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Table 2 Analysis result of trace elements of the Kuandian complex( X 10 %)

R2 ROfeHRBITRSABER(X107®

Fg8 HERE Li Be v Rb Sr Y Zr Nb Cs Ba Hf Ta Pb Th U
1 K86031 54.60 1.46 300.49 48.71 383.63 20.75 66.83 6.16 4.59 1069.981.91 0.37 6.95 1.59 0.45
2 KB86083 25.22 0.65 282.46 91.52 292.69 15.39 56.01 3.12 2.72 482.34 1.62 0.2013.471.55 0.30
3 KB86244 1.50 .00 185.04 131.86 225.74 18.01 75.02 5.02 2.58 209.83 2.04 0.27 2.47 2.06 0. 38

K86244pl 539.60 611.06 2.14 47.15 0.45 13.651128.791.24 0.04 8.73 2.24 0.46
4 KB86245 13.56 0.82 266.55 31.15 204.57 20.48 76.24 5.83 0.84 215.85 2.47 0.35 7.95 2.98 0.70
5 [K86246 2.81 .17 176.06 29.50 212.65 16.13 60.12 5.01 0.98 137.17 1.62 0.22 3.63 1.62 0.32
6 KB86247 10.37 1.75 309.55 28.95 261.19 23.46 90.70 7.14 0.85 156.08 2.87 0.47 6.15 1.30 0.40
7 KB87087 32.36 0.49 307.63 16.99 244.34 16.85 74.08 4.32 0.47 101.43 1.83 0.2713.341.70 0.41
8 K87137 9.21 .00 129.38 64.34 367.88 14.01 109.04 5.10 3.16 425.76 3.01 0.4011.149.49 1.27
9 K86110 20.99 2.64 52.59 174.14 208.06 38.17 218.00 20.76 11.08 722.04 6.33 1.40 7.79 24.346.78
10 K86112 35.71 3.62 54.69 198.88 287.53 30.41 196.18 16.90 14.72 883.64 5.11 1.1312.1219.954.78
11 K86195 25.28 2.54 32.94 155.00113.29 14.83 99.16 8.32 6.55 1013.402.62 0.58 25. 61 8.64 2.50
12 K86197 23.97 1.73 19.43 103.80 167.74 23.70 148.14 11.62 2.82 962.25 3.93 1.25 20. 2426. 51 4. 62
13 K86199 78.38 3.10 51.06 284.42 108.32 11.20 100.69 10.53 4.92 1325.462.49 0.7417.1713.32 2. 24
14 KB86202 46.98 2.65 27.02 177.21 220,60 15.14 169.04 13.61 6.87 833.17 4.49 1.02 25.5016.36 1. 77
15 K870191 0. 36 .69 20.57 201.89 49.14 21.08 244.07 13.09 1.77 728.35 6.64 0.85 5.16 13. 41 2. 67
16 K86027 0.00 .94 27.04 149 .19 63.58 48.56 367.35 20.63 0.65 803.47 8.85 1.23 5.7618.421.88
17 K86086 10:09 3.38 34.06 219.13 83.99 57.51 263.09 25.90 1.35 1093.527.73 1.84 9.0914.831.56
18 K86088 4.85 .96 29.70 201.29 75.94 48.07 263.19 24.17 0.93 936.74 8.68 1.68 9.8519.441.95
19 K86090 7.88 3.43 22.33 159.66 107.35 52.64 365.18 25.20 1.92 681.05 9.35 1.75 6.56 22.010. 96
20 K86091 6.87 3.24 21.58 305.03 68.15 52.55 372.06 24.00 1.05 885.51 9.93 1.08 6.1229.942.91
21 KB86176 3.10 .90 3.16 147.33 45.04 35.87 313.09 21.41 0.43 985.44 8.51 1.42 5.3619.691.79
22 K86178 3.30 2.89 1.89 164.27 26.36 46.58 307.33 21.62 0.88 685.85 7.85 1.39 5.3616.622.29
23 K86190 4.37 2.10 3.03 193.91 99.63 52.41 275.83 22.50 0.99 879.77 7.55 1.85 8.26 26.553.23
24 K86191 0.76 2.51 1.54 183.51 79.12 59.08 324.42 24.32 0.79 968.06 8.68 1.71 6.2417.663.27
25 K86193 5.77 2.61 8.69 158.87 51.11 49.44 329.25 22.17 0.76 862.99 8.49 1.58 12. 3820. 23 2. 57

A XWBTERAR LR RENEK Saskatchewan KAL) ELan5000 ICP—MS 5. HAEXRAFE 1.
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Table 3 REE data of Kuandian complex( X 10~ ¢)

BF5 HB&Y La Ce Pr Nd Sm Eu Gd Thb Dy Ho Er Tm Yb Lu
1 K86031 9.80 21.82 2.95 12.68 3.39 1.28 4.32 0.66 4.34 0.92 2.70 0.39 2.49 0. 38
2 K86083 6.03 13.96 1.96 8.8 2.30 0.82 2.81 0.46 3.11 .64 1.86 0.28 1.62 0.25
3 K86244 8.24 19.14 2.74 12.41 3.08 0.99 3.48 0.56 3.82 0.72 2.09 0,31 1.88 0.26
4 K86245 10.75 25.49 3.23 13.74 3.66 1.18 4.47 0.67 4,23 0.86 2.37 0.34 2.14 0.31
5 K86246 5.97 14.98 2.22 10.4%9 2.75 0.90 3.17 0.53 3.42 0.67 1.89 0.27 1.65 0.24
6 K86247 15.47 35.52 4.54 19.34 5,01 1.76 5.81 0.89 5.62 1.12 3.08 0.45 2.81 0.41
7 K87087 10.‘68 23.38 2.99 12.40 2.77 0.94 3.19 0.48 3.32 0.67 2.05 0.29 1.96 0.28
8 K87137 17.78 41.61 4.12 15.46 3.32 0.96 3.14 0.43 2.72 0.54 1.51 0.21 1.46 0.21
9 K86110 68.58 135.47 14.46 49.33 9.41 1.09 8.09 1.12 6.98 1.40 4.08 0.59 3.60 0.49
10 K86112 54,60 105.92 12.79 45.26 8.30 1.05 7.24 ©0.94 6.08 1.16 3.44 0.52 3.06 0.42
11 K86195 17.91 38.80 3.75 13.79 2.41 0.50 2.29 0.33 2.31 0.48 1.40 0.22 1.29 0.21
12 K86197 35.78 77.25 7.76 25.31 4.58 0.63 3.84 0.54 3.25 0.65 2.02 0.30 2,03 0.30
13 K86199 11.51 48.75 2.80 5.97 2.01 0.36 2.04 0.27 1.81 0.40 1.31 0.21 1.33 0.21
14 K86202 30.65 89.84 6.23 21.60 3.82 0.60 3.26 0.41 2.70 0.52 1.68 0.29 1.98 0.3l
15 K870191 47.79 100.27 11.46 39.08 5.93 1.11 4.58 0.58 3.03 0.51 1.45 0.22 1.42 0.21
16 K86027 77.72 154.05 14.64 51.43 8.34 1.04 6.79 0.96 6.70 1.27 3.55 0.59 3.87 0.63
17 K86086 40.37 86.36 10.64 43.92 9.43 1.49 9.94 1.62 10.89 2.26 6.82 0.98 6.45 0.91
18 K86088 53.04 106.17 12.17 47.35 9.15 1.47 9.03 1.32 8.79 1.77 5.39 0.80 5.48 0.73
19 K86090 97.09 208.15 21.94 78.11 12.38 1.47 10.50 1.50 9.65 1.83 5.46 0.76 4.71 0.67
20 K86091 42.86 93.59 11.25 45.73 9.39 1.47 9.48 1.45 9.72 1.88 5.61 0.82 5.07 0.7}
21 K86176 49.27 81.58 13.59 50.11 9.41 1.62 7.57 1.14 7.13 1.37 4.05 0.60 4.11 0.65
22 K86178 52.28 98.38 14.01 52.99 10.62 1.84 9.36 1.30 8.14 1.62 1.50 0.74 4.55 0.75
23 K86190 85.02 156.75 18.82 66.00 10.85 1.57 10.37 1.44 8.87 1.76 5.17 0.75 4.97 0.73
24 K86191 66.13 121.78 13.15 47.89 10.10 1.58 10.34 1.56 10.44 2.07 6.04 0.85 5.44 0.80
25 K86193 52.81 96.10 12.95 45.39 8.39 1.26 6.58 0.96 5.72 1.15 3.27 0.49 3.18 0.47
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Fig. 3 Primitive mantle normalized abundance patterns for trace elements and chondrite

nomalized diagram for REE of Kuandian Complex
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Fig. 4 Comparison of average trace elements of amphibolites
from Kuandian Complex with orther rocks
(primitive mantle normalizing values for trace elements after
Sun and McDonough!?1)
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Solid circle is Kuandian complex; triangle is Karoo basalt(28:2¢); solid

quadrangle is Parana basalt{*31);empty quadrangle is Tasmania

basalt after Hergt et al. [267; empty circle is upper crust[27]
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a,b Empty circle is Kuandian complex; solid circle is South Karoo basaltf2®: +91;

solid quadrangle is Ferra basalt(4!); solid trangle is Tasmania basalt(26], ¢,d NA&P MORB North Atlantic

A HE ; K86244pl(2)

RAMKANETBKE 2.3 Ga it BHE

and Pacific MORBI#),10IB  Indian OIB[?2]; MIR Indian Middle Ridge Basalt[38]; K86244pl(0)

empty quadrangle is Parana basalt[%];

representative

present value of plagioclase in amphibolite; K86244pl(z) representative

2. 3 Ga value of plagioclase in amphibolite
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WBED), ERBS S AR, SNEHE K TELERGLR TR HEA .4 FH
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T R 20 I G L 20 W BB T S0 BHR A FI 10 ARG AR E 15 M ERKIGH R
DRETY . AETUEEREERHARANEIFRELMERELY TREBEY
AR 85%), X ARG EETRB EARH AINE T RS L AR K A R
THEIE. BIbA RRE XML SR EFHANGS &S REE . GLHENEREEEEEY . X
Sk kA SREMIEERNENRE LR KIS RVBEEMERE—SHUo,

R4 ROREHIVBARSBLELENITHER
Table 4 The results of some trace elemental modeling calculation during

fractional crystallization of the Kuandian complex

o | AAREG [ EE [ EE EREEL | ERRES
FHIME LA EA S e HRE
Rb 34.19 185. 05 185. 00 177.08 178.11
Ba 207.22 924,02 924. 00 892.70 892. 97
Th 3.42 17.51 17.15 19. 26 19.96
Nb 8. 46 13.49 13.59 22. 89 21.84
K 26502. 50 35550. 00 112061.77 } 42277.50 100005. 28
lLa 12,13 38.12 37. 86 61. 66 60. 84
Sr 258. 26 165. 00 160. 72 70. 05 69. 75
Sm 3.50 5. 21 8.22 9. 81 14.52
Zr 82. 10 167. 89 256. 26 318.08 315.73
Eu 1. 15 0.76 0.79 1. 48 1.44
Yb 2.01 2. 10 2.21 4.76 4. 46
AREETE D 15 15
Ol(20) Cpx ol “px
Sh i LA (SZ)P)I(B:))) (20()2(:15::0)
HEROO
N Gt(20) N Gt(10)

EFANEERAR C/Co=P7 O ARAERPHBIRERE C AR B AR P RBTRRE  IRAERN
HHGR:D AT BERMAKYER RETYH IR AR M. Wilson*®), 01 YHH T Cox HAFER: Pl
ARGt A AWA.

3.5 EEFEN RN K EERE
ERAREPTHANREGTREBETCENIRELIAEXE CREE B ARME
HERAL R OEER 5 X LR KR A = A M KR i M Z R A AU REENWREAHEREY
LSRR RIS, 78 T. H. Pearce et al. # MgO-FeO* -ALO,; & L (R F 518, B8 )1,
FEANAEANERZREMAMEREZ RIS, % ]. A. Pearce et al. # Zr-Zr/Y F
mLENATHRBHBRNZRENFEPEIREZFMLEX (RFEE, FagHt, RIHA
BT KRB RLAF M FE R LR IR . RAREPHIEREEATE]. A. Pearce et al. By
Nb-Y #l Rb-(Y+Nb) & L (R FIRIE, Erg) EEARAER & X, BEEH A LS ETH



% 3 3 I B BT L R HBR AL R 219

BERR YRR AINRE A RRE RO R K LA TR T AT DA B8 4 e R e i
HIF R R AR R A TE BT U T B (aulacogen) By K MM s 3R 38 T IR .
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# & A 6 —3(, Condie FRZ AW K LI H-K AW AE-BRAEAE BVAOL, XMHASELH
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&) P EASL LB FF IR TR, H DL RFE RIBE X RA B R 4

4 i

(DF BB R R ETH BRI IR R0 8. IR A B 1N EGIE
a8 K, M H Rayleigh 4 B B MG R R, RARETRRAERMERTE AR
IR RS 20 0B A 30N AR 30URHK A K 20% G A 208 A .
0% BAVEA SOURMK AR 10X GHARE . RE 15U AEREREEN .
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(D FAEWIE RS AE 2. 3—2. 4Ga $A18) , P ESTRLEM & L 5 0 EHE L BRI
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THE ORIGIN OF THE EARLY PROTEROZOIC KUANDIAN COMPLEX:
EVIDENCE FROM GEOCHEMISTRY

Sun Min,
(Department of Earth Sciences, University of Hong Kong., Hong Kong)
Zhang Lifei
(Department of Geology, Peking University, Beijing, China)
and Wu Jiahong
(Shenyang Institute of Geology and Mineral Resources, Shenyang, China)

Abstract

The Kuandian Complex is a rarely preserved Early Proterozoic volcanic suite, formed 2. 3—



222 B OE OE R 1996 4

2.4 Ga ago. It is located in an Early Perterozoic mobile belt which is bounded by the Archean

Rangrim and Ryonggang Blocks of the northeastern Sino-Korea Craton. The Complex is mainly

made up of amphibolite, a variety of gneisses, and layered granite. Petrological and geochemical

studies show that the protoliths of the complex are associations of bimodal volcanics and anoro-

genic granites. The Kuandian amphibolites are depleted in Nb. Ta, P and Ti, and enriched in

LILE, e.g. K, Rb and Cs, with pronounced depletion of Sr relative to Nd and Pb; La/Nb ra-

tios are higher than 1 (1. 75 to 5. 18). The trace element patterns of the amphibolites are similar

to continental flood basalts formed by Gondwana break-up, such as those in South Karoo and

Tasmania, which shows continental contamination. engvalues ranging from 0. 70 to 1. 94 of the

Kuandian amphibolites and the relationships between Nb/Yb and La/Yb suggest that contamina-

tion of basaltic magma happened in the mantle, rather than along the conduit. Isotope ratios of

25Ph/*Ph,*"Pb/*Pb,**Pb/**Pb,**Nd/"*Nd and ¥Sr/*Sr indicate that the magma was de-

rived from a contaminated mantle source like DMM or a mixture of DMM and EM2. The Kuan-

dian complex has Dupal anomaly, as is the case with some continental basalts in the south hemi-

sphere, e. g. in South Karoo and Tasmania. Petrochemical modeling proposes that the Kuandian

gneiss, granite, and amphibolite came from the same parental magma. being products of strong
fractional crystallization. Protoliths of the Kuandian complex were formed in an extensional tec-
tonic setting during the transition from continental crust to oceanic crust.

The formation of the Kuandian complex indicates that 2. 3 to 2. 4 Ga ago, the tectonic evo-
lution of the Sino-Korea Craton was different from that of other well-studied Precambrian cra-
tons, e.g. the North America shield, European platform and Australian continent in that strong
volcanic eruption resulted in its accretion. Besides, the contaminated magma source with a Dupal
anomaly for the complex indicates that crustal-mantle convection whose scale was similar to that
of the present plate tectonics had occurred at least before the formation of the Kuandian complex
(2.3—2.4 GaB.P.).

Key words: Kuandian Complex, geochemistry, continental tholeiite, Dupal anomal
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