiaobei terrane
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Fig. 3 Representative Photomicrograph of mid-Paleoproterozoic granitic gneisses from the Jiaobei terrane
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Fig. 4 Representative cathodoluminescence ( CL) images of zircons from mid-Paleoproterozoic granitic gneisses
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Fig. 5 Zircon U-Pb concordia diagrams of mid-Paleoproterozoic granitic gneisses from the Jiaobei terrene
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H 13N 3 A o A AR B A A%, 7 IR A A AT TR
RGBS, B AT U H8 101x107° ~671x
10°°, Th/U {64 0. 56 ~ 0. 68, *"Pb/™Pb 4t K
2133~2 116 Ma, JIACFH4ERN 2 125 £ 5 Ma
(MSWD = 0.24, & 5e), AR A SR E LA
1. BEAIEBE U &8 160x10°°~326x10°°, Th/
UH M 0.47~0.57, " Ph/™Pb 4E#5 4 1 863 ~1 847
Ma, MIACERAER K 1853 + 11 Ma (MSWD=0. 13,
Kl Se) , fieR AR B IO AF 1

4.1.6 IERKAER A KA (ID18144)

FES B R Z AR, KRR R ~100 pm, #
AR TR A T . XS A LR 95 IR F
PRIt ICRER IR R B ORI TR A U-Ph 437 (&
4f) o SATTE 1S A LA 15 NI R U A
127 % 107 ~ 354 x 10°°, Th/U & N 0. 37 ~ 0.67,
2TPh/*Ph AR 2 191~2 169 Ma, B 3 IR &
A Pb ERAL, Hipth 12 ASAEXTEE T H AR AIZE LY
TS IR 4508 R 2 184 + 8 Ma (MSWD =
0.36, & 5f), IRFRIMX I RRA A TR AR
4.2 HEKFEER

K AR DX 8 A8 1) 7 SRR 1 sk Ak 27 4 A7
ERENZER (K6, £2),

FRIE E A~ A X R R e 8 b R Ak 27 2H B
IR, Si0, it 71.35% ~ 78. 36% . Al,0, & &
9.97%~13.62%, 'FeO % 1= 0. 88% ~3. 00% , MgO
i 0.16% ~ 1. 10%, CaO & 0. 12% ~ 0. 87%,
Na,0 & 0. 96% ~ 5. 25%, K,0 & & 1. 76% ~
8.89% (Kl 6)., EMTEAEM Na,0 + K,0 % &
(6.19%~9. 93%) , K,0/Na,0 7246 % K (0. 35 ~
9.26), A/CNK N 1.01~1. 13, J&i8 B A4 (K
Ta) o XEEAL )RR A T JC 2 A £ e R AR
WAL K, SREE & 58. 00x 107 ~ 1 074. 00 x
10°, Rb & & 35.90x10°°~202.00x10°°, Ba & &
258.00x10°°~4 220.00x10°°, Th & 11. 10x10°~
207.00x107°, X SEFE F HAT 30 2 45 0l (9 5 1o
R A, (La/Yb) {H M 1.0~29.0, BB HK
EIHEE (Ew/Ea” =0.35~1.02) , RESRIRAE K
R B T R A BB K, (BAE fE JT R
X8 ] v 1 6 B S B % Nb  Ta 5 5 ISR LAY Sr 1Y
TS (8, 8d) .,

W EAKEMKA X T BKA BA &P So,
(76.22%~79.97%) , {KH" FeO (0. 37% ~0.92%) ,
MgO (0. 05% ~0. 19%) &% it , XLEHFE 5 LLE Na,O

(4.99% ~ 6. 61% ) F1#% K,0(0.84% ~3. 17%) J ¥
fECE 6), R AY K,0/Na,0 K 0.13~0.60, E1]
B A/CNK 4 0. 87~ 1. 03, J&EAS - 5593 50 0 5 A1
(FE 7a) , XEEFESHY SREE 4 121.00x10°° ~223. 00
x10°, B RS BRMHE S R AR, (La/
Yb) A 111~ 1. 52, EfTHA W BN AHES
(Ew/Eu” =0.44~0.73) (&l 8c) ., 1L _L/KFEAL <) A RR
I Th 58, 545 Rb Ba Sr(1¥ 8d), M1
JUE A B, 7k I [ rh ok e S W R Y Nb | Ta
TH(E 8d) o

RS R IR AE B R DA e Si0, (71, 89% ~
78. 40%) Hl K,0 (5. 82% ~ 6. 44%), f% Al0,
(10.38% ~ 12. 64%) ."FeO (2. 24% ~ 2. 84%) Fl
Na,0(1.90%~2.51%) & &t AFHAE (K 6), BEfflHR
A Na,0 + K,0(8.27% ~8. 38%) Fl K,0/Na,0
fH(2.31~3.39), XLEHHR A/CNK 4 1. 00 ~
1.07, B3 TS A (Bl 7a) . EEITTR I+
TURJT I, XSG A R A BRI S =,
SREE 4 30.00x107°~45.20x 107, & &5 H 10
%, (La/Yb) M 5.6~11.0, EA B 5 AIE4
% (Eu/Eu” = 1.78~2.60), &% Rb Ba, 54 Nb,
Ta( ¥ 8a, 8b),

MR JL E AR AE b BB L Si0, (81, 51% ~

83.53%) MHHIE, HA I K,0(4.41%~5.53%) ,
iK1y ALO, (9. 23% ~ 10. 55%), "FeO (0. 42% ~
0.81%), MgO (0. 18% ~ 0. 30%), CaO (0. 03% ~
0.04%) , Na,0(0.13%~0.18%) F (K 6), X4&
i AR Na,O + K,0(4.55% ~5.70% ) Fl 5%
B K,0/Na,O {8 (30. 55~35.26) ., EA1H A/CNK
H1.50~1.92, JEdsEETE A (K 7a) , WEEEILAE
H R SREE 4 171.00x10° ~276. 00x10°°, # &
Wit Rm W, (La/Yb) N 6.1~11.1, K
HUW BT SE (EwEu” = 0.40~0.44), H4E
Rb.Ba . Th 1 U, 54 Nb . Ta fl Sr([&l 8e, 8f),

IR —AAG B RS HAA AR 34 5] (4 3k Ak
SN, BATRY Si0, & 69. 10% ~71. 40% . AL O,
i 12.00%~12.87%, "FeO i 3.74% ~4. 47%,
MgO % i 0. 41% ~ 0. 91%, CaO & i 1. 00% ~
2.30%, Na,0 & & 3. 02% ~ 3. 31%, K,0 & &
3.77%~4.45% (&1 6) . IXLEAEGH ) Na,O + K,0 4
7.05%~7.71%, K,0/Na,0 N 1.15~1.43, A/CNK
90.88~1. 12, JRMER - CA A (K 7a) .
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x2 RIEHTHRPAERRFREER (w,/ %) JHETE (w,/107°) HK
Table 2 Major(w,/ %) and trace(w,/10) elements data for mid-Paleoprotetozoic granitic gneisses from the
Jiaobei terrane
B IER - R RS
SRR TR
FEamS JD1532" JD1609° JD1614" JD1616" JD1617* JD1618" JD1847  JD1848  JD1849  JDI185I1 JD1852  JD1853
Si0, 72.97 74.58 73.79 73. 60 78.36 75.91 73. 69 76. 17 78. 05 73.32 77.29 71.35
TiO, 0.25 0.19 0.27 0.38 0.22 0.30 0.22 0.23 0.22 0.36 0.19 0.35
Al, 04 11.90 13.25 12.26 13.26 9.97 11.73 12.37 12.12 12. 14 13.62 11.22 13.37
Fe, 04 2.28 0.50 1.44 1.22 1.09 1.97
FeO 0.95 0.43 0. 80 1.03 0.79 0.87
"FeO 3.00 0.88 2.10 2.13 1.77 2.64 1.87 1.15 1.09 1.91 2.63 1.27
MnO 0.01 0.01 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.02
MgO 0.16 0.29 0.25 0.36 0.17 0.47 1.10 0.49 0.32 0.33 0.32 0.79
Ca0 0.21 0.39 0.17 0.87 0.12 0.63 0.51 0.15 0. 69 0.56 0.29 0.76
Na, O 1.25 3.48 0.96 4.21 1.41 4.43 3.01 2.67 5.25 4.49 3.84 1.85
K,0 8.40 5.35 8.89 3.78 6.48 1.76 5.57 6.15 1.86 4. 64 3.75 8.08
P,04 0.04 0.03 0.04 0.06 0.04 0.03 0.02 0.03 0.03 0. 06 0.02 0.04
CO, 0.26 0.15 0.17 0.13 0.13 0.13
H20+ 0.22 0.76 0.84 1.02 0. 66 0.88
LOI 0.27 0.61 0.44 0.63 0.33 0.88 1.09 0. 64 0.53 0.44 0.44 1.13
Total 98. 69 99. 11 99. 33 99. 42 98.99 98.99 99. 47 99. 81 100. 17 99.76 99.99 99. 00
Mg# 8.7 37.0 17.5 23.2 14.6 24.1 51.1 43.4 34.0 23.4 17.6 52.6
TFeO/MgO 18.76 3.03 8.38 5.91 10. 42 5.62 1.70 2.32 3.46 5.84 8.32 1.61
A/CNK 1.03 1.08 1.07 1.05 1.04 1.13 1.04 1.07 1.02 1.01 1.03 1.02
Se 3.97 1.41 4.03 2.69 2.6 3.97 3.70 2.79 1.75 3.08 1.32 4.43
Cr 1.68 1.84 1.80 0.91 1. 44 2.18 1.65 2.22 1.97 1.27 1.68 1.98
Co 0.74 1.04 0.78 1.92 0.98 4.02 0. 82 1.13 12.0 1.15 0. 66 1.19
Ni 0. 66 0.58 0.45 0.83 0.43 2.09 1.13 1.84 5.01 1.45 1.14 1.57
Cu 1.43 1.26 4.90 1.13 1.48 1.96
Zn 18.20 12.20 9.45 8.85 10. 30 12. 80
Ga 20. 60 22.90 19.10 26.50 15.80 23.90 27.70 25.60 17.70 25.30 24. 60 27.60
Rb 192.00 191. 00 185.00 155. 00 136. 00 52.60 116. 00 153.00 35.90 134. 00 60. 70 202. 00
Sr 50. 10 104. 00 45.40 108. 00 37.00 74.20 53.00 40. 60 104. 00 97.20 37.00 86.70
Y 49.50 30. 80 46.90 62. 00 36.30 44.30 94.30 60. 50 48. 40 66. 40 47.00 25.70
Zr 492.00 227.00 500.00 413.00 423.00 420.00 473.00 509.00 476.00 416.00 396.00 673.00
Nb 20. 30 15. 00 22.90 27.80 19.90 17. 00 35.50 26. 80 23. 60 29.30 20. 00 21.80
Cs 0.71 0.51 0.78 0.43 0.38 0.42 0.27 0.33 0.11 0.37 0.18 0.69
Ba 3057.00 799.00 4220.00 586.00 1375.00 258.00 2010.00 1064.00 394.00 587.00 635.00 2 852.00
La 51.10 111.00 16.20 244.00 5.85 85.20 218.00 43.10 32.50 227.00 44. 40 43.10
Ce 107.00  234.00 33.90 474. 00 13.80 168.00  457.00 100. 00 73.90 367. 00 98.90 99. 40
Pr 14. 40 21.00 4.14 45.50 1.69 19.10 56. 10 11. 60 8.51 50.70 11.70 11. 60
Nd 57.00 67. 60 17.10 149. 00 8.58 71.70 212.00 48.00 35.20 171. 00 48.70 46.70
Sm 13.10 9.40 4.61 20.20 3.47 13.30 44.40 11. 00 8.91 28.50 10. 50 9.75
Eu 3.41 1.14 1.89 1.89 1.38 1.96 6.21 2.21 1.68 2.67 2.03 2.70
Gd 11.90 6.57 6.98 13.80 5.25 12. 00 32.00 10. 70 9.74 18. 40 10. 20 8.29
Th 1.87 1.02 1.50 2.12 0.99 1.73 4.22 1.79 1.59 2.68 1.56 1.15
Dy 12. 00 5.83 9.77 11.70 6.41 9.09 20.50 11.30 9.70 13. 60 9.09 5.97
Ho 2.18 1. 11 1.88 2.16 1.26 1.59 3.38 2.13 1.77 2.39 1.68 0.99
Er 6.29 3.39 5.58 6.43 4.04 4.49 9.31 6.10 4.67 6.79 4.79 2.57
Tm 0.90 0.48 0.76 0.93 0.58 0.58 1.30 0. 89 0.67 0.94 0. 69 0.36
Yb 5.70 3.19 5.10 6.03 4.06 3.92 8.31 5.61 4.17 5.91 4.23 2.57
Lu 0.79 0.45 0.76 0.84 0. 64 0.60 1.16 0. 82 0.63 0.78 0.62 0.39
Hf 14.70 7.75 15. 80 13.70 12. 60 14.10 14. 00 14.20 13. 60 12.10 12.10 18.70
Ta 1.55 1.27 1.86 2.12 1.52 0.45 2.55 1.93 1. 60 2.22 0.74 0. 89
Pb 10. 60 15. 80 8.63 28. 80 4.77 11.20 13.40 12.30 11.50 14.70 10. 10 12. 10
Th 11.10 135.00 12. 80 207. 00 13.80 23.30 25.40 13.80 16.70 107. 00 19. 00 15.00
U 2.29 7.39 2.73 11.50 2.69 1.93 3.53 2.45 3.30 5.00 1.84 2.25
(La/Yb) g 6.4 25.0 2.3 29.0 1.0 15.6 18.8 5.5 5.6 27.6 7.5 12.0
Fu/Eu” 0.83 0.44 1.02 0.35 0.99 0.47 0.50 0.62 0.55 0.36 0. 60 0.92
t,/C 896 825 903 879 890 894 892 907 895 873 877 924
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Continued Table 2-1
AR FHRAL 5 A ZRAGK B
KA E i EAKE JSAT
eSS JD1622*  JD1623¢  IDI8156  JDI8158  JD18159  JDI8160  S1356* S1357*  14JD04*  JD1603*  JD1604
Sio, 76. 60 76.22 77.23 79.97 78. 45 77.53 70. 24 70. 11 71.40 69.10 71.15
Tio, 0.24 0.21 0.24 0.15 0.25 0.25 0.65 0.71 0.70 0.69 0.58
Al, 0, 12.37 11.95 12. 10 11.42 12. 49 12. 44 12. 87 12.72 12.82 12. 00 12. 80
Fe,0, 0.71 0.76 2.44 2.46 2.81 2.67 2.23
FeO 0.25 0.24 1.95 2.26 1.37 2.05 1.73
"FeO 0.89 0.92 0.82 0.37 0.38 0.58 4.15 4.47 3.90 4.45 3.74
MnO 0.02 0.03 0.04 0.01 0.01 0.01 0.08 0.10 0.03 0.09 0.04
MgO 0.12 0.18 0.19 0.05 0.08 0.08 0.58 0.91 0.53 0.81 0.42
Ca0 0.69 1.26 1.10 0.19 0.53 0.12 1.96 2.13 1.00 2.30 1.26
Na, 0 5.90 5.98 5.93 4.99 6.61 5.30 3.02 3.21 3.17 3.09 3.26
K,0 2.07 1.54 1.35 2.33 0.84 3.17 4.31 4.01 4.12 3.98 4.45
P,0;5 0.02 <0.01 0.01 0.01 0.01 0.03 0.14 0.17 0.15 0.15 0.12
co, 0.34 0.84 1.18 0.56 1.71 0.86
H,0" 0.84 0.72 0.78 0.38 1.20 1.30 1.04
LOI 0.83 1.35 1.10 0.21 0. 44 0.28 1.17 0.56 1.68 [.92 1.27
Total 99. 82 99.72 100. 12 99.70 100. 08 99.77 99.41 99.35 99.78 98.85 99.31
Mg* 19.4 25.8 29.6 19.3 26.4 19.5 20.0 26.6 19.5 24.5 16.7
TFeO/MgO  7.41 5.13 4.24 7.43 4.97 7.34 7.15 4.92 7.36 5.50 8.90
A/CNK 0.94 0.87 0.92 1.03 0.98 1.01 0.98 0.94 1.12 0.88 1.03
Se 3.46 2.93 1.64 0.28 0.13 2.51 9.17 10. 60 9.30 11.10 8.73
Cr 1.18 0.84 4.00 2.54 2.78 1.85 11.0 11.30 18.50 6.21 4.70
Co 0.56 0.92 0.92 0.48 0.28 0.35 7.01 6.37 6. 66 5.53
Ni 0.54 0.74 2.24 1.78 1.57 1.54 5.58 5.52 8.32 3.87 3.15
Cu 1.94 1.12 1.19 1.25
Zn 5.70 4.34 4.42 5.10
Ga 25.70 25.10 24. 80 24.380 29.30 25.60 19. 60 19.20 18. 80 18.90 19. 10
Rb 33.50 24.20 26.00 39.10 13.90 51.40 135. 00 131. 00 118.00 127.00 132.00
Sr 25.50 35.30 51.20 30.70 42.30 30. 40 133. 00 116. 00 102. 00 149. 00 139. 00
Y 52.30 43.10 49.70 30.90 39.70 73.60 40. 90 49.30 42.50 51.10 40. 80
Zr 510.00  442.00  500.00  400.00  573.00  531.00  437.00  385.00  450.00  351.00  324.00
Nb 27.30 34.30 32.40 31.40 34. 60 32.90 19.20 21.40 27.80 21.40 16.90
Cs 0.15 0.12 0.12 0.09 0.08 0.18 0.70 0.42 4.24 0. 88
Ba 279.00  211.00 128.00  209.00 64. 60 447.00 1056.00 975.00 1103.00 966.00 1 072.00
La 20. 10 14. 80 12.20 15.90 13.10 27.40 50. 00 55.70 63. 80 63.70 51.60
Ce 54.50 39.20 36.70 47.20 40. 30 76.20 104. 00 124. 00 135.00 127.00 100. 00
Pr 8.62 6.42 5.43 6.09 6.05 11. 00 12.20 14.20 14.30 14.90 11. 60
Nd 40.20 31.60 26.30 27.70 28.20 47.60 47.10 52.50 54.20 56.70 45.00
Sm 9.99 9.09 7.11 6.74 7.50 12. 40 9.08 10. 80 11.10 10. 80 8.28
Eu 2.26 1.77 1.13 0.92 1.50 2.92 1.89 2.14 1.99 2.00 1.71
Gd 10. 90 9.71 7.94 6.03 7.45 12.10 8.84 11.00 10.20 10. 30 8.09
Tb 1.80 1.65 1.45 0.91 1.27 2.00 1.38 1.63 1.74 1.66 1.33
Dy 10.70 9.67 9.69 5.62 8.15 13.10 8.40 9.94 9.50 9.69 7.63
Ho 2.02 1.75 1.90 1. 11 1.56 2.59 1.67 2.02 1.78 1.87 1.49
Er 5.89 4.99 5.36 3.33 4.24 7.15 4.90 5.90 5.33 5.69 4.49
Tm 0.78 0.68 0.74 0.47 0.61 1.03 0. 69 0.88 0.71 0. 80 0.63
Yb 5.02 4.54 4.58 3.16 3.86 6.61 4.05 4.97 4.62 5.46 4.24
Lu 0.72 0.67 0.67 0.45 0.48 0.84 0. 66 0.78 0.67 0. 80 0.62
Hf 16. 00 15.30 13. 00 12.30 14. 80 14. 00 11. 60 10. 40 11.50 10.70 9.68
Ta 2.19 2.59 2.02 2.78 2.05 2.05 1.25 1.39 2.11 1.42 1.43
Pb 3.52 2.75 3.28 2.61 2.24 1.99 12.30 12.30 13. 60 12.70
Th 13.70 24.70 8.87 20.30 15.30 14. 00 11. 80 14. 40 17.20 15.90 12. 60
U 1.32 1.68 1.88 2.02 1.83 1.90 0. 46 0.50 0.85 0. 69 0.57
(La/Yb) y 2.9 2.3 1.9 3.6 2.4 3.0 8.9 8.0 9.9 8.4 8.7
EwEu” 0. 66 0.58 0.46 0.44 0.61 0.73 0.64 0. 60 0.57 0.58 0. 64
t,/°C 889 864 885 881 909 904 872 854 894 837 850
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Continued Table 2-2
FAIR ZRAGK FRA ERAGRK R TERAL S A
KRN E JB AT B g AT gt
FEfS  JD1605*  JD1607 ¢ ID1826 JD1827 JD1828 JD1829 JD18143 JD18144  JD18145 JD18146
Si0, 69. 47 71.29 71.89 78.09 78. 40 77.99 81.51 83.53 83.28 83. 49
Tio, 0.75 0.72 0.51 0.14 0.14 0.15 0.17 0.15 0.16 0.14
Al, 04 12.14 12.76 12. 64 10. 46 10.38 10. 54 10. 55 9.45 9.77 9.23
Fe, 0, 2.37 2.47
FeO 2.08 1.58
"FeO 4.21 3.80 2.84 2.31 2.24 2.42 0.81 0.58 0.78 0.42
MnO 0.07 0.03 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.00
MgO 0.61 0.41 1.30 0.07 0.06 0.06 0.23 0.19 0.30 0.18
Ca0 2.13 1.08 0.75 0.10 0.16 0.15 0.04 0.04 0.04 0.03
Na, 0O 3.28 3.31 2.51 1.90 2.00 1.97 0.18 0.17 0.13 0.18
K,0 3.77 4.22 5.82 6. 44 6.28 6.41 5.53 5.29 4.44 5.38
P,0, 0.17 0.16 0.04 0.02 0.02 0.02 0.04 0.03 0.04 0.02
Co, 1.84 0.71
H,0" 1.12 1.36
LOI 2.09 1.35 0.97 0.12 0.14 0.14 1.05 0.76 1.14 0.78
Total 98.93 99. 38 99.27 99. 64 99. 81 99. 84 100. 09 100. 18 100. 07 99. 87
Mg* 20.5 16. 1 44.9 4.9 4.6 4.4 33.1 36.6 40.4 43.7
TFe0/MgO 6.91 9.27 2.19 34.46 36.73 39.03 3.61 3.09 2.63 2.30
A/CNK 0.91 1.07 1.07 1.02 1.00 1.01 1.67 1.56 1.92 1.50
Sc 11.50 10. 50 4.21 0.22 0.22 0.20 1.51 1.10 1.25 1.31
Cr 6.43 7.47 1.76 2.16 1.78 1.80 1.68 3.03 3.64 2.92
Co 5.71 5.86 4.48 1.34 1.12 1.39 0.78 1.02 0.95 0.49
Ni 3.39 3.55 1.61 2.13 1.58 1.61 2.25 2.86 3.11 2.43
Cu 3.43 1.70 2.42 4.56 5.02 14.40 25. 80 3.83
Zn 38.30 12. 60 7.48 7.18 28.20 19.50 27.90 21.30
Ga 18.70 20. 10 19.90 13.90 14. 80 14.90 18. 00 15.10 17.90 13.80
Rb 119. 00 129. 00 171. 00 154. 00 137. 00 144. 00 188. 00 176. 00 169. 00 186. 00
Sr 162. 00 124. 00 302. 00 248.00 130. 00 113. 00 83. 00 47.70 129. 00 55. 60
Y 50. 90 47.00 8. 44 4.58 5.74 4.32 41.90 43.00 39. 00 36. 40
Zr 376. 00 373.00 675. 00 365. 00 377.00 360. 00 254.00 217.00 229.00 216. 00
Nb 22.10 22.00 6.13 1.78 2.75 2.10 19. 50 17.30 19.00 17.20
Cs 2.75 1.43 1.23 0.44 0.27 0.24 2.69 1.97 1.92 2.46
Ba 878. 00 1031.00 2531.00 2542.00 1924.00 1 905.00 767. 00 593. 00 678. 00 778.00
La 58. 40 63. 40 9.69 7.67 9.95 8.42 62.20 52.40 50. 90 33.80
Ce 120. 00 128. 00 17. 60 11.70 15.70 11.70 120. 00 101. 00 103. 00 73.50
Pr 14.50 15.00 1.94 1.25 1.78 1.32 12.80 11.00 11.10 7.25
Nd 57.10 56. 60 7.56 4.50 6.62 5.00 45.20 41.20 41.90 26.90
Sm 10. 90 10. 90 1. 60 0.91 1.26 0.93 8.09 7.75 7.98 5.22
Eu 1.98 2.09 0.89 0.72 0.83 0.72 1.01 1.00 1.00 0.75
Gd 10. 40 10. 40 1.46 0.78 1.14 0.86 6.83 7.34 7.15 5.33
Th 1.67 1.65 0.22 0.14 0.20 0.15 1.13 1.23 1.17 0.96
Dy 9.77 9.48 1.41 0.83 1.09 0.82 7.29 7.53 7.16 6.41
Ho 1.86 1.79 0.29 0.15 0.21 0.16 1.50 1.58 1.45 1.37
Er 5.59 5.28 0.91 0.48 0.61 0.48 4.32 4.50 4.20 3.99
Tm 0.79 0.73 0.16 0.09 0.09 0.08 0.65 0. 66 0.62 0.57
Yb 5.24 4.84 1.25 0. 60 0.71 0.55 4.16 4.28 4.16 3.95
Lu 0.76 0.71 0.23 0.11 0.13 0.11 0.62 0.65 0.65 0. 60
Hf 11. 40 11. 60 16. 80 10. 50 11.10 10. 60 7.66 6.39 6. 86 6.45
Ta 1.43 1.56 0.27 0.14 0.22 0.15 1.64 1.46 1.47 1.43
Pb 13. 60 14. 00 12. 80 12. 00 10. 50 11.20 15.30 20.90 15.90 14.70
Th 11.10 13.20 1.38 0.98 1.45 1.02 14.30 12. 60 12.90 11.70
U 0.57 0.51 1.48 0.75 0.86 0.72 2.21 2.30 2.12 1.43
(La/Yb) 8.0 9.4 5.6 9.2 10.0 11.0 10.7 8.8 8.8 6.1
Eu/Eu” 0.57 0. 60 1.78 2.60 2.11 2.45 0.42 0.41 0.40 0.44
1,/ C 848 869 933 870 872 868 882 863 882 860
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Fig. 6 Harker diagrams of mid-Paleoproterozoic granitic gneisses from the Jiaobei terrane ( data for Changyi from Lan et al. ,

2015; Wang Huichu et al.
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Sr( &l 8b) .
5 e

51 RitETHRPHERIER
UEAEAE, WFFEN G AR Al X il 2 e B/ e vl

, 2015; Tian Ruicong et al.

, 2017)

JCi A I AE R R R (18 1, 3R 3) , 4GSR
2 095+12 Ma 45 IR SR = A1 N KA KRR (X1
AELE 2011), MEAA 2 18112 Ma 9B = K A4E
i A BRA (Liu et al. , 2014), EEHIIX 2 193~2 045
Ma )46 54 B Bk % (Lan et al. , 2015; T B ¥1%,
2015; HIEGERSE, 2017, ,u;frtt%—% 2017) DL K BB 3%
BRI 2 110 ~ 2 105 Ma B9 — K 16 5 H FE A
(Cheng et al. , 2017) , Z5GARRAESEVY SRR A
EEMAAF AR 2R LR, T LU R BB AL H A oT
HARHEIAE R R RE )T, FEIRNT 2. 13~
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Table 3 Summary of crystallization ages of mid-Paleoprotetozoic granitic gneisses from the Jiaobei terrane

5 Eoyin SRR B VAKiIWIRES SEAERE/Ma  AEFUAERS/ Ma 27 ik
CY2-92 B AL B R SYSX RN LA-ICP-MS 2193 + 11 Lan et al. , 2015
D017 GRATRERA RS CPEWEERER LA-ICP-MS 2187 £9 HFGIRSE, 2017
JD18144 ERIE R RS Wit SHRIMP 2184 =8 AR5
JB13-1 AN KR RE M LA-ICP-MS 2181 + 12 Liu et al. , 2014
14JD02 R RS BEMREE SHRIMP 2174 + 8 HFGBR4E, 2017
CY2-43 R TE = R BBk LA-ICP-MS 2171 = 10 ~1 870 Lan et al. , 2015
1405-1 BT RKAG R B IRIEVY R LA-ICP-MS 2170 + 8 EHYI5E, 2015
P109 4w K ALK A B & T R L LA-ICP-MS 215138 HEGIESE, 2017
D1807 Yk K AL R STERT =y Al LA-ICP-MS 21379 HFG IS, 2017
JD1830 ERIE R RS S AT SHRIMP 21255 1853 = 11 RS
JD1821 BRI RS B g A SHRIMP 2121 £7 1855+ 14 AW
JD1827 ERAERK F R S A SHRIMP 2118 + 7 1848 + 10 AR
JD1532 ERAE R R R TR SHRIMP 2116 + 4 1859 + 4 LN/
JD1622 AR T RRS XL AR SHRIMP 21126 1845 = 6 AR5
14-1k-22 TRAER R Sy AREard SHRIMP 2110 + 4 1855 «7 Cheng et al. , 2017
10-23 ZRIER F RS BTG DR SHRIMP 2105 + 7 1841 7 Cheng et al. , 2017
15SD10 BARHRAE N R TSR Ky €T LA-ICP-MS 2103 £ 18 H AR A, 2017
QX16-1 £ IA KA 59 5T R R JEVE T ZE b LA-ICP-MS 2095 = 12 XS, 2011
D015 FREZTRKER RS PR ERER LA-ICP-MS 2080 =9 B B4, 2017

D05 R ALK R B RN LA-ICP-MS 2045 + 8 [ B B4, 2017

2.10 Ga Fl12.19~2.17 Ga PiIFrEE (18 9) . #r1- 1
FEFIRLLAF R DUBUA h & A R 2.2 ~2. 0 Ga BYHE
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EIIEEN(Wan et al. , 2006; Wi+Fa, 2012; -+
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2017; HEGEREE 2017, M4, 2017)

Fig. 9 Emplacement age histogram diagram of mid-Paleo-

proterozoic granitic gneisses from the Jiaobei terrane ( data from

this study; Liu Jianhui et al. , 2011; Liu et al. , 2014; Lan et

al. , 2015; Wang Huichu et al. , 2015; Cheng et al. , 2017;
Tian Ruicong et al. , 2017; Xiao Zhibin et al. , 2017)

45 2014; XIHRREE, 2015, Liu et al. , 2018b) .
5.2 ARBEUEEAHE

JUEIEACAS TR IR b DX A oy o6 iy AR AE B F Rk
w IR H AR AR R 22 5 (R 2, Bl 6~
8) , (HIBIXEEAL <) 7 JBR A 3k HA = 11 Si0, \Na, O+
K,0 Zr &, WEMA S &M AN Eu 555 (7
hA% ERE SR BR AL ) o 4K 28008 5 7 A B =
Zr+Nb+Ce+Y (KT 350x10°°) F1 10 000 Ga/Al {i
(BREE 2.19~2.17 Ga WIFER A R KA, HAl
i KT 2.6) . 1E Whalen %5 (1987) £ 543
KR, ¥R A BIERGA X 10) . T
STEEEN, REGE RIS ALK A S A
RUAE B 77 B A AR 0 Bk Ak 22 RR A i, AR 2 1
A3SEIIAE R R RE RS B A9 10 000 Ga/Al {H, LIEL
B A A 43 S H 0 B b Y 78 A B K 5 2 X
( Pérez-Soba and Villaseca, 2010; Breiter et al. ,
2013; RAHICAE, 2017) . [AIFE, A BIE R A 2 00 0k
FUMES oy SRR, AR & A6 X A 1 e
fIE(King et al. , 2001; ZAHIC5%, 2017), i X
b, ZRAEICEE(2017) $21 A BIAE A 2 01 45 A S+
YERT, RINM A RULE R 5 1) 15 53 5 46 1<) 7 T Ak 1Y)
fEt, TR S BUAE B A TR 4G o S R
10 000 Ga/Al {HIZWIF-5r, WoRn5 A BUER ST 5
Ak (E10a) Bt o b 4R I i 1 0
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Fig. 10 Geochemical discrimination diagrams of mid-Paleoproterozoic granitic gneisses from the Jiaobei terrane (base map after
Whalen et al. , 1987; Wu Fuyuan et al. , 2017; data for Changyi from Lan et al. , 2015; Wang Huichu e al. , 2015; Tian
Ruicong et al. , 2017)
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2003) HbFEH) B E N (Collins et al. ,1982; Whalen et

al. , 1987 Creaser et al. , 1991; King et al. , 2001)
S IR SR A AR A (Kerr and Fryer, 1993;
Wickham et al. , 1996; Mingram et al. , 2000; Yang et
al. , 2006) — EEMFA S, AL 2.19~2.17 Ga
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W54 eHf(¢){H(=7.4~-2.9) (Liu et al. , 2014;
Lan et al. , 2015; HIGEESE, 2017), XLEL5 KL
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AR AR (Lan et al. , 2015), M T~2.13 Ga
MIAE B4 R A B9 Si0, 7 A8 Ak 38 K (69. 10% ~
79.97%) , eHf (1) {EAwE (-2.9~+4. 1) (Liu et al.
2014; Cheng et al. , 2017; MEHRE 2017; MG
&, 2017), A ZIHAE R R A W ES A eHE (1) {H
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Zr content (a) and zircon saturation temperature (b) vs. crystallization age diagrams of mid-Palcoproierozoic granitic

gneisses from the Jiaobei terrane ( data for Changyi from Lan et al. , 2015; Wang Huichu et al. , 2015; Tian Ruicong et al. , 2017)
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