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Abstract: Lots of late Early Carboniferous to Middle Permian acid-intermediate intrusive bodies are outcropped
on the northern margin of the North China Craton. Because of rare exposure of the contemporaneous mantle-de-
rived basic-ultrabasic rocks, it is very difficult to obtain some information concerning the mantle compositions
and processes in this area. For the better understanding of the nature of the source rock, the authors chose the
representative intrusions, i.e., Gushanzi ultrabasic rocks, which are about one hundred kilometers away from
the southern Inner Mongolian Axis, for zircon U-Pb dating as well as trace element and Lu-Hf isotope analyz-
ing. The LA-ICP-MS zircon U-Pb age of Gushanzi ultrabasic intrusion is 296.9 +2.6 Ma, which indicates an

Early Permian magma activity. The analytical results show the characteristics of low content of trace elements,
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strong positive Ce anomalies, slight negative Eu anomalies and relatively low eHf(¢) valuesof —1.9~—7.5 (n=

17) in the sample Gushanzi-B3, indicating the source of enriched lithosphere mantle. Both zpy and 25y are

higher than the U-Pb age, implying that the source rock was contaminated by ancient crust during its forma-

tion. Compared with zircon eHf(#) ( —17.0~ —14.1) values of Boluonuo hornblende-bearing gabbro in the In-

ner Mongolian Axis whose rock-forming age is 297 £ 1 Ma, zircon eHf(¢) values of Gushanzi ultrabasic rocks are

obviously higher, implying a less enriched origin of Gushanzi ultrabasic rocks. Additionally, zircon eHf(z) of

the other two testing plots of Gushanzi ultrabasic rocks are 3.2 and 4.0, respectively, which implies that a small

amount of depleted mantle-derived substance was added to the primitive magma. The authors thus infer the exis-

tence of a local tensional and thinning setting of northern margin of North China Craton during Late Paleozoic.
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Fig. 1 Regional geological-tectonic sketch map of the northermn margin of North China Craton Cafter Zhang Shuanhong et al .
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Fig. 2 Sketch geological map of Gushanzi ultrabasic rocks Cafter Xia Guoli et al.» 2007)
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1—Quaternary: 2—Mesozoic sediment and volcanic rocks: 3—Archean Qianxi Group; 4—Yanshanian granite; 5— Yanshanian diorites

6—Hercynian ultrabasic pluton; 7—sampling position
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Fig. 3 Hand specimen photograph and microphotographs of Gushanzi ultrabasic rocks
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Table 2 LA-ICP-MS U-Pb dating data of zircon from hornblendite
wp/107° A A WS/ Ma
I A5 Th/
Th U 2()7Pb/2(]ﬁpb 2()7Pb/235U Z(Jﬁpb/238U 2()7Pb/2(]ﬁpb 2()7Pb/235U Z(JGPb/ZSSU

1 360 382 0.94 0.05231+15.3 0.34524+78.1 0.04786+4.9 298.9+65.23  301.1+5.9 301.442.99
2 103 121 0.85 0.05146+24.3 0.33669+144.8 0.04745+6 261.5+104.85  294.7+11 298.8+3.72
3 161 128 1.25 0.05298+24.8 0.34721+147.7 0.04752+6  328.1+102.57 302.6+11.13  299.3+3.67
4 129 154 0.84  0.05482+23 0.34033+126.8 0.04502+5.5 404.8+90.79  297.4+9.61  283.9+3.39
5 306 194 1.58  0.0523+19.8 0.33647+110.5 0.04665+5.3 298.6+-84.18  294.5+8.4 294 +3.28

6 130 121 1.08 0.05187+24.3 0.33233+141.3 0.04646+5.9 279.8+103.56 291.3+10.77 292.8+3.66
7 122 145 0.84 0.05235+23.9 0.34614+143.2 0.04795+6.1 300.7+101.04 301.8+10.8  301.9+3.75
8 805 467 1.72 0.05267%15.1 0.34704+76.1 0.04779+4.8 314.4+63.78 302.5+£5.74  300.9%2.97
9 648 653 0.99 0.05257+13.7 0.34095+63.4 0.04704+4.6 310.2+58.21  297.9+4.8 296.3+2.82
10 217 193 1.13  0.05395+22.5 0.34594+127.7 0.0465+5.7 368.7+90.58  301.7+9.64 293+3.52

11 359 808 0.44  0.05239+13.1 0.33071£56.9 0.04578+4.4 302.3+56.05 290.1+4.34 288.6+2.7

12 570 421 1.35 0.05283+15.5 0.34897+79.7 0.0479+4.9  321.4+65.34 303.946 301.6+3.01
13 157 217 0.72  0.05223+19.6 0.34446+111.5 0.04783+5.5 295.6+83.21  300.5+8.42  301.2+3.38
14 549 538 1.02  0.05222+16.5 0.33925+86.9 0.04712+5 295+70.52 296.6+6.59 296.8+3.09
15 330 236 1.40  0.05075+17.9 0.32004+95.6 0.04573+5 229.7+79.38 281.9+7.35  288.3+3.06
16 1889 860 2.20 0.05237+14.3 0.34073+69.4 0.04718+4.7 301.7+£61.15 297.7+5.26  297.2+2.89
17 164 169 0.97 0.0524+22.1 0.34054+128 0.04714+5.7 302.7+93.39  297.6+9.69  296.9+3.53
18 299 268 .11  0.05185+18 0.34742+101.5 0.04859+5.4 278.7+77.4  302.8+7.65  305.9+3.29
19 2010 353 570 0.0533+18.1 0.33246+94.7 0.04523+5  341.6+75.21 291.4+7.22  285.2+3.06
20 79 141 0.56  0.05255+23.4 0.34078+137 0.04703=5.8 309.5+98.29 297.8+10.37 296.2+3.56
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Fig. 6 Concordia plots of zircon U-Pb ages of hornblendite
(GSZ-B3)

3.3 A Hf AL EEE

X RIS AR 1) 20 AN A AT )R Lo-HI [H
P2 RO BT, o0 B 4 R L3R 3. s 3R 15 O HE/
TTHIAZAGIE 0. 282 230 ~0.282 702, A% 1F &
FIVOHE/YTHEC ) AR A Y O 0.282 22 ~ 0.282 70,
eHf(£)= —13.4~4.0. Wi B AE R 2 075 1) 48

IR I 77 BB 750 (777~1 501 Ma) A1 B
BRI ¢ 5(1 064 ~2 153 Ma), {H ¢ M1 5 4
KZHOE 5 45 345y B2 h 751 009 ~ 1 248 Ma #
1430~1 789 Ma.

4 B

4.1 BRERMAMNRKRKHEERE

ATANGETE T b s a8 AL e i o AR AR—
HEARE AT U-Pb 953 Ar-*0 Ar [ 25 I 4T 45
A IR AEZ I 4 /D A7 A e % 40 (400 ~ 360 Ma) -
FoA R R IH—rh S 1 (330 ~265 Ma) X &4
R—=F 4 (250 ~200 Ma)3 HE 91K 7 JAE F ik
FRCIRR 2 55, 201000 Horp BLA R e H—h — &
A K E s o, H 32 A e N 5 il o I
PG AL R - A N KA e N K -
DA DA 5 A 60 Ak 12— o 0 e R k42 22
85,2010, JFE KB 128 A 0 (Bas S KO 5 i 5
Y5863 (Nb Tas T (S JHAE, 2012) . IX L6
(025 A0 AL Bk Ak 2E R AIE A R 2RI R T, 9 52
R AR 1% O — 35 B B 2 (Xiao et al .
2003; 7555, 2004; Zhang et al.» 2006, 2007; 5K
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Table 3 Lu-Hf isotope data of zircon from hornblendite
W 7L/ THE error 176w/ VTTHS Error FW/Ma VOLw/VTHIC) eHf eHI(z) tom t Sm fs

1 0.000928 0.000014 0.282 702 0.000 016 301.4 0.282 70 -2.5 4.0 777 1064 -0.97
2 0.001 569 0.000012 0.282519 0.000 022 298.8 0.282 51 -9.0 -2.7 1053 1486 —0.95
3 0.001715 0.000007 0.282515 0.000 023 299.3 0.282 51 -9.1 -2.8 1062 1495 —-0.95
4 0.002 748 0.000 020 0.282 230 0.000 024 283.9 0.28222 -19.2 —13.4 1510 2153 -0.92
5 0.001 447 0.000019 0.282 400 0.000 041 294.0 0.282 39 -13.1 -7.0 1218 1753  -0.96
6 0.001 787 0.000033 0.282 503 0.000 022 292.8 0.282 49 -9.5 -3.4 1081 1526 —0.95
7 0.001490 0.000003 0.282683  0.000 021 301.9 0.282 67 -3.2 3.2 817 1115 —-0.9%
8 0.001 633 0.000012 0.282471 0.000 022 300.9 0.282 46 -10.6 —-4.4 1123 1593 -0.95
9 0.001 172 0.000013 0.282483 0.000 014 296.3 0.282 48 -10.2 4.0 1093 1564 —0.96
10 0.000 541 0.000004 0.282440 0.000 014 293.0 0.282 44 -11.8 -5.4 1134 1654 —0.98
11 0.001475 0.000020 0.282442 0.000 016 288.6 0.282 43 —-11.7 -5.6 1159 1662 —0.96
12 0.000834 0.000012 0.282498 0.000 013 301.6 0.282 49 -9.7 -3.2 1062 1522 -0.97
13 0.001 151 0.000012 0.282 462 0.000 013 301.2 0.282 46 -11.0 -4.6 1121 1607 —-0.97
14 0.001217 0.000034 0.282448 0.000 015 296.8 0.282 44 -11.5 -5.2 1143 1642 —0.96
15 0.001 686 0.000025 0.282437 0.000 015 288.3 0.282 43 —-11.8 -5.8 1172 1676 —0.95
16 0.001 311 0.000011 0.282476 0.000 017 297.2 0.282 47 -10.5 —-4.2 1106 1579 -0.96
17 0.001683 0.000046 0.282 384 0.000 017 296.9 0.282 38 -13.7 -7.5 1248 17890 —0.95
18 0.001396 0.000031 0.282446  0.000016 305.9 0.282 44 —-11.5 =5.1 1152 1644 —-0.96
19 0.001 882 0.000034 0.282422 0.000 016 285.2 0.282 41 -12.4 -6.5 1201 1714 —-0.94
20 0.001 159 0.000003 0.282 542 0.000 022 296.2 0.282 54 -8.1 -1.9 1009 1430 -0.97

VE: RSO SRR b, ME N A BR Lu-HE R 2 S50 R A2 50 9 Q7 Lo/ HD qqur = 0. 033 25 Q7HE/THD qug = 0. 282 772 (176
Lu/ "HDpy=0. 038 4; C7OH{/THD py = 0. 283 25( Blichert-Toft and Albaredes 1997; Nowell, 1998), H:H CHUR 1 DM 43 B4 F BRFLER A7
HiE R B, O Ll R AR R N 1,865 10 Ma” '(Scherer ez al. 2001

%5, 2007: FE BB, 2007; Zhang er al. s
2009a, 2009b; FAE S, 201000 AL Ik 7
AN A B A U-Pb fF 8 296.9+2.6 Ma, 5
Zhang FE(2009b) Ml #3 MK A AT 5 85 41 U-Pb 4F
W (21 300 Ma)fE 1% 2= Ju Hl N — 20, LWz R o4 5
R MA RIS . PR %A A T AR
RUHE TR 5, A R A 7 8 S 2 R T8 BT ety A
AR S 1) m AR s O et 2B 46 TR R SIS A
WE (LA, 2009) .
4.2 HARETEREXMR

B LG AEEE A P 2 I R B T BRI R
+ 0 N (Murali ez al . » 1983). A TliE G
B IR B A% 76 3R A 1) b 23R ] DU SR 48 78 A [R5 X
K KPR (Heaman et al . » 1990). 5eilfis e84
Tl TG 3 R, M UG L R R R R Z 1 IE
Ce A Eu s A KB AMETTE TR
%, Fi T 00 2 L 40 #h 28 2 7R 99 4 BEu 570 B 5= 0
CREREESE,2013). I+ IN A 5 80 AR
TR TG ER o i, W G R A 2R WOR B Ce 1E 57
WS Eu e, fa s A ok BT U .

BEAT Ce i R 2 0 St 8 42 ) () 0 B 28 9

]2 #% %% (Ballard et al.,» 2002; Belousova et al. >
2002; Claiborne e al.»> 20105 Han et al.> 2013), {5
FIREAEAT Ce B +4 0,0 Ce*T 5 T 5 7 2Rt IA]
Bt 3 R A TP A . B s g
PEEE AT Ce Jo 01 BAE 1Y, 0 7R AR R 28040 B A
A TR R AT Ce BIRZUIE R, WKW Ce IE
i AR AR 44 1 45 &6 6 5% (Hoskin and Ireland,
20000 TSI AT Ce 1E 57 H B3 A BT 2R 2K Eu
R H, A Eu 2+ 3 W, 8 A AR
i X R Eu R AP JE . Maas 55 (1992)0 4,
SR JE AN G ME— 1] Ce 7% H Eu W R 2, 1X
S KA A R o AT K. Fe il KA

Eu SN AR AT T, R A 70 B 4
Wik K Eu, 54K 20 Ea 561, Wil S 20T 4
£ Eu 7% (Murali ez al.» 19835 Huan er al. s
2013). AT NWFFUSAL, 288 A W AU s 4
T E B I IR Ce IE 57, 59 51 Eu 57,
A REARTRYE DX 5 AT WL 5T ) ST A, SRS I
A A AR =, 1T SIS e RS A R RE IR Ce
IERH . M eI th 8GR Eu #7575, vl e
SEHEE S A AR AR B P OR BE KR 2 R ARG
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A1, AR AT S I 5 IR AT B Bu 1 S

REA KR B AFE 5 o, v INES A HE [FAL
FAMMAHE R, WA eHI(HD)=-13.4—4.0, %4
O K, R R D s B 2 . o 17 AN R R4S
eHI(1)=-1.9~-7.5F¥h —4.7, RIAE KK
VR R A P g . 1% A R T A
(1999a, 1999b, 2006 A A b w7 38 A ¢ 76 i
AR, FEERIL N AR (T . S 4h, AT 2
AN RGRTF eHICO) 530k 3.244.0, RIA R DA
DEGHIE YT o B AT £y ¢ Syl KT
U-Pb %, 2 B 5 5 10 45 A1 Bl b 76 T8 pie o # v A
FIE T 2 eI o P 2 A R Al AR X
FLA A A0 B R 1) P, i ER i 5 DX 43 0 i
TE R 3R 8 A B3RS T e I8 A IE Ce o Iy
fiE.

Zr PR, B AR J0 3 o iR T s I A
M HE A R ERY, %A s R R ER A
LA A RIS . BT £y 1S KT U-Ph 82,
F WA A P g st R A i 2 ST N,
NS5 BB A b e BRI A i e IR IE Ce 57 <
TERE AT 45 B I, IO RBERHC A 7 B a5 il A RSk b
AT Eus IMIMAEAS 85 1 8 o0 2 B0 o 1 26 5 99 1
Eu 7% .

4.3 RIFMCERIRX

R 20t il b 03 B U RO T R 1k
A U-Pb fE #5374 314 + 6 Ma(Zhang et al . »
20092302 + 4 Ma(Zhang et al., 2007), HA R/
A4 eNd () (= 16.5~ - 11.O M B He HI(1)
(=22.5~-16.8), IX LR IR PR AR A 0 >k BT AR Hh
W IR R IR A 5 (B, 2012) » Zhang %5
(2009275 2% DUk FHA4 5 f MEA B A1 U-Pb 4
WA 297+1 MareHI(1)= —17.0~ — 14.1, 45 &1L
A IR AL SF AR, AN 125 A 52 B FE BE 1 H
FEW) R G, AR X 52 31 3 SV 1) R A o i
TWARTIASARAE R o AL 7~ S A B A U-Ph n
BOFRIAERSh 296.9 +2.6 Ma, Bif1 eHI(:) K2 5
E=1.9~ 7.5 =1DEH N, WERKFENZ N
Ml b R AR NI E W A R G B A
eHIC ), R WIILYG X w SRR FE AR BN e4b, AL 7
R RIS AT 2 N A D AL eHICO) 0 3.2
4.0, FaR RES b A A 5 B IR A TN, IX
AR T ARG v A R X, e AR AR AT
A7 By 3 ek P

TEM AT i th—F = S R, JC R 2 N &0k
oy P R A B B T A, S R 2 M e )
JT R G B AN YR DX ) A ARAE T T AS e 3R e 1) 4
AL T R PR X R . AL TP S e DL
B AR TR AL 788 L 1 25 A4, 02 9IS JR 3 by 5k 34
BE N M RIS ), AN 52 B B0 B0 W ) e
rrisg ma 58 2, I A I A R 1 R B AR /& (SIO, =
34.44% —38.58% » A K AR K, DA ) LA A 74
8 7~ W A A H— R 8 A ) A A e ol A6 2 g
Y5 5T o

5 gk

AT AL 7 R 2 A S AT s 20 B S 3L S
St Al AR N A ) B A ) A 2Rt B R B, AR
S, o7 308 Ak J) IREARAS 1) R b ) 16 RS R 11 2 AR U X
PERAEAE B AN, 45 5 R

CD) AL B V2 AR 0 A 85 A U-Pb 4R
WA 296.9 2.6 Ma, 5 Zhang 55 (2009 ) I 15 ¥ K
T MOEAT TR A U-Pb SR8 (29 300 Ma) 7F 15 223 [l
W3 R AR S A R ES .

(2) BE AR G R M oo R A B
HI [F) A7 2% 20 3 W 25 2 6 B008 A w 4R 102 A0 el Hh
e, /RS IAN . B s Sy B E KT
H U-Pb 8, 2 9 & S 10 2 A Pl 0 A1 T it A% v
A 2T

(3) IS A b R I A ) o R 1 o /b 1
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S S5 R, RN Sk Al bR SRR X AR
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