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Abstract The Heigutian intrusion is a small-scaled gabbroic intrusion containing Ti-V-magnetite oxides and is located in the central
part of the Emeishan large igneous province. In contrast to other typical large layered intrusions characterized by several cyclic units in
a petrographic zone the Heigutian intrusion is subdivided into a lower zone and an upper zone. The lower zone consists of olivine
pyroxenite magnetite gabbro apatite gabbro and medium-grained gabbro from the base upward whereas the upper zone consists of
primarily fine—grained gabbro and demonstrates a sharp contact between these two zones. The zircon SHRIMP U-Pb age dating result
displays that the Heigutian intrusion was intruded at 263 £ 5Ma and may be the product of the main stage of plume—related magmatism
at ~260Ma. The Heigutian intrusion shows a close genetic relationship to the Emeishan high-Ti basalts evidenced consistently by the
mineral assemblages ( mainly by clinopyroxene plagioclase magnetite and small amounts of olivine apatite) geochemical features
(‘enriched in Fe,0, TiO, and P,0, high Sm/Yb and low La/Sm ratios) and low initial ¥Sr/*Sr ratios as well as high &, ( t)
values in the mafic rocks. The accumulation sequences and geochemical features reveal the lower zone was resulted from accumulation
of olivine clinopyroxene magnetite apatite and plagioclase crystallized from a single pulse of Fe-Ti-enrich magma whereas the upper
zone was generated by slightly rapid cooling consolidation of a new influx of magma. However both the lower and upper zones were
originated from the same parental magma genetically related to the Emeishan mantle plume. The lower zone has lower initial ¥’ Sr/® Sr
(0.7041 ~0.7051) and higher gy,(t) values (2.1 ~4.4) than the upper zone ( 0.7050 ~0.7056 and 0.6 ~1.3 respectively)
suggesting the later had experienced slightly more extensive crustal contamination relative to the former. Only the olivine pyroxenite and
gabbro occur in the lower zone but absence of granites and synenites. The thick stratiform Fe-Ti oxide layers are located at the concave
part of the base of the Heigutian intrusion. These observations imply that the Heigutian intrusion occurred in a magma plumbing
system and the Fe-Ti oxide layers resulted from coupling of gravity settling and sorting of the crystallized Fe-Ii oxides from Fe-Ti—
enriched magmas. The discovery of the Heigutian Fe-Ti oxide bearing intrusion indicates that the small-scaled intrusions can also be
very significant targets to host Fe-Ti oxide deposit and should not be ignored during exploration.

Key words Heigutian; Layered intrusion; Ti-V-magnetite deposit; Emeishan large igneous province; Petrogenesis
% (2012CB416804) . ( SKLODGZY125-
06.201201) . “ " ( KZZD-EW-TZ20)
(41172090)
: 1981 E-mail: chenliemeng@ vip. gyig. ac. cn

*k : 1962 E-mail: songxieyan@ vip. gyig. ac. cn



1416 Acta Petrologica Sinica % % F4k 2014 30(5)

ZAEERETFTHRBLRKREERNG, RN SPAEE TR E2h. BR AL S KA A M8 A%
BARBREA S ARSI AL RE, Z58 BRERS A T E3RFHA LA T 3628400 AR B TRIR R H B B
BHBAERE AR AR ERTEEKE, LR EATAMEERE, S F 2R TRMAE L. L25W EKR4 5 SHRIMP
U-Ph #4263 +5Ma, & 9 22 ~260Ma 3 B LG A2 B R T EFH M T, BEBAT WA ( L2 A EIEL B KB, itk
B,V SHAMEE) A ERHAF(F Fe,0,.Ti0, P,0;, % Sm/Yb B A& La/Sm) BAK #9471 46% St/% Sr A Fn 5 3504 ey, (1) HEHAE
—HRTFELWERERBLZTI ZXEEAZ WO NERBIKRZ. BRGEMF RN FHIER T T EHTALE Fe-
Ti B RIFANKEAEHBE ARG T B R G BERBFT Wy B4R GERBLEN Y, m LR EMT LS — e R LE
BAVRLIAEGER TYEMMEAREF AR ZFRR TR G5 R FAEmMT L L3 5405 LA ATk eg
45 Se/* S AR ( 5% 0. 7041 ~0. 7051 F= 0. 7050 ~0. 7056) Fouk-Z 89 ey () (5 H A 2.1 ~4.4 F20.6 ~1.3) , KA B F T H
Zh T AR AR S T RRLE . THEATACHRMIES ERAER 2wy ER BRI R 2 A BB 0 8 5 RIR,
B BRI T WL A A AR R T 8 Bl 2 AT R T BRI BT TEARNERES . L4504
BARFESR A 5 R0 L IFR A B IR B R B & 0 Fe-Ti B4 A # 71, EIIREHF P R 5 BAL.

B BB AAREESR A BB L K K B A

P581; P597.3; P611. 11

v Fe-Ii Fe-Ti
(Zhang et al. 2012; Song et al. 2013; She et al. 2014,
1 Luan et al. 2014) .
Fe-Ti (
1) ( Hou et al. 2012a; She et al.
2014) | ( Zhang et al. 2012 2013) . ( Zhong et al. °
2004 2011; 2006) . (Zhong et al. 2002: Bai et SHRIMP U-Pb .
al. 2012 Luan et al. 2014) ( 1999: Sr-Nd .
Zhou et al. 2005; Pang et al. 2008a b; 2011;
Song et al. 2013) , () Ti
30 () ?
( ~260Ma) °

( Zhou et al. 2002a 2008; 2005;
Zhong et al. 2005; Zhong and Zhu 2006; He et al. 2007; () .
Hou et al. 2012b 2013; Zhang et al. 2014;
2014) ; @ Ti o)

Fe-Ti ( Xu et al. 2003;
2005; 2005; Qi et al. 2008; Zhou et ( ELIP)
al. 2008; Zhang et al. 2009 2013 2014, ( N ) 50
2014) Ti . —
( Zhang et al. 2006; Zhong et al. 2006; 2007; N ( D 1988;
Hou et al. 2011 2012b 2013; Kamenetsky et al. 2012; 1988) ( ~260Ma )
Howarth and Prevec 2013) . Fe-Ti ( Chung and Jahn 1995; Xu et al. 2001; Zhou et
: D Fe-Ti - al. 2002b Zhang et al. 2014, 2014) .
( Zhou et al. 2005 2013; Wang and (' Ti/Y >500)
Zhou 2013) ; @ Fe-Ti ( Ti/Y <500) : ELIP
( Zhong et al.  2005; Pang et al. 2008a b; Bai et al. N

2012) . Song et al. (2013) ; ELIP

~

Fe-Ti (Xu et al. 2001 2003; Xiao et al. 2004; Song et al.



HRFIER S B L K KRB A N B8 AR R R 25 R B 1417

1200km \. -
P | 02 E sy
3 =

[ wsnzats
B

BRI

EAIERS
Bk Ak
Rk R LR TN
Cu-Ni-(PGE) R L3 i
Fe-Tigl {t P Ik
PGEW 8k k0" PR
HE U 2
iz B U2
w2 LBl S iR A
ST A T

(=

(=]
(=]
[O]
[ ]
.
S
]

=

— | 263+3Ma

= i i
8 g sl

=\ -
1= i Ui~ b %
(B SEIE

SHIEEIEIE,

( 1984®; Song et al. 2009 2013)

Fe-Ti Ni-Cu -

Zhou et al. (2002b 2005 2008) .Zhong and Zhu (2006)  Yu et al. (2014)

Fig.1  Simplified regional geological map showing the distribution of the layered intrusions hosting giant Fe-Ti oxide deposits and the

mafic-ultramafic bodies hosting Ni-Cu« PGE) sulfide deposits in the central Emeishan large igneous province ( modified after Song et

al. 2009 2013)

Ages of the Heigutian layered is dated from this study and other intrusions are from Zhou et al. (2002b 2005 2008) Zhong and Zhu (2006) and Yu

et al. (2014)
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Fig.2 Simplified geological map of the Heigutian Fe-Ti-V oxide layered intrusion and its stratigraphic column
The labels of Zk1701 HGI11-50 and line AB are the locations of the samples
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1 SHRIMP U-Pb
Table 1 SHRIMP U-Pb isotopic data for zircons from the Heigutian gabbro
206 th ZOGP})* U Th 232Th/238U 207 Pb* /206 Pb* 207 Pb* /235 U 206 Pb* /238 U
(x10°% (%) ( x1079) ( Ma) ( Ma) lo( %) +1o( %) +1o( %)
HGI1S04.1  2.52 1.2 58.3 39.0 282 13 0.0670 45 0.410 46 0.0447 4.9
HGI1502.1  5.26 7.46 139 126  256.7 +10.0  0.0570 26 0.320 26 0. 0406 4
HGI1503.1  1.48 13.5 371 33.5 253 +16  0.0530 71 0.290 72 0.0400 6.3
HGI1504.1  3.15 9.19  78.4 73.9 268 15 0.0840 41 0. 490 41 0. 0425 5.7
HG1150-5. 1 1.5 244 30.8 24.0 271 £35  0.1030 9% 0.610 97 0. 0430 13
HGI1506.1  2.17 19.7 532 37.6 241 +17  0.0840 71 0. 440 71 0. 0381 7
HGII509.1  2.42 147 556 38.0 273 +15  0.0950 37 0. 560 38 0.0432 5.5
HGI1508.1 1.9 19.8  43.6 37.0 269 £29  0.1260 68 0. 740 69 0. 0427 11
HGI1509.1  4.76 4.37 127 98.1 2643 +9.4  0.0558 17 0.322 18 0.0419 3.6
HGI1-5040.1  1.78 1.3 42,2 39.8 275 +15  0.0920 39 0.550 39 0.0436 5.6
HGI1-5041.1  4.09 4.61 105 63.8 273 +10  0.0510 21 0.305 21 0.0433 3.7
HGI15042.1  2.08 10.7  48.7 317 280 13 0.0310 80 0. 190 80 0.0443 4.8
HGI15043.1  6.53 3.79 180 109  256.5 +8.8  0.0454 19 0.254 19 0.0406 3.5
HGI1-5044.1  8.27 2.80 230 218 256.5 +8.6 0.0427 13 0.239 13 0.0406 3.4
HGI15045.1  4.18 3.13 109 102 273.8 +9.6  0.0558 16 0.334 17 0.0434 3.6
HGI15046.1  14.4 2.13 419 468 247.1 +8.1 00487 11 0.262 12 0.0391 3.3
HGI15047.1  6.98 1.97 192 142 261.6 +87 0.0592 9.2 0.338 9.8  0.0414 3.4
:Pb, Pb" Pb Ph; Ph  2Pb ; U-Pb lo 2~3
o . .
2, 0.058 data-point rror ellipses are 68.3% conf.
Sr-Nd - HG11-50 (Gabbro)
Thermo Fisher
TRITON . St Nd 0.0501
*Qr/¥Sr=0.1194 "Nd/'"*Nd =0.7219 . =
NBS-987 *Sr/® Sr 0.710255 +7 ( n =40) € 0.042
[=5)
JNdi4 "*Nd/"™ Nd 0.512096 +5 (n = &
40) ( 0.0341 7 ' Mean=263+5Ma
0.710252 £13  0.512115 £7) , 3 0 g 17 analyses.
MSWD=0.92
00285a o0 0.4 0.8 1.2 1.6 2.0
4 207ph, 2351
4.1 SHRIMP U-Pb 4 ( HG11-50)
(1 U 31 x10° SHRIMP U-Pb
~419 x 107° Th 24 x 107° ~ 468 x 10~° Fig.4 SHRIMP zircon U-Pb concordia diagram of a gabbro
Th/U 0.62 ~1.15 Th/U (HG11-50) from the Heigutian layered intrusion
( Williams et al. 1996; Hoskin et al. 2000) .
( 4 26 py /28 66.6%) \Ti0,(13.6% ~15.1%)  CaO(1.83% ~3.51%)
263 +5Ma( n =17 MSWD =0. 92) MgO(4.30% ~4.83%) .
. ALO,(8.15% ~12.3%)  CaO(8.37% ~
12.8%) Fe,0," ( 14.8% ~ 29.3%) . TiO, ( 3.34% ~
40 11.2%)  MgO(4.39% ~7.64%) .
5 VigO Fe,0,".Ti0,  SiO, .
(15.3% ~20.4%)  CaO(10.9% ~13.2%)  Fe,0,"( Al,0;.Ca0  Si0,
Fe,0, 14.4% ~17.1%) .TiO, ( 1. 52% ~2.44%)  ALO, ( Sad). FeTi
Ni-Cu ( 3o

(4.59% ~8.13%) . Fe,0," ( 58.7% ~
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2 (wt%) « ( x107%)

Table 2 Major oxide ( wt%) and trace element ( x 10 ™) concentrations of the rocks of the Heigutian intrusion

(m)

HG1141 HG1142 HG1143 HG11-44 HG1145 HG1131 HG1132 HG11-36 HG1137  HGI1138

Sio, 41.62 41.96 42.01 42.18 42. 44 11.56 8.59 6.79 9. 00 9.50
Al 0, 5.72 5.88 6.58 8.13 4.59 6.16 5.50 5.43 5.38 6.24
TiO, 1.88 1.96 2.44 3.43 1.52 13. 60 14. 65 15. 07 14.75 14.76
Fe, 0,7 14.82 14. 40 17.08 15. 40 17.05 58.73 63.34 66. 56 62. 61 61.94
MnO 0. 20 0.19 0.24 0. 20 0.26 0. 40 0.42 0.43 0.42 0.41
MgO 20. 40 20. 10 17.09 15.33 18. 46 4.80 4.63 4.30 4.83 4.34
Ca0 11.50 11.86 12.13 13.16 10.90 3.51 2.45 1.83 2.44 2.36
Na, O 0.48 0.36 0.65 0.75 0.55 0.24 0. 31 0.20 0. 30 0.42
K,0 0.02 0.02 0.03 0.05 0. 04 0. 06 0.11 0.03 0.05 0.10
P, 05 0. 07 0.10 0.10 0.19 0.07 0.05 0. 06 0.02 0. 06 0.06
Total 99. 39 99. 43 99.73 99. 83 99. 59 99. 48 99. 40 99. 80 99. 05 99. 84
Sc 33.3 33.3 33.7 33.3 33.2 19.1 17.8 16. 1 17.5 16.0
% 307 309 372 381 253 1820 2030 2110 2060 1980
Cr 1730 1660 1410 1110 1570 46 43 47 51 54
Co 116 107 116 101 112 199 213 206 229 208
Ni 789 748 558 545 736 77 97 100 83 81
Cu 30.3 34.5 39.4 90. 1 22.2 182 175 149 173 196
La 4.70 2.92 5.45 6.73 3.19 2.00 2.55 0.53 2.07 2.19
Ce 13.90 10. 40 15.90 20. 10 9.78 4.94 6.24 1.45 5.00 5.24
Pr 2.28 1.91 2.62 3.34 1.69 0.74 0.91 0.22 0.72 0.73
Nd 11.70 10. 50 13.30 16. 80 9.45 3.62 4.17 1.15 3.34 3.35
Sm 3.27 3.08 3.77 4. 60 2.88 1.02 1.07 0.38 0. 88 0. 86
Eu 1.21 1.19 1.47 1.76 1.19 0. 50 0. 45 0.22 0.41 0.44
Gd 3.48 3.49 4.15 5.16 3.39 1.11 1.07 0. 46 0.94 0.91
Th 0.52 0.52 0.61 0.75 0.49 0.16 0.16 0.06 0.14 0.14
Dy 2.77 2.78 3.26 3.90 2.77 0. 81 0. 86 0.34 0. 69 0.63
Ho 0.56 0.54 0.65 0.74 0.54 0.17 0.16 0.07 0.14 0.12
Er 1.30 1.26 1.59 1.73 1.26 0.39 0.41 0.17 0.33 0.31
Tm 0.16 0.16 0.19 0.22 0.16 0.05 0.05 0.02 0. 04 0.05
Yb 0.99 0.96 1.20 1.27 0.91 0.29 0.33 0.13 0.25 0.23
Lu 0.14 0.13 0.16 0.18 0.13 0.05 0. 04 0.02 0. 04 0. 04
Rb 0. 64 0.83 0.74 1.33 1.27 1.02 2.07 0.39 1.03 1.98
Sr 153 127 170 340 114 91 69 69 83 111
Ba 33.8 11.4 42.6 44.8 45.1 33.6 48.5 16.3 35.6 49.5
Y 13.10 12. 60 15.30 17. 40 12. 00 3.77 4.02 1.52 3.35 3.06
Nb 9.33 5.78 8. 89 15. 84 2.17 5.04 5.75 5.26 6.25 6.55
Ta 0.55 0.41 - 1.08 0.17 0. 40 0.44 0.41 0.49 0.51
Zr 54.6 37.2 53.7 61.5 28.9 27.2 31.9 24.5 31.3 32.7
Hf 1.58 1.34 1.76 2.16 1.17 0.97 0.98 0.79 0.97 1. 00
Th 0.05 0.02 0.09 0.05 0.18 0.15 0.24 0.03 0.15 0.19
Ga 11.2 10.7 13.4 15.1 9.3 37.6 40.2 40.1 39.6 38.9
La/Sm 1.44 0.95 1.45 1.46 1.11 1.96 2.38 1.39 2.37 2.56
Sm/Yb 3.31 3.22 3.14 3.62 3.15 3.48 3.26 2.88 3.49 3.74
7K1702
(m) 397 392 375 362 331 314 297 274 257 236 213

HG1120 HGI122 HGI144 HGI145 HGI146 HGI147 HGII48 HGI149 HGI168 HGI109 HGI140

Si0, 39.90 39. 65 33.36 38.98 39.54 43.92 38. 64 44.08 44.31 42.74 48.10
Al, 05 10. 39 10. 45 8.15 10.78 10. 80 12.30 11.07 14.26 12.79 13.35 14. 43
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Continued Table 2

7K1702
('m) 397 392 375 362 331 314 297 274 257 236 213
HG1120 HGI122 HGI144 HGI145 HGII46 HGI147 HGI148 HGI1H49 HGI1-68 HGI1-09 HGI140

TiO, 6. 00 6. 08 11.23 4.85 6.23 3.34 7.46 3.02 2.30 3.37 1.82
Fe, 0,7 20. 63 20. 06 29.31 22.24 19.52 14.78 20. 59 14.33 14. 18 15.09 12. 12
MnO 0.45 0.43 0. 44 0.27 0.41 0.23 0.27 0.24 0.21 0.28 0.19
MgO 4.39 5.10 5. 64 6.81 7.30 7. 64 6. 96 7.67 9.74 8.06 7.78
CaO 10. 00 10. 70 8.37 10. 56 11. 14 12.82 11.23 11.20 13.46 12.53 11. 05
Na, O 3.06 2.76 1.77 1.77 1.85 2.10 1.67 2.33 1.18 1.69 2.80
K,0 0.81 0.57 0.51 0.93 0.08 0.67 0.51 0. 47 0.49 0.25 0.20
P, 04 2.88 2.71 0.35 0.11 0. 05 0.25 0.10 0.33 0.23 0.34 0.20
Total 99. 67 99. 86 99.90 99.33 100. 04 99. 66 99.95 99. 67 99. 74 99.33 100. 01
Sc 16.2 18.6 26.7 31.4 29.1 28.3 31.7 25.3 32.9 29.6 27.2
v 204 244 505 573 417 320 451 352 339 363 290
Cr 13. 4 12.5 15.7 14.5 14.6 157 12.5 337 347 421 315
Co 49.7 50.6 76.3 86.2 70.4 57.4 90. 1 61.4 85.6 84.3 67.3
Ni 2.8 2.8 2.7 15.7 16.1 44.4 12.6 101 113 183 144
Cu 41.9 45.1 86. 1 61.8 70.5 30.3 97.3 22.6 18.9 21.6 39.7
La 67.5 54.0 37.5 5.6 3.9 7.5 5.6 8.0 9.8 17.6 14.2
Ce 158 126 87.6 14.8 10. 1 19.9 14.0 20.8 25.3 43.3 32.2
Pr 21.5 17.9 11.30 2.20 1.53 3.11 2.12 3.26 3.86 6.22 4.43
Nd 96.3 80.7 43.9 10.7 7.8 15.7 10. 5 16. 8 18.5 28.3 19.9
Sm 21.7 18.3 8.22 2.93 2.29 4.06 2.97 4.34 4.55 6.61 4. 66
Eu 6.59 5.83 3.07 1.34 1.23 1.79 1.55 2.02 1.70 2.36 1.83
Gd 21.0 17. 4 7.62 3.02 2.58 4.12 3.17 4.40 4.43 6.23 4.68
Th 3.11 2.53 1.08 0. 47 0.40 0.62 0.48 0. 66 0.69 0.92 0.72
Dy 15.2 12.1 5.15 2.43 2.12 3.23 2.48 3.32 3.55 4.73 3.88
Ho 2.96 2.37 1.02 0.49 0.42 0.62 0.48 0. 64 0.73 0.94 0.78
Er 6.98 5.60 2.49 1. 14 1.03 1.51 1.17 1.52 1.76 2.32 1.92
Tm 0. 84 0.65 0.31 0.15 0.13 0.18 0.14 0.18 0.23 0.29 0.26
Yb 4.83 3.79 1.82 0. 86 0. 81 1.07 0. 86 1.07 1.28 1.74 1.58
Lu 0. 66 0.51 0.26 0.11 0.11 0.16 0.12 0.15 0.18 0.25 0.24
Rb 20.6 13.6 16.0 29.2 2.26 17.6 12.1 10.9 11.5 5.01 1.53
Sr 506 563 418 589 194 744 608 761 867 992 631
Ba 334 337 331 284 45.3 278 359 243 315 267 221
Y 72.8 58.7 26.1 11.9 10.2 15.1 12.0 15.5 17.6 22.7 19.2
Nb 54.3 42.1 51.1 6.1 12.0 4.9 13.6 7.3 12.3 29.8 13.2
Ta 3.23 2.43 2.92 0.41 0.83 0.38 0.99 0. 63 0.72 1. 64 0.74
Zr 304 154 157 44.7 47.8 42.9 57.4 33.1 38.7 86.7 65. 1
Hf 7.59 3.93 3.77 1.31 1.37 1.47 1.73 1.38 1.33 2.24 1.91
Th 4.07 2.07 2.20 0.38 0.29 0.18 0.34 0.07 0.08 0.26 0.11
Ga 24.1 21.7 22.7 19. 4 19.2 20.5 17.8 20. 4 19.3 23.2 20.1

La/Sm 3.11 2.95 4.56 1.92 1.69 1.84 1.87 1. 84 2.15 2. 66 3.05
Sm/Yb 4.49 4.83 4.52 3.41 2. 84 3.79 3.44 4. 06 3.55 3.80 2.95
7K1702
(m) 200 181 160 145 119 100 84 65 53 35 8

HG1141 HGI142 HGI143 HGI161 HGI1H2 HGI1H3 HGIIH4 HGI1HS HGI1H6 HGI1IH7 HGI1-23

Si0, 45.86 44.18 42.95 47.48 46. 66 47.07 46. 81 44.92 45.48 46.32 45. 60
Al, Oy 13. 67 13.20 13.31 14. 07 12.96 14.03 13.58 14. 34 12.28 13.73 14.70
TiO, 1.83 2.61 3.49 2.23 2.55 1.97 2.24 3.10 2.76 3.01 3.05

Fe, 05" 12.82 15. 48 16. 66 12.55 13.10 12.83 12.81 14. 60 14. 15 14. 59 14. 45
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2
Continued Table 2
7K1702
('m) 200 181 160 145 119 100 84 65 53 35 8
HG1141 HG1142 HGI143  HGI11-01 HG1102 HGI11-03 HGI1064 HGI1H5 HGI1066 HGI107 HG1123
MnO 0. 20 0.31 0.25 0.18 0. 20 0.19 0.19 0.20 0.19 0.18 0. 20
MgO 8. 80 7.55 7.75 7.23 7.81 8.21 8. 06 7.05 8. 60 6.97 6. 34
Ca0 12. 50 12. 68 13. 10 11. 84 11.95 12.52 13. 06 11.63 12.57 10. 04 11.21
Na, O 2.20 2.25 1.44 2.61 2.46 2.22 2.12 2.43 2.07 3.00 2.76
K,0 0. 14 0. 20 0.19 0.24 0.25 0.22 0.23 0.37 0.35 0.33 0.22
P, 04 0.20 0.35 0.43 0.25 0.28 0.23 0.24 0.34 0.30 0.32 0.34
Total 99. 30 99.79 99.79 99. 86 99.51 99.78 99. 77 99.97 99.73 99.79 99. 67
Se 28.8 31.1 31.7 28.8 27.4 28.6 29.4 25.7 30.5 26.8 27.7
\4 276 309 402 310 287 287 308 320 306 326 330
Cr 306 211 248 130 279 271 148 128 306 187 196
Co 76.0 76. 1 75.4 65.4 67.5 75.1 75.0 72.2 72.9 66.7 78.8
Ni 106 95.5 104 79.0 81.7 96. 1 82.5 81.5 92.4 90.3 92.1
Cu 18.1 53.7 138 33.3 70. 1 73.6 113.0 45.3 125.0 54.5 86.5
La 10.3 16.6 21.3 20.0 25.4 13.1 16.9 22.5 22.6 30.0 27.5
Ce 24.7 40.2 51.0 45.1 56. 6 30.9 40.2 54.7 52.2 65.5 60. 3
Pr 3.60 5.87 7.24 6.12 7.63 4.42 5.58 7. 60 7.13 8. 88 8.02
Nd 16. 8 27.1 32.4 26.9 32.7 20.1 25.2 34.0 31.5 38.6 35.5
Sm 4.15 6. 62 7.48 5.91 6. 81 4. 65 5.64 7.58 6.94 8. 66 7.98
Eu 1. 56 2.28 2.62 2.01 2.21 1.72 1.94 2.56 2.34 2.62 2.71
Gd 4. 16 6.43 7. 14 5.22 5.89 4.35 5.22 6.70 6.28 7.45 7.49
Th 0. 64 0.98 1. 10 0.83 0. 89 0.70 0. 82 1.07 0.94 1.21 1.17
Dy 3.42 5.13 5.61 4.15 4.38 3.69 4.25 5.57 4.55 6.16 5. 81
Ho 0.70 1. 04 1. 15 0. 88 0.83 0.77 0. 86 1. 15 0. 89 1.26 1.18
Er 1.77 2.60 2.84 2.17 2.14 1.90 2.18 2.83 2.18 3.22 3.00
Tm 0.22 0.32 0.35 0.28 0.26 0.25 0.26 0.36 0.28 0. 40 0.37
Yb 1.40 2.02 2.23 1. 67 1. 69 1.57 1.70 2.21 1.67 2.61 2.44
Lu 0.19 0.29 0.31 0.24 0.22 0.21 0.23 0.31 0.23 0.35 0.33
Rb 1.95 2.99 3.79 2.03 2.34 2.84 2.28 5.36 5.34 2.63 1.71
Sr 632 598 570 568 630 597 587 659 679 668 678
Ba 135 276 150 307 312 177 192 247 277 505 396
Y 17.2 25.5 27.9 21.4 20. 8 18.2 20.0 26.5 22.0 29.9 29.6
Nb 10.7 15.4 36.2 21.5 27.0 12.9 19.1 28.1 26.5 29.6 29.4
Ta 0.57 0. 87 1.87 1.25 1.56 0.79 1.17 1. 69 1. 45 1.72 1.54
Zr 53.7 73.4 128 112 127 54.1 86.0 116 111 135 143
Hf 1.54 2.32 3.31 2.87 3.37 1. 66 2.41 3.22 2.89 3.76 3.67
Th 0.11 0.16 0.31 0.39 0.53 0.19 0.32 0.75 0.27 0.21 0.34
Ga 19.7 21.9 23.6 19.7 19.4 19.3 20. 4 22.8 19.3 21.0 22.3
La/Sm 2.48 2.51 2.85 3.38 3.73 2.82 3.00 2.97 3.26 3.46 3.45
Sm/Yb 2.96 3.28 3.35 3.54 4.03 2.96 3.32 3.43 4. 16 3.32 3.27
o N Nb.
Si0, (42. 1% ~ 48.7%) . Ta.Ti Sr \Th Zr Hf
AL O,(12.3% ~14.7%) Fe,0,"(12.1% ~16.7%) .Ti0,
(1.82% ~3.10%) CaO MgO 10.0% ~ ( 6a b),
13.5%  6.34% ~9.74% ( 2. 35 P \Sr
Si0,(42. 1% ~48.7%) ( 5. ( Song et al.
2013) o Eu.Ti N
4.3 Zr Hf . Th
( 6a=<) Sr ( 6¢),
Nb.Ta Ti \Th ( 6d)



1424 Acta Petrologica Sinica % & 54k 2014 30(5)

80 20
(®)
604 15
- 3 ENi-CoBiiiby &k
S 40 S 10
AFe-TLAEE N
204 5 )
RS \\‘
L %%
0 : . ; ; . 0 : ; : {onmmr
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Si0,(%) 8i02(%)
25 20
© ENI-Culi L
20}
15
515}  SFe-TfYAE S o
S =
3 ! S 10
Z 10} ' S
i
5
5t 1 ‘\|
. EN-CuBRALEN —Rmmm e’ .
0 1020 30 40 50 60 0 10 20 30 40 50 60
Si0,(%) Si0,(%)
0 g - AR
X st e | BT =
ﬁNi*CUm'f't%ﬁ'ﬁg "’ \‘| @) 3 LQBE*ET‘E'I O:FW—&E (f)
0% i 253 T | OBMAEIELE
Vo SREFKIE K e
§ 1 = 1) ORI 2 .E' i—Cu
S 20 g ks AL
o0
Z &1
1 BFe-TiE LY &
104
05
~——
0 M M " M M 0] X Al
0 10 20 30 40 50 60 0 10 20 30 40 50 60
$i0,(%) Si0,(%)
5 Si0,  Fe,0,".Ti0,.Al0,.Ca0.MgO
Song et al. (2013) Zhou et al. (2008)

Fig. 5 Plots of Si0, versus Fe,0,” TiO, ALLO, CaO and MgO for the whole rock of the Heigutian layered

intrusion respectively

The data of the Panzhihua intrusion are after Song et al. (2013) ; the data of other intrusions are after Zhou et al. (2008)

REE . REE . (YSr/*Sr) ama  0.7050 ~ 0. 7056 exna ( 263Ma)
REE 0.62~1.27 o (VS8 sgwe ena()
REE Eu ELIP Ti
. . Fe-Ti
(Song et al. 2013) . REE ( 7.
REE
. REE . REE
LREE \HREE . 5
Fe-Ti
4.4 Sr-Nd
Sr.Nd 263Ma ( 3)- ) )
Sr (YSr/*8r) Leav ’ . ’
. . (¥ Sr/ .
Sr) yoowa 0. 7041 ~0. 7051 £ya( 263Ma) 2,12 ~

4.44  ( HGII4A7 0.52 );



FRIERS: MBI K KRB A M B8 S AR B AR B R B 1425
3 Sr.Nd
Table 3 Sr and Nd isotopic compositions of the rocks of the Heigutian intrusion
; 143 < 87
( xll\l(;l'(’) ( x?gl‘ﬁ) :::ﬁj (20) (‘44§j)l enal ) ( xi{é)'(’) ( xlS(;‘G) z;:; (20) (%)‘
HG1141 11.7 3.27 0.512746 2 0.512455 3.04 0. 64 153 0.704239 14 0.704194
HG1142 10.5 3.08 0.512832 4 0.512527 4.44 0.83 127 0.704132 16 0.704061
HG1143 13.3 3.77 0.512749 4 0.512454 3.02 0.74 170 0.704557 12 0.704510
HG1144 16. 8 4.60 0.512719 4 0.512434 2.63 1.33 340 0.704566 8 0.704524
HG1145 9.5 2.88 0.512744 2 0.512427 2.49 1.27 114 0.704696 8 0.704576
HG1120 96.3 21.70 0.512660 2 0.512426 2.46 20. 60 506 0.704880 12 0.704439
HG11-22 80.7 18.30 0.512654 2 0.512418 2.32 13. 60 563 0.704739 8 0.704478
HG1145 10.7 2.93 0.512693 4  0.512408 2.12 29.20 589 0.705657 12 0.705121
HG1146 7.8 2.29 0.512740 2 0.512436 2.66 2.26 194 0. 705271 8 0.705145
HG1147 15.7 4.06 0.512595 4 0.512326 0.52 17. 60 744 0.705368 8 0.705112
HG1148 10.5 2.97 0.512750 2 0.512456 3.05 12. 10 608 0.705089 8 0.704874
HG1149 16.8 4.34 0.512633 2 0.512364 1.27 10.90 761 0.705143 8 0.704988
HG11-09 28.3 6. 61 0.512585 4 0.512342 0.83 5.01 992 0.705617 10 0.705563
HG1141 16. 8 4.15 0.512611 4 0.512354 1.07 1.95 632 0.705160 10 0.705127
HG1142 27.1 6.62 0.512627 2 0.512373 1.43 2.99 598 0.705166 10 0.705112
HG11-01 26.9 5.91 0.512586 6  0.512357 1.13 2.03 568 0.705160 24 0.705122
HG11-02 32.7 6. 81 0.512575 4 0.512358 1.15 2.34 630 0.705365 12 0.705325
HG11-03 20. 1 4.65 0.512589 4 0.512348 0.96 2.84 597 0.705197 16 0.705146
HG11-04 25.2 5. 64 0.512564 4 0.512331 0.62 2.28 587 0.705199 10 0.705157
HG11-06 31.5 6.94 0.512581 2 0.512352 1.02 5.34 679 0.705363 10 0.705278
Ti .
5.1 : Ni-Cu _
. Ti
Fe-Ti ( 263 + (Xu et al. 2001; Xiao et al. 2004; Zhou et al.
3Ma Zhou et al. 2005; 259 +1.3Ma Zhong and ~ 2008; Song et al. 2009) .
Zhu 2006; 261 £2Ma Zhou et al. 2008) . Ni- °
Cu ( 263 +3Ma ?
261 +2Ma Zhou et al. 2008) . -
( 262 + Fe-Ti o
2Ma Shellnutt et al. 2009b) 259 ~ Fe-Ti
263Ma ( ~260Ma Zhou et o
al. 2002b) o Fe-Ti
(243 £0.8Ma N \REE
Luo et al. 2013) (245 £3.5Ma Yu et al. ( 5. 6) Fe
2014) o Ti 0 Ti Ti
REE/ REE REE/
SHRIMP U-Pb 263 +5Ma( 4) REE/ (Xu et al. 2001 Xiao et al. 2004 Song et al.
Fe-Ti 2009 He et al. 2010) REE
( 2 o Sm/Yb-La/Sm
o ( 5.3.2 ) Ti
(
5.2 5.3.1 ) La/Sm
Fe-Ti ( 8)-
(V'Se/™Sr) e, &na(263Ma)
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Fig.6  Primitive mantle normalized trace element patterns and chondrite normalized rare earth element patterns of rocks from the

Heigutian layered intrusion ( normalization values after Sun and McDonough 1989)

The data of the Panzhihua intrusion are after Song et al. (2013) ; the data of the Emeishan low-Ti and high-Ti basalts are from Xu et al. (2001)
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