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Abstract Northeast (NE) China is composed of a Paleozoic orogenic collage that is considered to be the eastern segment of the
Central Asian Orogenic Belt (CAOB). In the Paleozoic, NE China evolved from amalgamation of multiple microcontinental massifs,
such as the Erguna, Xing’ an, Songnen-Zhangguangcai Range, Jiamusi, and Khanka from west to east. The Early Paleozoic tectonic
evolutionary history between the microcontinental massifs and the North China Block ( NCB) is the key for us to understand the
Paleozoic evolution of the NE China. Recently, one of the key issues about the Paleozoic evolutionary history in the eastern segment of
the northern margin of the NCB is whether or not the Early Paleozoic accretion belt existed. The previous studies considered that the
Early Paleozoic accretion belt existed according to the Early Paleozoic igneous rock belt extending from west to east in the Jilin
Province, while others are dubious about the whole idea because they have ascertained that some “Early Paleozoic” intrusion and strata
including volcanic rock formed in the Late Paleozoic or Early Mesozoic based on zircon U-Pb dating. The issue clearly requires high
precision data on the crystallization ages and geochemical data of the igneous rocks in this area. We conducted LA-ICP-MS zircon U-Pb
dating and whole-rock geochemical analysis on “Caledonian granite” in the central Jilin Province, with the aim of constraining the
tectonic setting of the eastern segment of the northern margin of the NCB during the Early Paleozoic. The study area in this paper is
located at the north to the boundary of geosyncline-platform of the NCB, east to the Songliao Basin, west to the Dunhua-Mishan Fault,
and south to Changchun-Yanji suture belt. The oldest strata in this area, Zhangjiatun Formation with the characteristics of molasse
construction, distributing near the Zhangjiatun village, is composed of amaranth and motley conglomerate rock at the bottom, pebbly
sandstone in the middle, and siltstone and red tuffaceous siltstone above. The coral and brachiopod fossils were found in the middle of
the Zhangjiatun Formation, which indicated that it formed in the Late Silurian-Early Devonian. The strata is unconformity upon the
granites, which is called Zhangjiatun tonalites in this paper, distributes on the top of the mountain and exposed as wide as 100m’.
Otherwise, Late Paleozoic to Mesozoic intrusions and volcanic rocks are widespread around the study area. LA-ICP-MS zircon U-Pb
geochronology, geochemisiry and zircon Hf isotope of the tonalites near Zhangjiatun village, Yongji County, in the central Jilin
Province, have been reported, aimed to investigate the source property and tectonic setting. The majority of zircons from the sample are
euhedral-subhedral with oscillatory growth zoning, and their Th/U ratios range from 0.26 ~ 1. 62, indicating their magmatic origin.
*©Ph/8U ages for 14 analyses range from 440Ma to 448Ma, yielding a weighted mean **Ph/** U age of 443 + 5Ma ( MSWD =
0.085) , interpreted to represent the emplacement age of the Zhangjiatun tonalities. The other 4 spots yield a weighted mean ***Ph/**U
age of 501 + 11Ma ( MSWD = 0.038 ), representing the crystallization ages of captured zircons entrained by the tonalites. The
Zhangjiatun tonalities are composed of plagioclase (66% ), quartz (25% ), and biotite (8% ), and accessory minerals as apatite,
zircon, and opaque mineral (1% ). Geochemically, they have SiO, =71.5% ~72.9% , MgO =0.91% ~1.36% , Mg* =20 ~26,
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and Na,0 + K,0 =4.38% ~5.25% , and exhibit low K,0 (0.22% ~0.76% ), high Na,O (3.82% ~4.49% ), and low TiO,
(0.30% ~0.42% ) contents, which indicate they are belonging to low K tholeiitic series. Their A/CNK values and A/NK values
range from 0.95 to 1.25 and 1.71 to 1. 94, respectively, mainly belong to I type granites. They display relatively flat rare earth
element (REE) patterns [ (La/Yb), =5.01 ~5.607], with low total REE abundances ( ¥ REE =15.3 x 10 ™% ~23.4 x107%) , and
obvious positive Eu anomalies (Eu/Eu” =1.85 ~2.59). The tonalites have trace element spidergrams characterized by large ion
lithophile elements ( LILEs, such as Rb and Ba) and Th, U, and Pb enrichments, and high field strength elements (HFSEs, such as
Nb and Ta) depletions. Zircons from the tonalities have "°Hf/"" Hf values of 0. 282815 ~ 0. 282856, &,,(t) values of +9.92 to +
13.6, and ¢y, values of 567 ~ 674Ma, together with ¢, values of 648 ~911Ma, which suggest the characteristics of the juvenile
source of the Zhangjiatun tonalities. The geochemical characteristics of the Zhangjiatun tonalites are consistent with those of the oceanic
plagiogranite,, according to their low in TiO, (lower than 1% ), K,O and P,0; contents, and in FeO'/MgO values, suggesting their
derivation of the partial melting of cumulate gabbro, the part of oceanic crust. Their enrichment in LILEs and depletion in HFSEs
indicate the involvement of the subduction-related fluids during the partial melting of their source. Taken together, the Zhangjiatun
tonalities could be derived from the parting melting of the oceanic cumulate gabbro under the high temperature and low pressure
environment, similar to the forearc setting of an island arc background. Combined with the unconformity relationship with the overlying
Late Silurian-Early Devonian Zhangjiatun Formation, we concluded that the Early Paleozoic accretion belt existed along the eastern
segment of the northern margin of the NCB.

Key words Early Paleozoic; Tonalite; Zircon U-Pb chronology; Geochemistry; Northeast China; Eastern segment of the northern
margin of the North China Block
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Fig. 2 Microphotographs showing mineral compositions and textures of the Zhangjiatun tonalites

(a, ¢) under plane-polarized light; (b, d) under cross-polarized light. Q-quartz; Pl-plagioclase; Bi-biotite
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RAIEH# A (Ew/Ea” = 1.85 ~2.59, 5] 6a) . i ILR LR
W g, BA B AR 72641 70K Rb Ba Th I Sr /Y&
F LI K F 3ot R N Fl Ta (541 ( 6b) o SR EIH LN
KA AR A o DT R 2 B 5 k) A 08 [ AR R
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R2 HEHPHHMREKRERZAKREEE (wi% ) RIEE
FTE( x107°) HTHE
Table 2 Major (wi% ) and trace ( x 10™°) element data for

the Zhangjiatun tonalite in the central Jilin Province

FEfe 12J1A-1 12JIA2 12JLI1-1 12JL113  12JLI15
Fanis WK
Si0, 72,30 72,90  71.50  71.60 72.20
TiO, 0.30  0.42 0.3  0.36 0.30
AL 0, 14.10  13.20  13.80  13.50 13.60
Fe,0,"  3.15  3.83 3.66  3.48 3.44
MnO 0.05  0.06 0.08  0.07 0.07
MgO 1.09 1.36  0.91 0.93 0.90
Ca0 2.10 1.91 3.96  3.73 3.55
Na, O 4.49 3.82 416  4.33 4.31
K,0 0.76  0.68  0.22  0.25 0.23
P,0; 0.06 0.08  0.06 0.18 0.05
LOI 1.74 1.92 1.48 1.54 1.50
Total 100.10  100.10  100.10  100.00 100. 20
Mg* 26 26 20 21 21
K,0+NayO 525 450  4.38  4.58 4.54
A/CNK 117 .25  0.96  0.95 0.99
A/NK 1.71 1.87 1.94 1.83 1.86
La 3.58 378 499 510 5.38
Ce 5.80  6.81 7.85 8.10 7.92
Pr 0.65 0.76  0.94  0.98 0.98
Nd 2.41 2.89 3.78  3.87 3.83
Sm 0.46  0.61 0.86  0.85 0.80
Fu 0.40  0.41 0.55  0.53 0. 60
Gd 0.48  0.57  0.90 0.8 0.91
Th 0.079 0.093  0.15  0.16 0.16
Dy 0.499  0.61 0.99 1.05 1.01
Ho 0.11 0.13  0.21 0.22 0.21
Er 0.30  0.43  0.63  0.67 0.63
Tm 0.055 0.067 0.093  0.11 0.11
Yh 0.39  0.49  0.64  0.73 0.71
Lu 0.063 0.082 0.1l 0.10 0.12
S REE 15.3 17.7 22,7 23.3 23.4
EwEd* 259 2,10 1.90 1.85 2.15
(La/Yb)y 6.59  5.54 5.6 5.01 5.44
Li 9.85 1.4 739 7.25 8.29
Be 0.47  0.42 0.4l 0.40 0.44
Se 3.2 429 619 7.0l 6.27
v 40.9  48.6 625  62.9 62.6
Cr 2.21 3.16  2.01 5.00 4.95
Co 5.2 6.499 493 533 5.3
Ni 1.21 1.53 1.18 1.47 1.56
Cu 10.3 10.7 3.9l 3.73 3.55
Zn 27.6 332 204 22.1 23.6
Ga 10.6 10.4 13.8 13.4 14.3
Rb 17.6 16.4 469 516 5.26
Cs 1.59 1.54 1.17 1.10 1.30
Sr 292 250 347 340 367
Ba 195 171 74.1 83.7 85.2
Zr 33.1 46. 1 39.4  43.4 34.8
Hf 0.76 1.09 0.9 1.04 0.90
U 0.27  0.30  0.31 0.33 0.34
Th 1.00 1.08 1.06 115 1.21
Ph 2,64  3.00 540  5.07 5.55
Nb 0.50  0.68  0.77  0.83 0.72
Ta 0.043  0.053 0.055  0.06 0. 057
Y 404 5.01 7.55  1.38 6.58

H:Mg® = 100 x Mg?* /( Mg?* + TFe’* ); A/CNK = Al,0;/[ CaO +
K,0 + Na,O] & /R [X; A/NK = Al,0,/[ K,0 + Na,O] EE/R 5 Eu/
Eu” :EUV/(Smy\ Xde)l/ZIj%*leﬁﬁir/ﬁyﬁ'ft

<= HH X 5 (Wang et al. , 2012)

3.3 R HIEMLE

RR TR N KA HE 6005 B4 8 036 3, K 5
197 Lu/" HE {254k 8 K (0. 001061 ~ 0. 005838) , 7 H/'”” Hf
{4 T 0.282815 ~ 0. 282856, &y, (¢) ST 9.92 ~13.6, M\
501Ma %] 443Ma, H &, (¢) [EIZHIFEAL, Bon B HEA R F A
PR i (K 7) o R B i =X i A F 567
~674Ma, B§ B Bt =7 45 H 0B L AR I A F 648 ~ 911Ma,
e () I S FRBHCH K AWK A (B 7, Wang e
al. , 2012) .

4 Hig

4.1 RREERNKEMEHREK

X PR R AR NA RS EHC, B i 1% R
FEEGORE, AT US55 H 2 DU 2 il ¢ & A9 7K K b 2 b
ErAa AR (o B8 - LU A ) o e A i S
AR (ZEAREL, 1997) . ASCPEA B A KRB EK
M, TATH Th/U FfEAT0. 26 ~ 1. 62, B 7R X S84 44 i
WAL, HoE R RN R T AW F MR, B, skl
WA N (443 = 5Ma) 1 7= H 3 B 75 b 35 b IX 77 76 B R
Ftit- R AR B A R A . X SR A e X R AR
AT BT X (443 ~ 451 Ma) AH %) B ( Wang et al. , 2012)
[FIESF 501 Ma (34 £ B AT I 15 78 12 X 0] RE 16 7 7R JE IR
SRR A R S

4.2 RRBRRRFKEWIERRXFFE

SRF S S N E B B R TR IS & A RHE , H
H K, 0 FIARMATTR & & AR, 0575 2k I8 750 205 $51 14 I8
D X WAL R Y e (O EPMESE, RERFX TR NKE
M) Na,O Y& fE 48 m , Yb 1Y & HAR, (A HEARAY Sr & A
St/Y PR L B AL Oy 35t AN ] T 7 5 408 T J Ay 52 ik
i (Defant and Drummond, 1990) . 5K i 9% = N K 51k
ki K, O 0 TiO, & & iR T8 LA (La/ YD) | {H
B S A [] o0 5 i e A 85 AR vty B 05 8 DX K B A R
N 25T (= 8kbar ) A8 20 5T A0 40425 Fal 1 948 4 1t
4> (Rapp et al. , 1991 ; Rapp and Watson, 1995) , HAH2~
HRRER = N ET Y H S KRS TE K G HH L (Le
Maitre et al. , 1989) |7 3K 5ok 3 25 D K2 00 5 Ko P Y K
PB4 e HA AR B U ER AL 7 AIE (] 8, Barker et al. , 1985;
Rapp et al. , 1991; Koepke et al. , 2004, 2007) , &FRKIER
KA A TR, B LR PRI - (1) K H RS L
RJFAI (MORB ) 45 543 R K ( Coleman and Donato,
1979; Aldiss, 1981; Floyd et al. , 1998); (2) & /K Vi & 7
TEFRAFT  HE S = IR (> 900°C) ARIE R AR 23 i 21
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R3 HEMPMHBRKFKERANKEHEG Lu-Hf FEERSTER

Table 3  Lu-Hf isotopic analyzed data of zircons from the Zhangjiatun tonalite in the central Jilin Province

Spot No. t(Ma) 76 Yb/ 1T HE 176 Lu/ "7 Hf 176 {177 He lo enr(1) lo  tpw (Ma) tpwz (Ma) Srwnr
12J14-1-01 443 0. 057749 0. 002059 0. 282855 0. 000008 12. 1 0. 62 579 741 -0.94
12J14-1-02 443 0. 027339 0. 001061 0.282815 0. 000011 1.0 0.68 621 845 -0.97
12JIA-1-03 443 0. 067653 0. 002520 0.282843 0. 000012 1.6 0.72 603 791 -0.92
12JI4-1-04 443 0. 142248 0. 004845 0. 282825 0. 000011 10.2 0.71 674 911 -0.85
12JTIA-1-05 443 0.052614 0.001853 0.282818 0. 000007 10. 8 0. 60 630 855 -0.94
12J14-1-06 443 0. 044219 0. 001739 0. 282852 0. 000009 12. 1 0. 64 579 744 -0.95
12J14-107 395 0. 161904 0. 005838 0. 282850 0. 000011 9.92  0.68 654 905 -0.82
12JIA4-1-08 443 0. 063988 0. 002392 0. 282835 0. 000009 11.3 0. 64 613 814 -0.93
12J14-1-09 501 0. 038692 0.001396 0. 282856 0. 000006 13.6  0.59 567 648 -0.96
12J14-1-10 501 0. 052147 0. 001979 0. 282838 0. 000009 12.7 0. 64 602 723 -0.94
12J14-1-11 443 0. 056000 0.001978 0. 282834 0. 000006 1.4 0.59 608 807 -0.94
12J1IA4-1-12 443 0. 036077 0. 001364 0. 282816 0. 000009 10.9 0. 64 625 849 -0.96

10005 T T T T T T T T T T T T T T 3 IOOOEIIIIIIIII LI L L B N L B
E B o ik a\ i ’7/{ 5 UJ LI/\ o) 3 F :
00 ;_ ,‘: E\?_%ﬁ\ m k) AU TE R ; 100 ;’ ’g
o F Ny =) C ]
I i ] S 10F 3
= I 1 = E E
% 10F 1z f ]
g F i & 1F 5
£ f 1 =
! E_ ?3 0.1 3 E
(o) f E (™) ]

IR T Y N T TR N T SN N M T T T T T T T T A

LaCe PrNdSm EuGd TbDy Ho ErTmYb Lu

Rb Th Nb La Pb Sr

Zr Sm Eu Yb
Ba U Ta Ce Nd P Hf Ti Y Lu

K6 SRR IN KBRS A AR ARG LR BC A ] Ca, ARIEAL (A Henderson, 1984 ) FIIEH KT H o bRl AL i 0
ZWR M E (b, brUEAL{EHE Sun and McDonough, 1989)

Fig. 6

Chondrite-normalized REE patterns ( a, normalization values after Henderson, 1984 ) and N-MORB-normalized trace

element spider diagrams (b normalization values after Sun and McDonough, 1989) for the Zhangjiatun tonalities
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Fig.7  Zircon Hf isotopic compositions for the Zhangjiatun

tonalites

(Koepke et al. , 2004, 2007) ; (3) 5 RAERIHE L R BUE A
FATR S BA ( Dixon and Rutherford, 1979) ; (4) 48 2 i i
24 B o 4 Eh s R ( Gerlach et al. , 1981; Pedersen and
Malpas, 1984 ; Kimura et al. , 2002) , 4%, K FE EH = NK
HRARR MRS TR TR S8, miRoT R L ER 1
BRI, 3 WA 6] T AL 5 5 BB R PERHCIE R
(RIFHLBRE L B FUA IS S 5 ) o Hk, RS = N
KAMEAM TO, N F 1% ) K,0.P,05 & & LI K FeO'/
MgO UM (& 8) , HEBR T HE 2B A1 (3L LT £1)
B3 R JC K S JB A A BN TR B PR £ i e 4 A Y
JRARE, TR = N S IR 2 e 5 K E A
Rl Hh e R A 7K 2R A R i A AT A% 1 9 43 e il
HIRHEAE < 2 1) R Ak % FR AE A8 Bl ( Koepke et al. , 2004,
2007) , A MORB 2475 5 1) Hf [6] i 2 FRAEW 3L W] T 3% —
Mo HORBETFRATEEEME S MITER 5 B FHE T e
S AARINAA . FET BRI, R K AN
A A ISR PR AT BER U T IR b AR 2 5 1 e TRLAIR R 2%
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Major element data of plagiogranites from the relative references in Koepke et al. (2007)

PET R SR (3 S0 il o

4.3 HREREHERRZAKENBEER

RHAE R Al LL™ T 2R i #0858 b (AN R A bt
AT LA KRR AR ety A SICRT I 248 MO R85 ) o TR R T
IR AT Nb Fl Ta 75 45 USR8 SRR RHE , R 5
I BT I RS SRR LB m N KOs P S 8 Th U &
RACBIR (3 1), f5 A R R B A R, R W X AT
REZEHT T a AU Rl AR T, 7R sk e N R A AT g
T BT A3 155 07 , JH T B AP 2L EE A 20 e R S
AR A5 AT B30 20 A il U DO A7 AR A AR A R B, L
Wik K B 3 = N K e ml BB TR A0 T R ol 149 91 i 36 85
(Shervais, 2001) o HAFRRAG HE R4 e R A —HE
HERA I AU L T ok B R N . LR IE Ba I i
g - 7 B EE S DT R A AE R PEAR R A0 o £ 111, [
-t 0 B 2 0 A R B I T, DR XA R TR A,
PRI v 5% T A Rl 10 2 PR 5 1 S 9 0 v o 3
TREIEREE? I, KRR LIS N A HAE K, O Al T
R R LR 5 4 1 T 00 23R 2R (B o 12.7) IR
RIX F2 2 o 5 0 R TR ) B 8 A i s A s HE IX

B E R ARk 1L 20 28 A D B IR 2 i TBUARRAE , )
Fb, IR AL A RRAE A5 AT PR 45 AR R, 3 26455 s5UAT B A
&) T R AR Bk T A W Rl A A R, R TR E R = I
KA T B 345 (Floyd et al. , 1998; Shervais, 2001;
Stern, 2002; Dilek and Flower, 2003; Dilek and Furnes,
2011) , A ABFFERW], Sk K e = KA 5 TR i ¢
BRI A B - LR A T Gl A B R s Y AR
fiE , 7 vt X W B - R R AR A T G 2 T 2 RN
LR ORI RAAE DL Bl A= W R A1k AT 55 P 52 3y w1 7
ST 28 ( Upper Ludlovian ) # 47 X Lt ( £ A& %) %, 1997;
Johnson et al. , 2001 ; 3 2325, 2010) , 1/ H, KK EH . —
TEC YR ZH 0/ NG g £ v 1 SR AR A2 3 ) Ak R Dy AR dE
GRI(BPAESE, 1995; BEINS, 1996) , RS0k B4
FeA A G AR By A AR R 48 A A R AR TE 1Y, 1 T P -
AR RIS DAL T B IR ER 5, e s B - S e 4 vl e
Az T I Bl e 9, T2 S 1 L B A S 3 ) 1 50T 2
U, T 45 T AR BB AR B AE 5 2 =2 T X i) o A
RGO RN B I8 ShTEAR IR AL Z i 14 B (5K fo
4 2010) .
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