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Abstract: The Xiaosaishiteng Moutain is located in the Northwest Qaidam tectonic belt. A inte-
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gneissic granite of the Xiaosaishiteng Moutain were conducted in this paper. The LA —ICP - MS
ziron U - Pb data results indicate that the gneissic granites, which have high SiO, (70. 16 % ~
72.43%), total alkali (Na,O + K,O=7.20% ~9.04%) with K,O/Na,O>1, and low MgO
(0.82%~1.29%), P,O;(0.09%~0.13%) and TiO, (0. 3% ~0.49%), were formed in the late
Silurian(422. 14+1. 6)Ma. Their A/CNK ratios are larger than 1, the Ritman index mainly are
less than 3. 3, therefore these gneissic granites are belong to peraluminous and high-K calc-alka-
line series. They have relatively high REEs contents, enrichment in light REE with depletion in
heavy REE, and exhibit weak negative Eu anomalies(SEu=0. 73~0. 96). The chondrite normal-
ized REE patterns show dipped-right pattern, the primitive mantle Normalized trace elements pi-
der diagram have the similar pattern. The gneissic granites strongly enriched in LILE and deple-
tion of HFSE setting, such as Nb and Ti. The zircon saturation temperature is 721 ~725°C, the
average is 739°C, belongs to I-type granite. The results of zircon Hf isotope shows that the ey (1)
of gneissic granite are negative(—6.47~12.85), and the crustal model age(2030Ma) indicates
that the source rocks of the Xiaosaishiteng moutain gneissic granite was mixed with the granitic
magma and the ancient crustal material of the Middle Proterozoic. The granite was formed when
fluid was added, which from the remelting of crust. Comprehensive analysis shows that the gran-
ites was formed in the post-collision environment.

Keywords: gneissic granite; geochemistry; zircon U — Pb geochronology; Hf isotope; the Xiao-
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Fig. 2 (a)Outcrop of gneissic granite in Xiaosaishiteng mountain and (b)microphotograph of granite

3 SMT

T FAT B AL 1 2 N Y RRARAE 1 5 TP R AR T
SEFE ST LA - ICP - MS &5 47 U - Pb lj4E,

HF LA - ICP - MS #41 U — Pb il 4F 1) B 5
CREAR 405 D0018 — 1TW) . 45 47 114 40 1 76 JBR 17 15
b 5T 1 55 A RN ) 58 B A R AR R S O B AR
S HEAH 7 B 76 2% S 4 35 0 3 B AR A B A ) 58 B
U — Pb [al v 2 5 45 v [ 4 5 8 A J5) 75 28 Hb o o] 2
rhC [ B R A AR F R S R A R
Ao WOEH R Sk 75 E M-TeroLas 24 &) 4 7™ 1Y
Geol.as Pro, ICP-MS } % [E Agilent 2 &) 4 7= 1Y
Agilent 7700x, HOGR] i B bR A AE R
SN AMER LAY RE, —FfEHEA ICP Z i
Wt —A T B LR A . B A 18] 43 3 5 A7 B8
HAERA 10 s Z FE SR 40 s WFEMTE S . &

LA SR FAAR ME 55 47 91500 VB R bR ke & R f &
WiH & ot 2 & & K H Glitter (verd. 0, Macquarie
University) 2 /¥, 4F % 71 5 K 3% A1 &R Tsoplot
(ver3. ) 5Ef . #5A Lu— HE | M & A Nep-
tune B ZHICAE B F 1R I3 RN Geolas Pro 7Y 3%
3l 2R BRI A O vk 58 LAY DU R BE AR R 32
pn s BEATAT 6 ASFE LI A BT — R A A bR TfE G - 1
PER W45, AW SEE G — 1 A9 I R e B R
0.282030=£20(2SD) . X4 A 1 T 40X #% = BRI
Wit S H A ) 45 (2015) , 85 47 Lu - HE [ %
M3 7 FE ] 2 B Menget al. (2017),

AR ity A b R 27 0 7 v ) 9 A R Y 2
JE A ol SE i, E IR IR FeO B2k & AR EN
fh2F ik o B Ak, Hofh R SXA45 A X 56 6 5 % X
(XRE) ST iR 25 /N F 1% il s £ 0 &% R
FH SX50 A HLERFE G 55 B TR ORI (ICP — MS) il
ELREN S5U~10%.,



543

SHEA  SAL S NTRAT G L BOIRTE B o B 3R B LR AL 22 VB U - Pb ARAR22 Jr HE [l R4 225

4 Hras

4.1 #£ERU-PbEE

FH 85 A0 8 AR AR i Ry KSR B8 Sk i BT BEAE o
FEA I 7 RRRAE R B T BB A T, 28O K
AR DB AR B A Kl O R AR Dl 80 ~ 200
pmL BEA K TR 1~3, #5A Th & &K 59X10°

~573X107°, U 4k 226 X107 °~2 149X 10°°,
Th.UHEEAAREMEMIEEER. Th/U HEH
FE 0. 06~0. 52, 45 & B & 6 EHS FRAE (B 3) R
BAT AR R A R S AR E T 36 A
ARG R S A AT T U - Pb 43081, Horp 22
TR A7 IS ROHE (R D) 44 R I A 2 AR R N
(422.141.6)Ma(MSWD=0. 052) (& 4),ft #i%
FE S5 A I IR G AR

(422+4)Ma  (421+4)Ma

/,
d

(421 J_r4)i’

(423+£3)Ma 421+3)Ma (423£4)Ma (423+4)Ma 422+4)Ma (420+4)Ma

(421+4)Ma  (423+4)Ma  (422+4)Ma
<

(422J_r4!Ma 422+4)Ma  (422+4)Ma (422i4|Ma (422i4iMa (423+4:Ma

(423+4)Ma

(422+4)Ma

=
(423+4)Ma
@ 200 um

B3 FRRIESEHEARREELEE
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Tab. 2 Major elements(wt %) ,trace elements and REE(10~°)compositions of gneissic granite

[E iRz D0018 —1THX -1 D0018 —1THX -2 D0018 —1THX -3 D0018 - 1HX -4 D0018 —1HX -5 D0018 —1THX -6
SiO; 69. 02 70.61 70.5 69. 83 70. 68 71.1
TiO: 0. 49 0. 41 0. 34 0.42 0.3 0. 36
Al Oy 14.71 14.71 14.42 14.85 15.02 14. 11
Fe, O 1. 09 0.73 0.67 0.8 0.6 0.61
FeO 1.9 1. 57 1. 43 1. 66 1. 19 1.52
MnO 0. 05 0. 04 0.03 0. 04 0.03 0.03
MgO 1. 29 1.01 1. 09 1. 14 0. 82 1. 03
CaO 1.8 2.7 1. 37 1.78 2.49 1. 83
Na; O 3.21 2.85 2.96 3.89 2.8 3. 46
K. 0O 4.68 4. 28 5.98 4.35 5. 11 4.02
P, 0Os 0.13 0.09 0. 09 0.11 0.1 0.09
LOI 1.51 0.91 1.02 1.03 0.76 1.72

TOTAL 99. 88 99. 91 99.9 99.9 99.9 99. 88

0 2.39 1. 84 2.91 2.53 2.26 1. 99
A/CNK 1. 08 1.03 1. 04 1. 04 1. 02 1. 06
A/NK 1.42 1.58 1.27 1. 34 1.48 1. 40
Na; O+K;O 7.89 7.13 8. 94 8. 24 7.91 7.48
R1 2 322.48 2 660. 54 2 220. 40 2 221.12 2 495.12 2 541.62
R2 545. 15 627. 54 483.53 538. 31 601. 73 523.68
La 30. 4 24. 4 25.7 30. 6 42. 4 27
Ce 62.9 49. 8 53.1 61.2 87 53.5
Pr 8.08 6.15 6. 47 7.28 10. 8 6. 83
Nd 30 23 24 26.8 39.1 24.6
Sm 5. 74 4. 26 4. 38 4.85 6.8 4.72
Eu 1. 25 1.19 1. 14 1. 16 1. 44 1. 16
Gd 4.39 3.12 3. 24 3.51 4.72 3. 66
Tb 0. 606 0. 45 0.426 0. 456 0.621 0. 497
Dy 2.74 2.08 1.9 2.01 2.62 2.18
Ho 0.441 0.338 0. 307 0.325 0.416 0. 367
Er 1. 11 0. 826 0.713 0. 756 0. 946 0. 853
Tm 0. 145 0.109 0. 096 0.102 0.124 0.118
Yb 0.927 0. 641 0. 587 0. 588 0. 714 0.716
Lu 0.133 0. 086 0. 086 0. 09 0. 092 0.101
Ba 644 581 690 537 730 615
Rb 146 157 183 145 172 149
Sr 248 270 196 250 273 211
Co 3.85 3.45 2.78 3. 36 2.91 2.71
\Y% 40. 6 34.3 26 35.2 28.5 26
Cr 14.9 17 10. 4 13.2 13.6 12.1
Ni 3.6 3. 47 2.5 3.83 2.99 2.78
Nb 10. 8 8.79 7.86 9. 46 7.13 8. 77
Ta 0. 906 0.753 0.729 0. 862 0.65 0. 864
Zr 108 74.8 90. 8 108 86. 4 104
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gR2
RS D0018 —1THX -1 D0018 - 1HX -2 D0018 - 1THX -3 D0018 - 1HX -4 D0018 —1HX -5 D0018 -1HX -6
Hf 3.82 2.74 3.37 3.79 3.08 3. 84
Y 11.9 9. 28 7.81 8.63 10. 6 9.9
Cs 2.97 4. 66 4.62 3.35 4. 26 2. 36
Th 13. 4 11.2 11.1 11.7 17. 8 12. 2
U 1.1 0.777 1.49 1. 89 0.978 1. 33
Pb 35.6 33 37.9 31 39.9 31
Li 44. 7 25.2 26.9 23.9 22.8 29.3
Be 2.95 2.79 2.32 3.07 2. 81 2.57
Sc 8. 15 6.78 6.2 8.33 5.96 6. 95
Cu 17. 6 5.21 5. 44 10. 2 5.1 6. 95
Zn 81.6 65. 3 65 66. 6 50. 4 55.7
Ga 19. 8 21 20. 1 22.5 20. 4 20. 2
Ge 2.01 1. 34 1.55 1.1 1.22 1.53
> REE 160. 76 125.73 129. 96 148. 36 208. 39 136. 20
LREE 138. 37 108. 80 114.79 131. 89 187. 54 117. 81
HREE 22.39 16. 93 15.17 16. 47 20. 85 18. 39
LREE/HREE 6.18 6. 43 7.57 8. 01 8.99 6.41
SEu 0.73 0. 96 0. 89 0. 82 0.74 0. 82
(La/Yb)y 22.16 25.72 29.59 35. 17 40.13 25.48
(La/Sm)x 3.33 3.61 3. 69 3.97 3.92 3. 60
(Gd/Yb)n 3. 84 3. 94 4. 47 4.83 5. 36 4. 14
7 1 3.0
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Fig. 5 Major element diagram of gneissic granite
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element spider diagrams for gneissic granite
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W Tome A 1 814~2 214 Ma, F-H¥{H 2 2 030 Ma, 7E BLAEFE 2,05 Ga 0 {H 4 M1 1. 93 Ga [ 1§ {H
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Tab. 3 Zircon Hf isotope data of gneissic granite

WS T(Ma)  SY/UTHE  SLu/THE TS HE/TTHS 2 GOHITTHD e (0 1o Tome/Ma  fra
1 423 0.021 305 0. 000 588 0.282 195 0.000 028 0.282 19 —11. 29 0.99 2117 —0.98
2 421 0.027 609 0. 000 755 0.282 302 0. 000 025 0.282 30 —7.58 0. 86 1882 —0.98
5 423 0.034 701 0.000 913 0.282 333 0. 000 028 0.282 33 —6. 47 0.97 1814 —0.97
8 423 0.019 184 0. 000 509 0.282 150 0.000 019 0.282 15 —12.85 0.68 2214 —0.98
9 422 0.018 432 0. 000 502 0.282 283 0. 000 022 0.282 28 —8.15 0.78 1919 —0.98
10 420 0.025 679 0. 000 682 0.282 208 0. 000 021 0.282 20 —10.92 0.73 2091 —0.98
11 423 0.024 758 0. 000 670 0.282 229 0. 000 021 0.282 22 —10. 10 0.73 2042 —0.98
13 421 0.028 703 0. 000 774 0.282 224 0. 000 023 0.282 22 —10. 33 0.79 2055 —0.98
14 422 0.029 047 0. 000 758 0.282 188 0. 000 023 0.282 18 —11.61 0.79 2136 —0.98
15 421 0. 025 730 0. 000 723 0. 282 307 0.000 024 0.282 30 —7.41 0. 85 1872 —0.98
16 424 0.028 899 0. 000 825 0.282 224 0. 000 026 0.282 22 —10. 32 0.92 2057 —0.98
18 423 0.024 208 0. 000 665 0.282 162 0. 000 026 0.282 16 —12.49 0. 90 2192 —0.98
19 422 0.029 941 0. 000 800 0.282 223 0. 000 026 0.282 22 —10. 37 0. 90 2058 —0.98
20 422 0.037 911 0. 000 967 0.282 218 0.000 028 0.282 21 —10. 59 0.97 2072 —0.97
21 423 0.029 372 0. 000 797 0.282 211 0.000 023 0.282 20 —10.77 0. 82 2084 —0.98
22 422 0. 029 280 0. 000 792 0.282 284 0. 000 028 0.282 28 —8.22 0.97 1923 —0.98
24 422 0.042 710 0.001 172 0. 282 285 0.000 023 0.282 28 —8.29 0. 80 1927 —0.96
25 422 0.033 632 0. 000 865 0.282 168 0. 000 029 0.282 16 —12.33 1. 00 2181 —0.97
27 422 0.012 065 0. 000 305 0.282 231 0.000 023 0.282 23 —9.96 0. 82 2033 —0.99
28 422 0. 033 260 0. 000 872 0. 282 245 0. 000 022 0.282 24 —9.61 0.77 2011 —0.97
29 423 0.039 764 0.001 064 0.282 251 0. 000 025 0.282 24 —9.43 0. 87 2000 —0.97
30 423 0.024 095 0. 000 662 0. 282 255 0.000 021 0.282 25 —9.17 0.74 1984 —0.98
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Fig. 8 Plots of zircon U - Pb age versus e (1) of gneissic granite and the Spectrum histogram of

two-stages model age(Tpy,) for zircon Hf
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Bt 45, 2016 5 X1 —FR A5, 20185 i B, 2019 3 BE 525k
84,2020 YT/ 55, 2020) 5 55 MG R B — LR
Fe T (420~473 Ma) . 75 58 b 4 & M Y A 73 A R PR
Sy il i 48 A T TR 8% T) Al 8 AR B (R AR A
2004,2007 5 J5 K FE 25, 2007 ; 5 481 F . 20085 4 /) 15
45 2010,2013,2016; 4 /N HE, 2011 5 J&] B2 45, 2013,
2014,2019; R Ha55, 2014 ; |y 4+ 4 45, 20155 5K 3 i
5,2015 s BRHEBEEE . 2016 s PMEEFN AN AR 52, 2017 5 f5F 2
AL 20185 5K 4 W45, 2019 5 £ F 1N 45, 20205 5 i
20205 4 Pl &, 20205 % B4 Jp 4F, 20205 VI /N 98 A%,
20200 ; 55 = W1 F e #E t—m AR B fH (389 ~ 416
Ma) , &8 > Fl 583K R Ll M X 70 A 88 2 5 5006 o Al B e
BIIFITIR A R (CRA KA ,2004,2007,2014 5 R,
20085 JE AR %, 2015 ; BRI 06 45, 20165 £ K&, 2017;
KRS 4, 2018 B /NJL A5, 20195 & B, 20205 & B
85,2020) 5 55 4 91 5L A7 e the— b g 4 (338 ~ 383
Ma) , B Bl 1 (R ARk 45,2004, 2007, 2014 5 52 4
F,2008 s X A HE, 2011 5 B B T 55, 20135 5K 4 £ 4%,
2016 5 /= ®CBE A5, 20185 HE G A& 45, 20185 A7 1H 2 4%,

2018 1 £ 445, 2019 5 i 4245, 20205 L EHE,
2020 10,2020 L4, 2020) s S A B — M — &
tH(251~271 Ma) A i A AL L 1X, 5566 Y
I wh A 56 (R BF . 20085 8% &5 e, 2011 5 2 4 7 45,
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2017; 5 - FH 45, 2018; & 7 B 4%, 2019; B L 4%,
2020) , 3@ 3% H B AU S SR, 5 Wu et
al. (2018) /Y 5 M1 Ay R 43 (@ B B2 Fig 465 ~
473 Ma; @ & B9 tH—B 8 B it 423 ~ 446 Ma; Q) B
AR YAt 391~413 Ma; QMg #5372~
383 Ma; @B =&l B4 240~271 Ma) 7£ K A
J5 TH AR AW A

AR YR 5 BN R AT LU R RROIR AE B A AR i S TR
B B & R A B i il L R LA - ICP -
MS #5417 U - Pb 4 J5 15 458 T (422. 141, 6)Ma
(n=22,MSWD=0.052) i§°°° Pb/** U I £ 4 4F
W, b7 S G A8 b BE A TR 5 — 0.

5.2 BARERX

Fr IR AE B A 1 SO, & B, O 70,16 6 ~
72.43% ,A/CNK i 1. 02 ~1. 08, 7 B & 5 v fil
KEAE B 25 1 o Jry 38 RHE A SR AR L HE T L 5 S AR X
o MR LG Hh 08 B o AL B T 2k W B AT LLR
L B KRB FEAITE Rb M E 4, Sr.Ba 54,
Yot R Th U X &% Nb. Ti 54, H Ti 5
P X 5 B S o A R AR AR R B A AT
ek A Lsed R,

BB Ra R LR I R 2 4152 B S W)
iR AR MR R N Lu A B A . L Al 3545 v 1
(9 H [ 067 3R 20 B PRI A 1Y e CO B AT DAAR R 485
AT BB HE [/ 47 £ 41 % (Griffin et al. , 2000;
Andersen T, 2005;%8 H &R ,2008) , 7E AR &
A ens (OEI/NF 0, R YIRS S TIEH
Bk . AR HI BRI Ton ORI A A £
VAR NP YN (7 -3 5 NG il 5 S N e v 8
Tom: 2 1814~2 214 Ma, EH{H J& 2 029 Ma, it i
KFEME A U-PbF#E 422, 1Ma, Ui HIFE X P
A T on i AT B e Y TR A

g4 RS MR AL 2 s A HE R R 45
BT s 51 TS UE Y 28 b 2k 4 1 4 b oty A AR B
PR 2 ool A B (R AR5, 2008, 2014) AR
=,
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5.3 2AKHEA

ANFEAT I L RCIR AE B TE I v 1 R L R B
FAEE B B T B e MgO L Fe, O, . TiO, 5
Si0, A B & B AR & (& 6a~ & 600, B I HE 5 3¢
HACR R R R A T LA N A o E BT ) 55
BEAEN . Sr/Y 5 SiO, B R 3k 1E AR e (&
6)  HERR T M ER fb 24 5 AE 8 5 3 4 K Y T fig
M. Sr 5 SiO, Ltk X R A B (K 6e), 455 IR
i A AL IR i ST R Wk 18 Ba Sr 5, 5 Eu

(a)
100 f
o A
<
9
e)
= BT A 5 5
+
Q 10f
S o)
3
(@]
KAOMM, 1, ST
R |
100 1000
Zr+Nb+Ce+Y
10

() B0 S B AE T N, 48 78 T Rl B R A
ST ESEE AR AT RE R 7 IR W B BB A Rl e
(Harris et al. ,1992),

ANTEAT I LI AE B A T T v B e 55 0 R
FiAA . EwotER PO, SRE SiO, 7 &3 i
I /b, SR I Y R PR (18] 6d) s A/CNK {3/ T
1. HA®KE R SiO, ,FeO" il K,O+ Na,O & &, 7F
(K;O+Na,0)/CaO— (Zr +Nb+Ce+Y) & i (|4
10) HoRE SR I8 FE R 3 1 ML TLS BUE i< 5 X3

(b)
100 F
A
o
on
=
2
=~ 10F FG
oat
1 . .
100 1000
Zr+Nb+Ce+Y

(a) F R R B (K, 0+ Na,0)/CaO— (Zr+Nb+Ce+Y) 5 (b) (FeO" /MgO) — (Zr+Nb+Ce+Y)

¥ 31 E #% (#£ Whalen et al. ,1987)

Fig. 10

(a)Discrimination diagrams of (K, O+ Na; Q) /CaO— (Zr+Nb+Ce+Y) and

(b) (FeO" /MgO) — (Zr+Nb+Ce+Y) for gneissic granite

AR H 7 E 45 (2006) & F Sr.Yb 4328, AT LLE
L ZRE G B TR Sr(196 X 10 ¢ ~273 X 10 %) ik
Ybh(0.59X 10 ©~0.93X10 )%, 2 + 5 4., 0
B 1 Eu S, 06 fw B0 2080 40 AT B R AE
B 1 e 7R BB 40 AR LY

Watson and Harrison(1983) 3@ 1< i B 4 750 ~
1 020°C N 1Y 7K FAGR B0 A5t A A0 7 A 88 T 88 RO 4R
FEILE AWM KR X InDyiconme = { — 3.8 —
[0.85(M—1) 1} +12900/ T, HH Dysvconmer N Zr [
SECREL.T W4XTIRE .4 Si+ Al+Fe+Mg+Ca
FNa+K+-P=1(&EF2E . 25 5 0S5
M= (2Ca+K-+Na) /(AL X Si) .} ik kR
WA R E R R : T, =12 900/[2. 95+0.85M+1In
(49 600/ Zrma) 1,4l Zr (& &K 4960 000X 10°°,
T 1A Ze S AR A Zr F . MR A S
FEG I FRITEM Zr M ERGR D 288 A AR

FEAT 721°C ~752°C 34948 R 739°C (55 4) L IR 4L
IKART A BUAE 2 19 TE B (850°C ~950°C) (Wu
et al. ,2002) , BEWIIZAL K 5 TE A AR A iR
o5y BT o s alom . [RIEE S B A HE R AR e
(DN —6.47~—12.85, ¥ N fifd . Al DL — 25
ZAE B R R T AR S IS ) BT SR

x4 FRREXNEEABMEETELERK
Tab. 4 The Results of zircon saturated temperatures

for gneissic granite

TR Dz. M In(Dz) Tz CC)
D0018 - 1THX -1 4592.6 1. 40 8. 43 752
D0018 —1THX -2 6 631 1. 44 8. 80 721
D0018 -~1HX -3 6 631 1. 44 8. 80 736
D0018 -1HX -4 4592.6 1. 47 8. 43 748
D0018 -1HX -5 5740 1. 46 8. 66 731
D0018 - 1HX -6 4769 1. 40 8. 47 750
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