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Abstract The Hongge layered intrusion hosting the largest V-Ti-magnetite deposit in the central part of the Emeishan Large Igneous
Province ( ELIP) can be divided into the Lower Zone Middle Zone and Upper Zone from the bottom to the top. The contents of
hornblende in the hornblende ( magnetite) clinopyroxenite and hornblende ( magnetite) olivine clinopyroxenite of the Lower Zone reach
up to 5% ~15% which are much higher than those of other layered intrusions hosting giant Fe-Ti oxide deposits in the Central ELIP.
Poikilitic texture and homogeneous interference color of the hornblende indicate that it is primary magmatic origin rather than the
product of hydrothermal alteration. Moreover the hornblende is high in Al,O; contents ( 10.5% ~12.0%) Al/Si (0.30 ~0.37)
and Mg/( Fe’* + Fe’* + T Al) (1.69 ~2.63) ratios and low in Si/( Si + Ti + Al) ratios (0.69 ~0.74) suggesting that it
crystallized from a mantle-derived mafic magma. The phlogopite is high in MgO contents ( 18. 7% ~22.9%) demonstrating that it is
also associated with mantle-derived magma. The genesis of the hornblende and phlogopite is consistent with the geological background
of the Hongge layered intrusion and it is thus possible to be used to estimate the thermodynamic conditions of solidification of the
Hongge intrusion. The calculations using electron microprobe data indicate that the hornblende crystallized at the temperature of 1000 ~
1100°C  the pressure of lower than 2. 2kbar and the oxygen fugacity of NNO - 0. 55 to NNO +0. 73. Magnetite crystallized earlier than
hornblende in the Hongge intrusion according to lithologic textures thus combined with the MELTs calculation we estimated that the
Fe-Ti oxide ore layers of the Hongge intrusion crystallized at the temperature of 1100 ~ 1165°C and the oxygen fugacity of higher than
NNO +0. 73. The ratios of Fe’* /( Fe’* /Fe’*) of the hornblende as well as Fe** /Fe’* and Mt/( Mt + Ilm) of the whole rock decrease
upwards in each cycle unit of the Lower and Middle zones of the Hongge intrusion whereas V,0; contents in the magnetite increase
upwards indicating that oxygen fugacity decreases upwards during fractional crystallization of magnetite. However the whole—tock
Fe’* /Fe** and Mt/( Mt + Ilm) ratios increase as the magnetite V,0, contents decrease upwards in the cycle unit IX of the Upper
Zone which are opposite to those in the Lower and Middle zones indicating that oxygen fugacity increased upwards in the cycle unit IX

of the Upper Zone which is probably due to the P,0; enriched parental magma of the Upper Zone.

Key words Hornblende; Phlogopite; Temperature; Pressure; Oxygen fugacity; Hongge layered intrusion
* “973”7  (2012CB416804) . ( SKLOG-ZY12506) .
“ ” ( KZZDEW-TZ20) (40730420)
1986 . . E-mail: luanyan1234@ 163. com

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



1458 Acta Petrologica Sinica %% 54k 2014 30(5)

LL M B IR B AR EJB L K KRB B M R R 6 IR B AR AR B B R A B R R AR, AURER B TR T A T AR 240
WP E AR e LA AN . LLAR BIR T AR EAN A N (RE) ARG B Ao A N (RESK) MAEE P AN BAEHE 5% ~15%,
BT G T R N A AR KR RARAR BT B R0 B IR ER. BRT AN ZHRSHREN, BAEAH —FF e BEF-E A ERR
B, miE R T ey F . Wb, AR BT ML FERHIEEIAZH ALO, £ F(10.5% ~12.0%) % Al/Si (0.30 ~0.37) Fe
Mg/(Fe'* +Fe?* + Al WA (1. 69 ~2. 63) VABAL Si/(Si+Ti+Al) HAE(0.69 ~0.74) it — & £ A H T HAE MR M E R
PLAHRN. BEFZH M0 2F(18.7% ~22.9%) F AL AL 5B R ERERA X, ARGHREEZFHRE L L%
B RAZANRG IR R TAND o, AT BT R P eI BT LM RET T2 05 W 2RE. RFBHT B8 TIRK4
BB EACFE X AT R BRI G 09 45 5% 2 4 1000 ~ 1100°C , 25 & & # o)y F 2. 2kbar, 4 & 5 69 A& & 56 B £ NNO -
0.55 2] NNO +0.73 Z |8, &M £ RI§TERGBEGAT EHTT ARG, Bk, 254 MELTs 82431 31, A A 404k 8 1R 4R 4K
R BT RGRJE 1100 ~ 1165°C , A8 JE & F NNO +0.73. LA B THREHMEF PR EHEEN A RE E Th L, A
NG 6 Fe't /(Fe' [Fe*t) WAL B A % Fe'* /Fe* o Mt/( Mt + llm)  YofE A LA 0% i A, Ak 5™ V,0, &3 & #H &,
X LR Fe-Ti B9 5 B 4 8 F R AR E R, L3 2435 X e s 2 Fe’ /Fe’ Fo Mt/( Mt + 1lm) Jb/E B
BB LG V,0, 2Bk nit &, EFrE S5 THREA TR PR EMTRRGEALY, £ XA ES &S
it AR AR R R BT eY, TRGE R LR B F PO BB e,

ARG amE; BE B B E; LM BEIRZANR

P578.955; P578.959

() « )

1 5% ~15%;
( Wager and Brown 1968; Naldrett 1989; 1997;
Barling et al.  2000; 2007 2011) ( Kesler et al. 1975; Hammarstrom and Zen
( ) 1986; 1988; 1991; Feeley and Sharp
( 1996; Selby and Nesbitt 2000; Ridolfi et al. 2008 2010)
2007)

( Toplis and Carroll 1995
1996; Botcharnikov et al.  2008) . °

Pang et al. (2008a b 2009)

2
(1000°C FMQ > +1.5) 5 %
10°km*( 1), . -
(2011) ( Chung and Jahn 1995; Song et
(1079 ~ al. 2001; Xu et al. 2001, 2001; Zhou et al.
1121%C) - Bai et 2002; Zhang et al. 2006 2008 2009 2014) .
al. (2012) \ -
(FMQ +1 ~FMQ +2) V-Ti -
A% o (262 £3Ma Zhou et
al. 2008) . (262 £3Ma Guo et al. 2004) .
. (259 £3Ma Zhou et al. 2002) . (259 £1.3Ma
Zhong and Zhu 2006) (263 £3Ma Zhou et al.
( Song et al. 2005; 259.8 +0.8Ma Hou et al. 2012; 261.4 +4. 6Ma Hou

2013; Zhang et al. 2012) etal. 2013)( 1),



EHRE: WA ERBEANRT AR GRS EFGT P HFIER LR A Z L 1459

URRJE LR K il o3 A P

°
JEAH
0 100 km

N28°40—

‘_——’ ~ 27°N

N24°40

N

N
th &) A [X Jak
108 E i 7 X

a

259+1Ma

HI_I_i VE|

A Hli EHE‘[
:263+3Ma

BRI

263+3Ma [

26°N

EM st ik i
ORI A

g = 1 -+ A A H ] A&*g'
% i = AR AQH 2 )),4;
[ dkfuns = &
[ =@ sm e L % i ) =
(@] tbne: %
(@] stttk -25°N
I

7 2
=L &=
[Sh] KMRERRESH K 259+4.5Ma
SPCEMIASkRALE 7 IR 0 40 km
(@] #umtummik \

1 - ( Songet al. 2009)
Zhou et al. (2002 2005 2008) Guo et al. (2004) Zhong and Zhu(2006) Tao et al. (2009)  Yu et al. ( 2014)
Fig. 1 Distribution of the layered mafic-ultramafic intrusions in the central zone of the Emeishan Large Igneous Province( after Song
et al. 2009)
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Fig.2 Simplified geological map (a) and cross section of the exploration line ('b) of the Hongge layered intrusion
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10% ~35% 40% ~75%

20%
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Table 1  Lithological features and mineral assemblages of the Hongge intrusion
( Lower Zone) ( Middle Zone) ( Upper Zone)
1 11 111 v v VI VII VIII IX X
( ) - ) - ~ - _
) _
15% ~25% 13% <
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<2% 20% ~30%
20% ~55% < < 359
o ~ 0 . o~
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o . . 750 o o - / Z 0 /
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15% ~
Pl 22%
0 0
Pl <3% 40% 43% 25% 04
©
o 670 o
50% ~67% 47% ~50%
3% ~15%
~ 7 o 9 ~ 60 0, .50
5% ~ 15% 2% ~ 8% 1% ~3% 2% ~6% 1% ~2% 2% ~5%
Hb
5% ~10%
0.3
o7
Ap <2% <3% x 0. Imm 0.5 x
0.2mm
<3%
Phl  <4% <3% 5% <2%
8%
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II.1V) 5% ~15%( 1),
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IX X ( 3c)
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4 Fe-Ti
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Fig.3 Textures of hornblende and phlogopite from the Hongge intrusion under plane—polarized light
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( a) —poikilitic hornblende enclosing olivine and euhedral Fe-Ti oxides in hornblende magnetite olivine clinopyroxenite; ( b) -interstitial hornblende in

hornblende clinopyroxenite; ( ¢) -hornblende reaction rims in the magnetite olivine clinopyroxenite; ( d) -phlogopite enclosing euhedral Fe-T

i oxides

and filling between clinopyroxene grains in hornblende clinopyroxenite; ( e) -interstitial hornblende in magnetite clinopyroxenite; ( f) -euhedral-

hypidiomorphic phlogopite in magnetite clinopyroxenite. Ox-¥e-Ti oxide; Ol-olivine; Cpx-clinopyroxene; Hb-hornblende; Phl-phlogopite
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3 (wt%)
Table 3 Major oxides of phlogopite from the Hongge intrusion
(wt%)
I 1 v VI KX
76Phl 78Phl 80PhI 90Phl 95Phl 98Phl 72Phl 69Phl
ng\:t H}())j\st Hb-Cpx Hb-Cpx Hkéjih i\:/ﬁx 2’[};{ A%—i\)/h
(m) 998 969 937 810 749 717 596 323
3 6 4 6 3 4 4 4
Si0,  40.2 39.0 38.1 39.6 38.8 37.0 38.5 38.3
TiO,  0.87 0.92 4.53 0.55 0.36 3.75 2.36 2.61
ALO;  13.5 151 14.0 13.1 15.2 147 13.2 14.2
Fe,0;  1.15 1.27 0.00 1.44 1.51 0.94 1.71 1.90
FeO  5.85 6.50 9.19 7.35 7.73 5.46 8.69 9.70
MnO  0.02 0.05 0.12 0.04 0.03 0.02 0.04 0.04
MgO  22.9 22.2 19.0 21.9 21.5 21.7 20.1 18.7
CaO  0.00 0.04 0.13 0.03 0.04 0.02 0.00 O0.14
Na,0  0.12 0.13 0.96 0.06 0.04 0.02 0.12 0.35
K,0  9.32 9.47 8.65 9.62 9.82 8.87 9.49 8.74
H,0 414 4.15 4.10 4.08 4.14 4.07 4.07 4.08
Total  98.0 98.8 98.8 97.7 99.2 96.5 98.2 98.7
T Si 2,91 2.82 2.79 2.91 2.8 2.73 2.84 2.81
VAl 1.09 1.18 1.21 1.09 1.18 1.27 1.14 1.19
VIAL 0.06 0.10 0.00 0.04 0.11 0.00 0.00 0.04
Ti 0.05 0.05 0.25 0.03 0.02 0.21 0.13 0.14
v Fe3* 0.06 0.07 0.00 0.08 0.08 0.05 0.09 0.11
Fe?* 0.35 0.39 0.56 0.45 0.47 0.34 0.54 0.60
Mn 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Mg 2.47 2.39 2.07 2.40 2.33 2.38 2.21 2.04
Ca 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01
X Na 0.02 0.02 0.14 0.01 0.01 0.00 0.02 0.05
K 0.8 0.87 0.81 0.90 0.91 0.83 0.89 0.82
: Hb-Mt-Ocp- ; Hb-Cpx— ; Hb-Mt-Cpx—
; Mt-Cpx— ; Ap-Mi-Gb-
Fe* AX ( Powell et al. 1998) ; H,0
1
) o
Si A" A1 Na,O ;ALY
Ti . ALY
Ti A"

( Hammarstrom and Zen 1986; Blundy and Holland
1990; Ague 1997; Ridolfi ez al. 2008 2010) ,

6.1
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( Luan et al. 2014) . Al, O,

10.5% ~12.0% Si/( Si+Ti+Al) =0.69 ~0.74

Al,0,-Ti0, ( 6a)
( ALO, >10% Si/(Si
+Ti +Al) <0.765) ( 1984);  Al/Si

0.30 ~0.37 Mg/(Fe’* +Fe** +"'Al) 1.69 ~2.63
- ( A1/Si =0.10 ~0.67 Mg/
(Fe’* +Fe** +"TAl) =1.50 ~2.0) Al/Si-Mg/( Fe'* +

Fe** + YAl - ( 6b)
( 1987) .
MgOFeO" /( MgO + FeOQ™)
(60 ( 1986 1988)
6.2
(1983) Ca/( Ca + Na + K)

Ca/( Ca+Na+K) = -0.000365344 x T( C) +1.0674

(1)
(1) 1000
~1100°C Luan et al. (2014) MELTs
( ~1080%C) . 3a Fe-Ti
Fe-Ti
o Luan et al. (2014)
MELTs 1165°C
1100 ~ 1165°C
(1079 ~
1121°C 2011)

(Luan et al. 2014) .
Ernst and Liu( 1998)

ALO,  TiO, .
AL O, 10.5% ~12.0% TiO,

3.5% ~5.0%  ( 2)
960 ~ 1040°C 2. 6kbar( 7).

(1)
(1000 ~1100°C)
(1000 ~1100°C)
2. 2kbar
7. 3kmo

6.3
Fe  Fe'* /Fe**
(fo,) . 8a b
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Fig.6 Binary plots of the hornblende and phlogopite from the Hongge intrusion

(a) AL, 0,-Ti0, diagram of hornblende ( after Jiang et al.

1986) ; (c) MgOFeO"/( FeO" + Mg0) diagram of phlogopite ( after Zhou 1986)
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Fig. 7 Temperature and pressure grid of Al-Ti in

hornblende( after Ernst and Liu 1998)

Fe** /(Fe’* /Fe**)
( Mt + IIm) (

Fe** /Fe’* Mt/

8c d)
. Ridolfi et al. (2008)

( Ridolfi et al. 2010) :

ANNO = 1. 644Mg" - 4.01 Mg" = Mg + Si/47 —

©Al/9 —1.3°% Ti + Fe’* /3.7 + Fe’* /5.2 = "Ca/20 - *Na/
2.8 +K/9.5

(2)
(2)
NNO -0.55 NNO+0.73  ( 2. 8b),
9 Fe'* Fel* —

Mg NNO( - )

( Wones and Eugster 1965)

NNO( ~FMQ +0.7)
1000 ~ 1100°C ( )

(lgf,,) ~-10.8 -8  ( 10).

( ~1165°C Luan et al. 2014)

NNO +0.73( FMQ + 1. 43)
~7.3( 10).

\4

1165°C

( Horn et al.

2002; Mallmann and O’ Neill 2009) . V
V3+

v
Vit Vi A
.V (Dy '
Rollinson 1993)
(D, ! =8.8~9.2 Dygert et al. 2013)
\4
v
V,0,
Fe’* /Fe’” o
Fe’* /Fe’*  Mt/( Mt + llm)
Fe'* /Fe’* o
X Fe'* /Fe’*
V,0,
( 8 d e

1984) ; (b) Mg/( Fe** +Fe** + “1Al) -Al/Si diagram of hornblende ( after Xue et al.

1994; Canil 1999 2002; Toplis and Corgne

=26

8e

Mt/( Mt + IIm)

IX
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Fig.8 Stratigraphic variations of the Hongge hornblende Fe’* /

(Fe’* /Fe’*) ratios (a) and oxygen fugacity (b) the wholewrock

Fe’* /Fe’* and Mt/( Mt +Ilm) ratios ( ¢ and d respectively) the magnetite V,0, contents ( e)

The whole—ock and magnetite data are from Luan et al. ( 2014)
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Fig.9 Fe'* Fe** Mg ternary diagram of phlogopite in the
Hongge intrusion( after Wones and Eugster 1965)
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Fig. 10  Plots of lgf,,, vs. T diagram of the hornblende from

the Hongge intrusion

Solid represents oxygen buffer( after Eugster and Wones 1962) and
dash represents the oxygen fugacity when the hornblende of the
Hongge intrusion crystallized
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