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 OE: LA ESTE LR RE X REY . B RGN A AR E R, 2 IAR TR KBS
WARHMPE R, YRR IR BT 5, SRR, SO, &8N 65.08% ~69.41%, J8 TS, &WHE (K,
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The Geochemical Characteristics and Geological Significance of

Alkaline Complex in Chishan of Shandong Province
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(1. Department of Geoscience and Resources, China University of Geoscience s Beijing 100083, China;
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Abstract: Alkaline complex in Chishan is closely related to the origin of rare earth elements
(REE) deposits. A systematic study on geochemical characteristics of the complex was conducted
to reveal its features of alkaline magma activity, the mineral sources and tectonic settings.
Results have shown that the SiO, content accounts for 65.08%-69.41%, signifying that the
alkaline complex is acidic rock, with total alkaline (K,O-+Na,O) value of 8.16%-12.92%, and
all the samples fell above the alkaline trend line in the TAS chart; As to the composition of trace
element, the rock complex enriches in lithophile elements, such as Ba and Sr, but is relatively
poor in high field strength elements, such as P, Nb, Ta and Hf; Total values of rare earth
elements (SREE) are (189.11-2 144.52) X 10 °, where LREE is strongly enriched while
HREE is deficient, dominated by a weak negative Eu anomaly. Based on the study and analysis,
this paper suggests that the Chishan alkaline complex was formed in extensional tectonic
background and was a post-orogenic magmatic product. Belonging to alkaline rock series, its
mineral source is deep-seated magma, relating to EMI enriched mantle and being contaminated by
crustal materials.
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F1 BLUBEBEREFEAUZSINHEE (o) MAEXSHER CIPW RETYIHEERR

Tab.1 Chemical analyses, related parameers and CIPW norms of alkalic complex in Chishan
AR R AE B A SR IE R A

L X-01 X-02 X-3 X-8 X-9 — TD1GS1
SiO; 69.41 68. 78 67.54 70. 17 65.08 67.28 67.58
TiO; 0.23 0.24 0.21 0.22 0.21 0.17 0.2
Al; O 16. 20 15. 96 14.63 12.17 14.61 15.51 15. 81
Fey, O3 2.23 2.78 1. 84 2.9 2.21 2.92 1. 56
MnO 0.11 0.16 0.1 0. 29 0.11 0.08 0.14
MgO 0.61 0. 68 0.63 0. 27 0.41 0.93 0. 49
CaO 2.3 2.18 1.51 0. 84 2.97 1. 62 1.53
Na; O 4. 86 4. 89 7.94 7.26 7.22 6. 37 6.59
K,0O 3.3 3.5 4.98 5.48 5.08 3.58 3. 90
P, 05 0.33 0. 29 0.21 0.16 0.2 0.12 0. 20
Lol 0.41 0.49 0. 54 0.48 1. 98 0.76 1.02
Total 99.99 99. 95 100. 13 100. 24 100. 08 99. 34 99.02
ALK 8. 16 8. 39 12. 92 12.74 12. 3 9. 95 10. 49
3 2.52 2.73 6. 80 5.97 6. 85 4. 08 4.08
K> 0O/Na, O 0. 68 0.72 0.63 0.75 0.70 0. 56 0.59
AR 2.58 2.72 9.02 95. 37 5.65 3.77 4. 06
Q 26. 00 25.24 10. 92 19. 87 6.3 12. 32 11.7
An 7.04 7.34 0. 00 0. 00 0. 00 3.2 2.08
Ab 38.12 36. 77 47. 25 32.20 47.79 54. 66 56.92
Or 19. 48 20. 67 29. 26 32.50 30. 62 21. 46 23.53
Ne 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
C 2.62 2.33 0. 00 0. 00 0. 00 0. 00 0. 00
Di 0. 00 0. 00 3.17 2.77 5.27 3.48 3.62
Hy 2.73 3.28 0. 81 1. 59 0. 00 2.23 0. 14
Ol 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Wo 0. 00 0. 00 0. 00 0. 00 3.21 0. 00 0. 00
Ac 0. 00 0. 00 2.92 4.63 3. 46 0. 00 0. 00
Ns 0. 00 0. 00 2. 30 5.63 2. 46 0. 00 0. 00
11 0. 44 0. 46 0. 40 0. 42 0.41 0.33 0. 39
Mt 1. 43 1. 80 0. 00 0. 00 0. 00 2.03 1.12
Ap 0.79 0.70 0. 50 0.37 0. 47 0.28 0.47

B e ERLI SR SRl ERLI Hm A%, 1994 MR #E%,2002

H: Fe O5 " fRFEAE.

Fe. Mn, Ca WAIXSEAL, SRS H) b0 &1
An, Di, Ol. Hy Ml —2. ##EF YL Or Al
Ab g3, FUE A D A D 0 A —
., fE TAS Ffit (Kl 4a) b, AR AEAHRE LY
fFmtEEHLZ b, FREREERS AR
KA X, HmE &R AR N 2.58~9.02, 7 AR-
SO, Elfg (F 4b) b, 8% s BB E M A X,
DEHE TR BRE A P N . R, AT DAHEWT I
A A )E TS .

R I e N A= S = D s SN R N

R R, 20A5. Bk, BERVRRAE, JB T kA
#51,
4.2 ®t. BETLRUMBRUZFE

B LR 2 A AR R A L T T R B A 3
SR 2.
4.2.1 #EAFEFAFHIE

m= 2 iR, HAMEICE S ® SREE &,
THEIFRK A SREE #&3K5 1 000 X 10°, 6 4 4&
KA 1) SREE F ¥ ik 256 X 10°, 5m21E £R
fii+ . LREE/HREE {§} 11. 21~70. 32, F¥{H N
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4.2.2 BMEALZRFAFTHIE

HAFH Rb, Sr. Ba & KB T A LR MIT
Bk RE A% S e S A FH e A 58 T R Nb,
Ta, Zr. HI 0 & &5 5077 DL OB S 3K W) BT 1
KU

BB LB 2 A R A O TR BoR DU KB+
¥ATE (LILE) Ba, Sr. Rb B &M T E Zr.
A Nb, Ta, Hf HFRIE. A2 IC K B UG H s px
HEALBR I (] 5b) B &5 A AR & T E i
SRR ARl A A RS B B Rb & B RIT,
Bk TD1GS1 4k, HA4 5 MEEG I TFIE R 82. 37 X
10°, SriyaaiE, FHMHE K 902.99X10°, X
AR Sr fE4h A AE R DI RE RS A fh ] Rb
BEER KA S A G, JAh, AR LB s s R
P IR R K OIE S8 Fag 2 Sr. Ti i 5%, Ba.

Zr IESH

SAORE, ARSI S A S ERE T EA
JLE (LILF) Ba. Sr 1 X 5 #i & % & o0 R
(HFSE) Nb, Ta, Hf,
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HAE R, fEdb A AL T RERE .
AR T SR B AT R A R A s v = K Bk 5 g 2
FfF (BRI, 2003), RPEER. 72 H B AR
(10 Rl A Bl 5 5 A T B ) o L 0 o AR
Mbras ., REREIC 375 A Rl Mo 21 1l . M 5 A it fb e
i, S 2 e b Bk VR AN ] P 2 22 ) A L A )
fiE, 5 B 2 IRl 77 e — 2 N FEBR &R

Aol Lt DX % 2 PR AN A5 08 R R0 Bl e R
W) E O BGRK RR R B BES (H
SRS, 2002), & T AR AR AL TR E B A R
(o B RYSEfB]  A LL B S R 2 ] S
RA[ G, B PRI AEAE 5 A b SOHC BRI Y A s
P A B LB B A AR B . A A R A
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®2 MUEMEEHEREEEARETESMEREK (X10°)

Tab.2 Trace elements composition of Alkaline complex in Chishan (X10 )

A B oMK KA %O E KA
£ X-01 X-02 X-3 X-8 X-9 TDI1GS1
La 4482 63. 63 378. 65 422.75 422. 22 741
Ce 87. 61 138.5 501.12 758.75 682. 02 975
Pr 9.03 16 47.59 74.93 58. 49 75. 1
Nd 30.13 63.96 126. 82 231. 31 161. 79 231
Sm 4. 83 12. 38 16. 48 20. 68 17. 83 86. 5
Eu 1.03 2. 64 4.41 6.62 3.97 5. 85
Gd 4.19 9.31 15.03 23. 59 14.03 14.3
Th 0. 61 1. 49 1.17 2.73 1.38 1. 64
Dy 2. 87 7.43 4.05 11.9 4.75 6.05
Ho 0.56 1.3 0.55 1.78 0. 61 1.57
Er 1.31 3.37 1. 96 4. 82 1.71 3.01
Tm 0.28 0.42 0.18 0.67 0.2 0.51
Yb 1.55 2.78 1.15 4.54 1.25 2.63
Lu 0.29 0.41 0.15 0. 64 0.17 0. 36
Y 14. 42 31. 02 16. 02 50. 89 15. 48 37.7
SREE 189. 11 323. 62 1.094. 90 1565.71 1 370. 42 2 144. 52
LREE 177. 45 297.11 1 070. 66 1515.04 1 346. 32 2 114. 45
HREE 11. 66 26. 51 24. 24 50. 67 24. 10 30. 07
LREE/HREE 15. 22 11. 21 44.17 29. 90 55. 86 70. 32
Lan/Yby 20. 74 16. 42 236. 18 66. 79 242. 29 202. 10
6Eu 0. 68 0.72 0.76 0.91 0. 74 0. 32
5Ce 1.01 1. 04 0.78 0. 96 0.93 0.81
Rb 103. 43 72. 14 47.77 135. 83 52. 66 —
Sr 122. 83 656.13 1493 184 2 059 =1 000
Ba 827. 74 973.21 5494 1662 2 957 >1 000
Nb 11.73 34.09 16. 00 19.5 21. 8 46
Ta 1.39 1.57 0.52 0. 64 0. 60 —
Zr 172.29 284. 00 353 746 489 485
Hf 5. 60 721 4.0 5.8 5.0 —
u 4.4 2.21 — — - -
Th 12. 88 9. 84 3.2 4.1 3.3 —
Ga — — 26.7 23.0 28. 1 —
Cr — — 161 297 226 5.1
Ni — — 64. 4 110.3 81. 2 6
Co — — 23.0 22.3 24. 4 4.1
\ — — 54. 8 59. 8 75.2 18
Y 14. 42 31.02 16. 02 50. 89 15. 46 60
HHE e 5 (SRl ERLI ERL] SR (SRl HHHE4E, 2002

FRWIRB LA R 5 W 7 PR B AT R R ARAE . 4R
K. TEE VLR BT 5 B AR A A S B A A
M- CBD &R, @, AT i -8
B B R . P, 7R R i 3l T $R - s v
T LUAE RS SR A HD TR IR . X
R TR TR MU ER B 7 2 L S b 4R A 4 H
AR,

5.1 BRYERRIRERT

IR TRR — A A A R L R
AT a2, A R R A e AR e R A S
[] {37 28 MR £k 2 5 i AR

Bl Ly Hln DX B 2% 7 A A 7E Ta/ Yb-Th/Yb &
fi# M Zr/Nb-Zr/Y-Y/Nb El fig (E 6) L, 48 KE
3 T TE B A L DX R LR . SR IIAR LR S
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FES B2 Ph/2 P {8 17. 123, Pb/** Pb BY{E K
15.297, **Pb/* Pb WY{H Hy 37.472, T #EIE K&
) Rb % 4 170. 46 X 10 °~4 550. 67X 10 ¢,

S"Rb/*Sr{ N 2.680 0~ 0.050 0,° Sr/* Sr {H K
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5.2 HMEWERW

M Lg (CaO/ (Na,O+K,0)) -SiO, 3 5 & i
(El 7a) KF . ZAAEERE A FEAE T 55 5 AL 5
P IE X Z Ah, B R A 3 A A3 A 7 51k 20 i -
BAS T 7 1X . w(Rb)-w (Y + Nb) H 51 E fig (E 7b)
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discrimination diagram of Chishan alkalic complex
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