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Geochronology, geochemistry and significance of the metabasic volcanic
rocks in Tuomoerrite area, North Qaidam
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Abstract: Tuomoerrite ophiolitic mélange is located in the eastern segment of the northern margin of Qaidam terra-
ne. This paper presents a systematic geochronological and petrogeochemical study of the meta-basaltic rocks in the
ophiolite mélange. The metabasalts have whole-rock SiO, contents of 47. 78% ~50. 01%, MgO contents of 4. 52% ~
9.36%, "FeO contents of 8. 00% ~ 14. 94%, K,O contents of 0. 04% ~ 0. 80%, and Na,O contents of 1. 02% ~
4.20%, resembling those features of tholeiitic magma. They show slightly depletion in LREE, enrichment in LILE
and LREE, and depletion in HFSE, similar to the patterns of arc-related volcanic rocks. These features collectively
suggest a back-arc setting for the meta-basalts. The zircon U-Pb age of these metabasalts determined by LA-ICP-MS
is 480. 1x1. 8 Ma, suggesting that the expansion time of the back-arc basin in this area should be around 480 Ma,
and the oceanic slab subduction occurred in Early Ordovician.
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Fig. 1 Schematic diagram of division of tectonic units (a) and geological sketch (b) of ophiolite mélange belt in Tuomoerrite-Saibagou
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A3 RN 19—BERE A5 20—RAFE(LE

1—alluvial of Holocene; 2—diluvial of Holocene; 3—Youshashan Formation of Miocene ; 4—Maoniushan Formation of Late Devonian; 5—metamor-

phic pyroclasts member in metamorphic volcanic-clastic group of Tanjianshan Group; 6—clasolite member in metamorphic volcanic-clastic group of
Tanjianshan Group; 7—siliceous rock member of Tanjianshan Group; 8—serpentinite; 9—gabbro; 10—hornblende schist; 11—metamorphic andes-
ite; 12—hornblende schist; 13—metamorphism siltstone; 14—metasandstone; 15—tonalite of Middle Ordovician; 16—porphyritic syenogranite of
Early Silurian; 17—monzongranite of Early Silurian; 18—quartz monzodiorite of Early Silurian; 19—mylonite; 20—sampling location
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Fig. 2 Metamorphic basic volcanic rocks and microscopic photos (crossed nicols) from Tuomoerrite-Saibagou ophiolite mélange belt
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a—chlorite schist; b, ¢—hornblende schist; d—the hornblendes are arranged in orientation; e—hornblende and plagioclase are arranged in

orientation; f—hornblende is etched into chlorite and sericite; Qtz—quartz; Pl—plagioclase; Hbl—hornblende; Chl—chlorite; Ser—sericite;

Ep—epidote
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Fig. 3 Cathodoluminescence images of zircons from

50 pm

meta-basalt from Saibagou area
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Fig. 4 U-Pb concordia diagram of zircons in
meta-basalt from Tuomoerrite-Saibagou area
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35 45 55 65 75 Na.0+K-0 MgO
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Bl 5 FERUR HAF-SENA M SR ACE T KL TAS B (a, 8 Le Maitre %, 1989) X" FeO-ALK-MgO [ fi#t
(b, ¥ Trving and Baragar, 1971)
Fig. 5 TAS diagram(a, after Le Maitre et al. , 1989) and 'FeO—ALK-MgO diagram(b, after Irving and Baragar, 1971)

of meta-volcanics from Tuomoerrite-Saibagou ophiolite mélange belt
PRI Ul—Xs X U2—Ma Bl X US—BR XK Imis ; Ph—ie s SI—HI X il ; S2— XMl s s S3—HL%;
T A ML ; R—RACE ; Pe—W M XA, B—X A O1—XE IS 02— 21N, 03—
F—ifoidite; Ul—Dbasanite-tephrite; U2—phonotephrite; U3—tephriphonolite; Ph—phonolite; S1—trachybasalt; S2—basaltic trachyandesite ;

S3—trachyandesite ; T—trachyte, trachydacite; R—rhyolite; Pc—picrobasalt; B—Dbasalt; Ol—Dbassaltic andesite; 02—andesite; 03—dacite

(41 Rb Ba U), JUHIZEI %5 Y Rb U Ta (95
HIRE] TRIEAHEAE R 1 000 f5LA 1, T E ot
Z HFSE( 4 Nb . Ta . Th Zr Hf P Ti), BEA %K B
MORB BU/HRHIE A IR iy BREE I 1A 5 9K KL 2
HERIE AR IE 1A A F Bon R B AR R,
HERERBRER L TREA TR, A Eu 78
(E6),

FELLR HREPE TKOO6 )1 1 1) 2 P4 St AH X &
% Rb U, THICE Nb; #i+ Gt Y REE=74.4x10"°

~79.2x10°, BEM L ITCRIEAANIME, (La/Yb) =
0.89~1.37, FLH/R H4FA TKO09 i 1fi_F () 2 4R
AHXT & 4E Ba U . Sr Hf, 741 Rb Nb; it & X REE
=52.6%x10° ~66.9x10°; TK009-10 5 5 #% 1wk 5 4
Btk , BARM o B, W5 N-MORB [
FEf, AR PMO12 T LAY 4 {44 b A X & 4R
Rb .Ba .U Sr, B 54 Nb Zr Ti; #i 0K B2k
K, YREE=46.1x10°~118.7x10°°, ¥} 83. 6x
10°; (La/Yb)=1.03~1.54,
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3 HERBE-FIARSZREEEFTNLENEE (w,/ %) RIBE(w,/107°) TESE

Table 3 Major element(w,/ %) and trace element(w,/10"°) compositions of meta-volcanics from Tuomoerrite-Saibagou

ophiolitie mélange belt

(e a5 TK009-4 TK009-10 TKO006-16 TK006-18 H6/PM12 H18/PMO12 H23/PM012 H36/PMO012
AOAF RKANERR A RIANE A8ANRE A3ANRE BERAsRA S SHRANAS SRANAS ZXH
Si0, 49.78 49.21 49.79 48.59 47.78 49.12 49.49 50.01
TiO, 1.17 0.91 1.30 1. 44 1.08 1.13 0.53 1.09
Al O, 12.31 14.15 14.35 13.14 13. 11 13.16 15.65 12. 81
FeO 7.88 9.11 7.85 10. 45 7.26 8.57 5.52 7.46
Fe, 0,4 4.07 2.43 3.65 4.49 4.85 2.64 2.48 4.19
MnO 0.22 0.24 0.19 0.23 0.18 0.22 0.15 0.20
MgO 6. 86 8.41 4.52 6.23 6.67 6. 65 9.36 6.42
CaO 10.12 8.86 10. 69 9. 66 10.92 10. 80 11.02 9.83
Na, O 2.51 2.85 4.20 2.34 2.93 2.72 1.63 1.02
K,0 0.05 0.09 0.24 0.17 0.23 0.22 0.80 0.04
P,05 0.11 0. 06 0.12 0.15 0.16 0.13 0. 06 0.14
H,0" 2.14 2.11 1.12 2.19 1.85 1.45 1.78 5.23
H,0” 0.10 0.08 0.05 0.16 0.39 0.30 0.19 0.46
CO, 2.42 1. 06 1.69 0.55 2.31 2.20 0.73 0.23
Ni 65.00 93. 60 52.10 59.30 70.90 69. 60 6.12 56.40
Ga 12.00 10. 00 11. 60 14.20 15.80 11.30 8.56 10. 10
Sr 181. 00 96. 80 163. 00 149. 00 498. 00 168. 00 213.00 351.00
Bi 0.03 0.03 0.22 0.03 0.26 0. 05 0.03 0. 04
Th 0.35 0.57 0.87 0.37 0.62 0.71 0.50 0. 64
U 0.16 0.25 0.43 0.22 0.55 0.51 0.44 0.51
Rb 0.54 2.00 5.39 10. 80 14.30 7.03 38.80 4.36
Cs 0.52 1.83 1.70 0.99 3.13 1.06 1.39 0. 60
Nb 3.65 1.97 5.48 4.44 3.85 3.34 2.32 4.67
Ta 0.27 0.20 0.50 0.45 0.33 0.26 0.18 0.34
Hf 3.34 2.49 2.65 2.54 2.81 1.68 1.56 2.08
Zr 80. 20 50. 80 88.30 87.70 66. 60 54.80 29.20 68.70
Ba 120. 00 59.00 92.80 100. 00 310. 00 133. 00 307. 00 43.90
Cr 99.30 220. 00 55.10 74. 40 188. 00 134. 00 458.00 68. 60
v 320. 00 294. 00 323.00 428.00 346. 00 373.00 12.10 372.00
La 3.71 2.56 5.17 3.94 6.23 4.29 3.75 7.30
Ce 9. 66 5.60 13. 10 10.90 16. 20 11.30 8.52 19.00
Pr 1.50 0.93 1.95 1.75 2.48 1.73 1.19 2.90
Nd 8.80 5.77 10. 10 9.52 13. 60 9.47 5.80 15.30
Sm 2.63 1.87 2.65 2.86 4.45 3.15 1.73 4.93
Eu 0.97 0.70 0.99 1.15 1.47 1.11 0. 66 1.70
Gd 3.64 3.00 3.82 4.37 5.05 3.95 2.33 6.10
Th 0.67 0.57 0. 69 0. 81 0.90 0.72 0.40 1.13
Dy 4.71 3.72 4.51 5.62 6.15 4.90 2.78 7.76
Ho 0.93 0.87 0. 89 1.11 1.31 1.04 0.58 1.67
Er 2.77 2.54 2.70 3.31 3.65 2.98 1.72 4.73
Tm 0.42 0.42 0.43 0.54 0.54 0.45 0.26 0.73
Yb 2.60 2.67 2.70 3.18 3.50 2.98 1.75 4.70
Lu 0.36 0.36 0.38 0.44 0.49 0.43 0.28 0. 67
Y 23.50 21.00 24.30 29.70 30. 10 25.00 14.30 40.10

> REE 66.9 52.6 74.4 79.2 96. 1 73.5 46.1 118.7
(La/Yb) g 1.02 0.69 0.89 1.37 1.28 1.03 1.54 1.11
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Fig. 6 Primitive mantle-normalized trace element spider diagrams and chondrite-normalized REE patterns of bimodal volcanics

in the Tuomoerrite-Saibagou ophiolite mélange belt( normalization values after Sun and McDonough, 1989)
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5.1 FEEER

JE1:5 JTFEHIR HRR I X R 445 (75 96 s
FEIAEIFTEE, 1998) @I TR 4 AR I A B4 46 b
Rl sE AN T R AL R, IF R4S Rb-Sr A
RAFIRE ] 44722 Ma, ZE PR RHE AL )75 2
MEALGER T 37 km®, 2 RAMIE R BUAE T2t
W R v, 5 LR I S A 2 TR 2 A P I R TR
A TE PR B AR T RAE I 58 @R TR) S0 ) v o
RHCAE R A T RIE 2B SO 0 Tl i i iR 24
W, BERMCRE A TR S b (2 L5E, 2005,
G A, 20145 T KFHAE, 2015)  If HARKRTEZ
EWRATEIT KEWAKIRGERMRE, If
WAL 5 LA-ICP-MS %54 U-Pb 4E 8 463. 2+
1.9 Ma( B3R, 73CRR), B, R
Pz KA A AT WA, Z7% E bR PHRETE

RAGRN 3T %, MERERINK AR NG,
IF B A R A 2= RRAE 5 Bl 2 A 1<) 25 38 AR AL
A/IEEAE (2015) EERTHESR H Rpi s gy v i
HIFE T R RAEAZEIE Y, KA ) LA-ICP-MS
B4 U-Pb 480 480+1 Ma, ASUKARAS By MR TR %
el NI 1 XA 2 A LA-ICP-MS #5 47 U-Pb
AEIA R 480. 1+1. 8 Ma, FEEE/R H R -FE MG g LR 7
WK S 52 L RA W ES A U-Pb AR IR R 2 480
Ma, BREFEMIAIE LA T BT B Rt
5.2 MNEIE

ARV E 3 R H A9 R S5 L T A i A R g e
JE9 b AR TR K AR R JB o v e BT < R IR A
T, AN AR BT DURRT 51 Hh B K B D 5
I ZRBRAT ), IR 7 £ B2 ) W OB B T 1K
FREFREE, IR AR R T A A BRI DU Y (7 i M
T P AR AT SERE, 1998) @ M EFUA AT T A A
HiBRAL A9, (Fe+Mn)/Ti REE Fe/Ti MnO/TiO,
S M ERAL 2R T bR o T H A BOKTUR B | IFRIT

HIFHUT P A G BE. 1998, HiEA 1:50 000 FLEL/R H HREIR (J47E020010) K H 4% 35 IR (J47£020011 ) DS 5 8 2 2 15
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R R, MEITR BA B A 8L T
i+ o0 R W B A 7 B LA (N-MORB) $# 1
([ 6), TEXIRA Ti/100-Zr-3 Y .2 Nb—Zr/4-Y FI
Ti0,~10 MnO-10 P,0, 43t P45 50 51l ffe b, A2

PE LA R i 38 4 7 B IR BE % 1R 3 L ([
7). HMBRFEPH LR AL, HEEERE
FHEAICE LILE(Q1 Rb Ba U), THEZBICE
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WEAIRHIE, SRR 5 1% Rb U\ Ta Y &
SKE T WG HE M 19 1 000 45 L) F o X FhEEA 0
Pl MORB 153431k AT I ity BRBEIE B i) 5 oIk 1L
FHERAL AR A A A, BRI 2 RS
TR K AU #h 2R E ( BABB) ik
A (Xu et al., 2003; K/, 2014 ; #7155,
2016) . T HswLrA 4 h e 8CE MEAE R
ONEKA SRS A B AR, hEAFE
BEHBICKIA R RER S, 5 Pearce 55 (1984) fll
Dilek %5 (2003 ) %] 43 O RF s 8 ( SSZ) g & 5 A ik Ak
AR5, FEEUR B AR A VT AR ALY T IR A A A
AL b SIS PLak s (I 8) , HIARREIC
FLEGEAM L 5 B Z W PFA M EIER 24, —
F Z AN AE Bty N AE A SR VDI — 3 24—y, ol
{0 F VAR ITE R MORB Bl agt it O 2R T

Ti/100 2Nb ; TiO,
& ] ® TEONRY b O H36/PMO12 = :
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10 P,04 Pl (¢)
Fig. 7 Ti/100-Zr-3 Y diagram(a) .2 Nb-Zr/4-Y diagram(b)and TiO,-10 MnO-10 P,0; diagram( ¢) for metabasic volcanic
rocks from Tuomoerrite-Saibagou ophiolite mélange belt

a—Ti/100-Zr-3 Y [Ef# (¥ Pearce and Cann, 1973) . A—SIRFIBE X il ; B—ShiBE & sl B0kt Z A Fl MORB; C—H508 1 % ik

Hy D—RNZ A b—2 Nb-Zr/4-Y [Efif (§ Meschede, 1986) : A I —AR N BEPEZ B0A s A TT—H A B 2504 RR N7 BE 2 i

B—E-MORB; C—HuAHIFER 2 A Ak LK E A ; D—N-MORB KUK E R A ; ¢—Ti0, - 10 MnO-10 P,05 K f# (4% Mullen, 1983) .

MORB— P LA OIT—i By P BE X BE sl IR RE X R 5 OIA—VE B Bt 2 A A L il X i, CAB— R IS Bl X il

TAT—E T BE 2 A

a—the illustration of Ti/100-Zr-3 Y (after Pearce and Cann, 1973) ; A—island arc tholeiite; B—island arc tholeiite, calc-alkalic basalt and MORB;

C—calc-alkalic basalt; D—intraplate basalt; b—the illustration of 2 Nb=Z1/4=Y (after Meschede, 1986) : Al— intraplate alkali basalt; All—intraplate

alkali basalt and intraplate tholeiite; B—E-MORB; C—intraplate tholeiite and igneous basalt; D—N-MORB and island arc basalt; c—the illustration
of TiO, =10 MnO-10 P,0;( after Mullen, 1983) : MORB—mid-ocean ridge basalt; OIT—ocean island tholeiite; OIA— ocean island alkali basalt;

CAB—island arc calc-alkalic basalt; IAT—island arc tholeiite



TR SRACSATER H AR DB K A AR

b BRAL 2 RRAE K b 5 501

coy, R
i BABB 480 Ma

JEAE 5 0

AR

SR AT

K8 BB HAESI/R H AR DX R i i i A &
Fig. 8 The tectonic pattern of Tomoerrite in the Early
Ordovician
BABB—II5 # X il s e O, —MEAl A8 A 4
e OT,— ] LLAEAZ KL~ 5 S R A By Si—REUS
BABB—basalt of backare basin; e OT, —metamorphic pyroclasts
group of Tanjianshan group; & OT,—metamorphic volcanic-clastic

group of Tanjianshan group; Si—siliceous rock

FERUR H -8 b X AF Z R A UG 25
M B 2 I sk AL A AR QSR T R AR A
Fili e it AR U 2 b ik A A G S, R
TG B R g S 0 2 B 43 o DS S8 20074 Hh [X
ARFENE KL LA-ICP-MS 45 41 U-Pb 4F#4 480. 1+
1.8 Ma, HIE B BB AT G52 I e 4
W aa 0 st ) BT 480 Ma,

g Aot B AE A R ERFAE PO
FIF R ARG H T AR TAR)F L LA-ICP-
MS 4% U-Pb M P 32409 % 8h, R LT TP S
¥ &M R IAE R B ER A PO RBETHIRA S
IAHEERRAE R IR HIRAH AR A AT
S BTt R TR,

References

Bevins R E, Kokelaar B P and Dunkley P N. 1984. Petrology and geo-
chemistry of lower to middle Ordovician igneous rocks in Wales: A
volcanic arc to marginal basin transition[ J]. Proceedings of the Geol-
ogists Association, 95 337~347.

Dilek Y and Robinson P T. 2003. Ophiolite in earth history; Introduction
[J]. Geological Society London Special Publications, 218(1); 1~8.

Gai Yongsheng, Liu Liang, Kang Lei, et al. 2015. The origin and geo-
logic significance of plagiogranite in ophiolite belt at North Altyn Tagh
[J]. Acta Petrologica Sinica, 31(9) ; 2 549~2 565(in Chinese with
English abstract).

Han Yingshan and Peng Chen. 2000. Geological characteristics of Tuo-

muoerrite ophilite mélange belt and its tectonic significance [ J ].
Qinghai Geology, 1: 18~25(in Chinese with English abstract).

Hu Peiyuan, Li Cai, Wu Yanwang, et al. 2014. The Silurian Tethyan
Ocean in central Qiangtang, northern Tibet: Constraints from ziron U-
Pb ages of plagiogranites within the Taoxinghu ophiolite[ J]. Geolog-
ical Bulletin of China, 33(11); 1 651~1 661(in Chinese with Eng-
lish abstract) .

Irvine N T and Baragar W R A. 1971. A guide to the chemical classifica-
tion of the common volcanic rocks[ J]. Canadian Journal of Earth Sci-
ences, 8(5): 523~548.

Le Maitre R W B, Dudek P, Keller A, et al. 1989. A Classification of
Igneous Rocks and Glossary of Terms: Recommendations of the Inter-
national Union[ M]. Blackwell Scientific.

LiuY S, Gao S, HuZ C, et al. 2010. Continental and oceanic crust re-
cycling-induced melt-peridotite interactions in the Trans North China
Orogen; U-Pb dating, Hf isotopes and trace elements in zircons from
mantle xenoliths[ J]. Journal of Petrology, 51; 537~571.

Ludwig K R. 2003. User’ s manual for Isoplot/EX, Version3.00. Ageo-
chronological toolkit for Microsoft excel[ J]. Berkeley Geochronology
Center Special Publication, 4; 1~70.

Meschede M. 1986. A method of discriminating between different types of
mid-ocean ridge basalts and continental tholeiites with the Nb-Zr-Y
diagram[ J]. Chemical Geology, 56(3~4) . 207~218.

Mullen E D. 1983. MnO-TiO,-P,05: A minor element discriminant for
basaltic rocks of oceanic environments and its implications for petro-
genesis[ J]. Earth and Planetary Science Letters, 62(10) ; 53~62.

Pan Guitang, Xiao Qinghui, Lu Songnian, et al. 2009. Subdivision of
tectonic units in China[ J]. Geology in China, 36(1): 1~28(in
Chinese with English abstract).

Pearce J A and Cann J R. 1973. Tectonic setting of basic volcanic rocks
determined using trace element analyses[ J]. Earth and Planetary Sci-
ence Letters, 19(2): 290~300.

Pearce J A, Lippard S J and Roberts S. 1984. Characteristics and tecton-
ic significance of supra-subduction zone ophiolites| A]. Kokelaar B P
and Howells M F. Marginal Basin Geology[ C]. Geological Society of
London Special Publication 16: London, Blackwell Scientific Publi-
cations, 77~94.

Shi Rendeng. 2005. Comment on the progress in and problems on the
ophiolite study[ J]. Geological Review, 51(6): 681 ~693 (in Chi-
nese with English abstract) .

Song Shuguang, Zhang Cong, Li Xianhua, et al. 2011. HP/UHP meta-
morphic time of eclogite in the Xitieshan terrane, North Qaidam UH-

PM belt, NW China[ J]. Acta Petrologica Sinica, 27(4); 1 191~



502 F=

fi 9

41 3

1 197(in Chinese with English abstract).

Song S G, Zhang L F, Niu Y L, et al. 2006. Evolution from oceanic sub-
duction to continental collision: A case study of the Northern Tibetan
Plateau inferred from geochemical and geochronological data [ J].
Journal of Petrology, 47 435~455.

Sun Lixin, Zhang Jiahui, Ren Bangfang, et al. 2017. Geochemical char-
acteristics and U-Pb age of Baiyunshan ophiolite mélange in the Beis-
han orogenic belt and their geological implications[ J]. Acta Petrolog-
ica et Mineralogica, 36(2) : 131~ 147 (in Chinese with English ab-
stract) .

Sun S S and McDonough W F. 1989. Chemical and isotopic systematics of
oceanic basalts: Implications for mantle composition and processes
[J]. Geological Society London Special Publications, 42(1); 313~
345.

Sun Yangui, Hao Weijie, Han Yingshan, et al. 2000. Characteristics of
the Tomorit ophiolite-like assemblage in the eastern sector of the
northern margin of the Qaidam basin[ J]. Regional Geology of China,
19(3) : 258 ~264(in Chinese with English abstract).

Wang Chengshan, Li Yalin, Liu Zhifei, et al. 2005. Yarlung-Zangho
ophiolites revisited: From geological survey to mineral records | J].
Acta Geologica Sinica, 79(3): 323 ~330(in Chinese with English
abstract) .

Wang Huichu, Lu Songnian, Yuan Guibang, et al. 2003. Tectonic set-
ting and age of the “Tanjianshan Group” on the northern margin of
the Qaidam basin[ J]. Geological Bulletin of China, 22(7) ; 487 ~
493 (in Chinese with English abstract).

Xia Lingi, Li Xiangmin, Yu Jiyuan, et al. 2016. Mid-Late Neoproterozo-
ic to early Paleozoic volcanism and tectonic evolution of the Qilian
mountain| J]. Geology in China, 43(4): 1 087~1 138 (in Chinese
with English abstract) .

Xu J F, Castillo P R, Chen F R, et al. 2003. Geochemistry of Late Pale-
ozoic mafic igneous rocks from the Kuerti area, Xinjiang, Northwest
China; Implication for back-arc mantle evolution[ J]. Chemical Geol-
ogy, 193(1~2): 137~154.

Xu Xueyi, Ma Zhongping, Xia Lingi, et al. 2005. SHRIMP dating of
plagiogranite from Bayingou ophiolite in the northern Tianshan
mountains[ J ]. Geological Review, 51(5): 523 ~ 527 (in Chinese
with English abstract) .

XuZQ, Yang J S, Wu C L, et al. 2006. Timing and mechanism of for-
mation and exhumation of the Northern Qaidam ultrahigh-pressure
metamorphic belt[ J]. Journal of Asian Earth Sciences, 28: 160 ~
173.

Yang Jing, Wang Jinrong, Zhang Qi, et al. 2016. Back-arc basin basalt

(BABB) data mining; Comparison with MORB and TAB[J]. Ad-
vances in Earth Science, 31(1): 66 ~77 (in Chinese with English
abstract) .

Yang Jingsui, Song Shuguang, Xu Zhiqin, et al. 2001. Discovery of
coesite in the North Qaidam early Paleozoic ultrahigh-high pressure
(UHP-HP) metamorphic belt, NW Chinal[ J]. Acta Geologica Sini-
ca, 75(2): 175~179(in Chinese with English abstract).

Yang J S, Xu Z Q, Song S G, et al. 2002. Subduction of continental
crust in the early palaeozoic North Qaidam ultrahigh-pressure meta-
morphic belt, NW China; Evidence from the discovery of coesite in
the belt[ J]. Acta Geologica Sinica-English Edition, 76 63 ~68.

Zhang Guibin, Song Shuguang, Zhang Lifei, et al. 2005. Ophiolite-type
mantle peridotite from Shaliuhe, North Qaidam UHPM belt, NW Chi-
na and its tectonic implications[ J]. Acta Petrologica Sinica, 21(4) :
1 049~1 058(in Chinese with English abstract).

Zhang G B, Song S G, Zhang L ', et al. 2008. The subducted oceanic
crust within continental-type UPH metamorphic belt in the North Qai-
dam, NW China: Evidence from petrology, geochemistry and geo-
chronology[ J]. Lithos, 104; 99~108.

Zhang Guibin, Zhang Lifei and Song Shuguang. 2012. An overview of the
tectonic evolution of North Qaidam UHPM belt: From oceanic subduc-
tion to continental collision[ J]. Geological Journal of China Universi-
ties, 18(1); 28~40(in Chinese with English abstract).

Zhang ] X, Mattinson G G, Meng F C, et al. 2009. U-Pb geochronology
of paragneissses and metabasite in the Xitieshan area, north Qaidam
Mountains, western China; Constraints on the exhumation of HP/
UHP metamorphic rocks [ J]. Journal of Asian Earth Sciences, 35:
245~258.

Zhu Xiaohui, Chen Danling, Liu Liang, et al. 2014. Geochronology, ge-
ochemistry and significance of the Early Paleozoic back-arc type ophi-
olite in Lvliangshan area, North Qaidam[ J]. Acta Petrologica Sini-
ca, 30(3): 822~834(in Chinese with English abstract).

Zhu Xiaohui, Chen Danling, Wang Chao, et al. 2015. Geochronology,
geochemistry and significance of the Early Paleozoic back-arc type
ophiolite in Lvliangshan area, North Qaidam[ J]. Acta Petrologica

Sinica, 89(2): 234~251(in Chinese with English abstract) .
Bt FR 325 2 3Lk
wAaT, xR, B &, % 2015, PR &SR A A 1 AN

AEbA A I B B b R B L[ 1], A AR, 31(9): 2 549~
2 565.



53 4

TIRORAE . SRACGATEUR H AR DBV K LS AR | BRI 2 R St R X 503

BEYEE, B IR 2000. FTEEIR H RIS SRR A SR AE B A
BE(J]. T, 1. 18~25.

WA, 22 4, RENE, % 2014, BALRESE P AAE R B LT
H——k AP Bkt RHCIE R A 45 A7 U-Pb 4R RE R
[J]. HuJsisEHz, 33(11): 1651~1 661.

WEERE, W DOME, BIRAAE, 48 2009. HE KM BITRIZMJ].
MR, 36(1): 1~28.

SEATT. 2005, dEECERITTIE R AFAERE R B[], HIBGATT, 51
(6): 681~693.

KRG, T OB, ZEEkAE, 4 2011, SEbE R AL B R B kL
BEE R AR AL ]. B4, 27(4) : 1191~1 197.

INSEHT, TREHE, ATIRTr, . 2017, duilid i (= st A
MR AL R AR R R R L[], AR ¥ 2RE, 36
(2): 131~147.

PNGESE, ABYEAS, SHEE, 25 2000. SRR AR BHTRR H
RS A A A AR IELT]. R E KT, 19(3): 258~
264.

F AL, WA, XIET, . 2005, MG A TSR A IS M
B EE S G PrC R[], MR, 79(3) : 323~330.

FHYI, BEFAE, FOEEIS, £, 2003, Sk A g H b il 1T A
R R AEE(T]. HbTE AR, 22(7) . 487~493.

FRITl, KK 2004, G547 R EIT B RO U-Ph AR % fif R
ML T]. AlFdk, 49(16): 1 589~1 604.

BT, ZEmR, &I, % 2016, A LG G ISP - = R
WAERKIER S [)]. PRI, 43(4): 1087~
1138.

W2, Dy BEARET, 45, 2005, d6IR LB 9 e A R HK AE 1
Fr A SHRIMP 4E K 2 L[], MBI ITF, 51(5): 523~
527.

Mas, Kbk, VFESE, % 2001, Sk AR A g R AR -
o PR A v 2 B R 1 R ) —— A (], T
##, 75(2): 175~179.

Wi, EAsE, kR, 4 2016, I LIl ( BABB) i
248 . 5 MORB K IAB (XFLE[J]. HuBkRLEBERE, 31(1) : 66~
77.

R RRG, T K, S5 2005, St R AR B Vb M i
Sen TS A KL [ T]. Aasdk, 21(4): 1 049~
1 058.

SILER, BRa7 K, RuDE. 2012, Sedbget i EAR T . NRIEEIK
BRI oh el RO T, BT AAAR, 18(1) ¢ 28 ~40.

R/, BRFFES, XU B, 45 2014, SedbgRik il X Rl A AR
S B AR AR BRI BRI T R X)), A
2247, 30(3) : 822~834.

SN, BRFTEY, FOM, 45 2015, SEAARAHLILZ T - R
WA ORFERIZ IR R RE T2 [ T]. B4, 89(2): 234~
251.




