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Fig. 1 Sketch map of ophiolite distribution in Beishan Mountains area
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Fig. 3 Section of Niujuanzi ophiolite in Beishan Mountains area,Gansu Province
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Table 1 Test data of major elements ( %) and trace elements ( x10™°) in Niujuanzi gabbro
A 141031 141037 141039 141040 141041 141042 132122 131052 131057 Pl;/[902(1) Pl;/[902(2)
Si0, 50. 08 47.69 50. 54 49.58 49. 14 48.97 51.02 51.09 48.94 50.20 49. 80
Al, 0,4 13.93 19.43 14.43 17.30 21.15 21.38 14.36 14.45 21.10 14.95 14.57
Fe, 04 3.38 1.38 2.84 2.56 1.82 1.77 1.20 2.35 1.49 2.07 2.06
FeO 8. 60 5.49 8.50 7.07 4.49 4.50 6.41 8. 80 5.11 6.76 7.96
Ca0 8.58 10. 57 8.92 8.84 11.22 10. 81 10.9 9.28 11.73 10. 56 9.56
MgO 6.06 8.82 6.74 6. 65 5.47 5.50 9.43 6.02 5.97 7.81 7.49
K,0 0.50 0.73 0.53 0.92 0.56 0.87 0.59 0.52 0.18 0. 69 0.82
Na, O 3.06 1.91 2.93 2.81 2.70 2.61 2.07 3.08 2.64 2.65 2. 60
Tio, 1.98 0.71 1.77 1.46 0.70 0.71 1.04 1.89 0.86 1.30 1. 66
P,04 0.21 0. 06 0.17 0.15 0.05 0.06 0.08 0.21 0.08 0.14 0.17
MnO 0.20 0.12 0.20 0.17 0.09 0.10 0.15 0.23 0.12 0.15 0.18
fedk 2.16 2.24 1.32 1.54 1.96 2.08 1.82 1.05 1.17 2.64 3.07
Cr 131 700 143 153 215 193 820 168 150 73.4 58.8
Rb 23.1 22.7 16.5 34.5 20.4 39 27.6 70.8 7.68 25.9 32.9
Cs 1.45 13.2 2.15 3.74 8.32 6.75 1.71 1.39 2.35 1.38 1.87
Sr 239 195 167 188 251 233 261 224 234 221 206
Ba 222 592 98.1 87.1 59.2 75.1 88 92.6 106 87.6 100
\4 361 165 363 271 171 168 259 326 184
Se 35.7 10. 4 24.6 15.8 18.4 15.8 50. 1 32.7 16.6 41.9 39
Nb 3.94 1. 11 3.01 2.87 1.08 0. 66 0. 65 3.78 1.84 3.6l 4.53
Ta 0.31 0. 085 0.29 0.26 0.089 0.052 0. 056 0.34 0.20 0.26 0.34
Zr 157 41. 4 122 100 35 34.7 50.5 152 60 112 117
Hf 4.34 1.3 3.57 3.14 1.12 1.15 1.73 4.1 1.74 2.84 2.96
Ga 20.4 14.2 19.4 17.7 16 13.9 14.7 20.7 16.4
U 0.28 0.083 0.52 0.37 0.16 0.18 0. 049 0. 40 0.15 0.29 0.38
Th 1.01 0.23 0.56 0.42 0.19 0.16 0.15 1.20 0.17 0.92 1.29
La 8.43 1.75 5.11 3.54 2.31 1.21 1.69 8.76 3.81 5.04 6.37
Ce 23.2 5.03 15.2 11.7 6.39 3.87 5.6 24.4 10.2 14.2 18.5
Pr 3. 66 0.84 2.58 2.01 0.99 0. 69 1.09 3.74 1.54 2.29 2.75
Nd 17.4 4.65 13.8 11.1 4.97 4.05 6.55 18.5 7.21 11.2 13.5
Sm 5.52 1. 66 4.56 3.72 1.68 1.54 2.51 5.56 2.35 3.59 4.2
Eu 1.83 0.7 1.55 1.28 0.73 0. 66 1.02 1.64 0.84 1.25 1.38
Gd 6. 66 2.17 5.76 4.85 2.24 2.2 3.5 6. 68 2.9 4.53 5.34
Th 1.14 0.4 1.02 0.88 0.43 0.39 0.62 1.12 0.5 0.8 0.87
Dy 7.45 2.71 6.79 5.85 2.9 2.66 4.14 7.65 3.32 5.11 5.62
Ho 1.57 0.59 1.46 1.29 0. 64 0.6 0.9 1.61 0.7 1.1 1.2
Er 4.48 1.7 4.17 3.75 1.85 1.72 2.59 4.49 1.94 2.99 3.38
Tm 0.7 0.26 0. 64 0.56 0.28 0.27 0.39 0. 68 0.3 0.44 0.5
Yb 4.42 1.66 4. 06 3.56 1.8 1.72 2.48 4.28 1.82 2.87 3.24
Lu 0. 65 0.26 0.61 0.53 0.27 0.26 0.36 0. 66 0.3 0.43 0.48
Y 40. 8 13.2 35.7 28.7 14.8 15.1 22.9 36.5 15.9 27.5 31.7
Mg” 41.34 61.64 44,23 48.47 54.92 55.00 59.53 40. 62 53. 88 53.60 48. 48
m/f 0. 40 1.00 0.46 0.54 0. 68 0.69 0.96 0.42 0.71 0.69 0.58
Ti/Y 290. 94 322.47 297.24 304.98 283.55 281.89 272.27 311.09 324. 64 283.41 313.94
Ti/V 32.88 25.80 29.23 32.30 24.54 25.34 24.07 34.83 28.05 27.77 27.61
Nb/Y 0.10 0.08 0.08 0.10 0.07 0.04 0.03 0.10 0.12 0.13 0.14
Th/Ta 3.26 2.71 1.93 1.62 2.13 3.08 2.68 3.53 0.85 3.54 3.79
La/Nb 2.14 1.58 1.70 1.23 2.14 1.83 2. 60 2.32 2.07 1.40 1.41
/Y 3.85 3.14 3.42 3.48 2.36 2.30 2.21 4.16 3.77 4.07 3.69
Nb/La 0.47 0.63 0.59 0. 81 0.47 0.55 0.38 0.43 0.48 0.72 0.71
Rb/Sr 0.1 0.1 0.1 0.2 0.1 0.2 0.1 0.3 0.1 0.1 0.2
Nb/U 14. 07 13.37 5.79 7.76 6.75 3.67 13.27 9.45 12.27 12.45 11.92
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FEA OIS GRS (42 FE#155F, 1990,2008 5 K8
SREAE 2012 1R 3044, 2011 ), QFE & B ([T
FEERAE, 2001 ; fuf T~ 45, 2002, 2005 ; #7 5 HF 4,
2008,2010; H3 555, 2015 ; Wang Shengdong et al. |
2018) ; QKA 14 & PR (#1552, 2019) ; @A
BR/ANPE PR EE (f 45, 2012) , DA BRI H
HRICF(2011) Tian Zhonghua 55 (2015) A1 Wang
Shongdong %5 (2018 ) FYTATH 238 3 A ST IX SR AE
AR Y HAL A AR B T R R B+ L0 LA
KUk I g g s AR AR R 1Y . SCERAr i A]
1, Wang Shongdong 55 (2018 ) i i #5475 FA) il 1 5%
#i& ,IA4 Rb \Ba Th U S5 K& F2( ALK (LILE)
R, Nb Ta Ti Zr 4553758 0K (HFSE) B i5
P, MEITERME S MEAALME TR ETES
N-MORB il OIB Z& 518K, i ATK F 50 KA, A
R AT A%, M Tian Zhonghua 55
(2015) 33 2 B R e | A o H R+
TR FHIES OIB AR A SCA24 (2011) N Ry 41l
It O BT IS 70, & SSZ BIFREE . AKX
R RS HERK A FEITRN S & S0,
49.73% . Fe,0, 4 2.08% ,FeO K 6.70% . MgO &
6.91%;TiO, N 1.28% , FHICE S B S T
BZ A (N-MORB: Si0, {4 48.77% ,Ti0, i
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Bl 6 B Ha M oC R AR A Al G &

Fig. 6 Photos of Integrated contact relationship and Invasive contact relationship

H}1.15% ,AL0, {5} 15.90% ,Na,0+ K,0 HifE Ry
2.51%) (Schilling et al. ,1983), Sl aErhif
PRk o HE & o 14k 5 o A B 2 2% 5 ((Coleman,
1977) . Mg* 1850 40. 62~61. 64, F-211H Jy 51. 06,
TV A A I B Mg™ (ELVE (68 ~75) , WA
WA T — BB E g db Ve W =8 nl w
(TFe0) 1/ n[ (w (MgO) ] {H(6.09~11.64) I
BRI B A A E A
R, Hboe TR YL # & R ECE K 1 Sio, |
K,O .Rb & & 14 &, 4 Bl 7K A BA Boa i
Si0, . K,O .Rb &, A & Rb/Sr {H (0.03~0.32) B
B T b b g P 34 {H (0.034) ( Taylor and
McLennan,1995) , B T 25 38 it fe Hr 28 05 17 W
BRI G s R A Se & 2 B 0 & T Hb i {5

WG /R A IR X ] BE3Z B LA IR YL, S A1 Ti/
Y SEH{E M 298. 8, Ti/V FHI{E K 28. 56, Nb/Y -
BIELAE R 0. 09, 5 590 L B A AHIT . Th/Ta V¥ L
HH2.65, B KT 2,8 FRIIMZRAERH; I H
75 La/Nb ¥R 1.86, K T 1, Bl B A[F T
MORB 1 OIB( $£5616%,2005) . A1 w (Zr) “F
BIE N 89.24x10° W FHTPTHELRA Zr T &
(74) ,Ze/Y {2 3.31, 5 BN LA B2l (385816
4,2005) , WFFEINN, FEHE XA 19 Nb/Th {Hh
25, 7R Za A Nb/Th 88 10, 598 % R A Y
Nb/Th {H<5 (8 3C%,2011) , WF 58 X HE K 5 7 Nb/
Th P HAEN 5. 12, 5 50X E A ) Nb/Th {EAH
T, (RIS i o 2R ok 1) 1 B % R 221 b 8 7S 5 9K
PRl T A B HA 1 8 5, NET (] 5a.b) th& 4B
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TR A TR 25 N-MORB i - 0%
Be o th 4 AL (B i e R B /3 U5 5 N-MORB 7%
HEICE AL RN B AR, M T R A S T
N-MORB f##2 & M+, Rb Ba . Th U K % K& T
FATCR EHE Nb Ta S 5375800 R 4, WL HY Sr
IE SR AR A A BRI RRE . DL LR B oA e+
W AT HUBRAL 22 AR B | R I 3 B BR
AR
4.3 EREX

A-JB T HE KA BRI Si0, & BT Y MgO
FHE(5.47% ~9.43%) 1 V Cr(165%107° ~ 363 x
107°,58.8x 107 ~820x 107 ) , i 7 1 5 A5 3% 18y i 20
FRAE, FESRAY Sr & (167x107°~261x107°) B EH
FHuME(E (17. 8107, Taylor and McLennan, 1985),
TR A IRVRIX AR oK [ — A g | 7T 5 52 21 Fil
1R 4 ( Hawkesworth et al. , 1993), %5 4M,Nb/U Nb/
La FUF 2 0 W TR G 5 30 7 A 44 s R 45 1) 2 4
PRk 5t 1L 45, 2009) , 4 BT HEK 5 1 Nb/U R
3.67~14.07, Nb/La 4 0.38 ~ 0.93, itk F 4= Bk
MORB . OIB ¥ {E ( Nb/U= 47 Nb/La=1.0),Nb/U
R FE H 5T A SE S (8 (= 12) AT, Nb/La 5 KRl b
FEHPEIME (= 0.7) F1E IR X 27 1 (Nb/La<0. 8)
FHII (2% 55 ,2008) , 5 AR TCER Z 8] 19 HUAE
AT LA J30) b e P8 DX 1 4 AR AIE A BB R Y
Ba/La Th/La fil Ba/Th FE 454 56.33.0. 12 Al
492. 5 BH & T MUl 4 AE {1 ( Ba/La= 8.3~11.3,
Th/La=0.122 ~0. 163, Ba/Th = 67 ~84) ( Weaver,
1991) . Ptk FiRpyuEdE R, ¥ s 38 AE L Fad
PR A7 B AT ) S TR G T, b BR b 25
fES R T Fe g IR
4.4 TR

KT A4 Bl g e A Il B, & A oY
R B (3R 2) , ZLMi—24 BB F—k i e ks

A [ b B 2 1T B A 2 S5 A e, £ ]
e 2 FTUE I I g 2t 2 v oW K S8 AR 0 B0 4R R 7E
500~ 540 Ma, A\ WL A TP FFER A, i 4 P8 1
g g TP A A I R AR T 7E 430~ 450 Ma, A K
IRk T BT R Pt —R R 2

Y Ll DX 335 Vi b 2 i — WAL Pl 2 AR Ak i
JRE IR I 7 B 20— U8 Ak O v PR B 1 B A
INVURE 5T IX 4 18l Tl st S 20iiim e im i
LA BN R 2 800 55 3 SXCERK 4] 43 A [
— AR ER AT AR A — AR A A R M By
AR [R] AT AR, (HUE R A R (£ 2) “ AR
VUBCE R B | HAF 5 25 55 5 K iy i R
BT Fnpt— 5T
4.5 ZAEWR

A IR A E R X B A i A K
AR BEK TP A B, LTI L
R, S5« TR =82 Wb d e Ba b
HrATT AR R R R T2 o (A A, 2018)
AP it E DT K OLL R S S A e
KB TS A A B T J22 T, DA IR S RD 5 5 6 IR
BB TTR, B e Rt i L VR FE ; R
FE KA A IR A A—R 0 4 I8 S B
FUE 2T, Jrdl b B2 ik i & 52, Bl Asc ns S i 46 1
FRIRE SR 2 Wk o 3, 260 R Bl Bl — 36 i 23 s 1)
DUBVRFIE WK 20 19« 40 Bl i SR IR 22 1
JEAE TAE X S8 A i, sl s Tk A it Gl
W VAR —H7 | 1] P R AT IX 2D W) — 45 | 16 45 S5 e
FERRT LR 57 Ak ] — ) e 5 Rl 22 30 7 G ) R A
65 e AR et A B 8 A0 ) Rl 4K B o 1R 4
ANTRI AR AN ) e ot o < Sy W 2 e ol 5 — B 2
HFG A2 A A B ORI A s 2 fk | TOURC 24
Wik, FTUAARRWESE TAE X NG« 4 B e g
AT RE AR AR S 2 DU F= 9, P A FE R

xR 2 AA—4EF kB FEHE R EITR
Table 2 Date data of Hongliuhe—Niujuanzi—Xichangjing ophilites

MEERAT | REEMEE | A AR ERE SCHR
AR RN 425.5 Ma, 516.2 Ma, 520.3 Ma, 528 | FAfiZ:4%,2006; ik 7C I 4%, 2008 ; Cleven et al. , 2015; Shi

" s | AW, EA | HERS | Ma, 525.2 Ma, 521 Ma, 535.3 Ma, | Yuruo et al. , 2018; #5555 2019; TianZhonghua et al. ,
% jg? i) 410.5 Ma 2014
jT | e e | 435 Ma, 446.5 Ma, 433.8 Ma, 443.4 | Tian Zhonghua et al. , 2014; # M 5, 2012; Wang Shengdong
L2 A 4l 1 WA
g Ma; 429. 8 Ma, 448.7 Ma et al. , 2018
o | eIk (A JE [ P4, 20003 FE T 545 2019 Shi Yuruo et al. , 2018; 9
N i | 470 Ma; 538.9 Ma,496.4 Ma; 535 Ma, | - 00 3Tt oo 3

| Fi, A= | BRA LTS 2017 4T M 2012 BT I %5, 20155 Ao Songjian

536 Ma; 530.2 Ma, 533 Ma

L)

et al. , 2012
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FUTRE E AR A Z

AWFIEE LR B Tl sl e O KRR
XS 113 DX T A P ik 1 L e [X FE et i 23 v R A
() = A 58 4 AT LA EG BB (5
VA S G 2 M R 5 0@ ) AR FE IR R VA 1L
X T FE G AE i s e R B B R FE A AR
Wtk ( =W, Eoredlichia sp. ) ; TEILA e 3% 111 —
GiE ST IIE R NN N VY Sl Wi S PN
w R T ER G R UEIL A Eoredlichia sp, “ 2
Pl il B b PN A S8 I 20 )2 25 4 ) ot
HMEA T L ROV 1 X T FERGE Ry AUE
WA F 2o — W2 YRS K s R AR A AR
o LSS R AL e 2 SR 2 5 TR X
T FERGE B LA AVR K IR 8 K B (T
JEEIERE BT )2 A AR )R,
“HRE e sk sl S A PR (W] M BT B e BT
B (C5H) B L RHAE SO AT T3 B A R BAH S 1Y
BT, IX SRS R AT LUA Y, A B e
gt 1w b B AT AR ALY Hb BT 5, T RE N TR —
AHb A T AN 2 B 2 BBl i 25l 43 B 0 7 A~
HiHe

5 %5

(1) 4R FH X A A A K s B
o, IEH DU B BE I Je B K TRb 5 | e e B AR
a WA H A KA AR KT , Bk 3 E
A AR SRS A A AR,

(2) BPAMRATBA “ AP+ B 5T A & TR R
fE, HAL A & MGG TURRY , Hs 25 BB A il
LS S=

(3) B F KA ESE Rb.Ba, Th U K %K
BT¥EALE, 5 Nb Ta Ti,F Sr IERY, BR7%
TR JR ) A M BR AL AR AE

(4) 35 XTI AR IR AR X FL P i
K73 B A P g o o S AT ST ] BEAS I B

IERY ISR

Bt ASCEM EZOR A T RS T H
B, i B AN 2 R AL S AR A2 2 Al
B, XA g aea R EL OB L TR RE, (HR M
A Bl Mg R RN 44 LR i L s v A A
FERH A AR TARSRAF BRI T T A 3,
R T BAT B I AT, B 2021 4F 5K B 5T 5
“ips BT Z AT R DI g S ) —
SRR, KSR B C TS IL AR SO g Ak

HOHTH AL JEE i IO e 2 2 R ke RS I,
— R e AR XS R B A W ST Y T A B AR A —
K NAb L L g A A T AR S (R A (L
Jeilisd e a r e . A sk Se AR SCRe i — )ik
“ATARR A5 ) RUER I AT T, AT Ao~ R AE S AR A
KAEMR” . HA FeoAR X R, A BEE R 7 58 1Y
ST R 5 E e R (aX G N 5 DR B
R

()i, X 2 55 v s B AR AL 1R A Y 38R 5 4] 25 Sy
Robert Hugh SMITHIES, Michael Thomas WINGATE,
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T R RN R T B B B R T R BRI
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Restudy on the attribute of Niujuanzi Ophiolite in
Beishan Mountains, Gansu Province

YU Jiyuan"? , WANG Guogiang'" > , LI Xiangmin"* , JI Bo"? , ZHAO Guobin" ?
1) Xi’ an Center of China Geological Survey, Xi’ an, 710054
2) Northwest China Center for Geoscience Innovation, Xi’ an, 710054

Abstract: The Niujuanzi ophiolite determined by previous studies is regarded as an important evidence for the
division of Beishan tectonic units in Gansu Province, NW China, but the authenticity of its petrological properties
has not been effectively verified. Detail field investigations with 1 : 50 000 scale have allowed us to revisit the rock
association, contact relationship and field occurrence. Meanwhile, geochemistry of Gabbro are also analyzed and
discussed. The results show that the rock assemblages developed in the area may be the products of plutonism rather
than a typical ophiolite. Evidences are listed as follows; (D The pseudo-sequence of ophiolite rock association is
seriously missing in Niujuanzi tectonic belt. @) Volcanic lava developed with few and sparse in local section of the
belt. 3 Ultrabasic rock including abyssal peridotites are missing. (4) There is no any characteristics of mélange
zone. (3 There is no material components that resemble those style of ~ rock block and matrix “ of a typical suture
zone. (© There is no record of deep-sea deposition such as radiolarian bedded chert. (@) On the contrary, gabbro
has obvious geochemical characteristics of crust—mantle mixed source, which is quite different from the trace
element characteristics of N-MORB and OIB. Thus, the so-called Niujuanzi ophiolite is a suite of complex pluton
mainly including gabbro intruded into the surrounding rocks, the Misjudgment of the tectonic nature of which could
attribute to the relatively low and gentle topography and serious coverage of loose deposits in the Beishan Mountain.
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