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W S E BN R B AL TR v (SSZO M KA
£ B % B8 9 (Dewey and Bird, 1971; Miyashiro,
1975; Leitch, 1984; Pearce et al. , 1984; Coleman,
1984) , B AH K a A B WA RE S, B TR
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7o, BT LA L AP b g A R R A R
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Kb & B 22 18] AH B A T 09 A2 B 3R AR el 187
Htnd, B, R AW RANEEZTWERERF
HEMHL R E X (Dewey and Bird, 1971; Graham et
al. , 1996, 5K % ,2000),

JEARE LR R E & ARG E &I Z—
(EZE%,1976; BRESF, 1977, HFH%,1978) , K
PREABBREURERANCENEAAS N
i, BT A F BN E A 2 E A RG22 07 T X H
8T Bt 5T, R keSS B K ILA R MORB 4
IE (B 25 R % ,1995; BARYT % ,1996,; Rk, 1997),
MXTHERFZHNARED . BFHEFATORE
BafaiEfEs EREaXRBERKETHLA. ANE
AWRETE R TERL, AT E (1996) 1R 4 5
P E 28 Sm-Nd 4 i 2R 4 #9522~ 495 Ma UL

SHRIMP Mg EAW dbif#WL

MEXLE FHMEREPHRSEFRBERSE,
1996), INAEABSGEE R THERHT —FERY
tH,MEBERAQAODININERHEEGAERR FAK
HERK, B EAWEEE NP RFERERTRKS
W Hik, B BEXNEAWRSEE BT REME
FEHRETR.

o Sk 5 oP b R IR Hb 18 o 2 TR A0 R AR A VE
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BEHABD SERERE RS RE EAME,E
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(Niu et al. , 1991,1993,1997; [ 3C 7 %,1999) , £l
ZRASHEHR S ERRLYE EHBERFEENE
E R, g ges ERRE R RS AT REXE LI R g 4
I IR TE IR AR 08 o BT LA R T 0 b 1 o B 43 L TR
R & 3K 42 43 B 45 T2 LA ME R K 8 IO SRR 7T R
R A ERRA RIS AT AR . B 87880 4%
A BBk & St B AR F1E 4r BE R B F B 4T (SHRIMP)
U-Pb B34 1y 456 F) F © LA BF 58 B A #b o 354
WA 11 B F B (Gebauer, 1996; Gebauer et al.,
1997;Vavra et al. , 1996; Williams et al. , 1996), Fr
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EERN BT, B, 19695 E FELFEREEBEFBEARER ERELE FTENEFEEREME LFBEE R KILEDE . ERH
#ik:100037, b EBANE TT 265, R E # TR £ BE #b BT s 35 : 010— 68999716 ; Email : shirendeng@yeah. net; shirendeng@ccsd. org. cn,



=

650 s

& 2004 4

# A Fl A SHRIMP J5 32 #EA7T X o U 48 .

1 “HER

E A W 0 4 L T AU AR I R - Rl 1B S A R
B, 2 2 BT P AR B (b o B AR B T B AR 1 A
WA RE Xu et al. , 2000; FFEZEZ,2003).
REREBEEREUESHEEEAH—#
(B1a), It & FEA5~5.5 km, REERKH14.5
km LB UMM AR, EWE EE—NE KK
KBEECBERSE,1995) ARG ERAEE
BRT R E SRR Z A0, 2 B A B S HOR AR

ERBRE MR A A B PR 6% B i
MBERE AR R T & RRE=r hfk
ARMBEHEA b,

2 FEAFAHIRERE

HEESARNBEEKE TEOEESER. DS
& B RN AR AR (E 1D, B R PR A A 2%
BRI, W BB 2oa 7T BB IR T Rk B 19
SIS OB Rrir IR 500, (E A M = R 7 M
WE Maiie LR DB SRS, B A k.
JeE RN E R R R S A, R AR R R E

1
A

Yy Vvvvvvvvvy
. XYYV YV

L B3 [s 0 EZls ERie Ml
s 22 [0 A (A A

ey L)
€ 3 O 02X 0 2
S O
LT I.l

xxx X X X A X X
> XX XXX X X

i xxxx % X X X
S X X X X o B

“'"‘llnt._
" ll!r ™
Il

Bl 1 EAR % A g R R 14 1 0 B 1 (o) A B 43 4 B (b)
Fig.1 Geotectonic map (a) and distribution map (b) of Yushigou ophiolite in the North Qilian Mountains
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(a): 1—Cretaceous continental deposit; 2—Carboniferous — Triassic continental deposit and Devonian molasse; 3—Silurian basin deposit; 4—

Precambrian metamorphic basement; 5—the Early Palaeozoic granite; 6—Cambrian— Ordovian volcanic rocks; 7—ultrabasic rocks; 8—strike-

slip fault; (b): 1—Permian sandstone; 2—Ordovian limestone, slate and intermediate-basic volcanic rocks; 3—Mid-Camhrian sandstone, slate

and limestone; 4—Sinian dolomite and quartz-schist; 5—gabbro; 6—talc-magnesite; 7—dunite; 8—serpentinite; 9—harzburgite; 10—

boundaries of geological bodies; 11—thrust fault; 12—normal fault; 13— strike-slip fault
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HERIE A (992 %60 4 B, Fo it % oy e 80 A 46 i 2B
A O ER AL 5 R RS AR B L O 8 e S H R
HAKFE® R B P A ES LA S RN
HERA R T EAURLSENREAHR HHA
mEEE B, B a B E T (kink
band)BEE , H R EF =B A G BT A TP 7B
TEEBBAEZE, FoaFEARRERER, PR
R EA AR BB A 5, TEEN S T A
TR B A SR BA NS S R RE T HER
WA A A, UL RO R R A b e
HaBRARAY B RECEERAME EKE
MRFEasE, HPESEERKERSEHHT AL,
NALFMFHEEEL, BT RMRKAMZRER
M ERMET REMANRAKANERERSE, T
HEE G B SRS W AR SN EREkKS
WREBEHRESG R SMMmEER.

EALFESTHELELIT%E Q0D XA
RRARMTERGEDRAFBEMBRERNRELR
/N0, 10%~0. 74 %) , . B 5 RERUS 8 BT 8 , X
S5AMHNEER B EEBENRARER, X3
2.36%~4. 4% , X 5EALEFRBALAR, XK
b A8 B A8 AR F FT BB <53 R R 43 3 T R O s ER 1
2474, 6140 : K.Cs,Rb.Sr.Ba.Eu F M X & M #Y
KETEATELILE), T AXENBEEEE
R ER LT AR R AT RE M E R TR, EE
FA—&EHHERFH YRS ETE (HFSE), #10.
Y.Nb.Ta,Zr . Hf | Ti 4§, #4770 & # 3R L 47 3T
B EAXIIMEGRIENEEETEAEXME
W Ak o 72 ¥ %l (Rollinson, 1993; 7 74 {= %,
2002),

75 8 % A B SiO, R 44%~ 45%, MgO H
45.55%~45.97% ,FeO k6. 6% ~6. 88% ,Fe, 0,
0.62%~1.17%,Al,0; %50.52%~0.72% , 4+ T
HUE MM AR ALO, 2 4k 5 B 0. 4%~
0.8%9,Ca0.K,0 PL K Na,O FHALYH & EM
&%, Mg® H91.58~91. 67, N R EMM A . ER LT
ERAERXE L (F22), FEMEE B REEK U
¥ REE #:,X# REE BB R EHE TR ZE
A HNE AR A LA R S e R R
%, 84 2 . (McDonough and Frey,1989) , 3 & [H1&
P ELEBEBHBEENEZARXNEFRSE,
1995), SREE (K TR A, WE R Eu iR %,
SEu #0. 45~0. 75, 7F MORB #5 ¥ 1k B9 3 8 7T &
Mk (E2b), 85 #RAHEITE (40 Nb,

Ta.Ce %) , XF T BEHMMERRTHE T HHIE
BAER ,HEEE Zr Hf BAMATLE, X6
RITEMBEPETERAANER, AHREHY
Ir HH ERBAFTHIREZABEE BETER
(Casey, 1997) . F A ¥ 77 MERME & 09 8 Mg™ f#1E.
REE Bt /82X Fl 5 B 1 il 338 4% 45 A 106 B Al
A R B AR 8 2 3R A I S R R .

PR B & B SIO, & B A F49.01%~51.77%
Z 8], B AL E B BN A 5 Z Bl AR R B e, 3X
5SinEETYHL SO NHAESELES X,
TR (BRI S Al AR —BHETEZIND LU
BTEASHEET S-O Mk Z [, B A F Si
STZAMTBERMER, FRELTETAEKX.
ALO, & & #12.78% ~15.14% ,MgO F1 = (FeO+
Fe,0:) & B 4 B 5 5. 67% ~ 8. 24 % F1 10. 26 %~
13.97%, KA 4L 72 B R K& CaO.Na,O #1 K,O, X A]
RE5 e B MR ESR X, TIO N1 26 % ~1. 94%,
X F CaNa K EHEBTERIRE X5 Ti &
BRI, HEH1.67%, 5 MORB # TiO,
& B1. 5% 8RR (Bervins et al. , 1984) 3 & &
K& M SiO, % 48. 059~ 48.91% , ALLO, f1 CaO B
SERE, B N17.72%~ 20.25%F110. 38 %~
13. 8%, X 5EAEFRENHRKAE X, TIOH
BB R0, 2% ~0. 24% ,Na,0 K 1. 7%~2. 33% 85
BARFHORE S, RBDEK & MCRIEE A RF
— AR FEW=Y, E Mg” (Mg/(Mg+Fe)) #70. 30
~77.50, A TEIEFEERK A K Mg*{E0. 32~0. 88
Z Ht (Pedersen et al. , 1996), B TAKFHEHRE
Bt HE K B B Mg® {H 0. 32~ 0. 50 (Von Herzen et
al., 199D . A MK ERK EEL LY SO,
Al,0;,Ca0.MgO,FeO.Fe, 0, & &tk A —F, TiO,
H1. 18% F10. 54 % » - FHER A TR I B Z 8] . 7E
Nb/Y-SiO, (& 3a) #1 TFeO/MgO-SiO, (& 3b) & #
FEMBBEFEBERFERIEA.

PR 45 A 2RO IR A AR HE AL JE 19 SREE g 3Rk
BAMIO~11M, BB A FHE (EH2), 5
MORB B MM, X 5K TiO, & BHAM S REAN
— % .HREE 5 LREE L BH L L Eu B &,
SEu fH 4 F0. 92~1. 0, F340. 96, BiF 1, VLB A ¥
KeddRaEER ERERKRERBRAGHEL
J& B SREE 2 BB A 2~ 345%, BL4r 8 0 W3
#,Eu IER¥,0EuH H1. 98~2. 61, BIA R KA
MG R, X556 8 CaO fl ALO, BB . B
HIREEN FHEK A MR EH Z A, &4 ER
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Table 1 The chemical analysis for Yushigou ophiolite ,North Qilian Mountains

ks s e TR
BERERHD
00Y-602 | 00Y-603 | 00Y-613 | 00Y-615 | 00Y-617 | 00Y-614 | 00Y-618 | 00Y-622 | 00Y-623 | 00Y-624 | 00Y-627
2
SiO, 49.01 50. 87 50.73 51.77 51. 65 54.91 47. 60 48.91 48. 05 45. 00 43.95
Al,Os 15.14 12.78 14.77 14. 06 13. 62 16. 25 14.57 17.72 20. 25 0.72 0.52
Fe;0s3 5.28 6.77 2.81 4.48 5.33 2.50 1.65 2.69 1. 39 0. 62 1.17
FeO 6. 90 7.20 7.45 8.15 7.88 6.72 6. 60 4. 05 3.40 6. 88 6. 60
CaO 7.04 9.05 5.03 4.61 3.43 2. 56 8. 86 13.08 10. 38 0. 55 0.53
MgO 7.03 5.67 8.24 6. 05 6.02 5. 64 10.15 8.24 8.72 45. 55 45. 97
Na,O 3.53 1.97 5.13 5.26 4. 54 6.51 3.67 1.70 2.33 <0.01 0.03
TiO, 1. 36 1.94 1. 26 1.92 1.89 1.18 0.57 0.24 0. 20 <0.01 <0.01
MnO 0.14 0.20 0.17 0.14 0. 20 0.14 0.14 0.14 0.11 0.13 0.13
P;0s 0.08 0.14 0.10 0.19 0.22 0.13 0.09 0. 05 0. 05 <<0.05 <0. 05
K:0 0. 88 0.14 0.10 0.10 0.14 0.25 0. 46 0.29 1.55 0.12 0.12
LOI 2.71 2.38 3.53 2.63 4.44 2.51 4.92 2. 36 3.69 <0.10 0.74
BE 99.10 99.11 99. 32 99. 36 99. 36 99. 30 99.28 99. 47 100.12 99. 57 99.76
(X107¢)
La 7.83 8.22 4.28 7.49 8.63 6.45 2.97 0. 54 0. 94 240.00 200. 00
Ce 19.53 20.59 10. 85 19. 89 22.18 14. 84 7.11 1. 34 2. 34 199. 00 350. 00
Pr 2.37 2.54 1. 50 2.53 2.79 1.81 0. 95 0.19 0.28 19. 00 42.00
Nd 10.15 11.23 7.83 11. 77 13. 62 8.22 4.70 1. 09 1.35 77.00 136. 00
Sm 3.05 3.48 2.56 3.62 4. 04 2.69 1. 40 0. 50 0.41 17.00 30. 00
Eu 1.07 1.16 0.93 1.37 1. 38 0. 94 0.50 0. 39 0. 42 2.50 8.40
Gd 3.49 3.64 3. 66 5.01 5.15 3.26 1.63 0.72 0.59 17.00 39. 00
Tb 0. 65 1 0.69 0. 69 0. 86 0.91 0.59 0.31 0.14 0.11 2.70 6.40
Dy 4.13 4.03 4. 36 5.59 5.88 3.70 1.91 0. 88 0.78 19. 00 29.00
Ho 0.91 0. 86 0.92 1.32 1. 30 0. 88 0.46 0.20 0.15 4.00 5.10
Er 2. 39 2. 49 2.43 3.80 3.74 2.45 1.16 0.58 0.42 13.00 14. 00
Tm 0. 36 0. 36 0. 38 0.54 0. 57 0. 37 0.17 0.08 0. 06 3.20 3.40
Yb 2.25 2. 30 2.24 3.62 3. 84 2.20 1.12 0. 46 0. 45 19.00 22.00
Lu 0. 36 0.41 0. 37 0. 60 0.62 0. 40 0.18 0.08 0. 07 4. 60 5.30
Y 26.09 30.09 29.02 | 41.57 41.45 29.14 13.48 7.83 5.58 117.00 127.00
Ba 568. 30 64. 96 31.45 25. 64 28.15 61.07 75.96 32.98 218.10 3.02 4.35
Co 35.15 32.44 30. 47 34.47 32.31 23.53 41.78 47. 45 29.03 97. 67 102. 00
Cr 191. 00 90. 00 165. 00 28.00 19. 00 26. 00 368. 00 313.00 412.00 1778.90 | 1710. 48
Ni 70. 00 55.00 62. 00 25.00 19. 00 20. 00 165. 00 103. 00 136. 00 1807.36 | 1885.94
Sr 113.10 223.70 87. 37 50. 65 77.00 73.12 247. 80 183. 20 214. 80 1. 68 1.70
v 330. 70 392. 50 281.00 438.40 421. 00 247.90 179. 30 152. 60 121.50 19. 03 20. 64
Sc 41. 93 37.81 38. 64 36. 43 33.95 25.42 34.50 35. 94 30. 92 12.73 12.73
Zr 80. 00 84.00 64. 00 105. 00 112. 00 93. 00 32.00 8.20 6. 30 6. 80 6. 30
Hf 3.10 3.00 2.00 3. 30 3.50 3.00 1.10 0.30 0. 30 0.10 0.10
Nb 1. 80 9. 80 3.10 8.90 8. 00 5. 60 2,00 0. 50 0. 40 <0.1 <0.1
Rb 20.00 4.60 0. 90 0. 60 0. 40 2.20 5.00 8.40 60. 00 0. 40 0. 60
Ta <0.1 1.10 0.20 0.90 0. 80 0.50 0.10 0.10 0.10 <0.1 <0.1
Th 2.40 2.30 0. 30 1.50 1.20 1. 00 0.20 <0.1 <0.1 <0.1 <0.1
U 0. 40 0. 40 0. 20 0. 30 0.50 0. 30 0.10 0.10 0. 20 <0.1 <0.1
Mg* 52.96 44. 47 60. 22 47. 88 46. 90 53. 54 69.55 70. 30 77.50 91. 67 91. 58
(La/Sm)n 1.58 1. 46 1.03 1.27 1.32 1.48 1.31 0.67 1.41 8.70 4.11
(Sm/Yb)n 1. 46 1.62 1.23 1.07 1.13 1.31 1.34 1.17 0.98 0. 96 1.46

B REFEREERI SR O0E.
SR iaAE B ML & TiO, & & (0. 57 %) B fELR BonHEA B % MORB #1E, £ TiO,-MnO X 10-
A REE B EBETHREEMNE TIOMEE. P,0; X 10 (B 4a) F1 Ni-Ti/Cr ([ 4b) ¥ #5 35 1% 1] 51
¥5 4 B9 REE B 43048 X F i & oo 2 ik W B (B 2) B, KR¥AH|EAEMORBR i , 2 $ & % 7
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Fig. 2 Rare earth and trace element normalized diagram for Yushigou ophiolite in the North Qilian Mountains
(Q—SAERH L TERLSER (CIERB R A MEBHER B Taylor and Mclennan,1985) ;
(b)+—kg &A1& 7t & N-MORB #7 %4k 2k B B (N-MORB #{# 3 B Saunders and Tarney,1984)
(a)—Rare earth element normalized to C1 chondritic meteorite values plotted against atomic number for Yushigou ophiolite(C1 chondritic
meteorite data are from Taylor and Mclennan, 1985);
(b)—trace element concentrations normalized to the composition of N-MORB and plotted from left to right in order of increasing

compatibility for Yushigou ophiolite (N-MORB normalizing values are from Saunders and Tarney, 1984)
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55 A : ABKE 55 + A
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Fig.3 The discrimination diagram for the volcanic rock series in Yushigou ophiolite in the North Qilian
. " Mountains (after Xia et al. , 2000)
(a)—Nb/Y-SiO, B f# sFﬁ:F XA B4 A LR R I K & 5 (b)—TFeO/MgO-SiO. i ## , Fi T X 3 T Btk P B S5 i AL B R 5 K L o
(a) —Tihe diagram of Nb/Y-SiO, discriminating the alkaline series and sub-alkaline series volcanic rocks;

(b)—the diagram of TFeQ/MgO-SiO; discriminating the calc-alkaline series and tholeiitic series volcanic rocks
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Fig. 4 Tectonic discrimination diagram for the volcanic

rocks from Yushigou ophiolite in the North Qilian Mountains

() —#B &R A TiO;-MnO X 10-P,Os X 1044 i TR 3% 3] 5 B f ; (b)— gk & Ni-Ti/Cr 13 SRS H 51 B 5

OIT— P & W REZ R ; MORB— AP KR IAT —

BUNEXRE;CAB—EHELRE OIA— ¥ SBELTRE

(a)—The discrimination diagram of TiO,-MnO X 10-P,O5 X 10 for Yushigou ophiolite;'

(b)—the discrimination diagram of Ni-Ti/Cr for Yushigou ophiolite;

OIT—oceanic island tholeiitic basalt; MORB—middle ocean ridge basalt; IAT—island arc tholeiitic basalt; CAB—calc alkaline basalt;

OIA—oceanic

SMRTAERN , BB ERE AR R .

—BIARAERBE AR Th/U EHKXFO.1
(Claesson et al. , 2000), [&] B Kinny % (1999) £ &
RABLZMBEREILFRESFHEAFERE A
R &R B EEA K Th/U ERT0. 23, 4 H X 3 5
K s A § Th/U (B #0. 53~1. 85(3&2),
- HRTFO0. 23, AT LLA A RER A, X 5RBLE A
BA R & 06 BRI W ) 45 SR — B .

H I, 86 K4 RFEREBERRERE WA
R 8A B Pb/*U £ 2 T524. 24-12. 40 Ma

island alkaline basalt

E596.6:+11.75 Ma Z [8], H*"Pb/* U-*Pb/**U
WHE (E6) BRI ST TIRMK, A
FEHHR550+17 Ma, H MSWD=3. 2, S EH IR 45 5
BANATEE,
4 i

T AW e B R K B RS IE B
HE5 M A0 IR T EHMRBE, W

e S Ee MR o 38 B AR 3R TR 2 3 0 o R B 749
P BASE G2 I 5 AR AUR B 0 W e B 19T AR A

®2 LHBELERARKEEKEHA SHRIMP S5 R

Table 2 SHRIMP data of zircons from the gabbro

within Yushigou ophiolite in the North Qilian Mountains

21 [UCX1075)|Th(X 10~6)| 232Th /238U | 207Ph /206 Phy H 207p}, /2357 R 206ph, /2387 e 206Ph /2387 4E i (Ma)
1 55 28 0.53 0. 0591 0. 00927 0. 7897 0.01785 0. 0970 0. 00200 596.64+11.75
2 99 78 0. 82 0.0514 0. 00700 0. 6005 0. 04454 0. 0847 0. 00209 524.2+12.40
3 142 102 0.74 0. 0534 0. 00638 0. 6898 0. 05296 0. 0938 0. 00400 577.8+£23. 60
4 110 87 0. 81 0. 0571 0. 00287 0. 7052 0. 02628 0. 0895 0.00213 -552.8+12.60
5 82 102 1.29 0. 0416 0. 00167 0. 4921 0. 08314 0. 0858 0. 00210 530.4+£12.47
6 195 190 1.01 0. 0561 0. 00264 0. 6595 0. 02257 0. 0853 0. 00185 527.5+11. 00
7 15 15 0. 96 0. 0555 0.00342 0.7053 0. 04789 0. 0922 0. 00202 568.7+11.95
8 6 6 0. 88 0. 0439 0. 00408 0. 5219 0. 04915 0. 0862 0. 00642 533.11+38.24
9 6 5 0.94 0. 0569 0. 00873 0. 7061 0. 01139 0. 0900 0. 00309 555.7+£18.27
10 8 7 0. 89 0.0418 0. 00186 0. 4969 0. 02240 0. 0862 0. 00344 1 533.1420.44
11 11 20 ‘1. 85 0. 0628 0. 00684 0. 7532 0. 09089 0. 0870 0.00348 538. 0%20. 68

7 EWTEAE A% SHRIMP AL R EW R .
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Fig.5 Polarized light (PL) and Cathodoluminescence images of zircons in the gabbro from Yushigou ophiolite

in the North Qilian Mountains
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First SHRIMP Dating for the Formation of the Late Sinian Yushigou Ophiolite,
North Qilian Mountains

SHI Rendeng"”, YANG Jingsui”, WU Cailai”, J. WOODEN?
1) Laboratory of Continental Dynamics, Institute of Geology, Chinese Academy of Geological Sciences, Beijing, 100037
2) Department of Geological and Environment Sciences, Stanford University, Stanford, CA 94305, USA

Abstract

The Yushigou ophiolite, consisting mainly of mantle peridotite, cumulate gabbro, basic dykes, pillow lava

and cherts, crops out in the middle part of the North Qilian Mountains in the northeastern Tibetan Plateau.

The mantle peridotite is composed mainly of harzburgite, which shows a narrow range in the major elements,

enriched light rare earth elements (LREE), U-type REE patterns with negative Eu anomaly, and strongly
depleted incompatibility elements. The pillow lava, with affinity of MORB, plots in the field of MORB and
IAT, suggesting that the Yushigou ophiolite formed in a tectonic setting like the Middle Ocean Ridge (MOR)

and then were changed by volcanic arc magmatism. The cumulate gabbro is characterized by a positive Eu
anomaly, in which magmatically derived zircons, with Th/U=0. 53~1. 85 (>>0. 23), give ?*Pb/?*U ages
ranging from 524. 2 to 596. 6 Ma, and a weighted average age of 550+17 Ma (MSWD=23. 2). Thus, we

conclude that the Yushigou ophiolite was formed in the Late Sinian.

Key words: SHRIMP; ophiolite; Yushigou; North Qilian Mountains -
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