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Abstract The Dulong Sn-Zn-In-polymetallic deposit lies in Laojunshan ore-concentrated area of the famous W-Sn polymetallic
metallogenic zone in southeastern Yunnan. Mineralization in this deposit is closely related to the large-scale Cretaceous granite magma
intrusion. It is a giant skarn ( magmatic hydrothermal ) mineralization system, whose skarn minerals include garnet, diopside,
tremolite, actinolite, magnetite, wolframite, cassiterite, marmatite, molybdenite, chalcopyrite, pyrite, sphalerite and galenite. Based
on field observation and study, the magnetite may be classified into two mineralization stages and types, including the early saccular
(or banded) magnetite (I-Mag) in the skarn and the later vein magnetite (II-Mag) in the host rocks or early ore bodies. The
analytical results show that from I-Mag to II-Mag, the concentrations of Si, Ca, Mn, SREE, Pb, Zn and Ti increase, whereas those of
Mg, Sn, W, In, V, Cr and Ga decrease, and REE patterns are changed from slightly flat to right-dipping, with negative Eu
anomalies. Magnetite genetic classification diagrams of TiO, vs. Al, O, vs. MgO + MnO, Ti +V vs. Ca+ Al + Mn, Ni/Crvs. Ti, Ti+
V vs. Ni/(Cr+Mn) reveal that the magnetite is magmatic hydrothermal and skarn genetic type. The concentrations of Ti, V, Zr, Hf,
Nb and Ta and the values of Y/Ho, Ni/Co, Ti/V and Hf/Zr show linear correlations. All of them show that the two types of magnetites
have the same source with the Laojunshan granite intrusion, and they are products at different stages of the same mineralizing
processes. The REE characteristics of 1I-Mag are similar to the Laojunshan granite intrusion, indicating that magnetite is genetically
related to the Laojunshan granite intrusion. Plotting of Crvs. V, Ti+V vs. Al + Mn, Ga vs. Mg and Ga vs. Sn for two types magnetite
indicate that the two types of magnetites are formed in an ore-forming fluid with higher oxygen fugacity and temperature ( nearly
300°C ), which show increasing temperatures with decreasing oxygen fugacity.

Key words Magnetite ; Mineral chemistry; Dulong Sn-Zn-In polymetallic deposit; Southeastern Yunnan
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W.In,V.Cr.Ga &8 A2 514 503 x 10 7°,12.2 x 10 ~°
0.25x107° 8.71 x107° 2. 16 x 10 * 5.53 x 10 °, A I-Mag
F| 11-Mag,Pb . Zn . Ti SRS &1, Sn W . In, V. Cr.Ga & &
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4 Wik
4.1 WST HRESH

Al,0; MnO,Ca0 MgO TiO, \Ni,Cr.V Ga ZIC K 4 i 25
S, WA B Bk B S A 48 7 1 S (4 [ KUR AR
WE, 1979 MRUF%EE, 1982; [FGiL 4, 1987 Singoyi et al. |
2006 ; Dupuis and Beaudoin, 2011; Dare et al. , 2014; Nadoll
et al. , 2014; Huang and Beaudoin, 2019; Huang et al. ,
2019a, b) o FRIEXAERERE (1979) RGER 736 A IR 4%
b 22 AR IR PR AT IR | DX AE B IR S R IR A
A BRITHE (1982) FE— LU0 03 IR A S B P BL B a
B KR il S AR Y R s R ORR AR S, I
£y 3000 ZH kA Bidla2z i T Ti0,-Al,0,-(MgO + MnO ) i 4
P (18] 6a) , ROGRE 55 (1987) WAk $2 i TiO,-Al,0,-MgO
A E fi# . 3T 4FE %, Dupuis and Beaudoin (2011) , Nadoll et
al. (2014)  Dare et al. (2014)  Knipping et al. (2015) .

Magnetite genetic classification diagrams (a, after Lin, 1982; b, after Dare et al. , 2014; ¢, d, after Dupuis and

Huang and Beaudoin (2019) \Huang et al. (2019a, b) %545
B E A 3 M 5 12 BOS R E BRI A3, N T (Ti+ V) -
(Ca+ Al +Mn) Ni/Cr-Ti (Ti + V)-Ni/( Cr + Mn) .Ti-V %
F YT AR AN B R ™ 1R 2K (KL (18] 6b-d) o AR
P E s 4 Ti0,-Al, 0,-(MgO + MnO) . (Ti + V)-(Ca + Al +
Mn) Ni/Cr-Ti,(Ti + V)-Ni/( Cr + Mn) il K350 5] B 4% 5 s
REFHFEMEN W RE”  CER) BB X (B 6) , 3%
SRR AR (P AR B AR T GBI A
PRI A7 480 a0 W) A6 SR A W A — 2, 1R Ry

PO - -Ra AR b TiO, 545(0.01% ~0.1% ) &
532k (0.07% ~0.4% ) 3% (0. 107% ~0.68% ) L)
PR RAHL, 55 28 (0. 58% ~2.97% ) K I RL(0. 92%
~5.02% 1 3.55% ~21.72% ) B S8 AN [R] (43 [ XURI AR 5 3
1979) 5 i ALO; ( <0.1% ~ 0.45% ) b 7 $4 & 78 1 4k
ALO,( <1% ) &HTEE P (Nadoll et al. , 2014) , Fe,0," 5
Si0, \MgO MnO + CaO + Al, O, JE LA % H, Si0, . MgO K&
5 I-Mag 1 II-Mag P [ 35 TCHY B AL B e (& 4) 5 3R B1SHT
AR, AR AR SRR R (% Ca Mn Mg 55) (B &
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(% Si Al4E) LA Z AAFTEE T IZ W 7K SN, F ) s A8 46t ,
I LB By i a i N s 28, R R R R WA A iR T
AW RET WL R, 3 AL -Mag Lt 1-Mag HL A 5 15 1)
Si.Ca Mn(E4),

Ni 5 Cr TR BRI 22T AR S A K Wos tH A G
P, B R I 45 1 T, Cr b N B B R A9 A B, TR 0
HA ARG Ni/Cr< 15 THE Ca 3% BOBOE ghad 2, Ni 5
Cr JTR WR L RSRAH S A MR AT A, B Ni 1) ik 2 Sk
T Cr, 3 BRI R 28T () k8 Ni/Cr=1, 5 Ti 456
VA X35 30 5 0 5 R B 549 ( Nadoll et al. , 2014 ; Huang
et al. , 2019a) , A i 3445 22 A B G 2k Y 1 (181 6b)
A 1A Ni/Cr Z84b AR (0. 23 ~5.68) , W] fig /& B i i
o Cr [l FF 22 30 8RR TG B P B 2% ( Broughm et al.
2017) , BUR TR S A R N BRAL T P 28 AAE FH 19 45 5 (Huang
etal., 2019a), Y 5 Ho E. 7 Ml 8 5 7 2 42 (0. 904/
0. 89A) FH P (1. 22/1.23) , £ Z i it ™ 3o 2 vp HLAT
— Y b IR AL 24T 2, Y/Ho fH FE A< {7 5 A ZE ( Shannon,
1976) , B] I F W& 9 Jot 5 di A4 7R B BF 5% ( Bau and Dulski,
1999; Douville et al. , 1999; )& %%, 2006) ; 1-Mag 5 1I-
Mag ) Y/Ho {4 24 ~34. 14 AL X [R50 (K 4) , 5 R &
PSR k7 B A AR [R] 8 ) SRR, I Ay [] — iy ik A 1) B B
T, S35k, N 1-Mag 3| [1-Mag AL #2 H, Ze \HE ND  Ta
5 Ti.\V % HFSE ST BA ML LSRR (& 4) , R0
H—Za Y kIR A A ( Nielsen et al. , 1994 ; Nielsen and
Beard, 2000; Nadoll, 2011) , FL{f Ti .V M2y 5 2 h R Rk
i ML 78 R AE ( Nadoll er al. | 2015) , 45 5] & Ni/Co( <2—
>2) Ti/V( <25— >25) Hi/Zr(0. 03 ~0.06—0. 04 ~0. 05)
FLAEAERAR AL , 0 52 B T 5 R R -1 R 28 B i 2 o i 7
TEMK G HAEM

SEE IER K b T B R A I A B B
N PR A SR R A A, LRk S RS RN B
W (PEASR) A AR BT RS A .
AT LR B — B0 80 ) ORI, il I
TR FEIHAE R Wy BEAN D B UL e Jr =0 R, o
R B R AR T4 IR -5 =25 R e

4.2 REEANAR

R W s IR R 7, B E S 0 O A
FERE S A SCE IS R B R 2 & R 0 R P AR I BER
WG, R P A4 hn B o 5 5 12, 0t 5 AR [R] B B
WK &2 JE AT ) A B PR X B AR 1 F e A
4.2.1 mH YR =¥

M I-Mag %] II-Mag, REE JGE & B0 &, - HA PR AR
Al REE BB (8 5) o X —FFAE S BT 1-Mag JTTE
PEBEE BT A B CRRIRER 25 ) 81 (¥ 7K 5 SN, A 5
st B, 55 A L [l BT A 5 0 R 0 (it A iR
A B WEATSE) Forb 23 00U JA R B G AR REE (19 41, DTV
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HIREERE" SREE BA%, LREE/HREE (/)N JFAAAE R - 1)
REE B 43 i &A% SREE PB4 X S X NARFA
SREE & (8.39 x 107° ~ 117.97 x 10°°, F 4 B 4,
2016) JEJMHT WX L (LS ), R 2 il I 1 e B A 1
(FSMRA) BA S 1-Mag R A RC A ( EE R
4%, 2016) , "] fig N [-Mag ik SREE 1 LREE/HREE {{ A1t J5
P T T-Mag JURER AR E UNATAR 70 BN A7 55 52 )
REE 4 558, 0 7 5 B R 58 A 14 ( REE) 20

I-Mag 5 4L 2 N AE K A (DR 2R 55, 20145 X ¥
FEEE 2014, MFR4EE, 2016; Zhao et al. , 2018a; 5 A4,
2018) HATARMARY REE FCor#as, AR W B 71 Eu S, %
WP AFEAR R P SR X . B O 4R A L, B A %
W IRB AT U-Ph( X EF-55, 20075 E/NESE, 2014) FEHE"
Re-Os 4E#4 ( FALIS A 4%, 2018) FEAE L 82 ~ 89Ma
Z 0], 5 2 AR B A i BE AR ) 39 R e (4 47 U-Pb:92
+1.9Ma; X EF4F, 20075 FRORMESE, 2012) . 560 A 6
W B I AL RS KA S LR RRRIE R S K
R HIE KIS R A1 P [E AR X LB o8 (f] 05 %, 2015;
Zhao et al. , 2018a) ,iZH JK Pb R ZH R G5 EZE LK &
BB RS IRIR S I . X W HZR R TR
AT e 0 AT R R EAS R B B B AL SR DLVE 4k
R, 5 R B AL R e BAT AR 8 Al A A o
4.2.2 RmA AHARIE T

AR 1R 0 3R AL T SRR T W W AR ) TR A [
45 ST PIX TR I e 3E 7 TR 50 HE F AR, W I B R
JE R il BE A SR AR S RE R R M 1k ) 1 Bl
N e T Ry IR TPUN N B S e IR I B T U
(Dupuis and Beaudoin, 2011; Dare et al. , 2014; Nadoll et
al. , 2014 ; Broughm et al. , 2017) ; (Rt , 38 33 %A R B B (2
TR BRAT ST R AL, A5 R BBk 9 5 1 i A S e
JiE RO R B YR AL Mn Mg Ti V. Cr Ga Sn 5505, o]
SR BT 3 A 5 1) 38 A8 2 B2 ( Toplis and Corgne, 2002;
Dupuis and Beaudoin, 2011; Acosta-Gongora et al. , 2014;
Dare et al. , 2014; Nadoll et al. , 2014; Chen et al. , 2015;
Broughm et al. , 2017),

ZMBICE Fe Cr V AR R A Z L Fe? 7"
Crr 304 LR VA3 A A 7 Ae (Schreiber et
al. , 1987 ; Kress and Carmichael, 1991 ; Simon et al. , 2007 ;
Bordage et al. , 2011) ; DA ITTR /AL REE & B YL IR
RPN Z M A5 T0R & 5 WA R AT A 4 AN ] B Bl
WA AR 3% AE AL ( Mallmann and O’Neill, 2009 ; Bordage et
al. , 2011 ; Chen et al. , 2015; Sun et al. , 2017 ; Zhao et al. ,
2018b) , Cr'*** R AR A AR AL, B CFF
(0.694) 55 Fe'™ (0. 6458) FATAHMES 72K48, 5 TR Z
PEAREBRE” i P (Righter et al., 2006) , - il 4 1% 5 438 i
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Fig.7 Plots of Crvs. V (a), Ti+V vs. Al +Mn (b, base map after Nadoll et al. , 2014), Ga vs. Mg (c¢) and Ga vs. Sn (d)

in magnetites to discriminate their oxygen fugacity and temperature of ore-forming fluids

EEAR O G i R ATERR T P Cr & Rl /> (Kota$ and
Stasicka, 2000) o V> " {LFEAHRI IR S5 BG4 0F B B, 1 k-
WLV 15 7E, B V7 (0.64R) 5 Fe** (0. 6454 ) 31
BRI, R T R A R R G ACVE T A Rk ) V&
S AP Bt AR E R I, VR AR O VT PR RGPV
B A (Acosta-Gongora et al. , 2014) . WK 7a fif7n, Cr,
VSR RRE I R OC R R VS R R IR AR
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(B4R, 2016) AW RE 0™ 32 R 70 58 i AR i T AR R bg
TULTEN, I FLAEAE R Fam i it 13 10 B BEg i Tt s 14 ik
FEE

MREETEAR KRR LU B U R W B R 5 IR i T 5
AR FIUEERRGI AT WA, RZ AR FoEE
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) IR BB AR AL F B R AEZ — (Nadoll et al. , 2014) ,
(Ti+V)-(AlL+Mn) E b (B Th) |, raRAFEE St 56 3595 78
EHARBONREDHEE, F R IR R K2k 300°C, {H 1 £

0 A BB P 728 A R A AN B i T R ) i 2 S PR A
IG5 M1 22 44 (Nadoll et al. , 2014;
Chen et al. , 2015; Zhao et al. , 2018b) , JNZZWBITE V
TEEGR WG (11D pEH T,V & T, m Ti 78X
PR OIS HE X o 46 T 10 B By s it 14 P (B iz A
45, 2018) , ASHARRS P Ti (3 ik (P (V{8 188 x 10 °—
372 x 10 ") Wi V & iy (P AR 12 x 10 7°—8. 71
x107°) . PR B AURIE T, Ca ZLIBAINAS (Ga’ ) 77 HE,
HAEREGH P 20T R B B IR SR, -5 4%
J65( Mallmann and O’Neill, 2009) , & Ga .5 Mg MRG0
I T Rl pE SR A B, MR Ga AR Mg (Y %855 D) 5 fw)
TR A9 PGB B ( Broughm et al. , 2017) , FI ] Ga 5 Sn Mg
AR A () [ B R 2 B 1) iR 8 A i % (Nadoll e
al. , 2014) , Ga-Sn Ga-Mg K (& 7c, d) , AL T
AIERAPEC AR, UL AN I-Mag 21| T1-Mag BUH™ i B2 328 i P AIC, 245
A (Ti+ V) -(AL+ Mn) BT, SR & 22 165 BBl #E 300°C
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