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Abstract

The medium-tonnage Basitielieke deposit is the first W polymetallic deposit discovered in Altay, Xinjiang. The
discovery of the Basitieliecke deposit is of great significance. It is hosted in the meta-volcano-sedimentary rocks of the
Upper Silurian-Lower Devonian Kangbutiebao Formation which is located along the external contact zone of biotite
monzonite. Orebodies occur in stratoid and lenticular forms in skarn. The mineral characteristics of the skarn
and metal mineralogy are related to the study of metallogenic mechanism and the construction of the deposit model.

Metal and skarn mineralogical characteristics were analyzed by electron microprobe. According to the results ob-
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tained, pyroxenes are mainly diopsides with minor hedenbergites (w(Wo) =49.14%~50.71%, w(En) =24.38%~

27.76%, w(Fs)=22.29%~24.27%); garnets are grossular-dominated; biotites and feldspar are mainly iron micas and

orthoclases, respectively; epidotes are characterized by high Ca, Al and low Fe concentrations. The sphalerite is

mainly marmatite, and the molecular formulas of pyrrhotite, chalcopyrite, stannite, arsenopyrite, bismuth and argentite

are generally consistent with those of standard minerals. Compositions of these skarn minerals suggest that they are

metasomatic calcic skarn derived from metasomatism between magmatic-hydrothermal and marble. Combined with

deposit characteristics, skarn and mineral genesis and relationship between skarn and mineralization, the authors

hold that the ore-forming processes can be divided into prograde stage, retrograde stage and quartz-sulfide stage, in

which W and Cu-Zn mineralizations were mainly formed in retrograde and quartz-sulfide stages, respectively.

Key words: geology, skarn, chemical composition, W polymetallic deposit, Basiticlicke, Altay
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Fig. 1 Simplified regional geological map of the Basitielicke deposit (modified after Yang et al., 2018)

1—~Quaternary sediments; 2—Meta-sedimentary rocks of the Altay zhen Formation; 3—Meta-volcano-sedimentary rocks of the Kangbutiebao For-

mation; 4—Late Cambrian and Early Ordovician metamorphic rocks; 5—Permian granite;6—Ordovician and Devonian granite;

7—Fault; 8—Deposit (ore spot) and its number
Name of the deposits : (D—Xiaotieshan Fe-P deposit; @—Dundebulake Pb-Zn mines; 3—Talate Pb-Zn-Fe deposit; @—Abagong Fe-P deposit;
(5—Abagong Be-Nb-Ta deposit; ©—The A5 anomaly of Talate Pb-Zn deposit; @—Hulugong Nb-Ta deposit; @—Qibiete Pb-Zn deposit;
(9—Kalasu Cu deposit; (10—Halasu Cu-Pb-Zn deposit; (D—Baleter Cu mines; @—Keziergayin scheelite ore block;
(13—Dakalasu Be-Nb-Ta deposit; (4—Basitielieke Fe deposit; (15— TJiaerbasidao Fe deposit; (16—Basitielieke
Cu-Zn-W ore block; (0—Basitielicke East scheelite ore block;18—Saerbulake Fe deposit
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Fig. 2 Simplified geological map of the Keziergayin ore block (after Institute of Mineral Exploration, Xinjiang

Nonferrous Geoexploration Bureau, 2016)

1—CQuaternary sediments; 2—Granulite; 3—Tolite-bearing granulite; 4—Biotite quartz schist; 5S—Iolite-bearing biotite quartz schist;

6—Amphibolite; 7—Quartz vein; 8—Skarn; 9—Biotite adamellite; 10—Orebody and its serial number; 11—Fault;

12—Exploration line and its serial number; 13—Dirill hole and its serial number
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Fig. 3 Simplified geological map of the Basitielicke Cu-Zn-W ore block (after Institute of Mineral Exploration,

Xinjiang Nonferrous Geoexploration Bureau, 2016)

1—CQuaternary sediments; 2—Granulite; 3—Biotite quartz schist; 4—Marble; S—Biotite adamellite; 6—Pegmatite;

7—Skarn; 8—Cu-Zn-W orebody; 9—Cu-Zn orebody; 10—Fault; 11—Orebody number

WF5ERE,2016) .
V2GR A BAE W IX AL P ER P 2 A5
WR(DI1-1.D1-2) , 5 G AW R, IR LBUE

IR LB B AR 2 7= (1 3,4) o BB KK
150~850 43K, /& 4.04~30.82 m, £ 45 ) F= 0™ (A U {1 1)
FEVRZY 129 mo H AR WO5 T2 037 0.17%~0.28% (2%

ZK1201

¥

SRR
/////‘//'//'/' /

11117171

I RIRD

Quaternary sediments

- Granulite
S RERARA
[>— +1Biotite quartz schist

PISCH 9+
g’:ﬁ'@ Skarn

SRR
Scheelite orebody
W7 =

Fault

7R L gt
| Drill hole and its number

K4 sEgf/RZ8 N F ST B 12 BOPRE ) TH P (R S A (ot o A Jey M e B A 5 B, 2016)

Fig. 4 Geological section along No. 12 exploration line in the Keziergayin scheelite ore block

(after Institute of Mineral Exploration, Xinjiang Nonferrous Geoexploration Bureau, 2016)
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Fig.5 Features of mineralization from the Basitielicke polymetallic W deposit

a. Trench and gossan;b. Limonitization and malachitization; c. Pyrite-sphalerite veinlet cross-cutting quartz -diopside skarn; d. Galena-sphalerite

veinlet cross-cutting quartz-diopside skarn; e. Sphalerite-chalcopyrite veinlet; f. Disseminated sphalerite; g. Massive porphyrytic

and dotted scheelite in the skarn; h. Massive porphyrytic and dotted scheelite in the skarn
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Fig. 6 Photomicrographs of minerals from the Basitielicke W polymetallic deposit

a. Diopside and garnet replaced by calcite and plagioclase; b. Diopside replaced by plagioclase; c. Hornblende biotite skarn; d. Epidote skarn;

e. Sphalerite replaced by chalcopyrite; f. Sphalerite replaced by pyrrhotite and chalcopyrite; g. Dotted scheelite in the skarn by fluorescence;

h. Massive porphyrytic scheelite in the skarn
Cal—Calcite; Grt—Garnet; Di—Diopside; Pl—Plagioclase; Hbl—Hornblende; Bt—Biotite; Ep—Epidote; Sp—Sphalerite;

Cpy—Chalcopyrite; Po—Pyrrhotite; Sch—Scheelite
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Fig. 7 Skarn mineral assemblage of the Basitielicke W polymetallic deposit

a. Garnet-bearing diopside skarn; b. Diopside garnet skarn; c. Garnet epidote skarn; d. Calcite garnet epidote skarn

Di—Diopside; Grt—Garnet; Ep—Epidote; Cal—Calcite
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Fig. 8 The alteration zoning of the Basitielicke W polymetallic deposit

1—RBiotite adamellite; 2—Biotite quartz schist; 3—Scheelite-bearing garnet skarn; 4—Scheelite-bearing diopside skarn; 5—Scheelite-bearing garnet
epidote skarn; 6—Scheelite-bearing chlorite epidote skarn; 7—Quartz calcite chalcopyrite sphalerite ore; 8—Granulite; 9—Marble;

10—Scheelite orebody; 11—Cu-Zn-W orebody; 12—Cu-Zn orebody; 13—Conformable contact boundary; 14—Fault
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Fig. 9 Minerals forming sequence and mineralization periods of the Basitielicke W polymetallic deposit
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*1 BEHRIRBEZEBYBEABRFRESNER
Ko i B 2H 5
Table 1 Electron microprobe analyses and end members

of representative pyroxene from the Basitielieke

W polymetallic deposit

S BSTLK BSTLK BSTLK BSTLK BSTLK

16-5-Q2-3 16-1-Q8-2 16-1-Q9-3 16-2-Q2-1 16-14-Q3-1

w(B)/%

Sio, 53.417 53.131 52.497 52.661 52.688
TiO, - 0.039 0.059 - 0.128
ALO, 0551 0.208 0.406 0.325 0.575
Cr,0,  0.016 - - 0.009 0.061
FeO 13.295 13.595 14.589 13.632 13.481
MnO 0.227 0.271 0.267 0.234 0.325
MgO 9.446 8.929 8.368 8.919 9.143
CaO 23.304 24.088 24.005 24.137 23.775
Na,O 0.188 0.112 0.287 0.126 0.254
K,O 0.015 0.012 0.019 0.002
JEvii| 100.459 100.385 100.497 100.045 100.430

L6 A4RUSL TR 4 A BH S S B TS A% FH 25 5 RO A 3 5

Si 2.0168 2.0181 2.0055 2.0108 1.9927
Al(iv) - - - - 0.0073
Al(vi)  0.0245 0.0093 0.0183 0.0146 0.0183

Ti - 0.0011 0.0017 0.0036

Cr 0.0005 - - 0.0003 0.0018

Fe¥* 0.0408 0.0334 0.0269 0.0268 0.0295
Fe?* 0.3788 0.3984 0.4390 0.4084 0.4232
Mn 0.0073 0.0087 0.0086 0.0076 0.0104
Mg 0.5317 0.5056 0.4766 0.5077 0.5155

Ca 0.9427 0.9803 0.9826 0.9875 0.9634

Na 0.0138 0.0083 0.0213 0.0093 0.0186

K 0.0007 0.0006 0.0009 0.0001

w(B)/%
Wo 49.23 50.67 50.26 50.71 49.14

En 27.76 26.13 24.38 26.07 26.29

Fs 22.29 22.77 2427 22.74 23.62

Ac 0.72 0.43 1.09 0.48 0.95

TR

=8.676%~9.397%) . 7E & = 1 10TiO,-FeO-MgO 7
FE b (1), B e m R = B 22 A8
AR LY, Hov 51 2H 50 Ak = B

N NCIWAR R NP a i $7p (¥ S ¥ A PR I 7/ )i o)
Z 5B S RS2SR T REEA-K
AR RS, 2013) , BESL R Tk S
i R 5 T 2 7, B85 25 0K 01 IS O3S ARUA IR
=8, JE AR =, 3R KA AT g R
3, H An i 5 0~0.14, Ab i1 5 6.21~7.13, Or i =
92.76~93.65. TERK A5 KKl F LR IERK A
X (& 12),

SRR AN T R 4. EE RGN w(Si0,)

Wo

/ iﬂ%E@) R A\

W

PES e
/ AU A |

YA AN

K10 CHETERAES 24 Jm 0 WA o3 2 R i
(K& Morimoto et al., 1988)
Wo—H JK 13 En—i K AT s Fs— R 81
Fig.10 Classification of clinopyroxenes from the Basitielicke
W polymetallic deposit (base map after Morimoto et al., 1988)
Wo—Wollastonite; En—Enstatite; Fs—Ferrosilite

=39.474%~40.056% , w (Ca0 ) =24.282%~24.741%,
w (ALO,) =28.528%~29.356%, w (FeOT) =4.674%~
5.556%, /b i MnO . Na,O 1 K,0, A & Ca.Al, %%
FefffiE . HSEREwmAf w ko (MR A%,
2016 ) A o w (Si0, ) v (Ca0) .w (ALO,) #FBE /& ,
w (FeO™) W B B8 AK . 2 4% A 1o e B 3% 4.
w(Ca0)=70.015%~70.648%,1w(F)=46.648%~47.054% ,
w (MgO) =0.008%~0.02%, w (Na,0) =0.003%-~
0.117% , w ( TiO, ) =0.073%.

INEE2 TN KRN E TR kR TR R NIE S
B OHEER AT B WK 5. INBEW 1) w(Zn) K 53.2%~
55.67%, 1341 54.61%;w(S) 4 33.16%~33.95%, “F- 14
33.53%. 313N Zng705F€017.02Cdo.001S1.05 T B 1fE
Iy T ZnS ML, & Fe,w(Fe) 4 9.82%~11.48%, F
¥710.66%, J& TR NI (A B 55 ,2015) , & /b
Cd,w(Cd) } 0.49%~0.87%, F- 1 0.66% . ¥ 25"
1w (Fe) A 59.65%~60.39%, F 4 60.02% ,10(S) N
38.37%~39.86%, ¥ ¥ 4 39.05%, w (Ni) A 0.02%~
0.05%. 735 74 Feggs 98, o, 5 b1 5> T3 Fe S
BAR - FERSDET R, B mdEy
Ttk ARG A SR R A, P R A
o B 1w (S) N 34.35%~34.9%, F 14 K
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Table 2 Electron microprobe analyses of representative biotite from the Basitielicke W polymetallic deposit

iy BSTLK16-15-Q1-1  BSTLK16-15-Q2-1 ~ BSTLK16-5-Q2-1 ~ BSTLK16-5-Q2-2  BSTLK16-5-Q3-1  BSTLK16-18-Q2-1
w(B)/%
sio, 39.53 40.156 40.277 39.664 40.611 40.824
TiO, 0.532 0.452 0.316 0.502 0.443 0.63
ALO, 14.013 13.955 14.072 14.002 13.628 14.807
FeO" 14.708 15.048 15.619 15.877 14.918 15.016
MnO 0.135 0.09 0.109 0.085 0.122 0.037
MgO 13.827 14.563 14.717 14.305 15.314 15.074
Ca0 - 0.006 - - 0.029 -
Na,0 0.052 0.035 0.102 0.115 0.012 0.062
K,0 8.739 8.676 9.164 8.782 8.875 9.397
F 3415 4.239 3.951 3.199 4.082 3.069
SR 94.951 97.22 98.327 96.531 98.034 98.916
DL TTAN ST R 3 5 00 BH 14
Si 3.035 3.034 3.015 3.004 3.037 2.996
Al 0.965 0.966 0.985 0.996 0.963 1.004
Al 0.303 0.276 0.257 0.254 0.238 0.277
Ti 0.031 0.026 0.018 0.029 0.025 0.035
Fe** 0.268 0.260 0.209 0.225 0.238 0.227
Fe*' 0.677 0.691 0.769 0.781 0.695 0.695
Mn 0.009 0.006 0.007 0.005 0.008 0.002
Mg 1.582 1.64 1.642 1.615 1.707 1.649
Ca - - - - 0.002 -
Na 0.008 0.005 0,015 0.017 0.002 0.009
K 0.856 0.836 0.875 0.849 0.847 0.88
BF 7.732 7.740 7.791 7.775 7.762 7.773
MF 0.624 0.632 0.625 0.615 0.645 0.641
Al +Fe+Ti 0.601 0.562 0.483 0.508 0.501 0.538
Fe2+Mn 0.686 0.697 0.776 0.786 0.702 0.697
Ti/(Mg+Fe+Ti+Mn) 0.012 0.01 0.007 0.011 0.009 0.013
AV(A+Mg+Fe+Ti+Mn+Si) 0.185 0.180 0.180 0.181 0.174 0.186

TR s FeOTR 24K

Al
w(Ti0,)/%
BB LR Bt = B
40 40
e EE @ B 0
&0 20
%
1 1 L / \/
w(Fe0)/% 25 50 75 w(Mg0)/% Mg 20 60 40 20 Fe

Bl O e 2 4 m 0 B0 25 B OB 4 Nachit et al, 2005 ; Sheppard et al., 1992)
Fig.11 Classification of mica from the Basitieliecke W polymetallic deposit ( base map after Nachit et al,2005; Sheppard et al., 1992)
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3 BEHRIRHEE£BEY KABTFRESHER
(w(B)/%)
Table 3 Electron microprobe analyses (w(B)/%) of

representative feldspar from the Basitielieke

W polymetallic deposit
214> BSTLK16-2-Q1-1 BSTLK16-2-Q1-2 BSTLK16-2-Q2-2
SiO, 66.89 66.317 65.229
AL O, 18.313 18.297 18.752
CaO - 0.021 0.026
Na,O 0.661 0.736 0.648
K,0 14.548 14.547 14.85
P 8 AU T Ry S e 1A BH A
Si 3.039 3.031 3.0034
Al 0.9806 0.9856 1.0176
Ca - 0.001 0.0013
Na 0.0582 0.0652 0.0578 B2 EEBSI 2 m e KA 7 KR
Koo o 08452 0723 R PFHEAL SRSEHL TR 240 B2 ,1979)
Ba 0.001 0.0039 0.001 Fig. 12 Classification of the feldspars from the Basitielicke
An ) 011 0.14 W polymetallic deposit (base map after Rock and Mineral
Ab 646 713 621 Teaching and Research office in Department
Or 93.54 92.76 93.65

TypTT——— of Geology of Peking University, 1979)

34.62% ; w (Fe) H 29.95%~30.88% , - 34 4 30.25%, B} RHET EEE A, B, AR E R
w(Cu) N 34.12%~34.84% , -1 4 34.44% ., w(Co) B . BB R w(S)H 29.18%~30.09%, F ] K
Hlw (Ni) #BAR A, H w (Co) KT w(Ni), 2 F 50 29.7% ,w (Fe )} 12.04%~12.94% , F- 4] 3 12.42%,
CUg 0.1 02F€008.1.0120» 5 B 1E 7> T 2, CuFeS, J 4 — w (Sn) H 26.83%~27.78% , “F-3 4 27.37%,w(Cu) K

x4 BHRIRBESERBYBFETWRFRHITER(w(B)/%)

Table 4 Electron microprobe analyses (w(B)/%) of the skarn minerals from the Basitieliecke W polymetallic deposit

K W4 F  Sio, o/ TiO;  ALO, Cr,0, FeO" MnO MgO CaO NaO K,0 F ¥l
BSTLK16-15-Q1-1 Bk 3953 0532 14013 0116 14708 0.135 13.827 - 0.052 8739  3.415 95.067
BSTLK16-15-Q2-1 M zHE  40.156 0452  13.955 0.045 15048 0.09 14563 0.006 0.035 8.676 4239 97.265
BSTLK16-5-Q2-1 BzHE 140277 0316  14.072  0.025 15619 0.109 14717 - 0.102  9.164 3951 98352
BSTLK16-5-Q2-2 BZ=HF 7 39.664 0502  14.002  0.085 15877 0.085 14.305 - 0.115 8782 3.199 96.616
BSTLK16-5-Q3-1 BzHE  40.611 0443  13.628 0.022 14918 0.122 15314 0.029 0012 8875 4.082 98.056
BSTLK16-18-Q2-1 Bz+F 40824  0.63  14.807 0.029 15016 0.037 15.074 - 0.062 9397  3.069 98.945
BSTLK16-2-Q1-1 1EKf  66.89 - 18.313 - 0.02 - - - 0.661  14.54 - 100.432
BSTLK16-2-Q1-2  1EKAfT  66.317 - 18297  0.01 - - - 0.021  0.736  14.54 - 99.928
BSTLK16-2-Q2-2  1EKA  65.229 - 18752 0.027  0.042 - - 0.026 0.648 1485 0.132  99.706
BSTLK16-1-Q1-1  4¢i47  39.474 - 28528 0.001 5556  0.034 0.049 24355 0.015  0.001 - 98.013
BSTLK16-1-Q1-2  4¢4547  40.056 - 29.136  0.009 5208  0.031 0.079 24741 0.009 0.011 0.136 99.416
BSTLK16-1-Q1-3 &5 39.788 - 29.356 - 4.674 - 0.03 24282 0.002 0.005 019 98327
BSTLK16-1-Q3-1 #7547 39.536  0.03  29.076 - 4961 002 0054 24411 0016 0.012 - 98.116
BSTLK16-1-Q8-1  £%7i5 7 39.844  0.01  28.922 - 5183 0.017 0018  24.409 - - - 98.403
BSTLK16-3-Q2-1  #fq - 0.073 - - - - 0.02  70.648 0.117  0.018 47.054 117.93
BSTLK16-3-Q2-2  #f;  0.001 - 0.011 - - - 0.008  70.015  0.003 - 46.648 116.686

TR T FeOT U A2k
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28.22%~29.34%, -]} 28.85%. B Y4 F X
H CUy 59.5.03F€0.02.1.01Z00,04.0.16 SDo.95.1.014» 3 b1 HE 7> T
A Cu,FeSnS, HA—F, 5/ 5 Zn(0.59%~2.45% ) Fll
Te (0.21%~0.25%) o 5 & 7T UL 2 85 0 9k [N B 07 Jr
L, NP A, RS UM 80, HIE
BN B0, R R CE M . TR w (S
18.07%~19.87%, “F- 1 4 18.99% , w (Fe) N 32.61%~
33.86%, ¥4 4 33.37%, w (As) 4 46.14%~48.11%,
210 46.82%, 73T FA Fegg7.1 03A80.99.1 14810 3 I
#E53F X FeAsS A —F, ILAM &4 1 Ni(0.22%~
0.88%, 134 0.5%) . BERbZS MAhr, REIL 5 HA
MRS By A SRR B AR Bt , HLSHAC
RIEME A . FERT w(Ag) N 76.68%, w (S) N
15.52%, 50 T 30N Ag, 4 Fe) 23 Cdy oS, ShrUES 73X
8 & Fe, &% 2 & Cd (w (Fe) =6.35%, w (Cd) =
0.89%) .

5 1

51 WEERERER

R AR AL AN R 0] 43 R 3SR R
7S i F 4+ (Einaudi, 1981) . 28 iy - 438 %
XA AR FE . 3SRy R — ™ FER A
SRR A A ol A — 2 B R A A
L, BOSSEARE DE R, HoE w5 5 KA A
Ko, AR — e Ay IR 5 PR TP R B A v
R A PR ALY KA . PR R WA 2
B 2SR LA [RRE AT DR U R 5, oy R 50
ATE WLt BRI W) B 53 5 — R S AR IR IR Fh A 9 =
I T X B R A PR 2R R 5 (Meinert
etal.,2000; X —M3%,2002) ., ELHTERS w2 &) a-
Ry 5 B2 E OO T Al RE, 9
AIBEMEA AR AR5, & lA A8 A5
WA AR AR, AR | B —E W5
PEo XS R A DA TR K ALK A ME il 1Y
FRAT R KB, 5SRASMRIEAEIN
R R | 3 BEARFAE S 7R A R R S AR A 2
E RIS RIS 1)

Fo A ) 20 BUAS ) S G e 2 e Py e 52 A G e i 6
AR AR 22 5 B — 8 A5 (2012) By - 5 4] 43
RESTY R A VB R A VR R A R TR R
PRy A AR R AR A B -
BRMEA RPNV RE A T HEA SR, LR A

KA B R EE A Y A e s
BREA RO SRR REEEA RAE  H A A
B BRI R EET Y O RS RO A R
A RS A ST RN A R
BEARAR O AL PHACS A AR B N A 55 BRI R AR
Z 77T BAR AR i A — 2 FE B8 AR R 4855 [l A
(R W 24 1 RN Bt v . BT A e i RS RS
WG RS A SR A B A - O R
SIMEA AR AINA A S RA B ahE IE
Ko BHCA S, X e m Y & 58 KA —8. W
FAEER RKARAN AR ARMREA, A
WGSBS ) . B R R IAE M
fily , B “RAER AR LI R, R R
SRR 5 37 RUAS TR R, o T A B ] i BRI
A RN AAR R g5 L x5 T R 28 R S IR
DAEZ 238 7 0 3 9 B AR E o O L — 3K
(X —M955 2012)

1A~ HE PR B 25 I T 3 k) s R b A AR
T EE N A, DR A SRR AT
DLE B RUH RO, I A SR A . SR
B JRZE 5 I | EL AR B s A P o L % kA v R B AR R
Hiay R 5 B LUES 2 A o8 32 (And=60.41%~
96.97% ; FRARMIAE , 2007 ; 5K GRS, 2011 5 5K [F] 45
2013 RASSE,2016) B B R [R] 1 5 A B R
RV — 30, R BeA A iim T 5 AL B BeA
Wi ¥ 41 A1 %} & Fe(Einaudi, 1981; Meinert, 1992) , &l
Il Y R A B B R B LB AR AR Ao
(Gresor) , WS A (And, ;) , R B B A 1+ A
LSRR A7 0 32 (Grss o), RO BR BRI A7 - B S0 A A
(AIm+Sp,;_50) (BKAZILEE,2016) , LA v0 B K 5
WA Ry 33 WA - ARV A i U R B, LB A
F, YOS AT, 5 S Ny o B
T A1 1% i B3 20 4 — B0, H 5 00 v ol R Y R A
WA, % DS BN ), & T 65.5%~
77.4% (K EILEE,2016)

Newberry (1998 ) 3¢ [E] Alaska Hi X % | #8510
K13 R i JE AL AR ALY 3 SR RS R 2 S A
AT R 60%~90% , £5 4K 41 A 0~50% , i B AR A1
5%~35% , BRERME AT N 5%~40%, 4} 0.7~1.9 g/t, T
BEIRTY R AEEH AR e R BT N
BER . TS s 2 S B R Th A SO
47%~50% , FEERAEAT R 1.41% AR R AR AT M 1.85% , 4%
R AT 17.62% , w(Au) M 0.13~0.26 g/t, EE 4 &
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W VST H R A R B N
E/RIAN - E 2N AN E EAN N LN I R AT s
W .Cu.Zn . Au, X LR SA 58 R PR A
oL, AR T8 A PR R S Can 85 2 A R 50%~
100% , AR AR AT M 0, w(Au) K 0.01~0.06 g/t, F B4
JEH W AT Y Y BT ) . Sato
(1980) il Zaw (2000) £:& i 75 i J7 45 14 T B WL 1) i
FE ) B B ) Fer /Fed U AE , AL 51 FIE
RS 50 ) BAT AR Fe*/Fe LL{H, ikl
R WOA R R A RV A A T Fe?'/Fet
FAE A 2, /5 A7 v o R 250 L) Fe I A7 7E (5K
& ,2016), Mg w2 & RBT AR A
Fe?/Fe’" ML ik 18.8, # A1 W Fe?/Fe’ L {H N 9.3~
163, FRFHESL R IR i 2 R0 Hh
W R RS BT IR
52 EWEZE

TR I S 2 &m0 N R A BT IR, HR
Wz A EZmW: O 2E0 Mot AR 2
Hh A T B B R b2 (BER I8, 1987) , T rp =
R 8 (kL A5, 2016) AT 8
(ZEERNE,2004) (B2 (Il A0 (£ 15 =5 ,2007)
VISR FRA K, IS se i R A2 = #E
TR T LR S — T IR 5 R 4L i
B ELA 2 A RRAE 12 )2 G 2RO LA
AR AL Ca 5T, B SR AT I S5, @ IR
W X AR AL ER ) 5% KT AR RIBER R = K AE <, B
P A PR B A T 30 DR B 2 2 5 B I o A -y B
%00 LRIy R IR B8 AR A 5 BT
X BRARAE 5 2 0 25 5 R ™ $ ke  Joi F B4
PO, R B BT A4 #% o0 A H AR BT )2 P S
ST P B M RE R XA T R 2R 2 5
i) A0 R B, DT A 3 A Sl e BT L R T SR B 5
G X B i A2 BN RN 2R B R R )
P REMBA MKW IZFE ., @ W REED fEW
RET RS, B i AR R A8 UG iR 1k
AR B, X el AR S PR bR — AP AR R W D
Ca 1) e B 55, 3X A~ By Bt Fe AV B A &7, H [R) B
H,S AWk BE AR &, BT DU SR B 0 AR T B 4
W (FEKF,1981)
53 WEESHFXER

X — N5 45 (1997) I\ 4 J8 0 Ak S 7 5 8 7 Mn/
Fe WAE K/INVA OG0 R A B8R 4 8 EHET IR AR 43
R B 0 R Mn/Fe Fo A — <015 1 75 ALY

BERT RAG B5 K85 1 Mn/Fe HAE— AT 0.1~1, 80 F
FRVEET RIE A Mn/Fe HLH— M NF0.1~0.3., ELHT
BR A i #5242 J& 0 PR 19 ¥ A7 Min/Fe LU AEFE 0.017~
0.023 Z 1], /NF 0.1, 51 KA B H RA 220, 1
5y RA R T R —80, B2 BTSSR
R B 2 AR A G

iR A B R T SR A AR A Ry
AL RE S WAy = 25 T G 1 40t i AR 1 2% 44, i L
S5EEN SR RBE MG, W REN &0
PR A 5 AR A 2R S TR 1T IR B A
K (pH=5.4~7.5) AR (1g(0,)=—20~— 15.6) 1
AACIREE . B LAY R b am R A R A O
A5 EREN AR T A LA pHIE N 4.3~5.9,
1g(0,)= — 23.5~ — 20, B W AL = 5 A 505 v 41 1l
AR A LA TR BT RR B = (pH (B M 3.5~5.5) .
AR (1gf(0,)=— 25.5~ — 23) (34 J5 3755 (Einaudi,
1981584 —M8 %5 1997) . ELHMERSI e i Ky 4 £
SRR D RETSNEA , SRR A AR A 2
A R -RE B B R R T
FIVER At 22 (8], HIE RS PR B AR AR R,
HEI pHAEA T 3.5~7.5,1g/(0,)=—25.5~ - 15.6, XFl
AR A K TR B R A B AR AN T T LB ol
Can ™ A0, A A TR T8 5 a2 48 )m
WAk, R R 2 iy R e R F M, b
FHRAT TR A T RIS B A

WRET IR K Z & — 2 & e
HOAR Wy 240 G 8 5 B 3 A2 oy | LA 40
g1 B B BE RN AR 38 5 2% 14 45 %% U0 A O (Burton
et al., 1982 ; Meinert, 1997) , K I , 1 i X # - A i
WG A Gy S5 AR 1 R AR R AR
AT LLCA Y 5 i R 5 4 B4k 2 45 A 43 AT B Bl
Wi AR B iz 7% 7 1) 4 41 B SR . R R A
B, Ak o S VR R A A A o B TR AR (Jamtveit
et al., 1993) , il /2 M I S A, st B 7K fff R FH 4%
25, AR5 REE AT A B KR R A5,
WY G FENBEAA MO B SRR
WA Ray Y, P P44 R RN
R B A SRR B R R T R R GRS,
1994 ; #X — N34 1997 ;Oyman, 2010) ., EL 851 78
2 4 @ e RN R A B B E B A A
MaE A, EIERA KA IR D s
TE o

IR Al il AR B BB TR il — L & K R A
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A, TR B B B, Bl TR PR AIC, 2R AT
A NG B AR S 55 E OH i YT e
B, S T FE A VR P ) H A RO T . Rkl
AR BERIT TR B T % Fe /D B B A5 41, B e SO B
T Fe M SRAT A1, 6 78 45 BT It 1R S0 o A 1 v
o TU LR EIE R E F YRS (wF)=
3.069%~4.239% ) , iX Fh pH {8 T & , 4803 B B AR A F
FHAYNING Z AR ) & 4 UTHE (Jackson et al.,
1985a; 1985b; Halter et al., 1996; T-Fil %% ,2010) , 55
AR CaZhi i B RS, FRHA A D ik
LR

AP TRAL I Y B L R AR, IR O B &R
VAR, SUR B RRAL, B AT R RIS, &R T
YRR DT , AR N B AR WG Bk | B
W M R MR ARSI ES R &
B R AT Iy A S R AT 4 B B
PG B B

6 4% it

(1) B w2 &m0 HE KA B
IR, R S E AR V2RI 2R = R A =
ity BREAT Bk AR LAY R 25 B R A g B
RAERAFKABSAKILA W =Y, RS B

(2) W i f 4 R FH Y KA B B B Ak Ik A
W B LA - Ak ) Y B, 1A T 3R TR Ak
AR B BRI R B S A A W BT A -
AP B .

(3) B WAk 22 W3 53 Hr R WY, W A i 51 24 43 LA
BREAR DB (Wo o 49.14%~50.71%,
En 4 24.38%~27.76%, Fs } 22.29%~24.27%) ; 1 1§
FAUSHREO N E, B2 KA
HIEK A, 55 4 BB & Ca Al FX Fe FRE . [NEER
SRR INFER , HoAh 4 @ 0 W A G BT B
BB BERD L A SR MEARD .

B SEA AR A RN ETR.
AR HURRIN; BN TARIIE], 7521 78 4E 52K A
1 DA 00 b 3 B8 £ Jmg b SR 7= Bl A B 5 e A 2
S 25 4 355 B AN 5 72 000 H S A o A 1 ek 4
HIR AR XA @ 2R £ OZSBAERIE T & T
TR R B A AT S AR N B HE By, FE R K
TN UPRY i
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