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Methods for estimating magma oxidation state of porphyry copper deposits:
A review

ZHANG JingBo and AN Fang
(State Key Laboratory of Continental Dynamics, Department of Geology, Northwest University, Xi’an 710069, Shaanxi, China)

Abstract

In recent years, the constraint of magma oxidation state on mineralization potential and scale of porphyry
copper deposits has attracted lots of earth scientists’ attentions. This paper summarized main methods for estima-
ting magma oxidation state of porphyry copper deposits and their applied conditions. These methods are: (D II-
menite-magnetite oxygen barometer, which is used in the conditions that ilmenite coexists with magnetite and Fe-
Ti oxides have homogeneous chemical compositions; @ Whole-rock Fe*/Fe*" ratio, it can only be used on fresh
melt inclusions or igneous rocks devoid of hydrothermal alteration or surficial weathering; 3 Biotite component,
which coexists with magnetite and potassium feldspar; 4) Amphibole oxygen barometer, which is used with cal-
calkaline volcanic or hypabyssal intrusive rocks with temperatures of 550~1120°C, pressure of 1200 MPa, and ox-
ygen fugacity of — 1SANNO<+5; (3 Zircon Ce*/Ce* ratios, and (6 Zircon Eu,/Eu," ratios, which are recently
popularly used, because zircon is a common accessory mineral in intrusions related to porphyry deposits. On

these bases, the magma oxidation state data of porphyry deposits in Gangdese, Jinsha river-Red river, Zhongdian
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island arc, Circum-Pacific and Central Asian metallogenic belts are collected to discuss the constraint of magma

oxidation state on mineralization potential and scale of porphyry deposits. In most metallogenic belts, the ore-

bearing intrusions have higher oxidation state than barren intrusions, and the higher oxidation state is also favo-

rable to the formation of large scale porphyry copper deposit.

Key words: geology, porphyry copper deposit, magma oxidation state, methods, review
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Fig.1 Logf(O,) values of oxygen fugacity buffers as

functions of temperature (¢) (after Eugster et al., 1962)

MH—Magnetite-hematite buffer; NNO—Ni-Ni oxide buffer;
FMQ—TFayalite-magnetite-quartz buffer; WM—Wustite-magnetite
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7] 38 1 A R R S5 (700~1300°C ) £5: H 485 1
VA FEAE LN 200K 5 (Watson et al., 1983 )

InD,,(496 000/% 4 )=[-3.80-0.85(M~1)]

+12900/T (1)

b, T4 XHR B (K), D 273 B R B ()50
I N IR (°C) )

1,(°C )= {12 900/[InD,,(496 000/4% {A&)+0.85M +
2.95]1-273.15 )

4> Si+Al+Fe+Mg+Ca+Na+K+P=1 (5L 750 %) ,
W4 5 A A A2 S5 M=(2Ca+K+Na)/(SixAl), ZAE
B Ze HEMYRLIE , 485 A i w(Zr) R 496 000 x
1076, FH 485 A 2248 5 i A o2 @4, BRI n]
2 Ze T ARG R Y Ze S 5, B (2)2U AN
A M ZefE ] T S A B A AR

M T & 5 h B A L 8 Lk iz
FH T8 7€ & 0 BE 2 00 8 R SR B, Ay — L&
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(2016) M4 55 47 Ce**/Ce* HUAE AN Ti T 113K A5 1 T
J& 2R Trail 55 (2012) 9771 , THH o) B R
RS U BE A TR Y A R AR o MH +
1.2~MH+2.1; K H [FFERY 777, Shen £(2015) 155Kk
A5 vl [ Y A S R Ay TR BE A R T ) R
NNO-1.3~NNO+4.6,,
2.6 FIASA T Euy/Euy tE{EX AO,)

5 Ce LR ML, Eu e A R A A7 7E Bu? Al
Ew 2 Fi S . SiRfb 2o % Bu fERHS A h
R AR AR A KA o S B vp Eu
Kk ARHS A FEUR RS 4 b Bu th 8L 4
HIFE 0] FH] Buy/EBuy” (Buy/EBuy"=Euy/(Smyx Gdy)"?)
Z¢78 (Burnham et al., 2012) . FEE 3% FORE T 5,
Eu @ AL Eud, e RHS A TR R B A 5
PRI A1 Eu 0 5 B EE RIS, AL UE , Euy/Euy ™t i)
AR BT AR 4% B A B U ( Trail et al., 2012),

1 Ballard % (200238 425 % 1] 4t % Chuquicamata-El
Abra K RYBE 75 8 0 9 WF 5, IA 0 85 A1 Buy/Euy™>
0.4 1V Ry A 3K HLA A4 v R B bR i, 98 7R
FCEA BEE A0 BT T o 1 A VD V- 203 B
A b B BT A8 s R B R AR FE Y
Euy/Euy' WIEA A 22 5%, 5310 Euy/Euy">0.42 (2
TEHEE 2004 5 #7555 ,2012) Fll Euy/Euy™>0.65 (A
— FL%,2015;2016)

SR, fr— M4 (2016) 76X 2 7 ) 55 9K
SV YE B S AT R AT v A& B, T Bu 5 7 11
FE R AR BT R S0 A S N By A AN A By
I Buy/Buy (B 435108 0.73 F10.36, [7] A &0 A4k
H Euy/Buy"H 25 58K, TA R R ] Bu 58 1 28 40
JE 8 73 A2 I TR o A8 R 3R XA A FH )5 M AR
Ko FULE A (2008) FEAF I8 h & 3, 25 0
Ak A8 v a] g R TR 9L 5 A RHS A 1Y Bl S5 I A

F1 AERTHHNARRERY XET MASH SEPEA Ce"/Ce” tL B Euy/Eu tLE
Table 1 Zircon Ce*/Ce** and Eu,/Euy" ratios of ore-bearing and barren
intrusions in different porphyry metallogenic belts

L W IR () HIRTE Cet/Ce* Euy/Euy’ 2% 3k
EREAIR: 3 g 492 0.53 Vit A (2008)
L - 264 0.44 FUERAF (2008)
X1 S8 A7 MR A 292 0.52 UL A5 (2008)
HoH & 558 T (2011)
Hohhi AE 240 B (2011)
204
334
T 201 Liang %(2006)
i 250
258
112
SVLATBH: REH 93 Liang % (2006)
93
L) o 204 AL (2004)
NG 102
- o 209 ool FaAHE(2012)
ANEH 61 0.42
e
REVE %ng ff SZ fir— L% (2016)
rpfa) 5 IR A P 3
BB N fir—JLA(2015)
NG 102
753 0.78
T — Chuquicamata =2 596 0.82 Ballard % (2002)
892 0.83
R 82 0.26 Ballard %5 (2002)
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T3 A Buy/Buy LB AL AR N Ce*/Ce® LU AR
B, I, 5 Ce*/Ce® HLAHAR LL , £ A Euy/Euy’ LU {E
FAE I AR B RE S 555 , (o A 5 1A

3 D A5 (2008) X6F 74 T X1 I H0r BB B 7 5 4
AR E AR SRR T 85 A Cet/CeX {E
Euy/Euy {8 197735 , BE BRI BEA 4 577 9 3 K
FAER R——HI PR I B AR PR ORE S T
S AR TT R S A U ST R AT, SRR 6) T Y
TS EL, Al LA R B T R R R S
B, TSRS Ce*/Ce i M Euy/Buy fH (£ 1),

3 AIKAIRIE S B T O R

ARk WP 22 Bl B R BT BE S K AR
i RE A I W, 4RI B 5 B AR T BT TS T AR
WA 25 %5 DT ¢ & (Mungall, 2002; Sun et
al., 2013; 2015; Shen et al., 2015) . il A X Jig 0
W5 M (Wang et al.,2014; 2015) , LA & Ho b i i 4t
e PV AR R AR BE S A (St A%, 2008 B

1000

(A . Wi, &A
B &% 0 6
goo @ ER Dp
(D Chuquicamata C'C("
A TEVEG 0
600 |- ® o
3
400 |-
cpeo
[
[ | [@ °
200 |- eo®
A A A
o| A A A‘t AA
0 0.2 0.4 0.6 0.8 1

Euy/Eu,’

4 MRIBES i & 5T A A £1 Cet/Ce 1L
{8 5 Euy/Euy, U AE G R B (Bl ok A 220 5%, 2008 5 67— L
%% ,2015;Liang et al., 2006 ; Ballard et al., 2002)

Fig.4 Ce"/Ce* ratios vs. Eu/Eu, ratios diagram of ore-bea-
ring and barren intrusions in typical porphyry metallogenic
belts(Data are from Xin et al., 2008; Yu et al., 2015; Liang et
al., 2006; Ballard et al., 2002)

PRV 2011), VP VT -2 WA R B )
R T BEA I (GRAETE4E 12004 ; Liang et al., 2006
TS ,2012) , = B ) B R 45 rh e e 3 i
BFHBE AR (A — LA ,201552016) , DL KRR
-V B A 38 Chuquicamata-El Abra i 4 47 ( Ballard
et al., 2002) & 0 IS & 87 BE A 55 I S0 B 1Y oY
TORE, 3510 7 5 IR AR N B T T i o
ER . XTI S R B9 K#fis H T Ce*/Ce* [
{EF1 Euy/Euy” F AR Y J7 25, &0 R CGiF ) R AR X He
1.

MR 1A] LU, £ 0 & 0 55 i B A
Ce*/Ce* Ul [ Euy/Euy LU A B @ TR S %
TR 4), VLIS 0 A R AR 5 0 A R LA 3
LI B 3 ST R AR G R ) SR AR S A
T3 AV B A9 045 A Y 4 (Mungall, 2002;
Sun et al., 2004; Richards, 2009; Wang et al., 2014) ,
RV 4Rt B AT IR Ry o I B B A 1 T 7 1
HERAE 2R R Z — , W UL 55 (2008 ) £ HE K Cet/
Ce**>260 Euy/Buy>0.4 15 A XIS oy Py 5 5 784
R B DR B LA b BR A 2 bR A 5 R AR LA (2004) FIAT
T IR (2012) %5 Ce*/Ce?>200 , Euy/Euy >0.42 1E Ky
B VDL -ZLIR] AT 2 PR B 5 40 0 PR 9 ) kb 3k Ak 2
bR B — JL&E (2015;2016) %% Ce*/Ce® >260, Euy/
Euy">0.65 1y ) & S0 2 8 B 25 B8 PR ™
(bR b 2E A . X S 5L 5 Ballard %5 (2002) %) %
F L Chuquicamata-E1 Abra # K 8 B 25 8 57 1) F
ST 45 B (Ce*'/Ce>>300, Euy/Euy>0.4)HEA — 2, [
Af, 5 YT VG f8 2L BT A BV 5 R & 5 BE A B A
Ce*"/Ce* L HTE 300~800 AN S8 B Ce*/Ce® H{H
/NT 250 FUHFIEAH AT (Zhang et al., 2017)

A I AR A B R T, 2o B ) 2 8 3 BE
A AR B A Ce S AR BRI B THAf E 1Y &
W AP KBS AR E N MH+1.2~-MH+2.1, N &
A0 N K By RN K By i AR B O FMQ +
3.8~FMQ+4.1(fir— M4, 2016) ; P4 5 IX] s S0 B 25 4
WAl AL L el R R RGE i A Y Fet
Fe2 75 it LR 22 19 75 25 AR S0 B2 43 31 o FMQ+
3.36 .FMQ+0.60 .FMQ+2.73 (£ Bt 25, 2008 ) ; {3
BE i B 1 48 % BE S FMQ+0.7~FMQ+1.9( Zhang et
al., 2017) ; 3% B # 07 IR Y G005 B 48 X {E A FMQ+
1.5~FMQ+2.5(Kong et al., 2016) . FiRT 4 &8 %
R SGR BB B A ST AR (B S) . AHRINE
TR X RERRER A (A P S A e 2R, IRl
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-5t e 800}
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- -
% ‘/// //////// +RER *Erdenet
4 Ptad 200}
2 y e e W EXEAT & B - 7 ‘ §
- 7~
//;(:/ O X R &5 24 t
7 -~
\ 0 L L 1 1
,//:/&\‘2 o ERRAT XV RS 0.01 0.1 1 10 100 1000
-25 f/ ORRHAN FEF A4 Cué JB &/Mt
O ¥4 ST aE
30 , , || AT AT Fl6 UBEBEH MG TR Ce*/Ce™ Ml 554 A it X R A
600 700 800 900 1000 1100 1200 (B >k B8 % 7% %% ,20125Shen et al., 2015; Liang et al.,

t/c

K5 S AIBEA T RS0 5 A S A K loghO,)-if
() U Eugster et al., 1962) (5K | Zhang et al.,
2017;fr— L%, 2016;Kong et al., 2016 ; 3£ L4, 2008)
HREILIE 1
Fig.5 Logf(O,) vs. temperature (1) diagram of ore-bearing
rocks and barren rocks from some porphyry copper deposits
(after Eugster et al., 1962)(Data are from Zhang et al., 2017;
Yu et al., 2016; Kong et al., 2016; Xin et al., 2008)

Abbreviations are Shown in Fig. 1

U 6F 3% 4 1 5 Bk 70 2R 1)V ik kS E 24 ) (Hamlyn
et al., 1985; Bornhorst et al., 1986; Mungall, 2002;
Richards, 2003; 2009; 2011; Jugo et al., 2005a;2005b;
Jugo, 2009; Botcharnikov et al., 2011) . Botcharnikov
Q011X Z T A2 1L B3 B R it 58 3R I, SR
JEE B AR (7 T AFMQ= 1) B R T IE B Bt 7 A5
IR,

4 CEIEIRIE SPEE M B R

fiff i R R 1 — I B AR bR, 5 AP H AR
He# M BEA O R AL TS 1 75% R4, R, @
PRSI iR ST AT B I SRR B 5 07 PR SR KL
B OG0 G I X H T BT S8 9 AN [ RILE 7 B
o RVE T HEAT T AR SR T ST (A 4 W B 5 i 3H A0
Bozshakol . Nurkazghan, Kounrad., Borly. Aktogai .
Koksai F15% iy [E ) Erdenet DA K H [ 1) £ J2 - 4E Z: Fl
F Tl 1145 ), Shen 45 (2015) A B I S IR 5 Bt o

2006; Zhang et al;, 2017;Ballard et al., 2002)

Fig.6 Ce"/Ce* ratios vs. Cu metals (Mt) diagram of typical
porphyry copper deposits(Data are from Xu et al., 2012;
Shen et al.; 2015; Liang et al., 2006; Zhang et al.,
2017; Ballard et al., 2002)

BB TR 0 A AT 3 AN ] e YOG &R JF 4R 5
RS Ce*t/Ced >120 WK B K R BE A 8 B,
B Z I BN IR 5 2 % 4R 0% B2 3K NNOH+1 I Af
T BE ST (/N T 1 M) | i 4805 B2 35 21 NNO+
2 I B AT B R Y -l R Y B B AR A (R T 2 Mt
i), ORI S B 7 o I SR T S B R AR 2
[ 1) 56 FR AR AT

3 o S A AR B R PR AR BB (Ce*/Ce™* ) Al
fits i £ 4 (Ballard et al., 2002; & 5t 304, 2014; Shen
et al., 2015; Liang et al., 2016; Zhang et al., 2017) AJ
DL IR, RASBEA B R (4 £ e 4% | Erdenet
Chuquicamata, > 5 Mt Cu) [ & 8 A (438 7 HA 85
) Ce*/Ce** LA , 146~892 A5 5 vh /NI BE 5 A4 17
RO A B R REEAR, <5 Mt Cu) B3 8 Fr K
i H HAT AR Ce*/Ce* LU (H , 54~265 N5, &
R , B BEE A P 85 A 1 Ce*/Ce* LU 5 B4
PR A MRS 2 TEAR G IC R (18 6) , DL vy 1) 4L i
AT BRI R B BB TR

5 45 &

(1) BEA R PRI B o A AR Y 2 2
WFFE T bess A B TS FZ& PR T - (D BRER AL (5K
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Mg & 53 GE TR o B SRy F KA Lk
AR ;@ NG FETTR S EEGEHTEE R
550~1120°C , JE 1 < 1200 MPa , % J& J-1<ANNO<
+5 1 A M T A R AR A ) 5 B B A Cet/
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