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Abstract: The Xishan REE deposit is located in the western Shandong Province, which is the third
largest REE deposit in China. The deposit is genetically associated with quartz syenite. In this study,
we presented detailed geochemical studies on the quartz syenite to constrain its source, geodynamic set-
ting, and metallogenetic potentials. The quartz syenite belongs to the shoshonitic series rocks and
might be generated by the partial melting of a carbonate-metasomatized mantle source during the de-
struction of the North China craton. Compared with the quartz syenite from the Miaoniuping REE de-

posit in Sichuan Province, the Xishan quartz syenite is less hydrous, which might be one of the rea-
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sons that the Xishan REE deposit has a smaller mineralization scale. Considering that both the mantle

sources of the Xishan and Maoniuping REE deposits were carbonate-metasomatized, combined with

the carbonatite-related REE mineralization being significant in the Maoniuping REE deposit, it is

worth exploring carbonatite-related mineralization in the Xishan REE deposit further.

Key words: Xishan REE deposit; quartz syenite; shoshonitic; carbonate-metasomatized mantle;

destruction of the North China craton
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Geological maps of the western Shandong area (a) and the Xishan REE deposit (b)
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Fig.2 Hand specimen image (a) and microscope images (b) of the quartz syenite from the Xishan REE deposit
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B AN+ AR (Rh) 20 R PR DR 517 42
ERT, eI R TR A 47, A4 L,
Be,Sc,Ti,V,Cr,Mn,Co,Ni,Cu,Zn,Ga,As,Rb,Sr,
Y,Zr,Nb,Mo, Cd, In, Sn, Sb, Cs, Ba, REE (La, Ce,
Pr,Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) ,
Hf, Ta, W, T1,Pb,Bi, Th,U. Fifi G & & K
KBS, HAEE RSD<5%. M LLA 38 E K 2 £ it

MR TR IR MR 1. G5R R, #ilad
IEK A9 Si0, F1 CaO i & 43 8 (A E TR N
AL T 430 43 )M 64.50% ~ 69.29% A1 1.53%
~2.58%; ALO,. Na,0 Fll K,0 43 5l ~ 13.27% ~
17.30% . 3.20% ~ 5.68% (Bi ZK13-F37 #I) F1 4.05%
~4.68% (% ZK13-F374F); TiO,. TFe,0,. MgO,
MnO Al PO, 43 %] & 0.11%~0.12%. 1.12% ~

R ABILASIERA B BT R A A

Table 1 Major and trace element compositions of the Xishan quartz syenite

o ZK13- o ZK13-
e F16 F18 F37 F39 F47 LR F16 FI8 F37 F39 F47
Sio, 69.27  68.79  64.50  64.58  69.29 Mo  2.97  29.9  41.3 1.88  78.7
TiO, 0.16  0.11 0.12  0.20  0.20 Ag  0.34  0.15 0.49  0.42  0.32
ALO,  13.50 13.27  17.30  14.08  13.55 cd 019 011 0.29  0.27  0.49
TFe,0,  2.00 1.30 .12 2.02 1.30 In 0.01 0.01 0.01 0.01 0.05
MnO 0.08  0.12  0.07  0.15 0. 06 Sn 0.80  0.48  0.77  0.86 1.32
MgO 0.40  0.53 0.45  0.40  0.21 Sb 0.31 0.24  0.11 0.28  0.28
Ca0 2.58 257 1.53 2,52 2.25 Te 0.02  0.03 0.03 0.04  0.05
Na,0 438 320  9.21 5.68  4.27 Cs 0.43 0.60 0.17  0.17  0.35
K,0 405  4.49 2.4 436 4.68 Ba 4498 7372 2482 4714 2195
P,0, 0.06  0.04  0.07  0.18  0.09 La 149 188 124 474 82
SO, 0.53 0.43 0.91 1.51 0. 89 Ce 230 304 191 785 140
LOI 2.86  3.40 1.91 3.85  2.82 Pr 23.5 308 20.3 77.7 14.7

At 99. 85 98.25 99. 61 99.51 99. 62

Li 10.2 5.31 149 3.10 11.7
Be 2.57 1.91 7.25 3.35 1.70
B 3.60 6.06 1.19 2.83 2.27
Sc 3.09 1. 64 3.01 1.21 1.87
v 23.0 18.8 30. 8 21.6 21.0
Cr 6.52 4.60 6.00 4.02 7.00
Mn 560 903 479 1103 394
Co 2.29 1. 66 1.26 3.31 3.69
Ni 4.29 4.57 2. 14 3.39 4.36
Cu 19.2 8.52 13.3 8. 04 16.9
Zn 20. 8 16.7 18.3 37.4 73.1
Ga 19.5 19.1 27.8 25.5 17.2
Rb 99.2 122 30.6 93.5 115
Sr 1 544 2121 3593 3719 790
Y 18.3 18.6 9.88 41.0 13.1
Zr 186 83.0 261 197 105
Nb 54.0 19.9 47.5 87.0 36.2

Nd 71.4 90. 8 61.1 239 47.4
Sm 10. 8 11. 4 7.71 32.3 8. 15
Eu 3.31 3.94 2.17 7.28 2.15
Gd 8.39 9.20 5. 87 23.0 5.81
Tb 0.77 0.79 0.47 2.01 0.58
Dy 3.30 3.31 1.85 8.05 2.54
Ho 0. 60 0.59 0.33 1.34 0.43
Er 1.42 1.42 0.78 3.17 1. 00
Tm 0.20 0.19 0.11 0.38 0.13
Yb 1.25 1.13 0. 69 2.13 0.76
Lu 0.18 0.15 0.10 0.28 0.11
Hf 3.70 2.07 4.40 3.15 2.63
Ta 0.95 0.37 1.85 2.48 0.38
W 3.51 2.82 0.63 2.44 3.87
Pb 13.1 6.49 13.4 6.92 8.25
Bi 0.19 0.34 0.19 0.26 0. 40
Th 45.3 11.6 24.5 53.7 5.98
U 10.3 1.96 15.9 12.5 12.0

1) EREITTRAMY w%, MEITR w10,
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2.02%. 0.21% ~0.53%. 0.06% ~ 0.15% F10.04% ~
0.18%. SHEAPPAIEER AN, AilfARIER
# 1 Si0, F1 CaO Sk I i FHE AR FEAG 0 4 95 1E
K2 (61.80% ~ 65.55% F1 0.30% ~ 2.39%) ; ALO, .
Na,O fl K,0 WK F4E 248 BEM 07 4 98 IE KA
(16.28% ~ 19.64% . 4.88% ~7.28% F1 5.80% ~
7.11%); TiO,. TFe,0,. MgO. MnO #il P,0, 54
AR PP B E A A AR R 7 AT (551, 2022) .
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H30.6x10° ~ 115x10°,  790x10° ~ 3719x10° Al
2 195x10° ~ 7 372x10°, B RALFAEA A HIEK
(AR JE R 2098 121107 ~ 204x10°, 6 138x
10~ 11 865x10° F14 105x10° ~ 9 660x10°) ; =37
SR JCE Zr, Hf. Nb Hl Ta 43 51 & 83.0x10° ~ 201x
10°, 2.07x10° ~3.70x10°, 19.9x10° ~ 87.0x10° I
0.37x10° ~2.48x10°, H: 1 Zr, Hf Fl Ta 5 4E24F 1
AT B E KA Y U #5300 96.0x10° ~ 342x10°°,
2.50x10° ~ 12.8x10° 1 0.76x10° ~ 1.08x10°) , T
Nb B i 7 T J5 & (5.09%10° ~ 26.7x10°) . AB LA HE
ERK AR 0 B R 305%10° ~ 1 655x10°, ik
AR TFHELR PR A DEIE KA (723%10° ~ 1 543%10°) ,
B FEY M, 258 9.88x10° ~ 41.0x10° Al
5.90x10° ~ 41.9x10°.
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3.1 #ULAEEKAERIEKLZEME

Altherr et al. (2008) i} 5% ¢ Bl AR 1ok 28 25 3 B
Rb 5 Ba Wfffl . ABIFST AOAR LA 08 IE K B i o
WA K I A Rb A Ba f# 4l ,  H Rb Fl Ba i1 i
HKOGEEMBMIEMKGERD), KBRS
AR XA A S S o AR LA B KA A
Y Ce/Pb LfE (K 14.2 ~ 113), B THIFE (1
Hi5E Ce/Pb HUAE J 3.7, WhHE5E3.5, TS, &
15T 3.9) (IR HLAE (Rudnick & Gao,2003), 7
i 7E IR Y X% e A s n] feR ss . k, ARil
A9 TE A T BB AT 22 2 B 8 0 5 B A ik AR
SR YL 2

TE TAS FEI i, Bl LA 9 E A 2 i 3% s T6 7E
AH K A-IERKA X (K 3a) . 7E Si0,-K,0 Kl fi#
o, BRZK13-F37 R Ah,  HCAAE o 7 ZE A 22 fH
BN (1 3b) s H B MO 22 R (R AR A

5L ASIERAA AR, BFEAEARIE
KABARBMKO i, BRI Sk e
TERAA DX PN, KR 43 W) % A A0 TR o X IR
(&3b). £ Na,0-K,0 K, 1l A5 iE KA
(BR ZK13-F37 #£ o0 ) SHE A A e IE K5 —FF
L w5 B V8 AE RS 22 R B DX P, 27 RO
GRS B RRAE (B 3¢) o 1 Ta/Yb—Ce/Yb &l fif 1,
BT F K (B ZK13-F37 REA A1) S UE4- bR
PLIFE K —FE, HBS R VE 7E MO 2 i 1 IX
B (B 3d) o A Ll A7 9 1 KA 1Y o0 R b ERfh 2 4
fERIR, %A A SR A PR KA B A
SRS R A A

Nelsen(1992) Fl Muller & Groves (1992 )5 Hiiti
LML R A R B BT A SRR R B BT K B
AT A A BB KR R A A i R A e
e R R P, b VR X A N A R 4
=~ HEEE B ) (Prelevic et al., 2009; Conticelli et
al., 2009 ; Altunkaynak, 2007 ; Peccerillo, 2006) . %
AR RN, BB R E NS,
JEA. &L W MEESEY RIS S A, [l
N FR G0 Hb ) R T A T 2R A R AT R PR &
PRAFNBES B (4) 57 IR TE iU ] 29 (Holliday et al.
2002 ; Muller,2002; Sillitoe, 2002 )
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FEBRRL A R HEAL RS 1 e R A E
A RERKRAFRERM TR, sHERLT
R, REWLmKE, THEMERY, S
A PP AL IE A B T R R — B
4a) . JRIGHMEARIEL I O TR IR M E BN, A6
WA PEE KA T U R Pb & 4 F B B 554w (% 41
HALTTR o FEE SHEF A RIER A —3, B
¥ E4E K. Rb, Sr. BaF K& FHE AR MR
itoo®k, HURSHESoER (Kl4b), 544
Fa e iE KA AT Re A AL IR X (R R, 2022) .
T AWM RMRTOR (IELET5,2011), &
SCIN A A LU A 9 TE A A 2 B 2 b 3 A I il 1Y
a7/

1t TiO,~Na,0+K,O H| ji| &l fif v, &l 1L FE 4
B TE A A B A5 s T AR Ik R Ak b i 1 1X
BN (B 5a), K7 ool i X & A4 T iR ih b (Zeng
etal.,2010) . LAk, AL PRAYAIEER S AR
KB Ti/Bu (160 ~ 560 ) FIAH X4 =5 19 (La/Yb) (77 ~
160) A LLAE, SHEA P 3 IE KA T4 AL (Ti/Eu
<1 000, (La/Yb),>50; Fj 58 ,2022) , X L HE 7~ HE
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Fig. 3 The TAS, SiO, vs. K,0, Na,O vs. K,O and Ta/Yb vs. Ce/Yb diagrams of Xishan quartz syenite
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Fig.4 REE distribution patterns (a) and trace element spider diagrams (b) for the Xishan quartz syenite
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(a) TiO, vs.Na,0+K,0
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(b) K,0 vs.Ba/La
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Fig.5 (a) TiO, vs. Na,0+K,0,(b) K,O vs. Ba/La,(c) Rb/Yb vs. Ba/La and (d) Ba/Nb vs. Ba/La diagrams for the Xishan syenite
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% (Tonov et al., 1995; Chazot et al., 1996) . [H I,
41 1Y K/Rb W {H 1 REE, HFSE %50 % 1Y & 1l
DL 7R s U5 XS SRR R A 2, R
WA TR A AR T AT B . & =R K/RD
LA =40~400, — KT 2505 M/, ffINAFIR
U8 F 5 A N A R DRI R I K/RD He (a3, —
T 1 100 (Tonov et al., 1995; Chazot et al., 1996)
F 1L A7 B 0F K A K/Rb=203 ~ 433 ( 4 P 75 250
DLF), SHEA4PRA 8 E K A 1) K/Rb LB AR AL (=

S

149 ~ 289 F7#1 ,2022) ,  WE7R T AT - 5 X5 4
RS YL A BN F . Dy/Yb HAE ] DI 3L
it PR 22 i R X B A 2 R, A R 0
R AE MOS0 A B A g X, HUE AR Dy/Yb
FCAE R T 2.55 QSR 3000 il T oo 1) 2R i A Ao
X, &R Dy/Yb<1.5(Jiang et al.,2009) . #f il
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