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Discovery and geological significance of Xuji diorite in Zongwulong tectonic
belt on the northern margin of Qaidam Basin
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Abstract: Zongwulong tectonic belt is an important tectonic unit on the northern margin of Qaidam Basin, but its
tectonic properties remain controversial. In this study, a diorite intrusion was recognized in central Xuji area of the
Zongwulong tectonic belt, and its petrography, geochemistry, zircon U-Pb chronology and Lu-Hf isotopes were
studied. The intrusion time of the diorite is 258 =1 Ma; light rare-earth elements are enriched while heavy rare-
earth elements are depleted, with weak negative Eu anomaly; it is relatively enriched in large ionic lithophile ele-
ments such as Rb, K and Sr, but strongly depleted in high field strength elements such as P, Ti and Nb. The con-
tent of Cr and Ni are 38.0 x10 ° ~92.8 x10 ® and 6.7 x 10 ° ~14.1 x 10 "° respectively, Mg" values are 50 ~
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56, Rb/Sr ratios are 0.32 ~0.34, Ti/Zr ratios are 23.26 ~32.30, Ti/Y ratios are 145.29 ~163.97, Nb/Ta rati-
os are 10.45 ~11.45, Th/La ratios are 0.39 ~0.51, Ba/La ratios are 15.04 ~16. 60, *"Pb/**Pb,; ratios are
15.602 ~15.611, zircon ¢Hf(t) values are —8.52 ~ —3.00, and the two-stage Hf model ages are 1 563 ~1 478
Ma [ eHf(t) = —4.37 ~ =3.00] and 1 827 ~1 790 Ma [ gHf(¢) = —=8.52 ~ =7.98]. It can thus be concluded
that the magma was derived from mixture of the crust and the mantle, where the ancient crustal material was domi-

nant. Combined with regional geological studies, it is suggested that the marginal rifting in the central and western

regions of the Zongwulong tectonic belt should be later than that in the east.
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Fig.2 Horizontal phase transition histogram of Upper Carboniferous-Lower Permian Zongwulong Group in the Zongwulong

tectonic belt
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Fig. 3 Field photographs and microphotographs under CPL of the Xuji diorite
a— & N B A i 3k, 5 R ST DR N T 53 5 BERETHCE s b— N 15 T HCE I B il B 0L I AR 40 s c—oRDRLIN K, e
KA RMERA L dee N BRI R, A DN AR R = B R0 20 A /5 R UL ) R A A HE IR A B B0 B e A A8 AR
d ARSI, e IEACHOGILT s P—RHCA s Be—R 20 B Hbl—f A (4 5475 S L H 66, 20090
a—outcrop of the Xuji diorite, the rock intruding into the phyllites of Zongqulong Group in a nearly elliptic manner; b—the particles in the contact
between diorite and phyllite becoming finer obviously; ¢c—outcrops of the medium coarse-grained diorite with slightly petite; d, e and f—the micro-
graphs under CPL of the Xuji diorite, hornblende and biotite distributed together in the interstices formed by plagioclase grains or plagioclase crystals,
partly suffering metasomatism by chlorite; d and f are microphotographs under plainlight; e is microphotograph under crossed nicols; Pl—plagioclase;
Bt—bhiotite; Hbl—hornblende ( mineral abbreviations from Shen Qihan, 2009)
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Fig. 4 Cathodoluminescence ( CL) images of representative zircon grains and LA-ICP-MS zircon U-Pb concordia plots and
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U ages of the Xuji diorite
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¥ 4F C Griffin et al., 2004 ). 17 AW & % 76
20PL/ZSUFI Ph/ 2 U RN [ 2k B 4D,
2 Ph/ PP UMNBE AR 4 258 +1 Ma(MSWD =1.7,
n=17), @I Bttt ARG AR 2 SR .

BiAr Lu-Hf [FIf7 2= 4 5o B, 1648 T 854 U-Pb
SE AT 0BT 38 4R 388 v 500 10 AW s AT i A7
MK, #5407 Lu-HE [FAZ 370 M 45 R WA 2 A 8a, B

£ Yb/THEAE 0. 016 304 ~0.038 111, V3418 N
0.028 108; " Lu/"""Hf {f 0. 000 751 ~0. 001 575,
SPYIME A 0.001 215; 8547 HE/ T HE {24 0. 282 376
~0.282 531, VI A 0. 282 484; B 47 eHICO) A
-8.52 ~ =3.00, VIMH N — 4. 69; B A7 — U4
WAty ) M 1 827 ~ 1 478 Mas

*2 EBEENKEHA Lu-Hf AARSNER
Table 2 LA-ICP-MS zircon Lu-Hf isotopic data of Xuji diorite
WSS A #S/ Ma 76Yh/ ' HE 76 Lu/ ' HE 20 76 HE/ 177 HE 20 eHI(1) tpw2/Ma Srwne
01 260.9 0.025 018 0.001 133 0.000 011 0.282 512 0.000 008 -3.64 1518 -0.97
03 258.9 0.031 500 0.001 368 0.000 008 0.282 497 0.000 008 -4.29 1557 -0.96
06 259.8 0.035 169 0.001 575 0.000 009 0.282 494 0.000 007 -4.37 1 563 -0.95
07 261.2 0.038 111 0.001 469 0.000 004 0.282 376 0.000 007 -8.52 1 827 -0.96
08 258.7 0.016 304 0.000 751 0.000 016 0.282 510 0.000 007 -3.72 1521 -0.98
15 253.7 0.027 413 0.001 217 0.000 011 0.282 527 0.000 008 -3.30 1 490 -0.96
16 255.4 0.032 592 0.001 415 0.000 015 0.282 505 0.000 009 -4.08 1 541 -0.96
17 260.9 0.030 917 0.001 336 0.000 008 0.282 531 0. 000 007 -3.00 1478 -0.96
28 258.4 0.018 395 0.000 768 0.000 008 0.282 389 0.000 007 -7.98 1790 -0.98
29 258.8 0.025 657 0.001 123 0.000 019 0.282 503 0.000 007 -4.01 1 540 -0.97

e gHf(e) = {LCHETTHD g~ Lu/ 7 HD g x Cer =10 /0 CPOHE/7THE gy =7 Lu/" HE o x (e =101 =13 x 10 000, £y, =
/A xIn{l + L CTHETTHE gy —C7OLu/" HEO y 170 CV Lu/ T HE g —C7 Lu/" HO iy 13 tonn = o =C oty = 8 X L oo™ frgan 27/ oo™
Son) 1 frwne = CPOLw/ T HE g /C7 L/ HE) o — 1 (78 Lu/ 77 HE) gy = 0. 033 2, C7SHE7 HED o = 0. 282 772 ( Blichert-Toft and
Albarede, 1999) 5 (7eLu/'"THE) ), =0.038 4, (SHE/THE ), =0.283 25 ( Griffin et al. , 20005 £~ fre B fon 73 BIACRE Bl 7 HE 5 175 5
O £ B ¢ R E TR, 20 FORPRMERZE, A =1. 867 x 10" /a,

4.2 FTEMELIERAK

FHENKAM EME TR T E L3 JrillA
KA FE T Si0, & RN 56. 61% ~ 63. 41%, T3
61.38% ;K,0 &N 2.44% ~2.72% , V-3J2.59% ;
Na,0 +K,0 %5 4 5.09% ~5.60% , V34 5. 40% ;
CaO 5H N 4.97% ~6.61% , V3 5.52% ; A/CNK
{44 0.833 ~0.954, F-440.913; MgO & &4 2. 60%
~5.01%, V34 3.29% ; Mg" {t }y 50 ~ 56 C & 5d) .
76 TAS B CIE 5a) H, B 5l A 98 N0 I KA
X, 5 HF AR A T %8 — 3G 78 K, 0 — Si0, (
5h)Fl A/CNK — A/NK B (] 50, N K B AT
TR v B A Bk AR AT

JIT AT A il AT AR AR, B i oo R ik 99 1R C I 6a)
SR A4 B PLTiNb 25 5131 98 00 2%, A & 2 Rb K.
St KRB TAGE, 48 ThoUs Mt oozl i
AW ARG o B 6b) B LR E
8, mEM L IcE T, A8 A Eu 2% (3Eu =0. 70
~0.82, V#4414 0.75), LREE/HREE i 4 6. 60 ~
7.91, V344 K 7. 26, (La/Yb) | {4 6.30 ~8. 87,

Ik 7,68

ARGy KT ()8 4R R A A 4 A [ 467 2% 4 e an
T4 Pos. FESh A T R A7 21 4R A ARL, 304
I AE 5 0 8% Ph/”™ Pb = 39. 005 ~ 39. 790,
*Pb/*™Ph = 15. 623 ~ 15. 636,°* Pb/** Ph = 18. 442
~18.589; F 258 Ma I, v 5 14 46 45 1) 48 53 )
% Pb/*™ Pb,,, =38.257 ~38. 488, Ph/*™ Pb,,
15.602 ~15.611,Pb/**Ph,,, =18.033 ~18.131.

5.1 EAMBERERER

BHENK AR E N 2.24% ~3.02% , )i
AR B e AR K 52 B S5 AR S e, i G 3R A
i o0 T H T8 A A T R S AR5 53

BRI Ja e BT IR 0 e A S B R A A
(Kl 5), FE& I8 Ti/Ze {5 M 23. 26 ~ 32. 30, T3
27.91,Ti/Y i}y 145.29 ~ 163. 97, *F3#J152.79, Bk
FhiFeE A (Ti/Zr <30, Ti/Y <200)( Wedepohl, 1995),

B,
o
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Table 3 Whole-rock major and trace elements analyses of Xuji diorites

FE 205 XJX-01 XJX-02 XJX-03 XJX-04 XJX-05 XJX-06 XJX-07 XJX-07 C
FEICE(wy/%)
Sio, 56.61 62.23 59.00 63.41 63.02 62.48 62.18 62.09
Ti0, 0.70 0.61 0.64 0.58 0.56 0.60 0.60 0.61
Al 0, 15.85 15.75 16.36 15.95 15.75 15.96 15.81 15.78
Fe, 0, 6.63 5.08 6.04 4.70 4.84 4.96 4.98 5.01
MnO 0.12 0.10 0.11 0.09 0.09 0.09 0.10 0.10
MgO 5.01 3.00 4.43 2.60 2.66 2.77 2.91 2.91
Ca0 6.61 5.58 6.28 4.97 5.15 5.26 5.15 5.14
Na, O 2.65 2.76 2.80 2.88 2.85 2.81 2.84 2.85
K,0 2.44 2.61 2.59 2.72 2.50 2.65 2.61 2.61
P, 0, 0.13 0.14 0.13 0.13 0.12 0.13 0.14 0.14
Loss On 3.02 2.90 2.39 2.35 2.34 2.35 2.24 2.24
Sum 100. 84 101.51 101.78 100.70 100.28 100. 59 99.98 99. 68
A/NK 2.266 2.138 2.209 2.075 2.13 2.129 2711 2.1
A/CNK 0.833 0.899 0. 869 0.954 0.94 0.935 0.938 0.936
Mg* 56.12 50.33 55.24 50.58 50.13 50. 05 51.63 52.58
TFeO 7.04 5.33 6.46 4.57 4.76 4.98 4.91 4.72
W I Cwy /10 76D
Rb 93.50 95.22 103.30 102.78 91.59 98.94 100.29 94.79
Ba 434.22 409.06 439.77 426.65 409.75 425.87 417.03 436.27
Th 10.33 13.84 10. 69 13.12 13.33 13.52 13.22 10.28
U 2.74 3.35 2.67 3.35 3.40 3.40 3.42 2.76
Nb 10.38 11.59 10.17 11.19 11.04 11.53 11.43 10.42
Ta 0.91 1.08 0.92 1.07 1.06 1.08 1.08 0.91
Ce 56.18 51.97 55.70 48.27 49.56 52.16 52.39 55.45
Sr 288.00 292.92 301.87 301. 14 279.45 297.33 204,54 287.18
Ir 116.23 125.28 108. 64 133.19 114.89 126.96 129.23 117.36
Hf 3.62 3.79 3.46 3.89 3.39 3.77 3.85 3.63
Pb 16.4 17.2 16.4 15.1 18.0 16.7 17.0 16.4
Cr 88.1 39.9 76.3 40.2 40.8 38.0 44.6 92.8
Ni 13.8 7.33 12.6 6.70 7.12 6.98 7.36 14.1
La 26.60 27.19 27.32 25.98 26.98 28.09 27.58 26.28
Ce 56. 18 51.97 55.70 48.27 49.56 52.16 52.39 55.45
Pr 6.33 5.59 6.20 5.16 5.24 5.63 5.66 6.30
Nd 24.31 21.14 23.51 18.92 19.39 21.28 21.42 24.30
Sm 4.94 4.24 4.74 3.79 3.86 4.20 4.32 4.93
Eu 1.27 0.95 1.16 0.88 0.88 0.93 0.98 1.23
Gd 4.57 4.00 4.33 3.45 3.50 3.82 4.00 4.53
Tb 0.76 0.66 0.73 0.57 0.58 0.64 0.66 0.77
Dy 4.85 4.06 4.59 3.55 3.54 4.00 4.09 4.85
Ho 1.00 0.83 0.94 0.74 0.73 0.82 0.84 0.99
Er 2.93 2.43 2.78 2.17 2.16 2.39 2.48 2.91
Tm 0.45 0.37 0.43 0.34 0.33 0.37 0.38 0.46
Yb 2.96 2.41 2.83 2.20 2.18 2.40 2.47 2.99
Lu 0.45 0.37 0.44 0.33 0.34 0.37 0.38 0.46
Y 25.84 21.08 23.95 18.90 18.89 21.02 21.70 25.87
SREE 137. 60 126.22 135.73 116.36 119.30 127. 10 127. 66 136.45
LREE 119.62 111.08 118.64 103.00 105.92 112.29 112.36 118.50
HREE 17.98 15.14 17.08 13.36 13.38 14. 81 15.30 17.95
LREE/HREE 6.65 7.33 6.94 7.71 7.92 7.58 7.34 6.60
(La/Yb) 6.46 8.09 6.92 8.46 8.87 8.39 8.00 6.31
SEu 0.82 0.70 0.79 0.75 0.74 0.71 0.72 0.80
3Ce 1.06 1.03 1.05 1.02 1.02 1.02 1.03 1.06

FE: Mg* =100 x Mg?* /( Mg?* +TFe?* ); A/CNK = AL, 05/( Ca0 + Na,0 + K,0)5 A/NK = AL 0;/(Na, 0 + K,0); 8Eu =2 x Euy/(Smy +
Gdy)s N R BB AT AR AL o
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Fig.5 Representative binary variation plots for Xuji diorites
a—TAS Ef# R Middlemost, 1994); b—K,0 — Si0, EIf# CJiE 4 Rickwood, 1989); ¢—A/CNK — A/NK [EIfif (i€ B4 Maniar I
Piccoli, 1989); d—Mg" - Si0, KIS Rapp et al. , 1999); 7355 B R A 2 kA6 = 0 51 A R 42 (201 1) VRS 48 (2015) V2
£5(2016)  EJFHL (2016 V4218 2555 (2018) W Wu 5520195 &1 6 14 7 AT 8 HH 9 A i At 7t 1
a—TAS diagram Cafter Middlemost, 1994); b—K, O versus SiO, diagram Cafter Rickwood, 1989); ¢—A/CNK versus A/NK diagram ( after Ma-

niar and Piccoli, 1989); d—Mg* versus SiO, diagram Cafter Rapp et al. , 1999) ; data of the igneous rocks from eastern Zongwulong belt after

Chen Jin, 2011; Cheng Tingting, 2015; Peng Yuan et al. , 2016; Wang Suli et al. , 2016; Niu et al. , 2018; Wu et al. , 2019; symbols and data

sources in Fig. 6, Fig. 7 and Fig. 8 as for this figure

*TPh/* P, {H KT 15. 600, B /R BEE L5 T 58 I
W5 BRI MgO 35 5:(2.60% ~5.01% ) Fl Mg” {1
(50 ~56) #iim T 26 X iU ptUE f1/E1 ~4 GPa AT K
PRI AR CIEL 5D, G726 K B AT — Rl Bk
M2, A Mg 38 s 6 A R 35 41 Eu 7
W (3Eu =0.70 ~0. 82, *F¥IMEX0.75) , M FE k% I

A1 IK
=X [SETS
ﬁj\

R T EAEHER Eu U5 A A BAIEK Cr
EE(38.0%x107°~92.8 x10 ¢, ¥ 57.6 x10°°),

T AN A C gD 1) Cr F &G > 100 x
10 °°, F# A3k 770 x 10 °, Kamei et al. , 2004) I
JE U H g ) Cr & B (2 121 x 10 °°) ( Hirose and
Kushiro, 1993) . [k, &N KA AR GEH %
BERR T o B AR 3 S R 7K

£ i IR/ SrfE 40. 32 ~ 0. 34, 31 40.33,
AT LA (0. 034) 5l e fE (0. 35) 2 [, H.HE
$ 15 H 52 {H ( Taylor and Mcleman, 1995); Nb/Ta {H
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Fig. 6  Chondrite-normalized rare earth element patterns (a, normalization values after Masuda, 1975) and primitive

mantle-normalized trace element spidergrams (b, normalization values after Pearce et al. ,» 1984) for Xuji diorite

F4 EHERNKBNVENRITER
Table 4 Whole-rock Pb isotopic compositions for Xuji diorite
wy/10 76 i =258 Ma
i Ph/2MpL 2Ph/2Ph 20Ph/2MPh —
Pb Th U 28ph/2%Ph .y PTPh/®Ph,,  2°Ph/2™Phy;,
XJX-02 16.366 10.331  2.741 39. 005 15.631 18.553 38.488 15. 609 18.131
XJX-03 17.17  13.842  3.347 39.033 15. 636 18.589 38.373 15.611 18.098
XJX-04 16.411 10.693  2.667 38.79 15.623 18.442 38.257 15. 602 18.033

10.45 ~11.45, FI4E 4 10. 85, /T b 58 I ME (8.
3, Rudnick and Cao, 2003 ) FlHhhe F154EH(17.5, Sun
and McDonough, 1989) 2 [i], th 55 #3152 1 34 {H 5
Th/La {5} 0.39 ~ 0.51, F34{E N 0. 45, @& T Kk
H 72 F- 241 0. 204 ( Saunders et al. , 1988); Ba/La fH
h15.04 ~16. 60, I K 15. 74, /- T H78 F M
(25) Al ELAG HUWE P 249, 6) Z 1] ( Weaver, 1991),
BoRE LN K 7 A& 5T ) IR B P TR A B
J8, HoHBFEH) 5T Tk B K

FES AT Lu-HE RO 2 A8 BT, 7 L/ HE
{83 0.000 751 ~0.001 575,3)/NF0.002 0, /R4
FAETE 2 e U R HE (R AR SR A B, DAL T
DU 7O HE T HE AEARGRES A 45 F I HE TR 22 1 41k
FROECES TUBE R4, 2007 BI=ENI4E, 20195 £
PIE R -0.97, /N T HER BTk 5% ¢ - 0. 72;
Vevroort et al. » 1996) F4k4EE it 75 ( —0.34; Ame-
lin et al. , 1999, B LA [ B 4 oA 8 A fig B B 5K
b fsz YR X 47 5t DA 5 453 8 ek B P i) C B X
W) AT b 56 T 3 A7 B R TR)D O3 LR SR 5%, 2007 .

BEWNK AT eHfCOH N -8.52 ~ =3.00C K] 8a),
S —4.69, —Hr Bt HF [FA7 Z B RAER 1, N
1827 ~1 478 Ma. ] eHfCe) {2 10 — B B
Hf [RS8 R B, BN KAl 2 ey
JRFS L=, ABRE S P R A e HECO) (LRI AN

M, AR T ik 5,52, d TR A HE A7 4
AN 2 Bt 350 0 4 Rl B 2y 28 46 o T AR 4K, U3 —
IR REFR 7R T — AN P IsUAA &, 55 5 T80 M DR 1
e V) 5 B I NAT 9% (Kemp et al. , 2007) . Kk, &
ENK AR A B I8R5 1) =4, bl 2 i 52
Wl T, X HMET RN A R B R
BB Hf R BB UAE R AP AE 1 563 ~ 1 478 Ma
[eHf(t) = —4.37 ~ =3.00]1F11 827 ~1 790 Ma
[eHf(1) = —=8.52 ~ —=7.98 12, X 4edb&
0 1L 78 NG 2 350 2 B A 1 o B HE [ A 2E 45 K
SEWE A 1699 ~ 1 300 Ma, 7 A1 Y5 T N5 1 H e 56
OISR CRAINESE, 2013 ) 5 5345 B 2R S Hb X i — B
AR = S A A A 10 Se-Nd [ 3 B B
B AER K 1 580 ~1 410 Ma, 54 U5 T o H AR ik
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SCU R VB Wu et al. , 2019), WEHISEAE G ARER % 22 X A6 i) 2 28 HL A SN AL I 4 AR AIE, 55

DAE oo AR ] R AF AR Bl o 0 AE FEF . Wang 5§
(2016) 76 % 2= b # #h X W 15 TTG 0t F bk 75 8 A
U-PbAERR 211 500 Ma, A A L0 W Columbia 1 £%
KBS I 247, T84 Columbia 8 2% K i 4] 4h 24 iRt
(1) 1] ] A7 ot 5 18 A =4, 1200 0 A i 7 o & AR A
KA RS TR A Crpy, =1 563 ~1 478 Ma) .
D3 b WOl AT B S B T 2R AR R e A
Sr-Nd [ff7 2 W B R AFE W A 2 170 ~ 1 610 Ma
(BREEFASE, 2007), &N KA 84 1 B B HE [
R EREAERS 1 827 ~1 790 Ma, ¥4 AWK A5 4 55
B T S Ik iR AR i 36 52 8 SR M AL TE L Y, R
AR N R X AE AR B AT & S i Bl B 1T S 0k ik AR
e . Rk, RN A REE Rl 2 ey
JEAR AT e 76 A G A= it e 400 ORI /38 43 BR AT
B a1 283 i AR AR se A, HoAT I8 )
SRR A o
5.2 MEIRE

HA, £ 0 s 5 By Rt X =& - — &4t 4
PRI TE IR BT I AT AE G332 BT PR A 28 1
FlIA A o i Ry B 07 1) AL O o 1 45 R (A 08 R AR,
20185 55 2 FliA Ay S 5% 25 [ A B 1) B9 O v 11 &5 2R
CERZMREE, 2009; SYHEE, 2016) . PIFRM i i £
SUTE TR 5% [ Ay 2 10 A7 A6 — AN e A3 e tHE 19 A7 B v
o I AR H RS B AR AR A R A AT R O AR
AR 7 3% 45 J iy R 1S R U g Ll R X 1) % 55 B
HOR B Sk S, Tl I 4245 Rb-Sr 25 I 28 V5 A e g 4
AL A RO S5 3 25 TR T BN AR 20 ) ok 331 =
88 Ma F1318 +3 Ma( ER4E, 2001), {H AR+
2 I A gl SRR Y B R KA 4, Hoaz s
AL T IR AR, kARG A AL RS- 4k, BRI
4% Rb-Sr 7K R 1] G852 B3R 30, JiT 15 11 46 I 2 47 1%
RRE IR S 3 TR 22 K HEC2008 ) X 52
g i ek s IR K 45 BT SHRIMP U-Ph il 4,
G500 233 £9 Ma, (HILAUK 4 R s 41 3047 7 MK,
MRS BB A— g 5. T A (2016 W 9T 555
e 7 2 0 M — S Rk OME KA (B A0 U-Pb 4R 18
254 £2 Ma), tA LA 3 15 550 O v 52 0 il 3 o B B
(1 8 IR G, AT 82 5% 55 B A7 BV [n) 7 46 ol 1) &5
SR AT B R TR A b i g . #B
MRAE(2009) 418 2425 (2018) 1 Wu 25(2019) AN

REE(2009) TA A AR B OIS A8 1) 3 2 A 0 55 Bt A TR
F ) O R IR IR, 298 24 A5 (2018 ) WAk 2 R 4
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