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Abstract; The ore-bearing mafic layered intrusions in Lala District, Western Sichuan Province, is
located on the west margin of the Yangzi platform with complex tectonic environment, and there is still a
lack of systematic research on its genesis mechanism and magmatic source. The main, trace elements and
Sr-Nd isotopes of the seven lithofacies belts are analyzed in this article, and the results show that the
seven lithofacies belts ( YWS-1—YWS-7) were formed by different evolution processes of magma. The
fifth lithofacies ( YWS-5) represents the magma derived from mantle contaminated by earth crust, with
high Si0, content (42.95% ~ 44.07% ), low MgO content (1.62% ~ 1.89% ), obviously low total
amount of rare earth elements (295.32x107°~366.36x107%), low content of Cr, Ni ,”Sr/*Sr 0.7391
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~0.7812; other lithofacies represent the magma derived from lithospheric mantle source area, with high
Mg"content (0.54~0.74) , high content of rare earth elements (672.53%x107°~986.66x107°), *’Sr/*
Sr 0. 7087 ~ 0. 7097. Based on the analysis of regional geological background, it is concluded that the
layered intrusions were produced in continental rift tectonic environment and the magma originated from
lithospheric mantle source area, with crystallization differentiation and multiple pulsations associated in

the evolution process. This process is related to the Neoproterozoic super mantle plume activities on the

2019

western margin of the Yangtze plate.
Key words: Lala mining area;

mantle ; petrogenesis
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Fig. 1  Geologic map of the Lala district and locations of the sandstone samples
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Fig. 2 The microphotographs and field photographs of

sheet in Lala district ( after reference [ 10])
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Gk 10.77% ~21.74%, 34 12.85%, H
Fe,0, &g 3.53% ~12.88%, V-1 5.49%, 754k
K FeO &rit N 6.62% ~8.86%, V-1 7.36%,
CaO Wy &l 2.45% ~11.84%, F¥H 9.49%;
MgO f & H M 1.62% ~17.91%, %ﬁjj@ 10.24%;
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Table 1 Geochemical analysis data of major elements (wt% ) in each lithofacies belt
Sample YWS-1 YWS-2 YWS-3a YWS-3b YWS-3¢ YWS-3d YWS-4a YWS-4b YWS-5a YWS-5b YWS-5¢ YWS-6a YWS-6b YWS-7a YWS-7b YWS-7¢ YWS-7d
Si0,  41.91 41.71 41.52 41.43 41.05 40.84 41.25 42.67 44.07 42.95 44.05 41.83 41.35 41.33  41.19 41.51 41.67
TiO, 3.36 3.24 2.8l 2,59 2,52 2.54 2.95 3.30 3.53 3. 66 3.83 3.29 3.22 2.78 2.45 2.71 2.92
ALO; 10.81 10.67 8.63 7.87 8.07 8.07 9.88 10.46  13.59  14.05 14.64  10.40 10. 03 8.82 7.97 8.51 9.18
Fe,0,  4.64 3.90 4.28 4.25 4.26 3.77 3.90 3.91 12,09 12.24 12.88 4.18 4.00 3.81 3.53 3.91 3.86
FeO 6.70 7.29 6.95 7.24 7.20 7.82 6.87 7.12 6.62 8.21 8. 86 7.04 7.04 7.49 7.96 7.54 7.14
MnO 0.20 0.26 0.16 0.20 0.20 0.21 0.23 0.24 0. 64 0.55 0. 48 0.38 0.33 0.24 0.25 0.25 0.26
MgO 7.20 7.85 13.95 17.91 16.92 16.14 8.96 7.90 1.89 1.62 1.63 7.53 8.30 13.15 16.63 14.62 11.85
Ca0 11.40 10.89 10.92 885 9.55 9.68 11.84 10.85 5.84 5.20 2.45 11.48 12.33 10.83 8.77 9.47  10.99
Na,0 311 313 1.77 1. 06 1.31 1.55 2.93 3.09 2.29 3.31 5.12 3.20 2.92 2.11 1.26 1.79 2.39
K,0 1.98 2.43 1.72 1.51 1.53 1.58 2.35 2.34 3.30 2.86 2.14 1.94 1.81 1.58 1.43 1. 44 1. 60
P,04 .05 0.96 0.80 0.70 0.77 0.76 0.91 0.94 0.79 0.79 0.86 0.98 0.93 0. 82 0.76 0.83 0. 87
LOI 7.09 7.11 6.01 5.74  6.10 6.38 7.33 6.59 5.05 4.04 2.74 7. 66 7.58 6.68 7.21 7.01 7.00
H,0" 0.55 0.68 0.65 0.66 0.82 0.79 0.67 0.70 0.65 0.38 1.12 0. 65 0.67 0.84 1.58 1.23 0.99
H,0© 0.48 0.45 0.58 0.81 0.62 0.53 0. 65 0.67 0.59 0.49 0.52 0. 46 0.52 0.50 0.54 0.47 0.47
Total ~ 100.48 100.57 100.75 100.82 100.92 100.66 100.72 100.78 100.94 100.35 101.32 101.02 101.03 100.98 101.53 101.29 101.19
> W o e o [14~15]
T£.0.54~0.58 Z ], i 9 (LR L 45 v . OB ! 0
T (YWS-5) Mgl 0.12-0. 16, e % m8
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ME-CAH (YWS-7) HEERHME K & &%) (K " YWS-1
o
. [17] N . - YWS-2
3). 16 Ze/P,0,—Ti0, [ 17 BATRES K AL | e
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Fig. 3 Plot of TAS (after reference [ 16] )
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Fig. 4 Zr/P,0,—TiO, plot (after reference [ 17] )
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Table 2 Geochemical analysis data of trace element and rare earch elements (X 107*) in each lithofacies belt
Sample YWS-1 YWS-2 YWS-3a YWS-3b YWS-3¢ YWS-3d YWS-4a YWS-4b YWS-5a YWS-5b YWS-5¢ YWS-6a YWS-6b YWS-7a YWS-7b YWS-7¢
Se 29.6 34.8 29.5 27.0 32.2 34.2 26. 6 28.6 32.3 24.6 25.6 31. 1 30. 8 28.3 29.0 28.7
324 330 276 231 279 308 241 248 363 292 352 306 289 265 237 255
Cr 189 346 963 1250 473 364 1200 1190 12.3 5.63 7.56 282 375 817 1220 1020
Co 40.9 42.7 62.3 75.8 65. 4 68. 6 48.2 42.3 34.3 30.7 47.8 44.2 43.9 56.3 65.2 64.2
Ni 52.6 68.9 389 576 127 67.6 501 501 21.3 18.9 25.8 61.8 89.6 325 513 407
Cu 111 121 80.3 48.4 87.6 104 47.7 50.5 6.36 13.4 23.5 94.3 103 109 40. 8 80.0
Zn 81.1 78.9 115 108 79.6 90. 0 103 108 37.6 28.0 36.6 61.8 65.2 92.0 135 101
Ga 17.8 19.3 15.9 12.7 13.0 16. 4 19.3 19.2 33.3 26. 4 26. 8 19.6 18.5 16.0 14.3 16. 8
Rb 52.0 79.6 48.2 39.6 64.7 77.8 38.5 46.2 132 94. 6 91.2 73.5 58.3 45.6 46.5 46.3
Sr 1260 1189 936 989 1620 1356 987 1123 256 146 86 1110 1260 996 752 895
Y 36.7 34.2 30.2 27.9 28.1 32.1 36.5 36.8 46. 8 36.5 37.6 35.3 33.7 30. 4 28. 4 29.7
Zr 428 389 319 372 295 398 310 316 378 374 419 405 413 339 292 321
Nb 80.1 63.6 44.2 55.2 48.7 57.8 44.9 46.2 55.7 47.4 53.6 52.0 47.5 46.2 45.3 44.2
Sh 0.37 0.28 0.29 0.25 0.28 0.21 0.24 0.26 0.12 0.13 0.13 0.19 0.25 0.31 0.35 0.36
Cs 1.61 2.39 2.38 2.20 2.10 2.17 2.01 2.39 0.96 0.83 1. 06 1.98 1.94 1.92 2.15 2.06
Ba 236 246 214 152 226 245 304 235 248 369 366 249 263 256 268 352
La 206 195 175 149 150 178 203 224 56.3 43.2 51.2 200 186 164 156 164
Ce 398 385 337 287 287 336 396 423 125 103 119 380 357 318 302 302
Pr 42.3 39.6 35.6 30.3 30.3 35.6 40.9 42.5 15.2 12. 4 14.0 40.2 37.8 33.4 31.7 31.9
Nd 168 163 146 123 126 145 167 184 63.5 53.6 63.9 164 155 138 131 132
Sm 28.9 25.6 22.9 18.5 20.9 22.4 26.3 28.3 14.5 12.3 13.4 27.6 24.6 21.3 21.3 22.2
Eu 6.74 6.23 5.75 4.97 5.01 5.85 6.54 6. 69 4.32 3.45 4.05 6.58 6.22 5.56 5.14 5.24
Gd 18.2 19.6 16.7 14.3 14.6 17.6 19.6 20.3 13.5 10. 6 11. 8 18.6 18.2 15.9 14. 8 15.5
Th 2.22 2.36 2.06 1. 80 1.79 2.22 2.33 2.55 2.29 1.53 1.72 2.23 2.21 2.00 1.84 1.90
Dy 10.2 11.1 9.13 8.30 10.9 11.6 8.30 9.89 12.6 9.63 9. 88 10. 4 10.1 9. 00 8.51 8.73
Ho 1.52 1.63 1.44 1.28 1.59 1.75 1.27 1.53 1.92 1.42 1.63 1.54 1.50 1.36 1.29 1.30
Er 3.63 3.71 3.31 2.98 3.73 3.78 2.96 3.50 5.13 3.85 3.96 3.59 3.43 3.15 2.93 3.03
Tm 0.54 0.52 0.49 0.45 0.56 0.54 0. 46 0.52 0.75 0.58 0.59 0.54 0.52 0. 49 0.47 0. 47
Yb 2.73  2.90 2.57 2.34 3.00 3.20 2.35 2.63 3.96 2.78 2.98 2.81 2.69 2.51 2.33 2.39
Lu 0.46 0.47 0.43 0.41 0.48 0.50 0.41 0. 45 0.59 0.48 0.48 0. 47 0.46 0.44 0.42 0.42
Hf 10.7 10.0 10.0 10. 1 9.26 9.96 8.22 10. 6 8.78 9.62 10. 6 10.2 10.3 10. 1 10. 4 8.93
Ta 2.05 2.06 1.44 3.63 1.76 1.95 2.63 1.78 2.19 3.56 3.51 2.78 1.22 1.78 1. 41 1. 44
Bi 0.15 0.17 0.26 0.37 0.23 0.26 0.27 0.33 0.18 0.25 0.19 0.36 0.26 0.21 0.38 0.36
Th 23.6 18.2 10.3 20. 4 17.2 13.6 13.5 17.6 3.89 3.95 4.02 13.5 13.2 15.4 14.3 16.2
U 5.70 5.57 4.85 4.39 4.10 4.74 5.89 6.12 0.33 0.24 0.29 5.63 5.42 4.86 4.15 4.74
1000 1000
= YWS-1 = YWS-1
o YWS-2 9 YWS-2
¥ YWS-3 ¥ YWS-3
v YWS-4 v YWS-4
© YWS-5 ° YWS-5
ig 100F SUWSG | g 100 s YWss
= =
e &
&® 8
g &
®oof ® oot
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu I'RbBaTh U K TaNbLaCe SrNd P Zr HESm Ti Y YbLu
A5 HEMEFECHLITER > BAMETE RS HEATECKFE drm (21 )

Fig. 5 Chondrite-normalized REE patterns and primitive-mantle normalized spidergram ( after reference [ 21] )
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Ce, Th, Hr Ba, SrouER 17 MR 5 K 77 A i
T Rl BE & A T RH A R A 4 B G R o
3.2 Sr-Nd @frZ

XF 1T AR 43 4T Se. Nd Rl R 415 53
BrAnihaE, Mg R L 3. 17 M 9 Rb/™ Sr
FY7Sr/% Sr 4y Bl 0.1162 ~ 3.1502 il 0. 7087 ~
0.7812,""Sm/'"*Nd 4 0.0909 ~ 0. 1387, Nd/"* Nd
9 0.5119~0. 5123, HR4E K = 720 X I A5 1)
WEK A AE IS 850 Ma'™', FHEH 17 AKEEL 9 (VS1/
Sr) .k 0.706701~0. 742957, ey, (1) {HHN-6.8~
5.4, HAR TR ST R IR R X M, K T
FRAE (YWS-5) Box & BN Nd RIALR, ey,
(t) H=6.8~-0.7; Memify Sr @K LM, S/
Sr j 0.7391~0.7812, N gHiFc i@y pr s ™, M
A M A (YWS-1— YWS-4 fl YWS-6—YWS-7)
exg (1) MHEE, £ 4.1~54 2; YS/*Sr K
0.7087~0.7097, 7% i 4 47 8 s g #: 4E > . 7E
ey (1) — (VSr/™Sr), EH, BRES HAMA (YWS-
5) 3AFERERUMG T EM Zp X8, AR FE SRR
PM X, UhBA N i 02 >R U8 T A Pl b g U
X, JEibksh b R TR g (E6) .

®3 BMEE Sm-Nd BESHEIE
Table 3 The Sm-Nd isotope analysis data in each lithofacies belt

FESE Rb/X107° St/x10°°  ¥Sr/%Sr  (7S/®Sr), Sm/x107° Nd/x107° '"Sm/™Nd '"BNd/™Nd ("N&/"™Nd), ey (1)
YWS-1 52 1260 0.709398  0.707904 28.9 168 0.103991  0.512342 0.511762 4.3
YWS-2 79.6 1189 0.709864  0.707441 25.6 163 0.094942  0.512320 0.511791 4.9
YWS-3a 48.2 936 0.709211  0.707347 22.9 146 0.094818  0.512329 0.511800 5.1
YWS-3h 39.6 989 0.708867  0.707418 18.5 123 0.090923  0.512325 0.511818 5.4
YWS-3¢ 64.7 1620 0.708847  0.707401 20.9 126 0.100272  0.512309 0.511750 4.1
YWS-3d 77.8 1356 0.708778  0.706701 22.4 145 0.093386  0.512294 0.511773 4.5
YWS-4a 38.5 987 0.70911 0. 707698 26.3 167 0.095202  0.512316 0.511785 4.8
YWS-4b 46.2 1123 0. 709481 0. 707992 28.3 184 0.092977  0.512321 0.511803 5.1
YWS-5a 132 256 0.739185  0.720520 14.5 63.5  0.138036  0.512258 0. 511489 -1.0
YWS-5h 94. 6 146 0.746396  0.722941 12.3 53.6  0.138711  0.511969 0.511196 -6.8
YWS-5¢ 91.2 86.3  0.781211 0. 742957 13.4 63.9  0.126765  0.512213 0.511506 -0.7
YWS-6a 73.5 1110 0.709751  0.707354 27.6 164 0.101735  0.512328 0.511761 4.3
YWS-6b 58.3 1260 0.709367  0.707692 24.6 155 0.095942  0.512316 0.511781 4.7
YWS-7a 45.6 996 0.709234  0.707577 21.3 138 0.093305  0.512313 0.511793 4.9
YWS-7h 46. 5 752 0.709523  0.707285 21.3 131 0.098291  0.512319 0.511771 4.5
YWS-7¢ 46.3 895 0. 709281 0. 707408 22.2 132 0.101668  0.512320 0.511753 4.1
YWS-7d 55.6 1080 0.709412  0.707548 24.6 151 0.098484  0.512319 0.511770 4.5
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