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Fig. 1 Sketch showing the distribution of the Precambrian basic dyke swarms in the western Shandong
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1—TTG rocks; 2—greenstone; 3— gneissoid adamellite; 4- -diorite; 5—dyke swarms; 6—fault zone; 7—ductile shear zone; 8—sample area
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Fig. 2 TFeO-(Na,0+K;0)-MgO diagram of the dyke
swarms in the western Shandong(after Condie,1987)
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Table 1 Major (%) trace elements,rare earth elements(ug/g)data of the mafic dyke swarms in the western Shandong

REEX R H X (A FEFHLE K (B) FAFRBHER O
FHS 1 2 3 4 5 6 7 8 9 10 11
S0, - 47.75 | 46.23 | 48.49 | 41.55 | 46.90 48.95 46. 45 52,23 51. 90 46. 29 46. 63
AlO; 14.25 | 13.8 | 14.02 | 15.44 | 14.25 14. 93 13.69 14. 44 14. 25 13.69 13.65
TFeO 14.24 | 16.45 | 12.25 | 16.28 | 13.37 12.75 15. 38 11.47 11.51 14. 65 14.33
Ca0 9.84 | 9.32 | 8.91 5. 86 7.92 6. 76 7.61 6. 95 6. 99 8. 64 9.37
MgO 5.81 | 5.73 | 7.95 5.31 5.89 5.00 5.76 4.52 4.55 6.17 6. 43
K0 1.54 | 1.31 | 3.45 2.05 1.94 2.41 1.89 2.11 2.25 1.36 1.56
NazO 2.79 | 2.73 | 1.82 3.51 3.31 3.51 2.92 3. 44 3.51 3.31 2.79
MnO 0.20 | 0.23 | 0.23 0.20 . 0.19 0.21 0.22 0. 20 0.19 0.19 0.19
TiO, 1.59 | 1.82 | 0.90 2.97 2.59 2.61 2. 80 2.31 2.28 2. 87 2. 69
P,0;s 0.33 | 0.40 | 0.25 0.76 0. 45 0. 46 0. 61 0. 41 0.41 0. 36 0. 37
LOI 1.66 | 1.98 | 1.68 6.03 . 3.17 2.38 2. 64 1.92° 2.14 2.47 2.00
Sr 223.9 | 274.0 | 348.3 | 568.4 513.2 546. 8 338.3 511. 2 503. 6 507. 4 480. 1
Ba 244.2 | 394.2 | 1800 786. 4 825.1 746.1 860. 1 849. 6 784.5 455. 2 432.1
Co 51.00 | 53.13 | 46.46 | 56.71 52. 26 52.38 45. 42 38. 81 40. 49 52.03 53.71
Ni 98.18 | 96.07 | 104.5 | " 84.04 125.9 85. 85 69.13 73. 20 82. 49 72.32° 86. 27
Se 25.33 | 38.46 | 42.61 | 26.72° | 33.62 32. 24 21.13 15. 94 19. 28 17. 80 21.13
A 295.7 | 323.4 | 255.9 | 277.66. | 283.7 260. 6 285. 9 222.6 215.9 339.8 337.1
Cu 104.0 | 61.13 | 51.64 | 37.21.| 87.71 48.98 38.51 46.73 46. 36 53. 46 53.83
Zn 112.1 | 130.0 | 192.3 | 151.7 158.4 140. 4 138.9 125.4 130.1 129.8 115. 2
Cr 86.70 | 94.12 | 241.4 | 58.15 197. 2 121.0 66.12 113.3 106. 7 64. 60 80.75
Zr 169.3 | 166.3 | 129.1 | 181.2 | 170.8 194. 6 167.1 161.1 153.6 155.1 140.0
Rb 52.39 | 47.09 | 140.3 | 55.87 55.89 106. 9 114.0 41.79 68. 34 70. 65 69.16
Y 19.95 | 29.68 | 19.48 | 21.12 23.70 24.97 31.23 20. 09 32.85 24. 68 20. 20
Nb 8.167 | 7.687 | 6.130 | 9.440 ° | 17.52 21.52 21. 21 16.11 24.77 15. 31 11.02
Ta 3.33 | 0.66 | 1.32 0.76 | 1.96 3.05 1.62 1.21 2.29 1.00 0.76
Pb 12.36 | 9.56 | 27.17 | 16.20 17.13 14. 46 23. 40 17. 49 17.03 13. 37 14.29
Th 2.64 | 2.71 | 2.38 1.23 . 2.92 3.58 3.75 2. 65 4.21 2.52 2.11
U 0.54 | 0.61 | 0.62 0. 42 0. 66 0. 86 0.93 0. 62 0. 97 0. 61 0.52
La 13.96 | 17.08 | 8.98 15.18 26. 68 30. 98 31.95 25. 43 39. 08 21. 38 16. 42
Ce 31.22 | 37.89 | 20.93 | 36.77.| 63.81 73.22 73.74 59. 66 95. 08 49. 96 39.75
Pr 3.95 | 5.09 | 2.86 5.07 * 8.77 9.97 9. 69 8. 04 13.03 6.92 5. 45
Nd 17.22 | 23.12 | 12.63 | 24.37 39. 43 44.57 40. 89 35. 63 57.51 31.98 25.11
Sm 3.85 | 5.28 | 2.96 5.32 7.73 8.43 7. 67 6. 83 11.08 6. 80 5.35
Eu 1.18 | 1.70 | 1.14 1.95 3.56 3.78 2.92 3.35 5. 37 2.52 1.97
Gd 3.80 | 5.35 | 3.23 4.94 6.75 7.32 7.11 5.89 9. 37 6.15 4.99
Tb 0.66 | 0.95 | 0.58 0.79 0.99 1.09 1.11 0.85 1.37 0.98 0. 77
Dy 3.86 | 5.62 | 3.45 4.33 5.07 5.39 6.07 4.41 7.02 5. 21 4.12
Ho 0.76 | 1.13 .| 0.73 0.82 . 0.93 0.98 1.19 0.79 1. 28 0.95 0.77
Er 2.11 | 3.14 | 2.07 2.24 2.34 2.50 3.20 2.01 3.22 2.50 1.97
Tm 0.38 | 0.56 | 0.39 0.39 . 0. 38 0.41 0. 56 0.33 0. 54 0.42 0. 34
Yb 2.27 | 3.31 | 2.38 2.29 2.18 2.37 3.36 1. 87 3.08 2. 48 1.98
Lu 0.32 | 0.48 | 0.35 0. 33 0.31 0. 34 0. 50 0. 27 0. 44 0. 34 0. 28
SREE 85.54 | 110.69 | 62.67 | 104.79 | 168.93 | 191.35 | 189.96 | 155.36 | 247.47 | 138.59 | 109.27
SLREE/SHREE | 5.04 | 4.39 | 3.76 5.5 7.91 8.38 7.22 8. 46 8.4 6. 29 6.18
La/Yb . 6.15 | 5.16 | 3.77 6.63 12.24 |- 13.07 9.51 13. 60 12.69 8. 62 8. 29

ot AR ELFSREECHTRESEREWE, ¥ EUEA A ICP-AESEB F RO W, M B F# 15T E M A AXIOM
ICP-MS(EA ML HRBEE TR E.

8 70 E A SRR OEu {H7E0. 96~1. 622 A, AR MK WA A oEu (H7E1. 1~1. 622 H,
IR I T R AR B OBy —RIE1E  REEHHX EHAEL4~1.622Z M, FHEH
£00.96~1.1), EEu 8%, MESHEEZULEA EBNEERY EHNAERAZHEBETRK
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Fig. 3 Primitive mantle-normalized trace element

patterns for the dyke swarms in the western Shandong
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Fig.4 Chondrite-normalized REE patterns of the dyke
swarms in the western Shandong and volcanic rocks

of the Xiong’er Group
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ARG, RTIE Eu ERENFERR L
REME R P E RO B F R AN 74 (Pollard,
1987 4% B 3 45,1998, 2002, 2003) , H I, 5 Bl &1
ZRIEAMBRS B RAREEWERENEAL
SEARAE 0 ZEHLG, AT LLE 3 2 55 A A0 b BR 1k 2%
FRAEREA E BT BB X WL (FELEE,
1997; 3555 ,2000) . B P9 5 5 30 BE IO 70 - e 43 i
PP WL X B B A R S B VT 1 A
ML T R SINEEE A EENR I TRESERX
FEA AR 3 18 BE T 1 b X 4 B 1 A 1% B TT BB )
B, # R B g E LR,

3 ENEFY BN KM & T ST

EUERWHEN -FMBRAENRE, BH5
1 R AR AT BRUR 2 28 R PR R AL B e P R
BB TRUR A KR R A I A SR SR 3 T IR

FABRMEEBRUMBA%EREFETENRGER
(Condie, 1987 ; MR fE 45,1994 ; BB & %, 2001) . A
W, T LA 5 2 4 B X A S T A L HE
2 5 B 4R 07 0 K b A i T R RN e K R TR (Parker,
1990).

Wi e R A SN e A LEamaR,
FlE R A mE R E RGN, T URIT A K&
B BETE AR A K b M 2 1 RN A HOR TR AR ALO;-
MgO-TFeO = FIf# /347 . A X B AW BY R 72
KBRS M RE BRI (B5) Zr/Y-Zr BRI RS
IX B A B B AR VR FE AR N R R (B 6) LR E
oGP ol REEEEHE TR KRR
SHHEXRERI L HRES KRB ERRE
CIL S

TFeO

MgO ALO;

5 BTEEFFH ALO;-MgO-TFeO K
(#2 Condie, 1987)
Fig. 5 Al;O;-MgO-TFeO diagram of the dyke swarms
in the western Shandong(after Condie,1987)
1—VK B 2R 2~ LAl s 3— REPH 44— KER S —KERA
1—Iceland type; 2—orogen; 3—ridge of ocean;

4—oceanic island; 5—continental rift
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Hu 2, 55 L P RO AR I A R AR R, R A R Y
EEAEFATEEREA. R Th/Ta-La/Yb H
f# 43 (Condie, 1997), % ¥4 B Mt A 55 # 7 T PM
AU b 0% F = 4L Ho 8 EM1 K& EM2E] 2 (8], i3 — 2 156 Bl
EWEMSERNEREXE TPMAE HIEH T
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Fig. 6 Zr/Y-Zr diagram of dyke swarms in the
western Shandong (after Condie,1987)
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A—Intraplate basalt; B—island arc basalt;

C—mid-ocean ridge basalt
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(4 Wilson ,1989) :
Fig. 7 Y/Nb-Zr/Nb and Th/Yb-Ta/Yb diagrams
(after Wilson,1989)
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(# Condie, 1997)
Fig.8 Th/Ta-La/Yb diagram of some representative
basic dykes in the western Shandong
(after Condie,1997)
DM—75 Hiiig; PM—¥:E 48, EM1—E 218,
EM2—E &£ Hig28
DM—Depleted mantle; PM—prevalent mantle; EM1—enriched

mantle type 1; EM2—enriched mantle type 2

R, MTHMEHRBITE, B+ 5 5 174 559 Bl 4
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H 3 6 55, 78 A 1t TR 9 B SR K B I R —
RO W RAERATE S 10 . 3 = I R BB
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Fig. 9 The distribution of Mesoproterozoic dyke swarms

A9

and aulacogens in the North China Craton
(after He Haiqing,1998, adding the dyke swarms)
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1-—Mafic dyke swarms; 2—outline of aulacogen sediments;
3—thickness of sediments; 4—force direction;

5—fault zone; 6---paleo-ocean
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The Precambrian Basic Dyke Swarms in the Western Shandong Province

HOU Guiting?, LI Jianghai”, JIN Aiwen?, QIAN Xianglin"
1) The Key Laboratory of Orogenic Belts and Crustal Evolution,Earth and Space Sciences School , Peking University,

Beijing » 100871, China;

2) Earth Science School, Science and Technique University of Shandong, Tai’an, 271019

Abstract

A lot of Meso-Proterozoic undeformed and unmetamorphic NW-trending or N-trending mafic dyke swarms

develop in the western Shandong, which are conspicuous extensional structures emplacing into Early

Precambrian crystal basement. The mafic dyke swarms in the western Shandong are an unorogenic igneous

activity as the tholeiite series basalt in the intraplate continental rift environment relative to the continental
rifting. The dyke swarms are enriched in LILE, relatively depleted in HFSE, enriched in Cr and Ni and
intensively depleted in tholeiite. The mode of REE with enriched LREE is right-dip curve. The trace elements

and rare earth elements show that the magma source of the mafic dyke swarms in the western Shandong are

from enriched mantle. The mafic dyke swarms in the western Shandong is with the original relation to the

Yanliao—Zhongtiao aulacaogens based on the distribution, structural character, geochemistry, magma sources

and paleotectonic stress field.

Key words: mafic dyke swarms; geochemistry; tholeiite basalt; intraplate continental rift; extensional

structures; Yanliao—Zhongtiao aulacogens
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