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Geochemical characteristics of magnetite from Beiya gold polymetallic deposit
in western Yunnan and its constraint on mineralization

LI Jun, DING Jun, NIU HaoBin, NING KuoBu, WANG Peng and REN Fei
(Chengdu Center of China Geological Survey, Chengdu 610081, Sichuan, China)

Abstract

The Beiya gold-polymetallic deposit located in western Yangtze Block is a typical alkali-rich intrusion-related
deposit formed during Himalayan epoch. Based on detailed field geological investigation and mineralogical and
petrological study, the‘authors divided the ore-forming process into two stages: Early metasomatic mineralization
stage and late melt-filling stage. Electronic microprobe and ICP-MS analyses of magnetite show that magnetite
in the Beiya deposit is poor in Ti, V, Mn, Mg and rich in Si. Trace elements in magnetite are rich in Cs, U but
depleted in Th, Sr, Zr. The values of high field strength elements (Zr, Hf, Nd, Ta) within the magnetite of two
mineralization stages are consistent. Geological characteristics and magnetite geochemistry indicate that the Beiya
iron deposit is associated with the intermediate to acidic alkali-rich magma rather than with the basic rocks or ul-
tra basic rocks, that metasomatism is not the only mechanism of iron deposition, and the intrusion of the
iron-enriched melt derived from magma might also have had to do with mineralization.
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Fig. 1 Regional geological map and deposit distribution of western Yunnan (modified after Regional Geology of

Yunnan Provinees 1990)
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1—Quaternary; 2—Triassic; 3—Permian: 4—Lower Paleozoics 5—Proterozoics 6—Orthophyre; 7—Basic rock: 8 —Granite: 9—Fault and inferred

fault: 10—Large deposit (spot): 11—Small and medium-sized deposit (spot)s 12—Cities and counties; 13— Village
(D—TJinshajiang-Honghe fault: @—Lijiang-Muli fault: @—Chenghai-Binchuan fault: @©—Yongsheng-Xiangyun fault
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Fig. 2 Geological map of the Beiya gold‘polymetallic deposit
1—Quaternary gravel clay layer; 2—BReiya Formation 4th member
dolomite; 3—Beiya Formation, 3rd member dolomite: 4—Beiya For-
mation, 1st and 2nd member limestone; 5—Qingtianbao Formation.
sandstone: 6—Emeishan basalts 7—Quartaorthophyre; 8—Lampro-
phyre vein: 9—Attittudes 10~—Measured and inferred geological
boundaries: 11—Measured and inferred faults; 12—Orebody and its
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Fig. 3 Geological section along No. 56 exploration line and deposit types in the Beiya gold-polymetallic deposit

1—Quaternary Pleistocene Series breccia; 2—Neogene fluvial-lacustrine sediments; 3—Middle Triassic Beiya Formation, 4th member dolomite:

4—Middle Triassic Beiya Formation» 3rd member dolomite: 5—Middle Triassic Beiya Formation» 1th and 2th member limestone; 6—Lower Trias-

sic Qingtianbao Formation: 7—Emeishan basalt; 8 —Himalayan quartz-orthophyre: 9—Lamprophyre dike; 10— Orthophyre: 11—Fill-in type ore-
body: 12—Skarn type orebody: 13-—Residual and diluvial type orebody: 14—Fault: 15—Drill hole
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Fig. 4 Characteristics of orebody in the Wandongshan ore block of the Beiya deposit
a. Photo of Wandongshan stope from the Beiya deposit; b. Skamn iron-copper-gold arebody in the contact zone between porphyry Cearlier) and dolomite, por-

phyry (later) that intruded into porphyry Cearlier): c. Sharp contact between porphyry and iron body of fill-in types d. Fill-in type iron orebody in the cranny
of porphyry, without metasome in the contact zone: e. Iron vein and associated calcite in fractures of wall rock (dolomite?
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a. Skam ares, minerals wrapping magnetites Chalcopytite, pyrtites pyrrhotite. skam affected by later silicon vein; b. Flow-like structure
of fill-in type Fe ores with porphyry insides ¢. Microscope photos of magnetites chalcopyrites pyrites d. Euhedral-subhedral platy hematite
crystals: e. Euhedral-subhedral martite transformed from hematite in reducing environment: f. Radial limonite crystals
Mt—Magnetites Py—Pyrite; Cp—Chalcopyrites Hnm—Hematites Lmr—Limonite
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1
Table 1 Geological features of metasomatism type and filling type iron ores in the Beiya deposit
3.2 8.64x10 ° LREE HREE 0.70~3.54
2 La Sm y=0.56~5.00 La Yb y=0.53—4.58
TFeO w TFeO  87.48% ~ Eu
92.02% Si0, MnO TiO, ALO; MgO 7b
Na,0 K,O CaO Cr,Os w SiO, 3.3
0.11% ~3.12% w TiO, 0.74%
0.01% 0.05% ~ 0.20%
w MgO w MnO w MgO 1989 Rusk et al. 2011 Sin-
0.08% w MnO 0.01% w V,05 goyicetal. 2006 -
0.1% w CnO;  0.01% ~0.14% w Si0; w TiO,
S Ti V,03 Mn Mg TFeO-Si0, Ok Je 10%
6 S0, w TiO, 0.10% ~ 0.80% -
Fe w V,05 0.78%
w V,05 1979
1989 w SO,
[CP-MS 1.54% w TiO, 0.05% ~ 0.20%
34 RbNb Sc UV T @ V2O 0. 1%
Co Ni Cr Sun 1989 MgO MnO
. g w MgO
0.38%~6.27% w MnO  0.11% ~1.01%
HFSE Zr Hf Nb Ta '
Cs U Th Sr Zr Ti 1
w Ti w Ti 16.80 X
10 ©~1735.00 X 10 ° o Ni 94.24 %
10° w Co  0.13X10 °~77.90x10 ¢ w V 7 20094
70.08 X 10 ° > REE
MREE  2.81%x10 °~11.70
x10°° 6.81 X 10 ® LREE HREE Cl 2004
1.01~7.42 La Sm y=0.94~3.85 La Yb =
0.91~12.47 Cl LREE F
Eu Ta HREE Cl

MREE  5.18X10 °~13.92x10 ¢

LREE



403

S A A R 2

fiE

EXERY IR oS ER (L2

TG AL AT

e

=

354

" B i 5 ) ) R T T e, —, TR

ST°66 v0°0 - - - <00 - 60°1¢ 18719 #8716 €170 TL0 1270 AYE T #8¢9-d80
€7°L6 - 90°0 T0°0 - 2070 - S9°1¢ L6°€9 7T 68 It°0 6£°0 ¥8°0 EVE T #8€9-dgp
#0766 00 - - - S0°0 - STIE 0£°L9 0L'T6 91790 LO°0 6270 EVH TH19PTP
8166 T0°0 T0°0 - 070 L0°0 - T6°TE 7679 606 81°0 S6°0 LE'T EVE T #790631Z5S
6t 66 0 - 60°0 - $0°0 - PLTE 0179 1€°T6 1870 L0°0 or'T EV Y T #240E31Z8S
LL"86 - 1070 €0°0 - 070 - £6°7¢ 8S 9 $9°06 110 L8070 0r'T EVE T#1L9-d80
8786 10°0 - £0°0 - 70:0 - £6°¢¢ #9719 6568 L0 v0°0 o N € #9-979-d80
€686 00 - €070 - €070 - LETE ST°69 00°16 v0°0 $0°0 9z'1 AYE TH9-979-d80
0166 L0°0 0 - - L0°0 - 97°T¢ 91°L9 69°16 1870 90°0 o EVE T #9-929-d80
79766 - 10°0 - - 900 - 8L°TE $6°99 7026 0170 560 L9°0 VY T # (W 09E)HLNZ09
91 66 S0°0 1070 S0°0 - <00 - 12°1€ T€°L9 8L°T6 800 £0°0 LEO EVE T4 (W 09€)/3Z09
£8°86 - 0 - - $0°0 - 86°¢¢ 91°79 7668 6070 80°0 LYz EV Y € 4#9.9-d30
S€°86 v0°0 - T0°0 - 90°0 - 0L €€ 70°79 0S 68 L8°0 ¥0°0 v EVH TH#9L9-980
6266 L0°0 10°0 80°0 - <00 10°0 98°T¢ £2°99 9% 16 110 9070 18°0 EVH 1#9.9-d80
0786 €00 - - - 80°0 - 09" ¢ 0T 09 LL 88 L0°0 LO°0 A AYE € £ 0TqUU-pa
00°86 00 - <0°0 - #0°0 - 0L €€ 09°19 11768 S0°0 S0°0 0S°'C EVE T HOTqqu-pas
09°L6 0 200 7070 - 10°0 - 0S°Z¢ 0£°€9 St 68 €170 €070 ¥9'1 VY T #019qu-ps
08°L6 700 700 80°0 - 9070 - 09°0¢ 0999 1606 €170 €270 110 EVE € # £90€31Z5S
0L°86 L0°0 v0°0 80°0 - L0°0 - 09°¢¢ 0279 19°68 0 9Z°0 % EVE T #€90631Z8S
0166 £0°0 £0°0 90°0 - 900 - 08°2¢ 09 0906 €270 6£°0 0g'T EVH T #€90€31Z8S
0686 070 €070 0 - 9070 - 0T 1€ 0T°L9 6516 S0°0 80°0 ze0 EVH €4 9qT-L31Z9S
0686 £0°0 £0°0 €0°0 - <070 - 01 1€ 0T°L9 6516 0170 £0°0 £€°0 EV Y T4 991131298
08°86 10°0 - - - 1070 - 00°1€ 0S°L9 IL°T6 S0°0 S0°0 120 EVE T # S91-L31Z298
A 00U o O%®N 00] O3 OUA oA f0%d OPAL oIV Ol o8

(=3 B LT

% /(™

ysodap areyawdjod-pros eLg ay) ur sisdfeue aqoadotonu uoadI £q 9jrpusew Jo epep Juawrld Jolejy 7 dqe],

MY LB DR BB ZTRIF T %



2016 F

i

Hh

404

* B il 5 ) ) o S N T Y e 2 —

19°66 £0°0 2070 80°0 60°0 2070 90°0 T0°T¢ 86769 616 12°0 1070 P01 N € HT-661°P
86 - 6070 1170 79°0 T€°0 S0°0 66T 9< 09 87°L8 €0°T $0°0 €9°C TR T#T-661°P
61°86 - - - - €00 - T0°T€ €819 9¢ 06 8070 €070 ]T°1 N € 6£9-dS0
686 - 70°0 90°0 - 070 - 8¢ €€ ST €9 6706 $1°0 S0°0 00°C RS T H6£9-dS0
0t 66 1070 - S0°0 - 710 €0°0 9T 1€ $S°L9 €616 0170 §0°0 9¢°0 N € # E-p-apuryl
6L°86 00 7070 80°0 80°0 610 - 9z°1¢ 9299 8806 0z°0 80°0 ¥9°0 AN T # eyl
<66 - 1070 - - L0°0 - SeIE §S°L9 v1°26 T 070 6£°0 A T # €-pq-mauus
SE°66 W00 - - - 2070 - £6°0¢ 2089 61°26 L0°0 +0°0 €170 N € # T-pqanunyl
6L°86 10°0 72070 10°0 ZL0 S1°0 9070 Ze 1 80799 8L°06 12°0 60°0 €L°0 N T 4 T-pqauyl
6686 00 $0°0 $0°0 - 8070 T0°0 60°1¢ P1°L9 6516 P10 8070 €€°0 N T # T-pqauy
0L°86 00 70°0 070 - L0°0 - 1e-z¢ 0F "9 Sv 06 S1°0 €0°0 991 RS € 4 (WLOEHLIIZO9
LE°86 90°0 1170 91°0 L1°0 9170 - T1°¢€E 9619 98788 vE0 60°0 T TR TH (W LOE)LIZ09
88786 P10 6070 £0°0 820 12°0 10°0 61 ¢ 7209 8¢ 88 860 TT0 6T AN T4 (W LOEHLIIZ09
£1°66 00 10°0 700 - 9070 - Iv-€g 0F €9 906 L1°0 070 10°C A THTPOTOP
0S 86 ST0 70°0 - - 7T - 0r T 68 €9 6868 60°0 §0°0 651 N T #TH0TPP
0886 - 10°0 - - - - 00°T¢ 0£°L9 16 $Z°0 <00 610 YRS € H TN
0886 £0°0 - L0°0 - 7200 £0°0 0L €€ 0v 79 8868 v1°0 900 62T N THTN
02 66 900 - - - S0°0 - 0r €€ 0 €9 79°16 12°0 1070 v$°0 N THTM
.86 1070 - - - $0°0 - 01 €€ §9°€9 8¢ 06 900 S0°0 v8'T FAYg: THIZ6L
T6°L6 - 1070 - - 6070 - STIE 1659 906 S0°0 v1°0 LSO EVHE T #Z6L
1L°96 #0°0 90°0 7200 - €170 - 87°7¢ L8°T9 9°L8 v2°0 vL'0 (45! EV Y TSOTPP
98" L6 7070 €070 70°0 - 90°0 - vL0E L6759 0106 0£°0 A1) 0€°0 EVE € HTSOTP
A U o 0O%®N 0.:0] O3 OUIN oA f0%d OPAL o9V O 018

prp—— (e B LTI

7 dIqe], Juo)

(2



35k H2H Z R HEIH &2 2B IR 70 Z sk (b 2 Rk S 0T s 18 B 4 405
94 0.40F
93| : ; 035}
- 0.30f m
92t g o 3
[ =i REPON 4 . 0.25F
S 91 °o = =]
= - ~oq = 020k =
2 90 *e e oh @
L N -
) b - B0, = 0.I5F =] »
T 89 ® 2 = =
= 5 . 0.10f o
~ ] * o H ol ° °
88| - 0.05- Sofoim O O s
m 4
37k 0.00[ & . *
861 —-0.051
05 00 05 10 15 20 25 30 35 =05 00 05 10 15 20 25 30 35
W(Si0,)/% W(Si0)/%
08F 1.2F
0.7¢ 1.0k
0.6 o -
05| - %'
£ 04 o 06F
(@) + -]
= 03f o Q 04f
< 3 m
B3 -
=02 o < o2 " N
- L] %
0.1 L sl BBdes Tem o o e, *
0.0} mE e o Hea® o o oo ° *
0.1} -02f
I . . . . . . . . i ; ( i i . . . ;
—-05 00 05 10 15 20 25 30 35 -05 00 05 10 15 20 25 30 35
w(Si0,)/% w(Si0,)/%
0.40F 08F
035 0.7}
0.30F ] 0.6F m
0251 05}
° o °
BN i = A\
% 0.20 S 0.4
s 015f ] . S 03t -
S = =
0.10} o 02f -
® 2
0.05 a?o v * 0.1} .
4
0.00 - 0.0 | MRS © oo o °
-0.05 - —0.1}
. . . . . . . ! . s . : i : i . ; i i i i i
-1 0 01 02 03 04 05 06 07 08 09 -01 0 01 02 03 04 05 06 07 08 09
W(Ti0)/% W(Ti05)/%
12F
1.0}
[ ]
. 08f
N
Q, 0.6}
X =
S 0af
Ey m
Z
T 02 .l'
* PR ° °
0 L
=02
-0l 0 01 02 03 04 05 06 07 08 09
w(Ti0,)/%

Fig. 6 Covariation diagram of major oxides of magnetite by electron microprobe analysis in the Beiya gold-polymetallic deposit
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Fig. 7 REE pattern of magnetite in the Beiya deposit

a. Metasomatism type magnetite: b. Filling type magnetite
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FFig. 8 Spider diagrams of trace elements from different magnetites in the Beiya deposit

a—Metasomatism type magnetite: b—Filling type magnetite
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