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Abstract: As one of important Paleo-proterozoic orogenic belts formed in North China craton, the
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Jiao-Liao-Ji belt was deposited massive meta-sedimentary rocks, underwent a complex tectonic e-
volution process with the modification by multiple stages of magmatic and metamorphic events,
and it merged with Langrim Block in south and with Longgang Block in north to form the Eastern
Block. A swarm of Paleoproterozoic metamorphic mafic dykes was exposed in the Haicheng-Cao-
hekou area, Liaoning Province, including NE-SW trend Shensixian mafic dykes swarm and NW-
SE trend Laohugou mafic dykes. Shensixian mafic dyke swarm was outcroped in the Jiao-Liao-Ji
Belt, intercalated with the Langzishan and Lieryu Formations of the North Liaohe Group. while
the LLaohugou mafic dykes was intruded into the Neoarchean gneisses along the Southeastern mar-
gin of the Longgang block with high angle. LA —ICP MS zircon U - Pb dating and LA - MC - ICP
MS Lu - Hf isotopic analyses on the sample from the LLaohugou mafic dykes yielded a metamor-
phic age of (1 864=+15) Ma, and Tpwy (Hf) ages (Hf model ages) of 2 040~2 293Ma, which
are comparable with the record of the Shensixian mafic dyke swarm. Whole-rock major and trace
element analyses display the comparability between the Shensixian and LLaohugou dykes, both of
them are characterized with the enrichment of the LREE and LILE and depletion of the HSFE,
implying that the Shensixian and Laohugou mafic dykes were formed in the similar tectonic envi-
ronment. In the Nb/Yb - Th/Yb diagram, the geochemical data of the LLaohugou and Shensixian
mafic rocks display Th enrichment, indicating a subduction-related metasomatism. But LLaohugou
mafic rocks have higher Nb/Zr ratios than the Shensixian mafic rocks, implying the metasom-
atismby silicate melt in the source region, while the low Nb/Zr ratios with variable Th/Zr ratios
of the Shensixian mafic rocks indicate a fluid metasomatism in the source. In conclusion, Laoh-
ugou and Shensixian mafic dykes were formed in the same tectonic background, both of them
were matasomatised by the silicate melts and fluids, respectively, which were metamorphosed
during the subduction and collision event in 1 930~1 850Ma.

Keywords: Jiao-Liao-Ji belt; Laohugou mafic dykes; zircon U — Pb dating; Hf isotopes
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Fig.1 Geological map of Haicheng area, liaoning Province
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Tab. 1 Major and trace element data of basic rocks
g5 151.J33-2 151.J33-3 151L.J33-3R 11L.D009-1 11L.D009-4 111.D009-6 111.D009-7 11L.D010-2
R JE M EAN A S T
SiO; 48. 29 48. 71 48. 62 48.93 48. 69 48.53 48.75 48. 38
TiO, 1.23 1. 20 1. 20 1. 26 1. 25 1. 26 1. 41 1.6
Al O3 14. 36 14. 09 14.08 14. 05 14.18 13.98 13.92 13.75
TFe; 04 13. 36 13. 20 13. 25 12. 64 12. 96 12.97 13.25 13. 85
MnO 0. 20 0. 20 0. 20 0.17 0.18 0.18 0.18 0.19
MgO 7.20 7. 30 7.28 7.33 7.17 7.32 7.08 7.06
CaO 11.09 11.17 11.16 11. 23 10. 91 11. 09 10. 87 10. 26
Na; O 2.11 2.22 2.25 2.28 2. 37 2.31 2.24 2.9
KO 0. 86 0.78 0.78 0.67 0.79 0.78 0.8 0.59
P05 0.12 0.13 0.13 0.12 0.11 0.11 0.13 0. 15
LOI 0.75 0. 69 0. 68 1. 22 0.93 1.03 0.93 1.5
TOTAL 99. 57 99. 69 99.63 99.9 99. 54 99. 56 99. 56 100. 23
Li 2. 46 2.56 2.59 4. 25 3.23 3.11 3.05 4. 36
Be 0. 65 0. 65 0. 66 0. 55 0. 65 0.6 0. 69 0.77
Sc 35.1 36.0 36. 4 38.5 37.4 35.9 38.2 38. 8
v 251 254 253 308 299 284 302 339
Cr 118 118 119 234 122 121 100 145
Co 55. 6 55.3 56. 1 63. 6 69. 3 63.5 61.8 52.4
Ni 85.5 82.2 82. 6 107 94. 3 89. 8 76.8 89. 2
Cu 25.8 21. 6 21. 6 123 9.95 4.27 4. 24 43
Zn 94. 2 94. 1 95.1 84 92.4 90. 5 94. 8 97.5
Ga 19.3 18.9 19.0 18.1 19.5 18.7 19.6 19.5
Ge 1. 68 1. 67 1. 70 1. 62 1. 68 1. 69 1. 69 1. 86
Rb 13.4 8. 26 7.98 28. 8 12.7 11.3 11. 4 16. 9
Sr 304 299 303 298 324 308 304 385
Y 22.4 23.1 23.3 20.4 19.5 19.6 21. 8 23.9
Zr 59.0 66. 2 65.7 55.5 54.2 49.7 66. 6 76.5
Nb 5. 90 5. 84 5. 86 5.17 5.45 5.51 6.09 7.08
Cs 0.12 0.11 0. 10 0.23 0. 29 0.22 0.17 0.16
Ba 45.0 40. 8 41.1 119 47.4 44.9 45. 8 142
La 8. 38 8.52 8. 90 6 7.03 6.83 7.72 8.32
Ce 21.0 21.2 22.6 15.1 17.1 16. 8 18.9 20.1
Pr 2. 88 2.93 3.08 2.27 2.49 2.42 2.74 3.04
Nd 14. 2 14. 5 15. 0 11.1 12 11.7 13.1 14. 6
Sm 3. 83 3. 96 4. 05 3.23 3.3 3. 15 3.6 3. 94
Eu 1. 25 1.23 1. 25 1.08 1. 09 1.1 1. 25 1. 34
Gd 4.18 4.31 4. 35 3.55 3.52 3.52 3. 89 4.29
Tb 0. 69 0.71 0.71 0.6 0. 58 0. 57 0. 65 0.71
Dy 4. 20 4.33 4.28 3.7 3. 57 3.959 3. 97 4.35
Ho 0. 84 0. 86 0. 88 0.75 0.71 0.71 0.8 0. 87
Er 2.33 2.39 2. 38 2.05 1.95 1. 96 2.18 2.41
T'm 0. 32 0.33 0.33 0.3 0. 29 0. 28 0. 32 0. 34
Yb 2.02 2.06 2.06 1. 88 1.73 1. 74 1.93 2.13
Lu 0.29 0.29 0. 30 0. 26 0. 25 0. 25 0.28 0.3
Hf 1.78 1. 94 1.93 1.61 1. 56 1.47 1. 89 2.13
Ta 0.42 0.42 0.42 0. 34 0. 35 0. 36 0.4 0.45
Pb 6.09 5.89 5.97 4.02 6.23 6.03 5.97 5.31
Th 1.10 1.13 1. 18 0. 76 0. 94 0. 94 1. 05 1.11
U 0.28 0. 28 0.29 0.18 0. 25 0.23 0.28 0. 29
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Fig. 3 Chondrite — normalized REE
patterns of the Laohugou Mafic Dykes
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SEM cathodoliminescence (CL.) images of sectioned

zircon grains from the Laohugou mafic rocks

data-point error ellipses are 20
=

P/ UM BT 3 4R
1864+ 15Ma,
MSWD=2.4,n=36
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Rb Th Nb K Ce Pr P Zr Sm Ti Tb Y Er Yb
Ba U Ta La Pb Sr Nd Hf Eu Gd Dy Ho Tm Lu B
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. o & 6 B EESE R U - Ph 8
B4 ZEAEUESHEMEBTEKME ' - . 4
) o ) Fig. 6 La—ICPMS zircon U - Pb Concordia
Fig. 4 Primitive mantle normalized trace
diagram of the Laohugou Mafic Dykes
element patterns of the Laohugou Mafic Dykes g g Y
*3 ZEGEMEEHEA Lu-Hf B RARK
Tab. 3 Zircon Lu - Hf isotopic compositions of the Laohugou mafic rocks
RS 176 Y'b /17T HE 1o 176 Y'h /17T H 1o 176 Y'h /17T HE 1o Tom (HD fru/Hf

151.]J33-1-1 0.007 371 ). 000 015 0. 000 ). 000 001 0.281 722 ). 000 012 2113 —0.99
151J33-1-2 0.006 556 0.000 016 0. 000 35 . 000 001 0.281 679 . 000 009 2169 —0.99
15L.)J33-1-3 0. 005 905 0. 000 005 0. 000 2 . 000 000 0.281 763 . 000 009 2 054 —0.99
151.]J33-1-4 0. 005 907 0. 000 010 0. 000 . 000 000 0.281 798 . 000 013 2 009 —0.99
151J33-1-5 0.005 586 0.000 011 0. 000 . 000 001 0.281 715 . 000 012 2118 —0.99
151.J33-1-6 0.005 111 ). 000 009 0. 000 . 000 001 0.281 730 . 000 016 2 291 —0.99
151LJ33-1-7 0.006 725 0.000 017 0. 000 35 . 000 001 0. 281 590 . 000 016 2291 —0.99
151.)J33-1-38 0.005 574 0.000 023 0. 000 : . 000 001 0.281 635 .000 011 2 226 —0.99
151.J33-1-9 0.007 711 ). 000 005 0. 000 . 000 000 0. 281 590 ). 000 014 2 293 —0.99
15LJ33-1-10 0.003 154 0.000 010 0. 000 . 000 000 0.281 767 . 000 014 2 040 —1.00

W SR RE S GPS A bR Rk Zh 40°54. 871, 4R 4 122°56. 862,
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4 2 R e A B IR A BB 3 A T 0 7 . HR R B MgO i i (<

JIE =35~ 3 sl 6 T A b 5 B3 AR B B B ) 2R
B, FE AT TR I AR RN R X o B R A
BEHEE R Tl A TR Sl . K LUK I AR
XA oC ol A5 TAE CHBEAE, 19945 5K Bk 2R 4%,
1988; B9 &5 b 4, 1998; LI et al., 2005, 2006,
20075 TAM et al. , 2011) FEE PR -1L-HF IG5
AN S BT — K L G BT AR AE b
FIVEE R AR AR . 30 J0) 0 S8 A A 0 4 285 1 R AT
WHFVIT 2. 03Ga Z 5, IF 45 T 1. 93~1. 90Ga
F~1. 85Ga 78 Jii /E Fl A9 2t (LUO et al. » 2008,
2004; LU XP et al. , 2006; 7% B4, 2013), Foodh
AL R 5 A 36 2 200~2 100Ma 1 8] {2 457 (1 14
Y5 A A BORAE B A 1 880~ 1 850Ma 1 [ 42 o7 4
W1 5 Bk R 8 L Bk K AR B A R M OE K
(Lletal , 2007; Bg223F45, 2004), el B &MA
BT AMO B 315 7 (2 110£31) Ma 1y &bk
AR (GERHSF, 2012),~ 2 150Ma By A 3B A
AR (MENG et al. , 2014) Fi1(1 874+31)Ma (748
JRES A AR (RS, 2015),

SEFX ALV — R AR ) R S S AT T
LA ICP - MS &5 4 U/Pb 4 F1 HI [7] £ R 53 #7 .
RHC AN AR 151)33 36 AN s gt 17— 34
(1 864415)Ma |52 iAW . M DR LV 18] 1) b
B AN EJe ) CL EHZ FAK A Th/U (A, #E W ~
1 860MafQ 3£ T & peim Fe bk iy A8 AR iy . 854 —
BB HE A 47 Z B RAR RS (Towy ) A 2 040~2 293
Ma, Q3 T & 5% v Pk S D b 02 e il B ok i i
], 54w R 2 i L R X AR 0 0 B AR — 3
(MENG et al. . 2014), [HI. % 58 i 3L A 5% 54
A BRI 2 100~2 300 Ma DA =5 451 1 1 v 43
Bk IR FIZ T T 1 930~1 850Ma 44 il
& 1 3 (FAURE et al. » 2004; LUO et al. .
2008; LUOQO et al. , 2004; MENg et al. , 2014; F
B, 2015; BEF4, 2004; LU et al. , 20063
2 4,2015),

5 HFMA

IR R R R i B BRSO, AR

8%) H1 Mg® (54. 3~156. 8) {H 48 7/ & FE 10 JL Mk AR
AT BB A2 b 08 ) I A5 Rl ) 7 T T N M B R
YIRS oy S ek B M TR s . TR L BR Ak 2 R
TIE W 7R 2 P VR RV S EA R S AR L HERR T
B LA R B e IR Y T RE . AR
% F 8= Iou R QYA X T MgO 1y harker [# i it
7N B A AL AN W EAT L 32 B T R I B R R AR
5 R AT O A L R A SR AT 43 A
fm ot B — B AR A1 43 B8 45 fh R IF AR B
& . B Th/La(0.13 ~0.14) il La/Yb (3.19 ~
4.3 {8 L K ik Nb/U (20.10 ~ 28.72) F1 Ce/Pb
(2. T4~3. TOE Ud B FEVE 5 A s s 1X 52 31 1 b o
Yy By IR gL 5w AR A4 i s AR (STERN., 2002,
A B3 M A% (MENG et al. , 2014; YUAN et
al., 20155 F BB, 2011) F A B 5 s H i
Nd A HE FAE AR R £ 50 2 8 5 FA i 2
R TE A AR 5 DA K KB F 5% A1 JC % (Rb, Ba Fil KO A
Xof B AR FI S Sk o6 2 (Nb, Ta F1 T A %5 351 (4 H
BRAG AR AE S 4R R O B2 A e I A 52 A o 4 e
B 4 J Rl 0 7 W O S 5 A O Y o BR B
(MENG et al. , 2014; YUAN et al. , 2015; F HH)
S5, 20100, PR VA HEE S 5 0 AL RRAE 5 A R B
FEME A 8 0 M AL R R JE A — B0, B B A A R A A
A e oA ORI B PR AR KB R A TR R S
Yo ou R WAL - 5 75 B9 58 1T AR ALY 44 3 PR 45
7 TiO,— MnOX10 - P, O, X 10 &g (& 7a) I, &
JE VA L R AR B R BE L A A X
DX B, 5 30 BH b X A B] B M D e — B 4R
N HE T R R %A 5. MR Nb/Yb -
Th/Yb Bl B 8) Jr 7 o AHXF T Hin 8 I8 X, %5 55 /Y
Th/Yb {H i W1 & 52 ¥ A w] B PR A B s 4 Th
JCER . WA B S I e AR A G
(PEARCE et al. , 2008), [ali}, K A 5@ A M %00 K
Th,Nb I Zr H A AT # 53 BE R B LT R X
FEAl . 40 Th/Nb {5 F1 Zr/Nb {8 — A 2552 23 4
T4 Bl RN 45 o 5 0 Sl 25 R ), D) Ok R R K —
FLA A (R SlAH G 1 B A, T 8 1 S 5 A LA )
BEMA B A EAA Th/Nb {5 F Zr/Nb {8, 8/~
THBEFET AKX, REE JLE Nb. Ti Al P Xt
Zr I (B 7b.7c.7d. Te 7D 45 B W oR B
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Fig. 7 (a)TiO, —=MnOX10-P,0; X10,(b)La,Yb,Nb,Ti,P vs Zr diagrams)

VAR Zr R EAARRENER IR EBES (BRENAN et al. . 1994), #§ n] LURYE Th/
TR & i 458 HIR KA X AR B s Ze (B N/ Ze (H U0 AR R B9 v 2 5. ke 9 fie
Mo PRI R 4 . MM AR BRI R IRV RS HA A 6 B 9 Nb/ Zr fEL. B
WA Nb TR 2 [ U Th S0 KR R 20y IR ik R b M Uk 0 eV T i A ) EL e
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TRIX 2 2] T AR A9 22 A0 A S s A X AR B Nb/
Zr #1284k % K i Th/Zr {8 (KEPEZHINSKASET
al. , 1997) .

10 ¢
A b7 e 4R
1
el
z
=
=
0.1F
0.01 e e
0.1 1 10 100

Nb/Yb

I 31 % Jo 3 5 0 e I A R 3 i)
E 8 Nb/Yb-Th/Yb EfE (PEARCE et al. , 2008)
Fig.8 Nb/Yb-Th/Yb diagram
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[ ]
FEX(E %o o
M o
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= A
§ 0.06 A
“ an t A
A
0.04 |-
R
55 R A R 1 s ARAE
0.02F
0 L L
0 0.01 Th/Zr 0. 02 0.03

PR3] B J5 3 50008 >k U5 A 781 3 B )
9 Th/Zr - Nb/Zr B f## (KEPEZHINSKAS et al. , 1997)
Fig.9 Th/Zr - Nb/Zr diagram
6 458
S e S WS DNTTE A DN ES R N R e s
HFE 2RI A R K LA W 3G A8, o] LU= T 2 Fh

P38 T 5 G0 B EOPE A AR B3l 2% (ERNST et al. ,
2001) fff w—Filf 43 720 1) 44 385 P4 5% (HARLAN et al.
2008) DA K b 1 A 3145 (ERNST et al. . 2001)

fedbsEhiE )z R B ER A A SR, T
TTHE AN TR B AR 33 4 7™ A 3 v DLy o oy AR oK 1
(1 800 Ma i J5) By R Je Ko 43 A i [l B ). JL T
e AT B A TE R L X 5 78 A2 A v v 38 12 AL 8 Tk
I P DL KRR e d b s v Ak i e BR AT R S Y
B, BHET T IZNACE SR 08 R B B
TPEABRRKGL . HrFEH I H 58 L R
O IR A A BE A B9 0 A R AE A FT BB 2 el T e
FE G A9 fif Ji = (2 3246, 2004) 5 1717 38 43 2 A
JHORAEZY 1 800 Ma 7R ¥ 55 7Y &P Fifi e filf 43 15 111 22
J& 0 Fr Bk 3R 5% (ZHAO et al. . 2001; WILDE et
al. » 2002) , I 5 8 Kl 9 2L 0 1A G

AL T U A BT 1T M X3 A o K T AR AR
DS s Il IS D n i A UL < | o e e
A 1) P A m) L PR S 0 B R AR A R R L
FomE B G TS AR OE W)Y 2 1R Ve R A .
BN ST ¥: ik ST TR N ) - S e )
1 55 A1 A B A 0 ) M A R AR — B R
AR AR B R R R AT
EMTMESEICE., 78 TiO,— MnO X 10 - P, O,
X 10 14 1 R85 10 ) i (TR 720 b, & B VA MR 2
- R] B PR R AL R 9 S R B X A R
2R X AR R T P T R Bl 4 AR L i AR
X E AR Th oo R W) 52 B T 0 bt 8 19 52 m (8D,
H 2 PRI R A B M B 1 Nb/Zr f, B
LR X 28 Iy 2o Ak 2 o 0 A 1) 28 AR AR VR L i AT
IR SRR Nb/Zr FIAE ALK Th/ Zr H4E 7R
FOR X Z 3] T Ak s s ARVE R (B 9) . LA - ICP -
MS #54 U - Pb AR 25 3 W oR 2 8 I A e sk T
(1 864+15)Ma 78 i /E I, — Bir Br HIE B xCAF i 0] R
B A AR M T 2 040~2 293Ma, 3% 5 31 BHHE X ]
Al LA AR D SR A — 3. LR L B IR
FEPEA A A BB A TS T A — M i 5, A
Hiu T Y DX 43 1) A2 B T I A SR AN AR 0 S ARAE L B
JG32 1 930~1 850Ma F{RF el 48 365 111 VE 1T A9 52 0l 22
A TR, DR 3 R S PR 1A M S i AR A
BRAGA 8 43 B N I -3 -5 3 3l AT B P B T
(Bt —Fifi Al 4 2ok 2 X A AR b AR R T 1 800 Ma £z 2%
SE PR AR AL T B UEE
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