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Abstract: In this paper, the authors report new zircon U-Pb ages, whole-rock major and trace elements composi-
tion and Sr-Nd isotopic data for the Baiyunshan alkalic rocks in the northern part of the western area of the Gejiu
tin-polymetallic ore district. The Late Cretaceous age (80.0 0.6 Ma) using the zircon LA ICP-MS U-Pb dating for
the alkalic syenites indicates that they occurred with the contemporaneous gabbrodiorites and granites. This suggests

that these rocks were all formed during the same magmatic-tectonic event. The geochemical characteristics and Sr-
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Nd isotopic compositions indicate that the alkaline syenite and the nepheline syenite were derived from an enriched
mantle, and subsequently underwent different evolution processes. Combined with the previous studies, the authors
hold that the alkali rocks, intermediate-mafic rocks and ore-related granites were derived from the enriched lithos-
pheric mantle, the normal lithospheric mantle and the crust source, respectively. In the Late Cretaceous, the pa-
rental melts of the alkali rocks and gabbrodiorite magmas were formed by partial melting of the heterogeneity of the
lithosphere mantle triggered by an extensional tectonic setting. Uprising of the above mantle melts promoted the par-
tial melting of middle-lower crust and formed the granitic melts. These Late Cretaceous magmatism caused the activ-
ity and enrichment of the ore-forming material within a mutual tectonic belt, and then formed the superlarge tin-
polymetallic deposit in the Gejiu ore district. It can be said that the enriched mantle-derived alkaline magmatism
not only offered energy during the formation and mineralization of the ore-bearing granitic magma but also played
some other roles.
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Fig. 2 Field photographs and representative petrographic images of the Baiyunshan alkalic rocks in Gejiu ore district
a— P IEREETAME R by e—RFRMEBME IE KA FES AU T CERMOG) s d—E A ERKEEIMNET: o f—REMEE A EKAFE N
BT CIERS G s Br—zibh; Kfs—H#KA; P—RHCH; Hbl—MIANA; Rbk—I A s Ne—Hifi

a—field photographs of alkalic syenite; b, ¢—microphotograph of the representative alkalic syenite sample under crossed nicols; d—field photographs

[=]

of nepheline syenite; e, f—microphotograph of the representative nepheline syenite sample under crossed nicols; Bt—biotite; Kfs—potassic-feldspar;

Pl—plagioclase; Hbl—hornblende; Rbk—riebeckite; Ne—nepheline
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Table 1 LA-ICP-MS zircon U-Pb results for the Baiyunshan alkalic syenite in the Gejiu ore district

1,03/10 -6 207 Pb/235 4] 206 Pb/Z}S U 207 Pb/235 4] 206 Pb/238 U
i 5 Th/U
Pb Th SR lo ER(EH lo AE S/ Ma lo e/ Ma lo
GJ-15-1 11 422 649 0.65 0.087 9 0.005 5 0.012 5 0.000 1 85.5 5.2 79.9 0.9
GJ-152 60 1472 3790 0.39 0.0850 0.003 8 0.012 4 0.000 1 82.8 3.5 79.7 0.9
GJ-153 29 1388 1640 0.85 0.0888 0.0053 0.0124  0.0002 86.4 4.9 79.3 1.3
GJ-154 26 456 1782 0.26 0.0859 0.004 2 0.012 6 0.000 2 83.7 3.9 80.6 1.6
GJ-15-5 15 405 977  0.41 0.0819 0.0051 0.0124  0.000 2 79.9 4.8 79.4 1.0
GJ-15-6 32 1688 1810 0.93 0.085 0.0033 0.0125  0.0002 86. 1 3.0 80. 1 1.3
GJ-15-7 35 1460 2118 0.69 0.089 2 0.003 3 0.012 5 0.000 1 86.8 3.1 80.2 0.8
GJ-15-8 31 834 1985 0.42 0.0894 0.0038 0.0125  0.0002 86.9 3.5 80. 1 1.2
GJ-159 40 1726 2 359 0.73 0.0915 0.003 1 0.012 6 0.000 1 88.9 2.9 80.4 0.9
GJ-15-10 29 1847 1603 1.15 0.0843  0.0053  0.0124  0.0002 82.1 5.0 79.4 1.2
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Fig. 3 Zircon U-Pb concordia diagram, weighted average age and cathodoluminescence ( CL) images for the Baiyunshan

alkalic syenites in the Gejiu ore district (round circle showing the spot position)
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Table 2 Major (w,/%) and trace elements (w,/10 ) analytical results of the Baiyunshan alkalic rocks

HICE T R IWE 2.
Bk TE G 2 A A B A A 1) S0, (56. 69% ~
61.89% , V-3 59.58% ) \Al,0,(18.13% ~21.86% »

£2 NMNAAZUBMEEETE(wy/ %) MMETE(w, /10 ) SifsE

in the Gejiu ore district

i R I KA BAEKS
FEh S GJ-01 GJ-02 GJ-03 GJ-04 LY-01 GJ-05 GJ-06 GJ-07 AD-01 AD-02 AD-03
Si0, 59.78 59.76 59.75 61.89 56.69 54.79 54.72 53.98 53.29 54.19 53.89
TiO, 0.51 0.51 0.51 0.28 0.29 0.11 0.11 0.18 0.32 0.27 0.22
Al 0, 19.55 19.48 19.53 18.13 21.86 21.87 21.72 21.36 21.71 21.78 21.22
Fe,0," 4.50 4.55 4.52 2.24 3.38 3.23 3.34 3.80 4.28 3.40 3.64
MnO 0.15 0.15 0.15 0.09 0.11 0.16 0.16 0.19 0.21 0.16 0.16
MgO 0.64 0.64 0.64 0.26 0.37 0.06 0.05 0.09 0.12 0.15 0.16
Ca0 1.82 1.84 1.84 3.19 4.43 1.96 1.99 2.79 2.89 2.48 3.90
Na, O 3.62 3.62 3.63 4.19 3.50 8.44 8.37 8.71 8.65 8. 84 7.61
K,0 8.62 8.64 8.63 9.04 9.30 8.74 8.90 8.31 7.95 8.73 9.01
P, 0, 0.13 0.13 0.13 0.09 0.11 0.08 0.08 0.10 0.08 0.05 0.10
LOI 1.44 1.34 1.32 2.52 4.43 0.94 0.71 1.01 0.79 0.76 1.25
Total 100. 76 100. 68 100. 66 101.94 104,48 100. 37 100. 16 100. 52 100.28 100. 81 101. 16
Mg" 25 25 25 22 20 4 4 5 6 10 9
Sc 2.4 2.3 2.4 1.8 1.6 1.5 1.5 1.6 1.4 1.5 1.6
v 31.7 31.2 31.1 19.3 36.1 15.2 16.6 25.5 39.4 24.6 30.1
Cr 19.0 19.2 20.3 10.2 10.5 4.2 4.8 3.9 15.4 13.8 27.2
Co 4.5 4.5 4.4 2.1 3.7 1.9 2.0 2.2 3.3 2.2 2.8
Ni 1.8 1.8 1.8 1.7 2.7 1.2 1.3 1.4 2.2 1.3 1.7
Ga 23.7 23.5 23.2 20.3 21.4 25.3 26.3 25.9 25.6 22.9 22.5
Rb 420.2 416.1 414.0 475.9 217.3 189.0 191.6 179.6 217.6 261.6 228.1
Ba 510. 4 501.6 500.0 897.2 990.9 45.1 46.1 45.5 347.6 368.7 394. 4
Sr 679.8 669.8 660.9 1534.2  2576.6 904.3 916.2 896. 1 1120.8 1013.6 1292.0
Y 32.6 32.1 32.1 18.0 18.5 29.8 31.2 46.4 37.2 27.5 61.7
Th 116.1 114.2 113.3 69.8 66.9 140.2 149. 6 167.9 191.8 136. 4 171.6
U 13.3 13.2 12.9 15.0 14.1 65.5 66.3 79.7 70.2 44.5 99.3
Pb 128.0 126.1 126.4 98.6 161.7 126.6 132.8 102.9 204.8 36.6 109.0
Nb 83.3 82.5 82.0 45.3 65.6 145.7 144.2 171.5 144.2 91.5 146. 5
Ta 4.5 4.4 4.4 2.5 3.5 3.0 3.0 3.8 3.5 2.4 3.1
Zr 508.9 478.5 485.9 411.3 472.1 12329  1232.2  1609.9 981.2 629.9 1378.4
Hf 10.8 10.3 10.5 7.7 6.5 13.5 13.5 17.5 13.0 7.7 14.3
La 236.10 232,40  230.70 126.00  203.50  277.10  295.70  356.10  323.70  274.20  305.00
Ce 377.50  379.50  376.00  200.80  288.50  388.90  421.40  509.80  482.60  387.40  503.20
Pr 40.13 39.58 39.24 18.91 24.93 31.83 33.98 41.61 41.67 32.59 44.91
Nd 126.10 123.40 123.40 57.80 71.15 82.00 85.87 107.00 115.00 87.57 130.50
Sm 16.72 16.26 16.15 7.33 7.49 7.75 8.10 11.11 12.85 9.36 15.93
Eu 2.99 2.92 2.90 1.54 1.71 1.58 1.65 2.35 2.68 1.98 3.40
Gd 12.25 11.97 12.03 5.66 6.36 7.48 7.75 10.41 11.86 8.19 13.28
Th 1.42 1.39 1.37 0.64 0.59 0.67 0.70 1.06 1.11 0.81 1.53
Dy 6.64 6.44 6.51 3.11 2.74 3.33 3.45 5.46 5.40 3.81 7.91
Ho 1.19 1.17 1.16 0.60 0.52 0.71 0.74 1.19 1.09 0.76 1.63
Er 2.93 2.87 2.88 1.60 1.44 2.39 2.44 3.75 3.09 2.21 4.89
Tm 0.41 0.40 0.40 0.25 0.23 0.44 0.45 0.66 0.50 0.36 0.83
Yb 2.64 2.58 2.60 1.66 1.64 3.49 3.55 5.07 3.50 2.51 6.10
Lu 0.40 0.38 0.39 0.26 0.26 0.61 0.63 0.85 0.53 0.39 0.95
(La/Yb)y  89.30 90.08 88. 80 75.90 124.31 79. 40 83.32 70.29 92.54 109.37 50. 02
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Continued Table 2
=k TR IE K BAIEKS
FEh S GJo1 GJ02 GJ-03 GJ-04 LY-01 GJ-05 GJ-06 GJ-07 AD-01 AD-02 AD-03
SREE 827.41 821.26  815.74  426.15  611.05  808.28  866.40 1056.42 1005.56 812.13 1 040.06
LREE 799.54  794.06  788.39  412.38  597.28  789.16  846.70 1027.97 978.50  793.10  1002.94
HREE 27.88 27.20 27.35 13.77 13.77 19.12 19.70 28.45 27.06 19.03 37.11
LREE/HREE  28.68 29.20 28.83 29.94 43.38 41.28 42.98 36.13 36.16 41.69 27.03
5Eu 0.64 0.64 0.64 0.73 0.76 0.63 0.64 0.67 0.66 0.69 0.72
Nb/Ta 18.7 18.6 18.4 17.9 18.6 47.8 47.3 45.3 41.1 38.6 47.5
Zv/Hf 47.2 46.3 46.3 53.4 72.2 91.4 91.2 92.0 75.4 82.1 96.7
Th/U 8.8 8.6 8.8 4.7 4.8 2.1 2.3 2.1 2.7 3.1 1.7
Nb/La 0.4 0.4 0.4 0.4 0.3 0.5 0.5 0.5 0.4 0.3 0.5
(Th/Nb) 11.7 11.6 11.6 12.9 8.6 8.1 8.7 8.2 11.2 12.5 9.9
Zr/Y 15.6 14.9 15.1 22.8 25.5 41.3 39.4 34.7 26.4 22.9 22.4
G 8.93 8.97 8.99 9.27 11.97 25.04 25.45 26.36 26.80 27.60 25.39
Alk 12.24 12.27 12.27 13.24 12.80 17.18 17.27 17.02 16. 60 17.58 16.62
Na,0/K,0  0.42 0.42 0.42 0.46 0.38 0.97 0.94 1.05 1.09 1.01 0.84

H: Mg® =100 x Mg/ (Mg + 3Fe); A% ALK = Na, 0 + K, 0; A 24545 o =[ (K,0 + Na,0)?/(Si0, -43) ]; HIAHEE A/CNK = AL 0,/
(Na, 0 +K,0 + Ca0), A/NK = Al,05/(Na, 0 + K, 0); 8Eu = Euy/[ (Smy + Gdy)** ],

3519, 71% )« Na,O (3. 50% ~ 4. 19%, T 1
3.71% ) K,0(8.62% ~9.30% , V-3 8. 85% ) Fll1 4>
B (K,0 + Na,0 = 12.24% ~ 13. 24%, 1" ¥
12.56% ) , [l B B AT AL Mg0(0.26% ~0.64% ,
T140.51% ). Ti0,(0.28% ~0.51% )5 &L K& Mg*
fH (20 ~25) AETASK i L C 4D, FZ oA T

s

w(Na;0+K,0)/%

WHERT)

R R

40 45 50 55 60 65 70
W(Si0)/%
o WAIEKY O ot

} (Cheng et al., 2013b)

o ttE K wiiholiEE

4 AHEz IR E A0 - fE(TAS) Elfi#
(4fi Middlemost, 1994)
Fig.4 TAS diagram for the Baiyunshan alkalic rocks in the
Gejiu ore district (after Middlemost, 1994)

BRI RN L B P 2R 41 1) TE A DR

[ LK A AR B, BRI K R i B AT AR
) Si0,(53.29% ~54.79).K,0(7.95% ~9.01% )
HTALO,(21.22% ~21.87% ) &5 &, [l I HLAT 58w
Na,0(7.61% ~8.84%, V-38.44% ). & & &
(16.60% ~ 17.58% , *F-¥J17.05% ) Na,0/K,0 {H
(0.84 ~ 1. 09 Z i), 3 0. 98) Al 4F 2 R4 o
(25.04 ~27. 60, F-#J26.11), B &A% 1 Mg* (E
(3.63 ~9.59) FIEACK TiO, & & (0. 11% ~
0.32%)
3.3 2EWMETREMFE

ANH A 2 W X sk 1E A AR A IE A 1
IR R WK 2. [FE A KA A L, B e
KA HA XN BARHI M L oe R &5 (& 5h) .

FEBRORLER AT bR A0 A L o0 B X b, I 2R
PR TRIC 0 it B He A — 53, 349 o) A AT, 3 0 R 8 A
tonEmEAE, BER IO RKAE TR, B
H 5 SFu fi 575 (0. 63 ~0.76) o FHXF il 1 K
o BRAIEKE B RAERSMER TR, R
U L A A AR 9 =] v B SRS 2 340 2 T 1) A 1 AR
IRFAEC L 5, B 5 LL5 458 NbTa  Ti 55 i 9870 %
(HFSE) 1755 $i Ba+Sr.Eu %5 K8 726 A1 0 & (LILE)
NRHE . WA AT BARAER WA B A7 A8 2% 57, 5
T TR A AL CEI5) .
3.4 £ Sr-Nd B EHMAFE

Sr - Nd [\ A7 2% 73 #r &5 H W23 o ] B 3k 43 1
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Fig. 5

Primitive mantle-normalized trace element spidergrams

(a) and chondrite-normalized REE patterns (bh) for Baiyun-

shan alkalic rocks and Gejiu grabbrodiorites ( normalization

values after Sun and McDonough, 1989 )

U-Pb F# 1543 2 it IE Ko FEE A IEK A B
A 5 A e B AH AL W 4RY Se/% S A C oy il ok
0.709 403 ~0.710 381 1 0.709 863 ~0.709 846) .
eNdCOE (Al -7.12 ~ -6.62 il —6.71 ~
—6.49) LUK 1, (K 3) o L3R Se-Nd [ 2 50 M7 45
RS HTNHE W 2 B2 1) Se-Nd. ) A7 2% Bdi
58 —3( Cheng et al. , 2013b) .
4 Vg
4.1 WA AT
HENAS 2 R 7255 2 gt 5 1 B AR
HEAT W 5 , (AT 8 B0 22 e 8 K. i 4 Tk v
VRS M 2R 28 7 (1984 ) dit 35453 11 K A7 K-Ar
EWE R 62 ~60 Ma, DRI LIS ARG 4 5 2 e e HL
HREM K Na 58, — FERA A 218 KA A5
AR AN S UE WA, XA A TR
F8CT W 10 S TR B, FL BT R4S (0 4 08 AR A e R AR
A B AR 25 (1986 ) I A2 111 42 77 Rb-Sr S5 I £R4F 14 0
94.3 £2.4 Ma; W E25(1984) 1] K-Ar v 52 il
HON TS5 Ma; VE & 2555 (1983 ) I 5& 2 2 B Ar/™ Ar
EWRY N T79.9 £0.5 Ma. IXEEZE R IK 4RI BARAS
AE S WL AR B T B ARG
BRI T 7 5 AR T, AR R
Al DL W AR A 45 G AE RS o Ol K, Cheng 5§
(2013b) W& B A A7 U-Pb SR04 79.2 1.1
Ma ; 3830855 (2016 ) X AN IH &2 20CA A b I A8 X 5

%3 BHzZWEME Sr-Nd R E2ER
Table 3 The Sr-Nd isotopic compositions of the Baiyunshan alkalic rocks at Gejiu district

S B E8 YRbMSr TseMSsr 120 MNU™NA 220 (TSI (UNAMMNA)Y eNd () fown/Ga  BERTE
15GJ-15 BHEE 80 0901 0710427 12 0512211 8 0709403 0512170 -7.2 141
15GJ-14 K& 80 1.880 0712518 11 0512237 8 0710381 0512196  —6.62 137

15GJ-17 @mHE 80 0624 0710572 9 0512222 9 070983 0512191  -6.71 1.38 =

15GJ-18 L35 80 0595 0710522 11 0512235 6  0.709846 0512203 -649 136
CYB0807025 79 0.712 0710654 14 0512245 12 0709900  0.512206 -6.5 1.41
CYB0807026 79 0.707 0710649 9 0512235 10  0.709900  0.512198 -6.6 1.42

CYB0807027 BifE# 79 0878 0710812 19 0512240 11 0709900 0512212 -6.4 140 C’;‘;“,i? o
CYB0807028 79 0.898 0710793 10 0512241 12 0709800 0512212  -64 1.40
1410 071128 12 0512228 12 0709700  0.512198 -6.6 1.42

- CYB0807029 79
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MR B A IE RS AT T IR IR IR SR B U-
Pb #5414, A3 IR 3 JEE MR A R AR iR 2
0 LY — B0 A BT T RS 2R s B
KRWFFA O RIE T A 2 (M X kP E K 3k
%R AT U-Pb 4El% 0 80.0 +0. 6 Ma, HL45 1 5k
fif1 U-Pb R0 AR R 20 A 28U . X2
KW, Az X iR ERA R A IEK A 54
[t DX e P2 BT A I i () — IR 3 o R
HAF )
4.2 WMHEHERIEXFFE

TRk — ™ Rl S A4 B AR A
HEIEE N (Eby, 1992; Nedelec and Stephens, 1996) .
AN THHE DX 2 L 1 i 4 i 08 A 7 A TC 23 2 X
BRI B NbTa Ti G553, X R4 5 5wl fig
g B S8 YR W) TR G I 5 R MR T A
2007) . {HE AT — 1) Se-Nd [F] 47 2 4 5k (] 4h
Sr/%Srh 0.709 4 ~0.710 4, eNd (1) h 7. 12 ~
-6.40 & 6, A 3C J Cheng %5 (2013b) £ df 1, 1 B A
DX 5 s Ak 52 B e YR ) 0T e R R B AR A /N s I

0 ]
) v R R
-=F 1 EMIT A 4 et (3= 4208, 2007)
L]
4L \
g
= (]
Z 6} .
% AR/ .
[ ]
-8 1 o nquu a = g
i .
L]
10} ' S
' R k5
—]2 | .} 1 L '
0700 0705 0710 0715 0720 075
8T 86,
( Sr/ Sr);
0725
om0} °
-
& omst s
ZE o o B ° L
o o
"~ o710t + °
0 09 ® @ +
oms .-,
0045 30 ] 70 80
Ww(Si04)/%

H Az i S s i Ze (411 x107° ~1 610
x10 ) K Zr/Y 1H(14.9 ~41.3), W & i T 1E 9K
ERH Zr T <130 x 107°) K Zr/Y fHC <4)
(Xia et al., 2013) . [k, Ji 46 M b b o £ i 23 22
R Nb Ta Ti 4 5 8 A O & 70 38 LU AE I
AR DA R AR . AN H A = ikt
FLATH R 3 1) Si0, (56. 69% ~ 61. 89% )+ MgO
(0.26% ~0.64% , 1 0. 51% ). Ti0, (0. 28% ~
0.51% ) &bl e Mg" (20 ~25) , R R A%
WAE LTERGRALS R h 28  T B T W IR &5
FAEM . W bon s B BAR B % AT BRI Eu
B DRI A SOA A R R e & 1 K
SR A G R e EH

PR A — M DL BRI S B SI0, R R
PE4 8 70 2 (Na KO FI #4070 38 CREED 24 4§ 45
(Kogarko, 1987, 1990; Upton and Emeleus, 1987;
Sarrensen, 1992; le Maitre et al. , 2002; Moller and
Williamsjones, 2016, PR 32245 LLR JLA M A
O KLY s s N ml e s A 3R

O WfiEke
+ HEtEERE
A RS
¢ PRER A EE
BRER ST i (Cheng et al., 2013b)
" BRI
O flBERTE RS
0
1N
4
- -
T gL 8
5P ° S+
n‘. o
g
-8k o £
] - -
=10+
-12 . : .
40 50 60 70 80
Ww(Si0,)/%

6 1z LR A PR S AR B )46 S/ Sr = Si0, 5 eNd(0) = Si0, [Elfi#
Fig.6 Initial ¥St/%Sr - Si0, and eNd(z)— Si0, diagrams for Baiyunshan alkalic rocks, grabbrodiorites and granites in the Gejiu ore district
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53 5 JE B ( Huang and Wyllie, 1981; Lubala et al. ,
1994); () & He2E A el M ¥ 70445 Rl %2 B A90 4 ) i
LHRUE I, R G 4 P 45 i 43 72 1 E 8 Brown and
Becker, 1986; Yang et al., 2005); (3 &y i I
2 5T TE A & JTUE H SR 5 R ) o oy 5 ) &K
T 5 K TR JER A T OB S 1 R A S K
(Barker et al. , 1975; Litvinovsky et al. , 2002; Ri-
ishuus et al. , 2005; MBEFESE, 2007); @ HEVE N
FEE I Rl A R R AR IR 2R I A i O S T O
49 (Tchameni et al. , 2001; Downes et al. , 2005;
Chen et al. , 2010),

AN 2l M DB S e A B 1 A
AR 4) o SEI A 5 3R W], 22 R e o3 e
(1) 30 43 4 fil e T8 B G K 5 i b 5 (57 1% ~
64.5% ) W5 Si0, M AR MgO & = 45 14 ( Gao et
al. , 1998; Rudnick and Gao, 2003) . [f] 57 4h
FALE, Bz i s b BB Sio, & & (fx
RN 53.29% ) 5 PR A 98 5T b 72 ) Jo 34 0 il
M UL R AL P21 Yang et al. , 2012) o Hoyje, 4R
J& Rudnick £5£(2003) A3y 55 (20100 3 2 1 Hi5e
LM JBRORE e LR 6 A B A0 2 1 L 5 )
BEPE R e BA B Na,O F1K,0 & 5 (430 h
2.40% 1 0.38% ) FIHi T 03 5 B (REE &2 65
x 10 %) [Hl BTARAE 14 J7 45 (2010 561 F 52 40
K0 70 AR I aT AR vE T HbSE ) K0 & i —
PR T 2% o X R U DX T 3508 40 94 Rl oA SC
181 Na, 0K, 0 & i (3 5l 6% 9% ) FIFG 178
FRECPEIE 870 x 10°°) AN HBRME 2 FF 5l A2 L
AR TiAh, e EEVE N M 5T B 20 68 Rl B IE
K5 FAL T A ( Tehameni et al. , 20015 Chen et al. ,
2005 ), He A HE R[]0 225 Ak 5 B AR R SRR
B AE B AR, I B S ) A R R I AR
WY A, DR K N KA FRL T 5 A 2R A
B i e P I N = B IR T R e g
FE Vs A H i A R BRORL S A OC A A4, H Y B A [
AR TP, B S RS AL ) REE &
A Se-Nd [7) A2 28 5 AE 2 W T Bk o A 0 I R A
CE 6D o BRI, AN TR B AN SRR LR M 76 ¥ 43
SR AN IH E 2 Lt 0

F1 2 W DX B 2 1) Se-Nd. )47 25 2 Je 4 Hh 45
— ARSI Z N CE 6D, (YSe/*Se), 24 0.709 4
~0.710 4,eNd(1)h =7.12 ~ - 6. 4, 1l 5518 4 5 iR

G RAN 0 AJu EY K (Saunders et al. » 1992;
Downes et al. » 2005 ), K AT 57 X Bk M 2 9 — 1 [A)
PEFEFHIER AT R TN AR, Ao
i A L e R Wy 5, (La/Yb) = 73.1
~92.0, AAHHZE TG ZE Uk W 1] 55 A TH s A AL C &
5), 4 B AW E 4. Dy/Yb {5 (1 ~2) LK
FXFF-22 1) HREE e 20 B2 CIE 5D F AL, $E 0 65
PR MRAE R TRk A TR S MNARSA—A
AR A 3 DX A P g s X, I BTG A TE b
TEor S B, HAR 32 30K M5 e ) U G IR 5

AN 2 b X etk o 0 A R e 1 1E K
MEAIEK S, BB L, e 8 R T 0 oA
JUFE 78D, [l B A8 — B s E
BeHE 1E, ) 45 77 1 Nb. Tas Ti %5 &5 3 58 06 %
(HFSE) #1 Ba.\Sr.Eu %5 KB 736 f1 0% (LILE) 1)
FHECE] 5a.5b), 45 & H — 301 Se-Nd 7] £7 5 41 Bl
(E 6a), RICHTH N N X B A A BT — 30w
GRS . B A 2 Bl M 5 R Na, O fil K, 0
Rk 6% R 9% ) Rk -0 %% 5 (REE &
TR 870 x 10 ) mI 4, Y IX 77 AR 1) SR AR A AR
N A F M Na,0.K,0 FlFfi F e E S h. 4iah
2L Si0, & (56.69% ~ 61.89% ) AR MgO
(0. 26% ~ 0. 64%, 1 ¥ 0.51% ) Hl TiO, & &
(0.28% ~0.51% ) LK Mg* (20 ~25) X SEEEAE, A
SCHERTORE 2 10 SR AR 2 AR v e 2ok A A Bl s AR
b 1 Bk P 2 1 S, L sk R R T ) AN [
(&5 5o S T8 T IRAE 1R B A I K R v I K
£ o

TEATHHLIX, B 25 5 rp P2 e i A A0 B
FEAE= . R B A A U-Ph 4EAR SR 45 SRR, =
BRI —UCE KA IEFH A ). [R50 XA
AL, R B AT A 5 B0 Se-Nd [ 3 4L
JCCEL 6 5 U B 5 3 I8 T — A BLRT 38 AR K 7 452 1 98
DX, MK — B e B 5 aX 2 B M 2A B R I Fe, 0,
MgO.TiO, LA J6 B 1) w8 SRR AR A — 3. fe i %
1) T A M 28 DX 1) Se-Nd R 2R AE o AR SC b s
P B 1 Sio, & ik, 3R W AR T P R s A
AN T SRR R A E . g8 BT IR, ARIX
BPEIE K S A IEKA R R IR T R — ' At
88 Y5 DX I 28 [ AN R R BE A = 1), vh PR 2 R 5
D 25 A B DU T — AN AR 5 3 IR R DX T B
T4k A b2 X
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Fig.7 Haker diagrams for major elements of Baiyunshan alkalic rocks and grabbrodiorites in the Gejiu ore district
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Fig.8 Haker diagrams for trace elements of Baiyunshan alkalic rocks and grabbrodiorites in the Gejiu ore district
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