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Abstract: Outcropped at the eastern end of the Northern Qilian orogenic belt in Tianshui area of Gansu Province, Changgouhe
dioritic intrusion has traditionally been considered as Precambrian intrusive rocks due to their gneiss structure. The results of LA—
ICP—MS zircon U—Pb dating in this study show two groups of magmatic zircon crystallization ages at 463.3+2.3Ma (MSWD=0.52,
n=11) and 443.8 £2.6Ma (MSWD=0.44, n=9). Zircon trace element analyses show that these two groups share the similar trace
element compositions, indicating that they crystallized in a closed magmatic system. (—Eu/Eu " diagram shows that the magmatic
zircons of about 460Ma have no Eu anomalies, similar to the REE patterns of mantle—derived zircons. The negative Eu anomaly of
about 440Ma magmatic zircons indicates that the parent magma began to crystallize plagioclase, consistent with the process of the
anatexis. Therefore, about 460Ma is the formation age of Changgouhe dioritic gneiss, and about 440Ma is the crystallization age of
anatexis magma of Changgouhe dioritic gneiss. Hf isotope analysis shows that €u(t) values of about 460Ma and about 440Ma zircons
are 8.23~11.57 and 6.36~8.03 respectively, indicating that mantle—derived juvenile crustal magma was developed at about 460Ma and

that more involvement of crustal remelting took place at about 440Ma.
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Fig. 1 Geological sketch map of the Qinling—Qilian orogenic belt (a) and the eastern end of Northern Qilian orogenic belt (b)
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Fig. 2 Outcrops (a) and microscope(b, c)photographs of the Changgouhe dioritic gneiss
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Table 1 LA-ICP-MS zircon U- Th—Pb isotope analyses of the Changgouhe dioritic gneiss
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1253 269 094 0055 0002 0537 0017 0071 0001 408 71 436 11 4414 40 99
2557 481 1.16 0058 0002 0591 0014 0074 0001 529 54 472 9 4596 35 103
4 663 453 146 0056 0.002 0.548 0014 0071 0001 440 60 444 9 4441 36 100
5 636 396 1.61 0057 0001 0581 0012 0074 0001 478 51 465 8 4624 33 101
6 244 238 1.03 0057 0002 0588 0023 0075 0001 476 87 470 14 4678 50 100
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Table 3 Zircon Lu—Hf isoplot data of Changgouhe dioritic gneiss

"SHE/THE
M5 tUMa Y b/ "HF S/ "HE i P ew(0)  euw(d HwHMa  towHf/Ma  fiuw
1 441.4 0.029987 0.000927 0.282696  0.000012  -2.69  6.75 786.91 99230  -0.97
2 459.6 0.040193 0.001325 0.282790  0.000022  0.63 1034  661.61 77829  -0.96
4 4441 0.066658 0.002178 0.282724  0.000023  -1.69  7.44 772.59 950.44  -0.93
5 462.4 0.014302 0.000483 0.282749  0.000015  -0.82  9.21 704.12 85237  -0.99
6  467.8 0.045459 0.001529 0.282806  0.000022  1.19  11.01  642.40 74174 -0.95
7 463.3 0.049045 0.001584 0.282755  0.000024  -0.62  9.09 716.84 860.50  -0.95
9 448.1 0.066724 0.002160 0.282691  0.000027 -2.86  6.36 820.61 1022.58  -0.93
10 464.0 0.068375 0.002172 0.282829  0.000023 202 1157  619.37 70352 -0.93
12 4603 0.063296 0.002090 0.282740  0.000027  -1.15  8.35 748.46 90555  -0.94
13 469.0 0.028483 0.000969 0.282739  0.000023  -1.17  8.85 727.34 880.45  -0.97
14 446.7 0.050080 0.001629 0.282729  0.000022  -1.51  7.83 754.10 927.69  -0.95
15 4642 0.028625 0.000953 0.282724  0.000018  -1.69  8.23 747.63 91582  -0.97
16 444.1 0.022458 0.000777 0.282713  0.000016  -2.08  7.47 759.48 94897  -0.98
18 4407 0.023757 0.000800 0.282725 0.000018  -1.67  7.79 743.91 92580  -0.98
20 4420 0.035065 0.001182 0.282734  0.000024 -1.35  8.03 738.57 911.67  -0.96
21 4419 0.024024 0.000771 0.282718  0.000023  -1.90  7.60 752.34 93895  -0.98
23 486.1 0.017719 0.000697 0.282679  0.000031  -3.28  7.20 805.53 998.55  -0.98
24 461.6 0.035518 0.001199 0.282750  0.000021  -0.78 9.0l 716.01 86431  -0.96
26 4632 0.032227 0.001092 0.282794  0.000023  0.77  10.63  651.68 76241 -0.97
28 4413 0.027411 0.000933 0.282719  0.000027 -1.87  7.56 754.58 940.74  -0.97
20 4643 0.027870 0.001025 0.282735  0.000026  -1.30  8.60 733.51 89243  -0.97

H :endd)= 10000 X {[("HE/THE)s— ("Lu/ Hi)s X (¥~ D]/[("HE/ " He) cuoro— ("Lu/ T He) cuon X (€= 1)] =1} 5 tona HET/A X In{ 1+
[("HE/H)s— (HE/ "Hou] /[("Lu/THs— (“Lu/"Hf) o] } 5 toreHEtom HE= (o HE= 1) X [(fim £/ (fem fom)]5 from=("Lu/"Hf)s/
("Lu/"Hf cuon— 13 FH 2 N = 1.867 X 107 /™ ("Lu/HE)s F (HE/7HE)s g KE S I 5 (PLu/TH) = 0.0332,
("HE/ THE) e 0= 0.28277255 (Lu/ " HE)on=0.0384 , ("HF/ "Hf) pu= 0.28325 5 ("Lu/H)FEEIHFE= 0.015%; £.=[("Lu/ THA) T
HIFE/ (" Lu/ "HE) o] — 1 s fin=[("Lu/ Hfone/ (Lu/ THA) o] — 15 BT 25 SR

PEFY ™, Y=Sm.Y—Yb.Y—Nb fl Y- Th # & &
TN A2 HAR IS 1 A A — 300y GE LR iR T
RO (- 7) UL, 2 8 A 45 5 T H P 1 3
JEIX o (H M\ t—Eu/Eu' i (B 8) AT L , 24 460Ma il
24y 440Ma () £5 6 Eu/Eu " {H 4 5 4 0.89 ~ 1.01 Al
0.85~0.93, Bl 2] 460Ma #5 41 Eu AR TC S, 5% I
M IR S 3 7 Bu S RIS ] I
A1 Ce WY IE 50— M S WL A 45 i T4 PR
AALIREE h Bu i@ H R IE =4 FH -, REE bRififb
e 3 X rh Bu A7 oA 5 HAWA T 2 1 il A 2
ARHE . ALY 460Mafhi A1) Eu R4 S 1E Ce 7
Wt A, RO LSS T AR SRR IR R, H
S e RS A AR SR BN IE Ce 578 A Eu 7
Wo AR A R R EUA L Bu SR Ak R T
FEFCAH N Bu 701, BVES A Hh 0 RS 2R TP A
BENRK AN RS, B2, kA Jwaneng 1
Nurbinskaya 4 {11 ] 75 B £ 4 H AT 1E Ce 559, M 6

Eu 54, A3 T2 U5 B K 9 # IR RRE,
I, 25 460Ma i 1 Bu JC 58 St T2 A R IR XORFEAE
B2 RHE AT B 2E o B B2 460Ma BEIE A 2Ok
I i 2 1 1) Ml R A il . 24 440Ma B A AH
2y 460Ma £ A T IR I — B0 03 Bu S8, Fon
FHRA S PRH AT IR B AL b 5 58 KRG
YER AR 2 I, 29 460Ma A K] A i H
JBE 5 A T AR | 249 440Ma K 1T TR 5
FERIN R AOE T TGy GO S A TIL VA= % Il bt
5378 29 460Ma F1 2] 440Ma 9 2H 55 47 et) 15 53 51
8.23~11.57 1 6.36~8.03 , X 1w/ At — By BEAR 20 AF i 43
7S AL T 704~916Ma F1912~1023Ma 22 [8] , R4 7%
460~440Ma LA R A= HhoE 25 JK ml s IR B A 2K 1
AR (K 6) o L5 L KIWMINE R R RS R AT )
F-45 460Ma , 5157 A Hh 7' 05 0% sh B YA 5 5 24
440Ma S 37 M 7e 3 1 B 52 WP i TR A 3K Y 245
A A
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Fig. 7 Zircon trace element correlation diagrams of Changgouhe dioritic gneiss
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