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Fig. 1 Geological Map of metabalts in Guanzizhen, Tianshui (modified after Pei Xianzhi et al. , 2004)
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Fig. 2 Microscope photographs of themetabalts from Guanzizhen, Tianshui
('sampling location: 34°36'147"N, 105°57'26.9"E)
(al) . (a2) .(a3) HfieHE F RHM T (ARG WA R B SHIRIE) 5 (b1) ((b2) (b3) IEZCHE F MM (R0 WA R S 45 s ) ;
Pl—RHE A s Hhl— I A 5 Cal— 7 A (BRFRERAL) ; Px—WEA ; Qtz—F1 & ; Mag— LR

(al), (a2), (a3) Microscope photographs ( single-polarized, to show mineral composition and structure); (bl1) . (b2) . (b3) microscope

photographs ( cross-polarized to show mineral composition and structure) ; Pl—plagioclase ; Hbhl—hornblende ; Cal—calcite ( carbonatization) ; Px—
I graf T I H plag H 5 H

pyroxen ; Qtz—quartz ; Mag—magnetite
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£ 50%200~200x500 wm® , H VA48 TR A, A T2
AR, I F R A a e, RARER S, A
e, AR 5% iR 20%x200 ~50%500 wm?, 4 20 ik
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Tablel Analytic results of major elements ( %) ,

trace and rare earth elements (x107)

of metabasalts in Guanzizhen, Tianshui

RS HO45-1 | HO45-2 | HO045-3 | HO045-4 | HO045-5 FEfS HO45-1 | HO045-2 | HO045-3 | HO045-4 | H045-5
Si0, 49.47 49. 65 49.84 49.75 50. 08 U 0.36 0.40 0.24 0.25 0.43
TiO, 1.33 1.35 1.32 1.35 1.61 Th 0.63 0.58 0.58 0. 60 1.28
Al,O4 14.17 14.17 13.94 14.22 14.76 La 6.24 6.21 6.28 6.08 6.90
Fe, 0, 2.19 2.37 2.34 2.06 2.92 Ce 13.40 13.50 13.70 13.40 16. 60
FeO 9.18 9.15 9.30 9.55 8.19 Pr 2.32 2.36 2.37 2.37 2.98
MnO 0.20 0.20 0.20 0.20 0.21 Nd 11.70 11.80 12.00 12.00 14.70
MgO 7.91 7.84 8.34 7.72 8.50 Sm 3.37 3.51 3.49 3.56 4.09
Ca0 10. 00 10.17 9.94 10. 46 8.44 Eu 1.20 1.24 1.25 1.26 1. 40
K,0 0.39 0.39 0.29 0.30 0.58 Gd 3.31 3.44 3.48 3.50 3.80
Na, O 2.55 2.18 2.34 1.90 1.26 Th 0.68 0.70 0.71 0.71 0.74
P,04 0.11 0.10 0.11 0.11 0.13 Dy 4.48 4.66 4.69 4.72 4.76
Bk 1.32 1.26 0.87 1.15 2.28 Ho 0.92 0.95 0.97 0.98 0.96
oSy 98. 81 98.83 98. 82 98.77 98.96 Er 2.43 2.48 2.55 2.55 2.47

o 1.33 0.99 1.01 0.72 0. 48 Tm 0.38 0.39 0.39 0.40 0.38
DI 24.49 22.43 22.32 20. 62 22.00 Yb 2.40 2.52 2.52 2.53 2.40
Mg* 58.4 57.9 59.2 57.3 60.9 Lu 0.33 0.34 0.34 0.35 0.33
Rb 16.30 16. 40 9.70 11.20 26. 40 Y 24. 40 25.20 25.50 25.30 25.00
Sr 194.00 | 188.00 | 192.00 | 230.00 | 142.00 S8Eu 1.10 1.09 1.10 1.09 1.09
Ba 57.30 30.20 31.90 30. 60 49.80 SREE 77.56 79.30 80. 24 79.71 87.51

Nb 6.01 6. 00 6.25 6.50 7.18 Y LREE
0.97 0.95 0.95 0.94 1. 14

Ta 0.44 0.44 0.44 0.46 0.52 > HREE
Zr 79. 00 79. 80 81.50 84.20 99. 40 Lay/Yby 1.86 1.77 1.79 1.72 2.06
Hf 2.48 2.50 2.58 2.63 3.09 Lay/Smy 1.20 1.14 1.16 1.10 1.09

1T BURE (7 B ( Sampling location) : X =34°36"147"N; Y = 105°57'26. 9"E ; ‘& 1 (lithology ) : 2% % i ( metabasalts)
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) Sm Nd & &, BRIEME A n("Nd)/ n("Nd) =
0.7219, Lk GBWO04419 Fl INdi-1 v 4 o X6 328 43+
Mt B R AT W45 5 Rb-Sr [R]43 28 20 B feff FH 4 Al 85 0
TEAL(MAT261 ) 76 8 14 Ak 52 56 % 58 B, 38 2o [/ 4 38
PRk 153 Rb . Sr [A 7 Z (8, LA NBS987 .
NBS607 F1 GBWO4411 Fp i 4y Joi 6 38 20 By 1 At 1ok
Friides, MRREEHIE 2,

3 AR RRE

J1EERE

KF A LR A S0, T8N 49.47% ~
50. 08% , AL G F AR /N, ¥ 7% TRV A KA X 2
B—Si0, Pt it 7s AR X A8 203 A R il 240 A S 66 %
FNZ A A, Na,O K 1.26% ~2.55%, K,0
FrEN 0.29% ~ 0. 58% , 408 ( Na,0+K,0) 7 48
16, 0T 1. 84% ~2. 94% , F& B i AR B8 11 4 14 K, 0/
Na,O fH/F 0. 12 ~0.46, ¥4 Na,0>K,0, A5 H
B B AN 2T B AR AR, TFeO fH 284K/ (11.11% ~
11.64%) ;MgO N 7.72% ~8. 50% , TiO, N 1.33% ~
1.61% ,A1L,0, T 13. 94~ 14. 76% , B B R AK Ti
Al BFFAIE

AZLRAES B 25 (o) H 0.48~1.33,
B /NT 3.3, RSB 53 . TAS 7326k
FHE BR R 0 77 % (Le Maitre et al. , 1989;
Le Maitre, 2002; X3 & 4545, 2015) , TAS &l f# I, #
i —EIE AL RA X (F 3) ,810,—K,0 ElfiER

R2RAKXFEEZRE Sr . Nd B ESTER
Table 2 Analytic results ofSr and Nd isotopes of

metabasalts in Guanzizhen, Tianshui

WA AR E TR X R AR (B 4), MEN T
57.3~60.9 Z[a] Ik T H b 0a @R B A0 546 2 R
FH(Mg'=68~72) , s B4 mIERIEN AR 557
ALY EEEHL 22— |, 4 IR R T R b e B
FRAE IR B fE 1 A 1 B H B AR,
e+ &80 & 1y v B g (05), MgO 5 Sio,
Al,0; . Na,0 K TiO, ToHI B Lt G R RITH AR
LI EN AT B 45 i AE R . MgO 55 FeO | CaO | TiO,
BSOS R  F8R T A RE R L T
g Ay SRR
3.2 MERBLIRTE
A2 g M Y REE 808 (77. 56X 107° ~
87.51x107°) , FF Sl s - L 43 FRAE — 35, ¥ 330 1 W
WA E 6) , R BAE S HAAHFIR X, RER
)43 5 A B i, LREE/HREE fH4%3E T 1(0.95 ~
1.14) ,Eu 5% A (8Eu=1.086~1.098) , Hf
5 MORB PR, Tt e Rk E H (K 7)),
A2 A R Ba Th Il P o i 4, AR L/ 2R
&, AT BETRIAE 2 T VR IX B RRAE K b 58 TR YA A
(CEER
AL R b SE IR Y A B A —
JE A TR AR AL R, 5T ER I, M
FeW I — M 5 451 Nb, Ta 1 & % Zr \Hf ' Th Pb( Sun
and McDonough, 1989;Rudnick and Gao, 2003),
W32 b 5 TR G I RN 43 TR 17 (1) Nb—Ta 53
B NR Zr—Hf IESRE , CFEEZRET
Nb—Ta i 5%, WA Zr—Hf [ 1E 5%
LM N MR Ze &R H, I,
IR GRS o

3.3 Sr.Nd Efiix

S HO45-1 | HO045-2 | HO045-3 | HO045-4 | HO045-5 KT AR 2 A Se A A A
Sm(x107) 3.16 3.25 3.21 3.27 3.81 [n(YSH)/ n(®Sr) ], N 0.7053 ~
Nd(x107°) 11 11.25 11.1 11.26 13.82 e e .
Rb(x107°) 14. 87 14.73 8.05 9.23 23.35 0.7060, fif & T ok H 7 451 3t 18 11 119
Sr(x107%) 189.7 185.9 178.8 213.3 137.4 N-MORB (0.70229 ~ 0. 70316, Saunders

n(YRb)/ n(®Sr) | 0.22613 | 0.22844 | 0.12983 | 0.12471 | 0.48988 et al., 1988), 55— 5 4 Hu i ( EMI
n(¥sr) WM | 0.70762 | 0.70725 | 0.70628 | 0.70651 | 0.70923 i . ’
Q\ M 74
n(%Sr) clo | 0.00006 | 0.00007 | 0.00003 | 0.00003 | 0.00009 23 0-705, Zindler et al., 1986) H %
n(Sm)/ n("Nd) | 0.173734 | 0. 174735 | 0. 174762 | 0. 175735 | 0. 166714 &x, (1) L3I0 IEAE, B — A FF & A 1%
a("™Nd) | M{H | 0.512813 | 0.512841 | 0.512877 | 0.512857 | 0. 512635 (0.88) LISN, HARE S AE 4.93~5.29
n("Nd) +1o | 0.000003 | 0.000003 | 0.000005 | 0.000005 | 0.000005 \ .
[n(¥sr)/ n(*Sr) ], | 0.7060 | 0.7056 | 0.7053 0.7056 | 0.7057 Al o = MB?RB LI T ﬁl:’
exa(1) 4.93 5.18 5.29 5.15 0.88 [n(¥'Sr)/ n(™Sr) |, Fl &y, (1) (HAELAR

TE AR SEIR%E (2007) 3HAE ¢ B 500 Ma; Ag, =1.42x107"a™"; Ag, =6. 54x

1

1072271, }17( MNd)]

2 ("“Nd)

=0.512638; Hz(mi&n)[

144
0,CHUR n(Nd) 0,CHUR

=0.1967

N ML T HBSE RS
4 KU TE IS
e T S T K R 23
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Fig. 3 TAS diagram of metabasalts in Guanzizhen, Tianshui (after Le Maitre et al. ,1989; Le Maitre, 2002)
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(4 Miyashiro, 1975) % o,(0) THIME N 4. 14, 55K 5 MORB B, 4K,

Fig. 4 Diagram of SiO, vs K,O of metabasalts B ER AL S ST R 5 1 MORB K ’ HA

in Guanzizhen, Tianshui( after Miyashiro,1975) B A, [n(YS0)/ n(%Sr)]. B BT
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Fig. 5 Harker diagram formetabasalts in Guanzizhen, Tianshui ( after Winter, 2001)
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Fig. 6 REE diagram of metabasalts in Guanzizhen, Tianshui

( values of chondrites for normalization from Sun and

McDonough, 1989)

N-MORB, NG sh e Z A9 HU(E Ce/Zr  Th/Yb Th/La,
La/Yb La/Sm . Zt/Nb Hf/Nb &% Y/Nb ¥J— 2 i
N, FHEAZR A S N-MORB 2%, 5 E-
MORB | 73 # 35, fL— 4~ JC & W (La/Nb) 5
N-MORB AL (£ 3) . 1E[n(YSr)/ n(®Sr) ] —ey,
() PRI (B 8) B s e 5 X H
HA Ok A & AR M (1 RRAE

KT E-MORB My K, B i i 47 4, 35 3 1)
M AH E-MORB /&4 H OIB 5 N-MORB iR &
Wik, SR, K E-MORB 7= 17 25 Hb s ki 1) 7 v
H UG 2, Wl R A A E-MORB 1 B H &2
Ze L AR T ST ORI ] LU IS

RIRKXRFHEZRERAREREMEHNTEILE

Table 3 Some element ratios of metabasalts in Guanzizhen, Tianshui,

and typical basic rocks

1 1 1 1 1 1 1 1 1 1 1 1 1
RbBaThU K TaNbLaCePr Sr P Nd ZrHf SmEuTi Dy Y HoYb Lu

[ 7 ROK KT B 2 W T 3R R Y 5]
(LG M2 ARHE(EHE Sun and McDonough, 1989)
Fig. 7 Spider diagram of trace elements of metabasalts in

Guanzizhen, Tianshui ( primitive mantle values for

normalization from Sun and McDonough, 1989)
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W], 4035 Th Ta(Nb) JGE BYH0 K AT LAAE 1AB 5
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5 E f#rh % A N-MORB 5 E-MORB Z |a] , 5 {l T
E-MORB, Ifi 5 & 908 5 F S 98 BE 2 8 (TAT) K
L 2 (CAB) A B 225 (&1 9) . Ta/Hf
K Th/HE {8, RERLLS S W FLJR X 1) Th  Ta HF 2Z [H]
153 S 4R AE , Th/ HE—Ta/Hf ¥
S RERAT X 53 Z A T L
KM 3 B 5E (T = 58 5%,
2001) , 7E Th/Hf—Ta/Hf | 5

BEf 2 | CesZr | Th/Yb | Th/La | La/Yb | La/Sm | La/Nb | ze/Nb | HENb | vonn BB 10)  FESY EEIE AR
HO45-1 | 0.17 | 0.26 | 0.10 | 2.60 | 1.85 | 1.04 | 13.14 | 0.41 | 406  JVEAR PN 76N Fnom 1l 20 it X
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Geochemical characteristics and tectonic environment of metabasalts
in Guanzizhen, Tianshui, Western Qinling

CAO Yusen" ,HUANG Shigi® , ZHOU Weijian" , LU Yang” , LIU Zhigiang” , HUANG Dezhi"
1) School of Geosciences and Info-Physics, Ceniral South University, Changsha, Hunan, 410083;
2) Sino-Probe Center, Chinese Academy of Geological Sciences, Beijing, 100037
3) Seismological Bureau of Changde City, Hunan Province, Changde, Hunan, 415000

Objectives: The ophiolite in Guanzizhen is located in the northern margin of the western Qinling Orogen,
which is taken as the western extension part of the Shang-Dan ( Shangnan—Danfeng) suture zone representing the
joint position between North China and Yangtze Blocks. In this paper, we focus on the geochemical features of the
ophiolite in Guanzizhen to analysis its source area characteristics and tectonic background.

Methods : Samples for major and trace element analysis were first crushed and ground to a particle size of less
than 200 mesh. The oxides of major elements were measured by X-ray fluorescence spectrometry. The trace and
rare earth elements were determined with an X Il Series ICP-MS. For rare earth elements content analyses, 50 mg
samples were precisely weighed and reacted with 1 mL HF and 0. 5 mL HNO; in screw top PTFE-lined stainless
bombs. The analytical precision was better than 5%.

Prior to n(*'Sr)/n (*Sr) and n (" Nd)/n('®Nd) analysis, 50 mg of sample powder was weighed. The
powder was then leached using 1. 0 mol/L acetic acid to dissolve the carbonate fraction. After this step, Sr and Nd
were separated and purified by conventional cation-exchange resin method respectively. Isotopic ratios of obtained
Sr and Nd solutions were measured on a thermal ionization mass spectrometer ( Triton, MAT261). The measured
isotopic ratios were corrected for mass fractionation using n( **Sr)/n(*Sr) = 0. 1194 for Sr and n( "“*Nd/n("*Nd)
= 0.7219 for Nd. The Sr standard NBS SRM 987 yielded n(*'Sr)/n(*Sr) = 0.710244 + 4 (n = 10, 20),
while the Nd standard JNDi-1 gave n('*Nd)/n ("Nd) = 0.512124 = 2 (n = 20, 20). All analyses were
performed at the Mineral Resources Supervision Testing Wuhan Centre of China Land & Resources Ministry.

Results and conclutions: Major elements of the rocks shows that the meta-basalts belong to tholeiitic basalt
characterized by rich in sodium and poor in potassium; rare-earth element differentiation is not obvious, trace
elements are deficient in Ba, Th, and P, and high field strength elements are not deficient. the values of &y, ()
are all positive, similar to the mid-oceanic ridge basalt (MORB).

Keywords ; ophiolite ; Sr—Nd isotopes ;trace elements ; Guanzizhen
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