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Abstract: Understanding about genesis of the Early Permian basic-ultrabasic rocks in the northern margin of North China craton
are varied, with one of the influential viewpoints suggesting that they are related with activities of “ Andes-type continental mar-
gin”, which is discussed in this paper based on researches of the cumulates in east Hebei Province. Early Permian basic-
ultrabasic cumulates controlled by Fengning-L.onghua lithospheric faults are distributed discontinuously in the northern margin
of North China craton. The SHRIMP Zircon U-Pb ages from cumulates are 280 —300 Ma. Petrographic studies confirm that
the complexes consist of a suite of cumulates including dunite, pyroxenite, amphibolite, gabbro, diorite, anorthosite, and so
on, which in turn can be further divided into layered and circular ones, both with obvious cumulate texture. Mineralogical stud-
ies show that hornblende, pyroxene, and phlogolite in cumulates all are characterized by mantle sourced components of high Mg
and high Cr. Sr/Ba ratio of cumulates with different components does not change with their melting degrees, showing that
cumulates possess a fractional crystallization trend. Similar REE patterns and transition group elements reveal their consanguin-
ity. Comparison of cumulates of the Late Paleozoic with those of the Early Mesozoic from the concerned area indicates that
these Early Permian cumulates have characteristics of an initial-rift magma, which offers the earliest evidence of the transforma-
tion from the stable to the active one of continental crust of North China craton. Viewed from broader regions, activities of this

period in this area are driven by deeper geodynamics.
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Fig. 1 Distribution of Early Permian tectonomagmatic belt of northern margin of North China Craton and adjacent areas
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Table 1 The isotopic dating of zircon of cumulates in the northern margin of North China Craton
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Fig. 2 Geological sketch of distributing of Early Permian cumulates in research area
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Fig. 3 SHRIMP zircon U-Pb dating of the cumulates
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x3 BREAHNRHSTER(%)
Table 3 The EMOA results of clinopyroxenes (%)

J== Si0;  TiO;  AlbO; FeO MnO MgO CaO Na;O KO Cr:0; NiO Total Wo En Fs
RP4. 1 52.58 0.11 3.57 11.92 0.25 16.51 11.65 0.70 0.16 0.39 0.05 97.89 25.36 51.99 21.66
RP4. 2 52.21 0.21 3.74 12.35 0.22 16.48 12.09 0.61 0.27 0.32 0.07 98.56 26.94 51.10 21.95

RP4.2+ 52.18 0.16 3.52 11.90 0.27 16.49 11.81 0.74 0.24 0.34 0.14 97.79 25.67 51.81 21.54
RP4. 3 52.58 0.08 3.76 12.07 0.24 16.68 11.98 0.82 0.16 0.37 0.04 98.79 25.72 51.77 21.50
RP4. 4 51.71  0.13  4.20 12.40 0.24 16.15 11.61 0.84 0.21 0.69 0.01 98.20 26.39 51.09 22.50
RP4. 5 51.21 0.16 4.35 12.42 0.35 16.35 11.69 0.94 0.23 0.58 0.05 98.32 26.33 51.24 22.43
RP4. 6 52.17 0.23 3.84 12.13 0.30 16.59 11.87 0.74 0.16 0.37 0.00 98.40 26.56 51.65 21.79

x4 KAMFRHITER(%)
Table 4 The EMOA results of feldspars (%)
== RP1-2.2 RP1-2.4 RP8-1.4 RP8-1.5 RP8-2.3 RP6-1.1 RP6-1.2 RP6-1.3 RP6-1.3+ RP6-2.1 RP6-1.5 RP6-2.5
Si0; 57.69 56. 65 64. 67 65.75 46. 37 58.23 68. 03 46. 18 46. 07 55. 16 54. 28 59.19
Al, O 26. 41 27.31 22.82 21.98 31.95 25. 96 20.19 35. 04 36. 09 28.32 28.62 25. 04

FeO 0. 06 0. 10 0.07 0.03 2.96 0.12 0. 05 2. 38 1. 86 0.11 0.15 0. 20

CaO 8. 26 9. 06 3.82 2.96 0.03 7.53 0. 59 0.02 0. 06 10. 30 11. 00 7.56

Naz O 7.47 6. 98 9. 66 10. 14 0. 31 7.13 11.79 0.17 0.23 6. 25 5. 69 7.79

KO 0. 08 0. 08 0.03 0. 05 10. 86 0.18 0. 09 10. 09 10. 57 0. 10 0. 16 0.19
An 37.76 41. 58 17. 90 13. 85 0.22 36. 48 2. 67 0. 16 0.43 47. 39 51.18 34.55
Ab 61.79 57.79 81. 93 85. 86 4.16 62.51 96. 84 2.44 3.16 52.04 47. 91 64. 43
Or 0. 45 0. 45 0.17 0. 28 95. 62 1.02 0. 49 97. 40 96. 41 0. 56 0. 90 1.02

fir % PRA hRAe BRA O BERKRA ERA PRA O MIKAa ERA 0 ERA BRA 0 RIKA K

x5 MEEEMEREREZFANIILL(%)
Table 5 Component comparison of phlogolite in mantle xenoliths and cumulates (%)
4 RRAIR S jE=3 SiO; TiO, Al, O3 MgO CaO MnO FeO Naz O KO
GST2-2.1  39.40 0.19 15.25 26.39 0.0l  0.00 213 0.5 10.01

FY ST kP EREe S

R R R R s A GST1-3. 2 39. 26 0. 26 15.23  25.80 0. 02 0. 00 1. 40 0. 46 9. 84
G4-2.2 37.31 2.78 15. 61 18. 94 0. 00 0. 05 9. 83 0. 64 9.33

2 B

AR EEHEAE TR G 00 663 259 1557 1850 0.00 010 100 0.27 9,31

T IREF T R AT ] 2% 2.

IS TRPIREZ AR 0 A TN A (B Ad R0 4e) BRI A
P B BRIR N 57 (B 7555, 2004) , SEBR A A H
17 5% ~152% AU HGE RO AHC A S MIN A
PRHS A A Bk 7SR & A N A RHE S T DL B

2~ 3R (& de). BRIRK 3 i poo ] LU

AL SR A e (P 4D B8 4 2R A8 728 o 4 S 1R
ZARE A DR A PR ) T T B A K L S AR R

AT B B T HE fit e 2 B FRAEAH X RGE RS T
ERATAENK B ML, FHOX A A RS R &
SR,
3.1.2 INRHERRE T G EEEIRIE I
PRSI H B A SR RURE  HoRE . AR 2B 5
IS O o £ e R N A IO
R ZR OB BE 1] S AR, PRARZ% A B Bl
RE A TR TTG s (8 2a). 7ERZH

(PR, AR BT 25 ) 5% R A BRODRA il L 2 A v, 28
FHWKR T HERA A0 BBt 225 WK
ASER ) IR E TR R) OIB FRAE Y ik B a0

KITE I TAE T 0HE . I e AT 5306 sh bl 4 my ik
Jahisk TR (R EFR).
3.2 HERAERENFIT

e S A T ZS I RREA DL LS (DB 1) 41

P 2 8 S P [ ) T L )RR AE (T Sa) 5 (2)
T 28 D R O AR PR B A 045 DL E
ARKCHEIE B &5, Bl N A B — R
1~6 cm, 55 1~3 em ([ 4f F1& 5b) , B A K]
ik 1 em(& 4g) . B 2SI A 3 i WA 254 ; (3)
WYERA G R B HARIE £ (] 5c 1 5d) , I
BT AT A 2 0 B S P SRR A5 A AR SR
JIT o B B A AT R G T HE il 45 R FRDHE SR A A L AT
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Table 6 The analytical results of major elements of cumulates (%)

zﬁ% ﬂﬁf—i %J“I“EE Si()z Ti()z Alz 03 TFez 03 MnO MgO CaO Naz O Kz O Pz 05 LOI Total
G11 foEe) e 34.81 0.01 0.07 7.88  0.12 43.81 0.16 0.00 0.01 0.0l 13.27 100.15
BJ6 [ e iy iva 44,20 0.04 0.61 13.66  0.10 40.46 0.91 0.0l 0.04 0.01 10.71 100.00
G4 EEHEAKR SWUELE 38.16 1,90 5,93 24,83 0.17 13.00 12.53 0.66 1.29 0.06  0.28 98.81
RP4 bz v 48.40 0.14 2.87 15.82  0.28 19.05 11.53 0.55 0.18 0.09  0.69  99.59
R12 B[ t= EfukEfA 2 51.28 0.40 7.00  7.55  0.15 15.69 13.30 1.26 0.70 0.06  1.86  99.25
RS vz NGRS 49.78 1.33 5.75 16.34  0.28 12,07 11.90 0.82 0.42 0.41 0.76  99.87
R21 B WEAMING  37.33 2.49 13.62 21.03  0.18 10.26 9.62 1.81 0.84 0.04 1.72 98.94
R36 B MEAMIAA 42,11 1,26 15.63  11.25  0.13 12.51 11.65 2.47 0.32 0.02 1.68 99.03
R16 A WEAMINA  45.08 1.39 12.86 11.79  0.15 13.03 10.58 2.03 0.68 0.04 1.54 99.17
RI1 bZE  SRKAMING 46.59 0.74  7.64 15,01  0.26 15.69 10.08 1.14 0.23 0.09 1.92  99.39
RP-8  Jkz=%  HRHKCAMINE 47.83 0.87  9.45 10.35  0.16 16.64 10.51 1.89 0.61 0.12 1.24  99.66
R37 Eifipz WO 49.71  0.69 19.88  9.27  0.13  5.25 9.71 3.76 0.19 0.05  0.34 98.99
R33 J\BBYE NGRS 45.84 0.93 12.79 13.53  0.19 10.60 10.89 1.77 0.66 0.06 1.72  98.98
R20 WBE S KA 47.57  0.91 19.64  11.44  0.21  3.27 8.28 4.47 1.02 0.68 1.34 98.83
R30 J\BB YA N 43.87 1.67 19.18 13.91 0.23 4.18 9.8 2.67 1.22 0.94 1.26 99.01
RP-1 g MBS 49.62  0.80 16.71  10.12  0.17  6.58 9.43 3.81 0.75 0.45 1.26  99.69
R4 vz s S 57.72  1.17 16.32  7.12  0.08 2.78 3.46 5.63 2.69 0.44  2.22  99.62
Q238  dt=E MR A Gl 49.00 0.81 15.37  10.41 0.24 8.89 10.69 2.49 0.78 0.25 0.27 99.80
R24 Nz SH 53.27  0.32 20.39  4.64  0.08 1.89 9.74 555 0.54 0.34 2.70 99.46
RP-16 A HHNES  60.33 0.21 25.59  3.20 0.07 1.37 7.21 3.51 0.86 0.20 1.28 100.65
RP-3  Jkz=%H FWNES  58.79 0.44 18.79 5.8  0.11 2,39 522 572 1.51 0.35 0.56 99.70
RP-9 bz NKEZFESE 6576 0.05 21.58  1.51  0.09 0.25 4.11 3.51 1.87 0.18 0.51  99.32

{1 : Q238 JECRAHC AL BRI I 5 Q238 il RP-9 51 [ T 5545 (2004) 5 HeAx Jy v e 5 -5 3 BR 4y BT 50 97 o £ o 3 A FE K o
LR E

B4 HEdhA T

Fig. 4 The structure of cumulate
a HE G A 2R E s b, HESVRUZ I o S A TR IEE A 5 4 BRRABHS A B CRDIR A TN AT 5 o0 BORBHC E I AL BRI L B A N A5
SR

8

g.

FIE B0 ) B D A GAE A W ROV e IR A PR AR B AR A IS 2 R TR A
FIFRAFLEHG (& Se 715D W W el 5 G Eml IS SRR A LA 1 S0 5 I T A DL AR B B AR
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Fig. 5 The photomicrography of cumulates
a. PR M B 200040 5 b. Lt A DR A B i G0 D bR R 454 5 . SELBR IR MR SRR 4 5 . AR A A0 5 2 4 Bl 3 1) AW 25 . SR80
SR 5 £ W PR G R R S RL A 54 5 g SR A MIOVES 5 . G = B RIBE A1) TR A F R 4544 5 O IS/ 5 Cpx. BRI AT 5 HbL #1171 5 Mg-HbL.

BEMINA 5 Sp. R A Phl. B PLAHCH

L Humphreys, 2009) ; (4) B B HIE 8™ 9 2
(B FT LATES J8 ¢ vt 25 1 48 A 5 3 A M it e 0 DL ) 0
S5 0 ATEAHS A S AR Z A T /N BT [RAR
WA (E 5d).
3.3 wHHESHEIE

M f e 7E — S IR CFfy DA RO 2H L
W s T e AT R A J5 AR A, T AR AT B A3 722 A K

AR ATIUIE 53 1 HE 5 T2 et A v o S 21 0 1)
A AR AR AR R A S B OR T
AV S ) LR

3.3.1 ARE AXHERE T ESANARRE
TLIARETED 9 ( 5b) L N K2 B BT
e o B R . A28 AN A 1 ALY <T0. 6ALIY +
0. 25, ¥ E A 1. 2 IR IE PR P22 R AT
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F40 &

N AT A 44 3k (CESEAR . 2001) o Al @ MBI IN AT VB
PHINAT BRERESIN A1 S AR N AT (5 20 P DLEE A TN
AR IBEMINAT (RPS-1. 1) i Hoam ¥y 50 73X
9+ (Koo Nag 35 ) (Nag,, Cay ) (Mg 1 Feg.ﬁs Mny, o
Fei i Alils;) (Sig o0 All's T 02) Ony COHD, fiy I AT B
A F Me™ {E 8 AN AT Me™ SFI{E 2 0. 73)
FAINATIY Mg ™ (B0 R LAV A3 A1 B AR5 - e
PR IN A Mg KT 0. 7, 7R &7 Mg™ (i
0. 7~0. 5.7 A Me” {l/NTF 0. 5 (W X% =
TG 1984) A DX A TN A7 S Wi PR BEA S i PR b2
HE FAINE (PRS; & 4D MgO & & 55,5
N Mg™ Sy 0. 8. ELdh M TN A i 4 W 1) )
I AT AR S e 1 B SR N2 A I T Y
NP T A 8 S SN

3.3.2 R HE SO ARRE A A O
WRADCH WA A, B A A R 5y 78 3% i
f1, En=50. 53~49. 36, Wo=26. 3~25. 36,Fs=
21. 75~20. 82 J] I3 A T L Sl A1 F 2y W A1 Z (7]
(K 3) BRI HEA D UL A SR AT BT RA
B (MgO 5 54428 16, 5%0) i 4% B ARAE (Crz O,
P 0. 4%0) (£ 3). BAHEAFES RP4. 13T
S 2R : (Nag, o5 Cag i) (Mg, 02 Fe?ﬁa? Al
(Siy, o7 ALl 03) Os.

3.3.3 KA et RO IR GR O .8
KA LRy L MAH KA RP1-2. 2 58170
F2UF : Nay, 65 Ca, 10 Al 10 Siz 50 Os.

2500

RHEA An AR 51, 0~2. 7, AN Sk Y
IERAOr=96~97. & AN A IR FHS A (RP6)
IRHS A AT TP R A R BRI R Y
IERKA. BI552000) 5T T ERIRFHS A NN
NP AL S 2 L T 3 IREI AR L. JH
BRESH A B B & RH A B N A (RP8) fETERR A Y
IERARRRME R A A (R DL &M INA B R
KA R AR IE A i 0 B I R TE B i S
D5 AT BEAEFEm BRI 2 s Bl R R A AR R B
A ARHE At R LR i 45 B T il 3K T T A
a5 A S TR (B 5.

3.3 &38 EHTEAETFERSHEHOEA
A SO RM4E =8 5hy . A FR. S8 M
DR A 2 FORE A B B IR AR R S BT A 9K
Fhid . 3l w4 = B FMAE/NTF 0. 6 (FM=
6(Fe*+Mn)/(Fe? + Mn + Mg) ; #) t4& Fi1 T 7%,
1989) AN X 4 = B: ) FM A H 0. 57~0. 59. BLAMNE
BRSNS 1% R R TP R B4 = B (3R
5) X2 ANKE & B 3 By TR) 1 22 57 5 i AR A%
PR IR N 4 = BEROHE A A T A = B MO, Cr fil
Ni &5, 1 TFeO Fl TiO, &%, S BAd iR Py 4
R 2R TR E R

3.4 HREEAENIE

WS 0 s A A R SO O
BOEACE AN A RS RHOCE AT
RN IS G (GR 6). 7RI 6 Wil i

5 A

””””” ’\\ Ri2e
»»»» X. R
- . RP-4@
AN -7 Gl e~ RS
2000} AN e o
>R A
- ANy :/// ;@JLL\/%( i -
< S R30e/ I
S 1s00F s ~ TRl
& I ~~~_ o /ﬁ24 (. "
%~<__R20 / / WK - )
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% A ~ WK® . RPI6
\\\\ /// 1; - K \\ /////
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———t ) Ne——""" = ®
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Fig. 6 The R;-R, diagram

# de La Roche ez al. (1980)
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Fig. 7 The S-B diagram of cumulates
P Onuma(1981)

N T HER A DO S Ao E A A R E, BR
R,-R, (R, =4Si-11(Na+K)-2(Fe+Ti); R, =6Ca—+
2Mg+AD IR A 44 FR -5 26 A 18 SE bR 24 R
A A AEZE R E Mg, Fe il Ca TR 1 HE &
R UL A .

Onuma et al. (1981) % F| i log (Sr/Ca)-log
(Ba/Ca) [EIfift 73 B % 1Y 73 B 445 il B ST o3 Jees il
R FEARIE S B 4 B LR Z P1/Cpx
CHb) & FE Y BRI 3006 T4 W AR ST 1 HE it ik
KA EEE L. 1E log(Sr/Ca)-log (Ba/Ca) E fift
AR SR B T e B TP e ) — 2 B A S
PR, DA E AT RA TR (7. B 7 A4k
AR BRI RTLR I T Sr/Ba HAEAS FA Rl FL R AR
FERIRRIE ATV TR A s il AR I i 25 b B A2k
583 W5 R e S S 0 s O S AR IR R T A
(Onuma et al. , 1981),iZ s 558 X 58 & AR
HE A2 B RS S R A DR MU IE AP A
WX A SRS AT LA S 3 oLt 4 25 3R A T
BIZEHL ] DL B MO & FE 4 5 A RRE A
w AN S K S ERE AR
AT B A .

4 HEFLE B ICER BRI A AL

y

=

LR PR Uil o N eR 1 NPT W ey &/ I
P FeM I BT 73 B2 i (17 0 A TR 223 R HE e

WhBR 25 b 7= L[] R 1) e YRR AIE T SO DA b Bk
2 BT B AT R R A o B ah dn e .
4.1 HETLEFE

7RI T A A TR AR A
I (DR S5 F R LS SR
FH M T OT RS2 B AT  SRPEE AT L A TR A S5
Y b o S B2 AR (G111 90 % LA | fr A
MiAr 4 REE 29 BB A1 7 0. 03 £ MK B8
£1 REE NBRRLF AT 1 6 ~20 £5 . 1 4 S5 e 100 1
SR — WA S W A Bk B A 1 50 /5. () A
() b 5 A TR PR HE & i AR B it 2 TR AT
(&l 8a) . LW 3R i [R)EAE 5 (3) ARG BT 8 1A HE
o P A P B Y, 76 Pr-Nd Ab 4 s b iy
WA, S IS 3R A7 A 3 o A SRR AT, Tt
WEA = A5 EE AR LA, T AHS A (R24) TR (8
WA (RID NIRRT Eu 551E 5%, JEERE 17384
Ba Fl Sr (JIE S H SO T RHS A B 53 B 45 .

A X HE i et oG 3R R ) T (] 8b) fRTE—
FEEER) Nb Fil Ta 5L A, RWITE IR AE I 5
T Em I b e T A U R X BRI T
PR R A ak W S A e e AR AR T 3 B — SR A
ORI E A R AN HEBR - B tH Ay g Y5 X
BAZAN S E ) FEE. 5 Sr A L, Rb I
Nd & 2/ G 22, R HZ R a0 s 4
fE B 45 5 (Cocherie, 1986).
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Fig. 8 Chondrite-normalized REE patterns (a) and primitive mantle-normalized spidegrams (b) of cumulates
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A E 43 0 Ry 469 X 1076, 49 X 107° Fil 197 X
1077, MAS IS HE ff e 1) 2o 98 0 28 I e g s v A
BB O RFBr TAFE A Cr 95 5 W 8 X 5]
Hh 25 i R8RS AR L. Hodh Ti/V

LA 734 2y 86, 322 & T 5L 4 b 2 fH 17 (Condie,
1989) , n T R & BUA RHIE.

Th {5 AR AE 0 RB I L R A bR &
(Holm, 1985) , Kk hi 5 % A M Th & & 4



1454 HOERF} 2 —— 1 [ H BT K 2 %40 %
*x8 HREH Sm-NdAEH/K
Table 8 Sm-Nd isotopic composition of cumulates
v . Sr Nd 87Rb/ 878/ (8751‘/ 1'17S / 113Nd/
FS R okl 1076 (107%) 88y %srr 2w, 1441\?;1 mng o e®
R12 284 EW¥EAHE  277.10 8. 710 0.0762 0.705215 15 0.70491 0.1406 0.511828 12 —13.8
RS 284 fRINMEG S 99.47  20.450  0.0328 0.705250 13 0.70512 0.1544 0.511879 13 —13.3
R36 281 MEGMING  748.50  13.490  0.0757 0.705569 15 0.70527 0.1791 0.511859 14 —14.6
R37 281 WEKS#E 145700 5.875  0.0025 0.706504 17 0.70649 0.1428 0.511756 15 —15.3
R20 284 WEgktt 174100 46,830  0.0274  0.705439 15 0.70533 0.1206 0.511904 22 —1L1.6
R24 286 AU 100100 19.650  0.0212 0.705406 13 0.70532 0.1074 0.511901 13 —1L.1
PR Ry v R e 55 R BRLAF 5% T TR 3 28 2R e, 26 HP AR IS S w06 EL TSR I S B AR
15 ou O KL i 7 4R ¥4 1 #4(230~210 Ma) B9 ena (OFH R —13. 35 8), ek 7. BT i
L ® St 2 AR HE i 7(230 Ma) B L g Ly B 32 = B U
10 ! g i | gL, K [X
1] O Wit 2 FR (3 14-284 Ma) t&HjEE’JE‘ﬁ?EEf@mxd?x?ﬁ’@m%ﬁﬁ{tbfm,jil:
sk ® I 11 7 R HE 5 44280 Ma) i =St HE 5 A ena (0 FX N — 5. 5 (BRI 4255,
il 2007) s ZFAH L« [RIFE U0 BH A DX M — S 0 I 49 ix
O = = =t -y Ny Y —1 o, Y3 >,
_ A B DT R B R BH . 3 — PR R A A S B AE TR B
\‘:/ - O Y — Dy N
E S P (P 10). %— BG4 R T AL o [ s b i #
0 28 o i L MV T4 M 5 — AT AL T L
sl O(g; . F S = S T Z1 () 7 0 A FH ARG i (A sl F 5 BT i)
[0 HIJK. B e AT I, S e S 2 3 ol A
207 [EmI O A X
—25 1 1 1
0.701 0.705 0.709 0.713 . .
("St/sr) 5 KU S MRHA IS
B 10 Aedbvrhrm At 2R S R = S I HE A AR A

FI exa (O~ Sr/% Sp); i
Fig. 10 ena (£)-(¥ Sr/* Sr); diagram of cumulates and plu-
tonic rocks of the Early Permian and Late Triassic

in the northern margin of North China Craton
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