945 % el i EBR B2 Earth Science Vol.45 No. 6
2020 4F6 A http://www.earth-science.net Jun. 2020

https://doi.org/10.3799/dqkx.2020.030

A1V ERE BRI E Takengon EE B SEERF KA
FREMBRUFIFEREMEE X

% owEBE & A KEZ é\l%

Lo XA FE TSR, AEREHANERERAREET LR
2.t AN L LA AERREGRE), ) A%iE 519000

7R M 510275

T OE JRTIENE AL T SR A R TU R, O ] A R T A B R AR G O TR I T O G b AR T AE B R 1 R AR
4 M 3 VT 1 R A5 BN AR S 29 0 FE AR T T B L BB Takengon #y X 35 8 1 11 A AL B R S5 64T T 85 41 U-Ph4EAL2 JBLf
HI [ {37 3R 42 25 Hh R fb 2 B o AR AR 85 R R W2 B AL 5 1 KA 192 °Ph/#5U BT ¥ 4F % o 442 + 5 Ma (MSWD =
1.03) AR R HEE FAER B AN e (DN T —1.3F —7.8 2210 HERAL2EAF 58 £ W, BE 5 & SiO, (69.97%~74.30%) Fl ALO,
(13.90%~15.93% ) , #H %4 %% Ti0, (0.48%~0.61%) .MgO (0.54%~0.93%) Fl CaO (0.11%~0.25% ). £ &t H & 9 A/CNK
i (2.58~3.06) Fil CIPW Wil EARFUE 43 & i (10.0%0~11.4%) , HA SE A KA R E R ER 0 R R, &£ LILE
(Rb,Th.U), 5l HFSE (Nb,Ta,Ti). i BR{k 2= fF 55 % B Takengon 1€ b4 F B A 2 28 DLALA 3B 046 BB B0 X B 48 B4 7 iR
0 R AR SE T 7R 00 1128 B M B & & A R AE B8 R A A, OO i 5 e A i 0T v 1 v A A G

SRR - AL B TR R A IR T SRR SR AT s B A AR AR B A HIRIAL R s ek fb

FESES: P545 MEHS: 1000—2383(2020)06— 2077 — 14 i HEF2019—12—21

Geochronological and Geochemical Characteristics of Early Silurian
S-Type Granitic Gneiss in Takengon Area of Northern Sumatra and

Its Tectonic Implications

Xu Chang"*, Wang Yuejun"?, Qian Xin"*, Zhang Yuzhi"*, Yu Xiaoqing"*

1. Guangdong Provincial Key Lab of Geodynamics and Geohazards, School of Earth Sciences and Engineering, Sun Yat—Sen
University, Guangzhou 510275, China
2. Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai), Zhuhai 519000, China

Abstract: Sumatra Island is located in the southwestern margin of the Sundaland, and is divided into East/West Sumatra by the
Medial Sumatran Zone. While East Sumatran basement affinity and tectonic evolution are not well defined. The Early Paleozoic
granitic gneisses have been identified from the East Sumatra Terrane, with providing zircon U-Pb age, in-situ Hf isotopic and
geochemical results. Geochronological result yields a **Pb/**U mean age of 442 = 5 Ma (MSWD = 1.03), representing the

crystalline age. Zircon ey (z) values range from —1.3 to —7.8. The whole-rock geochemical characteristics show that our samples
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are characterized by high SiO, (69.97% —74.30%) and ALO, (13

.90%—15.93%), but poor in TiO, (0.48% —0.61%), MgO

(0.54%—0.93%) and CaO (0.11% —0.25%). These samples have high A/CNK (2.58—3.06) and CIPW-normalized corundum
(10.0% —11.4%), similar to those of the S-type granite. They have obvious fractionation between LREEs and HREEs. These

samples are characterized by enrichment in LILEs (Rb, Th, U) and depletion in HFSEs (Nb, Ta, Ti). The geochemical results

indicate that the Takengon granitic gneisses are originated from the partial melting of the meta-sediments during the evolution of

the Prototethyan Ocean. This study confirms the existing of Early

were related to the Prototethyan evolution.

Silurian basement rocks in the East Sumatra Terrane, which

Key words: granitic gneiss; Early Silurian; Sumatra; prototethyan; zircon U-Pb geochronology; zircon Hf isotopes; geochemistry.
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Fig.1 Simplified geological map with tectonic frame of the region (a) and simplified geological map of northern Sumatra (b)
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Fig.2 Outcrop (a) and micrographic photos (b, c) of granitic gneissic samples from Takengon in Sumatra
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Fig.3 Cathodoluminescence (C1.) image of representative zircon grains with their “*Ph/**U ages and & (¢) values from the Tak-

engon granitic gneissic samples in Sumatra
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B4 Takengon 4E i i JbR 5 B 5 41 U-Pb 4R 1% 38 A1 PRI Ho 111 1.52 1.29 1.25 1.39
4 8 P a) B 47 U-Th [ (b) B 65 75 6 1 78 %5 B 891 395 T 4
T c c
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Fig.4 Concordia and weighted mean age diagram of zircon U
. . Lu 0.53 0.74 0.65 0.59 0.61
versus Pb data (a), Th-U diagram of zircon trace ele-
Hf 7.46 8.40 7.11 8.66 7.28
ments data (b) and chondrite-normalized REE diagram Ta 132 1.60 124 117 140
of zircons (c) for the representative samples of Taken- Pb 2403 2737 3041 1239 1316
gon granitic gneissic Th 16.5 18.0 15.7 13.6 16.1
U 341 3.31 2.78 3.48 2.33
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B 1 2 S A T BT B B AR A A TR
I 22 AN FAR I AR 8 A THR BT B
SRR BE S I S 740 °C, R B LR S A B
BT TR B AR ), AT IR R A TR L S A CL
P B 58 A FE — 28 B R R AR AR OGBS 7] (L A-ICP
-MS “Ph*FUAE IR BN & (Kl da) R T BB
B A B i A 2 s GO K R O B RR i AR
FRRE AN R Y s BE SR RR R 2R
(2.58~3.06) . CIPW 1 NIl £ & L= 70 & & &
(10.0%~11.4%) , ¥y48 7~ H ok S AL 54 i 45 A7 .

T AR S AR B A R S R A R R AR A
SN o3 1 4 T ol 52 () OB 1k (8 ) kO 1Y)
GRAEAE JIE Y (40 Sylvester, 19985 B 55, 2019) .
Takengon f£ i R 5 K &b BB 19 KO & &
(3.97%~4.79%) , H K,O/Na,O it K T 1. £ 5 5%
XAy Sr.Ba & B /R TR RS SBRE T A s
BE G A mlad B A, AR R S10, (69.97 %~
74.30%) , # TiO, (0.48%~0.61%) H MgO
(0.54%~0.93%),A/CNKiZ K T 1.1(2.58~3.06) ,
HHERb. Th.USITE, 5H Nb. Ta. Ti.Sr% 0 %
(F 6b). ik 26 K¢ fE 25 & M e (2) fH ( —
1.3~—7.8) ¥R W% E S BIAE 55 N AR TLBLA B4
15 Rl B B 1Y (Sylvester, 1998; Wang et al., 2013,
2016 ; iR I5E 188 55 , 2015).
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A b e A A R TR i (8] 8) . Zhang ez al.(2018)
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Fig.7 Rb/Sr versus Rb/Ba (a) and simulation of partial melting for REE (b) for the Takengon granitic gneissic samples in

Sumatra
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Zhang et al.(2018) XJ 75 ') 2 i &% 0 J8 85 0 1Y
WFFELA T ~510 Ma,~590 Ma,~935Ma,~1 070 Ma,
~1 170 Ma,~1 700 Ma fll~2 500 Ma % Z 4~ 4 #%
VEAE , BARA I3 11285 i S AR T RE A7 1 45 T € sk 22 1 &5
Al FEJEE (Zhang et al.,2018) . {H J& H §if A 55 18 K &
PURT A B2l B2 A iR, TR 5 T 128 I I 1 8 i 3
WA E—E AR — B LK% R A (Booi et
al., 2008; Barber and Crow, 2009; Zhang er al.,
2018). 75 125 i Takengon 7€ 54 HJFR 7 AF i 9 LA-
ICP-MS 5 43 *°Pb* U JnALF- ¥ 45 4% hy 442+ 5 Ma
(MSWD=1.03) , K IESE 1 EAR 75 124 i s AR L
BRAEAEA R (AR ) DURR S F8 43 47wl i ol i) B o B8 i
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FHN, . IRTTE M Takengon 46 54 FRR & R 5k e 45
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( —1.3~—7.8) F# &M Z B 85 AR (Towe=
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R R o SR g h R B (Miller ez al., 2001) 5 430 5% o A 1 L1 5
seol | N NS WAIIPSE P S E /PN PIE $IIPS |
3 | ‘m ‘ S0 (I SCAR A, 2009) 5 O 1 Ml BT BB 42 i Bk A 2
g oo ‘ N H VVVVV | mmm B T N SR IR A A B K SRR R (n
4 | } ] i | wra W2 42 55, 2012) 5 £ 1l B 473.0 £ 3.8 Ma Al
500 m 444.0 + 4.0 Ma ¥ K 3 5% U5 44095 5 (Wang
ol | 9 et al.,2012). Wang et al.(2013) Gt it 1 X FL 44 4t 2

; Rt A AR 5 T A 1 B A 8 A DG 4B T4 1Y
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Fig. 9 Summary of age and tectonic settings data of the Ear-
ly Paleozoic granitic rocks in the Sibumasu block
Pl B4 2% 3O WL Chen ez al.(2007) s Liu ez al.(2009) ; # 35 %
(2012) 5 2% 11 2x 5 (2012) 5 ) 55 ik 45 (2012) ; A B F 45 (2012) 5
Wang ez al. (2013) ; 3 i 2 45 (2013) 5 I 5 8 45 (2015) ; Shi e al.
(2016) ; HERK 25 (2016) 5 R HEZ5 (2017)

ST A AR B S AR e b I8 U b AR | R I8
SR NI YA L 7 NI B2 R N1 BT R TR e 4 )
T W E 98 K Bl b 2 (Wang et al., 2013 ; Zhao
et al.,2018) . T B 45 J5 45 4 0 v ) A0 o e A1 4 L 7 1
A e O BT R B T A OG0 b BTl R
Chen et al., 2007; Liu et al.,2009; & £ ¥ 4 2012;
S5 B4 2013; Wang et al., 2013 TR BE i 45, 2015;
B 45,2016 5 H RIS, 2017) . 0 4F 3K , 76 75 5 I
JiE b ( 32 B2 98 O M AR BB b A R HE
) AEEREE | Je I IR FE 40 28 A HAR 4R TR T 9E
40 A BB 42 1 48 < BT A A (A0, Chen ez al., 2007
R, 2012 XIH HE S, 20125 Zhang ez al.,2012;
BRI A, 2016) , K [n] i 46 B 7 BRSA (2= P 2= 56
2012; Mt B %5, 2012; Wang et al., 2013 ; T % 161 45
2015; 4 HERHRSF , 2017) , H b3 X Sk 35 m] W, 98 i —
AP ZR b 2R L b R R R R A A (i,
Brookfield, 1993). Ifif X — & [ AF 5 347 iz e 4 3¢ 28 [X
WAAAE— R Z R R — AR — s
2N IZ IR F AT g JE ~570~520 Maiz dE 1 1L
F A R (AR AR BEAE 2005 Mot K48 ,2012) . {H
R VEL 4 2% Al H R 0 R AR AR AR BT A A B
HY AE W4 £ WP AE 520~435 Ma, 5 ~570~520 Ma fy 1&
Ly g ffe = Bf R] B 9 AR GV L A 9 s i R AR
) U A 3 A B i BR A JE R 22 X T BE K L X R

A RE MG 7R TR AR T R A R A AR I B 5 )
A b — P A A — St A R EE R
JOT 5 A R ) 146 B A 46 R AE XD B 98 b S A AE —
A2y 490 Ma 55 J5URE 5 10 7 090 o P AT G I 25
i B 3E B KB 31 2k (Chen et al., 2007 ; 1k P B 45,
2008 ; Liu et al., 2009 ; Wang et al., 2012 ; Zhang
et al.,2012; 3% & 2 % 2013; Wang ez al.,2013). 3
AT X8 L 4 28 Al He R ) i Rl AR AR AR B BT A Y
U BUAF I AT A 45 SR A0 B 9 i s L X S R8s 3R
WYL 20 % Al B b 3R AE B T A R AR IS A TR AE 510~
435 Ma, %5 & X Bt BT 1% &0, W] 43 S ok 46 KA
(510~480 Ma) . [ filf 4 4£ =i %+ (500~460 Ma) Fl 5
filf 48 48 ) 2 (470~440 Ma) (E 9) , 11 75 [ 125 M Tak-
engon & K F R A KB 78 5 Bl 48 46 5 A 4 iy AR
e R N o N S T I 28 0 1 R S 1 = i = B X
IE 2R B, DA 6K e D 380 0 PG 40 ) B 5 O 1D BN L 4
FEHT- N HL 0 5 12 30 F 5 R N AF T — I B
W AR i — A R R PRSI T S A
J&AS 5T, BTN R Y A R AR RN R P IS R AT
DL U A B T, B A A A
A LU JSAE 54 A A7 (Huang ez al.,2019). 254 Bk
UEFE I, 70 112 M Takengon 1E B4 FJBE 75 1T LIZE e
TV 4 2% M e (] B R4 B T R A R AT g D

LIRS A I F A AR AT REJE AR X BL A b g ol AR AR
JE R B8 30 A o — P G R b b e CRE UL ) #B
G L)

5 45t

(D) IR M Takengon 1€ 5 F BR A 19 LA-ICP-
MS 5 6 U-PhAFE ISy 442 + 5 Ma {03 T H 45 i
1%, B UUE SEAE I8 128 I Sy A e AR B 2 i 5 SR AR

(2) IR 1125 B Takengon £E i F R 4 B 8 10 85 40
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(3) I 125 B Takengon Hb X ) S BUAE 54 | k&
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P 2o i v e (AR AU ) 350 2094 il = 4

ff 2= WA E M (hitp: //www .earth-science.net).
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