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Abstract

Sphalerite is the most important host mineral of gallium (Ga) and indium (In) as it is commonly
observed in a wide range of deposit types. Ga and In have been listed as critical minerals by the
United States, the European Union, the United Kingdom, China and other countries. Ga and In play
a very important role in the development of strategic emerging industries, and are essential raw
materials for industries, such as flat screens, electronic semiconductors and photovoltaic cells. In
this study, ICPMS techniques have been used to investigate the distribution of minor and trace
elements in sphalerite samples from both Australian and international deposits. These new re-
sults have been combined with data available in the literature, to examine the distributions of Ga
and In in different types of deposits (both industrial types and genetic types). Gallium is found to
be concentrated in hydrothermal, stratabound and Ag deposits, while indium is usually highest in
sphalerite from hydrothermal, SEDEX and Sn deposits. The relationship between Ga and In is also
explored, and the ratio of Ga/In can broadly discriminate between the genetic types. That is, in
stratabound and MVT deposits Ga/In > 1; in stockwork deposits Ga/In = 1; in hydrothermal, skarn,
VMS and SEDEX deposits Ga/In < 1. Both gallium and indium concentrations correlate with Cu, and
gallium concentration correlates with Ag, providing supporting evidence for the coupled (Ag, Cu)*
+ Ga3+—2Zn?* and Cu* + In3+<2Zn?* substitutions respectively. The negative correlation between
Ga and Co indicates that Co-rich sphalerite has relatively low Ga concentration, but an explanation
for this remains unclear.
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1. 5|8

INEED Rt FARR EE BT AT Y, BAERTA S MR B IR A P[] INEETI
ARG IR Z MM E G R, FMIEEESME TR A2]. ETFZ8ETIRY, NET AU Zn
FF BRI, &2& Cd, Ga, Ge il In LR FBEERIR[3]-[8]. Gatterer (1941)XF NEEH I AR E 51
HICR T EZ IR RIT T, Bon Co Fl In B 41 SR AV R+, 17 Ga fl Ge (Hgs Sn)U'E
ETET K, ERRAA T, & Ga WEH IR E R T & Ge NS HITEEFE[9]. Cook Z5(2009)
WHIC T AR PR TG FIRHAE,  FEHE W R i oo 22 ARV T AR SR IR IR T, (2
WEIC R FEBA 45 H A AT R B AR J7 3 [10].

AT SC O KN EE R EOUTE Ga F In I EZE A, 171 Ga F1 In CAEEE. B, %EH, FE%5)
ANKET =43, REME Ga fl In R4 P2 E[11]. BTTZ5Q017) 4 50 BRI 75 R AT T 900,
T H 42 R 2020 8K R 7 K2 410~430 ME[12]0 B35 C5F(2019b)BXT S i <6 A7 PR IR B 1 -5 ™
BT, WIS RES AR RE i, B B OCEE IR 2 8 FIRRFI 282, Hoh Gay In J& T2 AR B HGEH IR
H AR LA [13]. PRI AR 20 19) X 4R IR K AL 75 BREEAT 72007, WO AR R TR B 1T g o e gt
FUE[14]0 ZBHFFHEEQO19) M RN BEIE /0 A« AR BUIR B T8 B0 Rs s kAT T A T AL [15]0 AR5 R 2R I U
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(2018). ZEHRIEZE(2019) % A A £ LA PRISALEAT 1 48 &h, MR K SEDEX Ml VMS KA Al BE A
BRI YR, K LA TR ) e e SRR T I RREA[16] [17]. Ga FH In 7EARBEH R A
W HEMAIEN, 2 PREREE . BRSSP AR DR k. %7 Ga Al In (HE 2
PR, DA S NS RS VIRR, FEFRNEN T Ga F1 In 'S SN TF4L Ga 1 In B+ #E %
I o

AR ICPMS W5 BBk 38 ARINEER FEM R E TR & & . e 51 STk I 1)
BARARLE S, LT Ga Ml In FEARISEAG IR & &AM, P& Ga Al In ZIH], Ga B{ In 5 H AR
HICEMI Cuy Sn. Ag. Co. Zn 55)Z I, SRAHEIITRLE A R I INEEN = & Ga B In.
2. HRER

AT M B i R BRI, A Eok | A Al T TR, 4EZ R R . AR
KENFERMH IR, FEAFEENE 1. & 1 PR RA SRR 58 7R AR K5 KA 2 22 B 73 i
MR, FER 1~18 AFBR AR AR, 25— A7 MR a0 s oAt 20 2R &k ORI A
FrH A 7 AT IR, B8 AT IR 0 B o MR A WSCER IR A B LR R 1

A YA FT R i BT @A DR 1) B DR 4R e O™ 3 SR AT 2025, B 45 M JCIR (Stockwork) 17  5 BY
(Skarn). JZ{% M (Stratabound). #FAH K 1L B BUIRERAL(VMS) iR - TR (SEDEX) I 18 ph L 22
BMVT)F IR, A — 14 5ok i 1 B (Orogenic) i PR . #5 TCIEFRAS 2 1M B, LAY A T ol 2
I, WK (Hydrothermal) i R . fEx - 11 it 75 &Y (Granite-pegmatite hosted, 7 1, FEfh 17~22)FfbA 7Y
(Sandstone-hosted, [t 1, #Edh 100~103)8" RFE 173 28 B AR TR K SR DG SCHREE (it . B i[RI S Y
ASUARGRS , AnTEI IR B R s ek MVT 2, Kl 5 A2 K 73 25 (Epigenetic, 7% 1, FEfh 6~8).
FES N IR DoV RAIIEATE SR, (HAESHTIEFEF, Zn-Pb-Ag Ml Pb-Zn-Ag, Zn-Pb-Cu 1 Cu-Zn-Pb,
Pb-Zn/Zn-Pb 1 Zn, Ag 1 Ag-Au, Cu Hl Cu-Au B HARLIET N—2%.
Table 1. Detailed information of samples analyzed in this study
= 1. AT iERIFAER

F5 RBAHS Frehr B AR Tk FERDIE: fkR, B SEIR

Australia, Queensland, John Bull No.1

1 M9306 South, 3 miles south of Ravenswood Stockwork Au 1978~now; 4 Moz @ 1.6 g/t  [18][19]
Australia, Tasmania, Mount Bischoff 1871~1947, restarted in 2008;
2 MO317 Tin Mining Company Skarn Sn 62,000 t of metallic tin (201

Australia, South Australia, Talisker
3 M9321 mine, 11 km east of Cape Jervis VMS Ag-Pb 1862~1935; 4.5t Ag [21]
(35°36'S, 138°8'E)

Australia, Western Australia,

4 M9323 Murchison Division, Northampton Stratabound Zn-Pb-Ag 1880°s~now [22[]253]
district, Wheal Ellen
Australia, Victoria, Maldon, South [25] [26]
5 M14937 German mine, 470 foot level Orogenic Au 1857~1926 [27] ?
(37°0'S, 144°4'E)
Australia, Victoria, Mount Deddick . . .
6 M18746 (37°6'S, 148°28'E) Epigenetic Ag-Pb 1896~unknown; 20 tons of Pb [28]
Australia, Tasmania, Rosebery, S [29] [30]
7 M24424 Rosebery mine (41°47'S, 145°34'F) VMS Zn-Pb-Cu 1936~now; 20 Mt ore [31] [32]
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Continued
Australia, Tasmania, Dundas, South . . Old, reopened in the mid
8 M2443l Comet mine (41°53'S, 145°25'E) Epigenetic Ag-Pb 1980’s to unknown [33]
Australia, South Australia, Kadina,
? M25640 Wallaroo mines (33°58'S, 137°43'E) o Cu o [34]
Australia, Western Australia, Agnew . 45 million metric tons at [35] [36]
10 M37225 Nickel Deposit, near Kambalda Stockwork Ni 2.05% Ni [37]
Australia, Tasmania, Hellyer mine, 90 [29] [30]
11 M38825 km south-south-west of Burnie VMS Zn-Pb-Cu 16.2 million metric tons ore (38]
(41°36'S, 145°42'E)
. 1886~unknown; 180,000 t of
12 maizgy  Australia New South Wales, Red g oo aAg-au 67 g/t Agand 09 g/t Au  [39] [40]
Rock, near Drake
(reported 1984)
Australia, New South Wales, Broken
Hill, South mine, No. 7 shaft, 1630
13 M30203 ) { level, G21, 90 feet above level ~ Siratabound - Pb-Zn-Ag - [41]
(31°58'S, 141°27'E)
Australia, New South Wales, Broken
14 M50249  Hill, Section 32 (stope), 16 level, Zinc  Stratabound Pb-Zn-Ag — [42]
Corporation (31°58'S, 141°27'E)
Australia, Tasmania, Zeehan,
15 M50250 Comstock lode, Swansea mine Stratabound Ag-Pb — [43]
(41°53'S, 145°20'E)
Australia, Queensland, Bloomsbury,
16 M50251 Mixer (Godkin) mine (20°42'S, — — — —
148°35'E)
Australia, New South Wales, New ) ~ e
17 M50256  England District, Emmaville, Webbs G’t ?f”;'pf%’”a Pb-zn-Ag  [S84-1970 S; 19,000 tof 144 145
Consols mine (29°26'S, 151°36'E) He noste ore
18 M50345  Australia, Victoria, Lilydale, Cave Hill MVT Pb-Zn — —
New Zealand, South Island, Tasman,
19 M2064 Collingwood, 80 km north-west of — — — —
Nelson
20 M4983 Spain, Picos de Europa MVT Pb-Zn 1860~1990 [46] [47]
71 M9318 Australia, Tasmanla, Mpunt Zeehan, Skarn - - 48]
Silver Bell mine
Australia, New South Wales, New . Ser
22 MI1785  England District, Enmaville, Webbs ~ C7@1€PeEMa  pp 7 o 1884=197075 19,000 tof )y sy
. tite hosted ore
Consols mine
23 M22706  Australia, New South Wales, Leadville Skarn Zn-Pb Late 1890’s [49] [50]
24 M22716 New Zealand, South Island, Nelson — Cu — [51]
Wales UK, Wrexham (Denbighshire;
25 M25639 Clwyd), Minera, Minera mines o Pb-Zn o [52]
United States of America, Kansas,
26 M28838 Cherokee County, Baxter Springs o o o o
United States of America, Kansas,
27 M29038 Cherokee County, Treece MVT Pb-Zn o o
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28  MB35909A Kosovo (formerly Serbia), Trepca s
Complex, Stari Trg mine, 8 km east of Hydrothermal Pb-Zn-Ag Lart:OI 21512 dsirllgﬁ)%/gg, [53[]55[]54]
29  M35909B Kosovska Mitrovica (42°52'S, 20°52'E) P
30 M39582A
Greenland, Kvanefjeld, dumps, Skm g o U.Th-REE 1978~1984 [56] [57]
31 M39582B north-north-west of Narsaq

Japan, No 5 Orebody, Mozumi deposit,
32 M42805 Kamioka Mine, Yoshiki-gun, Hida Skarn Pb-Zn-Ag — [58]
Dist. Gifu Pref.

1740~1991; 4,747.5 tons of

England, Cornwall, Bissoe, Wheal [59] [60]

33 M45431 Jane, 4 km north-cast of Gwennap Hydrothermal Sn black tin, 580,339 tons of tin [61]
ore at ~0.6%
Kosovo (formerly Serbia), Trepca R
34 M45751  Complex, Stari Trg mine, 8 km east of Hydrothermal = Pb-Zn-Ag La;:ol 9512 ds iri 92%%/599’ [53[]5 54]
Kosovska Mitrovica (42°52'S, 20°52'E) P
. 1976~2002; 6.5 million
35 Ma63s  Canada, Northwest Territories, Baffin MVT Pb-Zn-Ag  metric tons of 12% Zn, 1.5%  [62]-[67]
Island, Nanisivik mine (72°N, 85°W)
Pb and 50 g/t Ag
1968~1982 exploited by
36 M46387  Ireland, County Tipperary, Silvermines  Stratabound Zn-Pb Mogul of Ireland Ltd.; 160 Mt  [68]-[73]
of 7.2% Zn and Pb
37 MA43600 Austrahe}, Western _Australla, _ MVT Zn-Pb o (74] [75]
Goongewa mine, near Fitzroy Crossing
Australia, New South Wales, Broken
38 M50202 Hill, Zinc Corporation mine, 16 level, Stratabound Pb-Zn-Ag o [42]

footwall of No.2 lens (31°58'S,
141°27'E)

3. iR7EE

NS BN E A IR N B R TR I B &, R ICPMS AT i 17 38 fFFE i . TEMRE
ZHT, KRR AR, ROBERIEES, #ERIET T, ICPMS I HT A SRR I R

A 1) B DY S 20 S B6 s LA 07 HEA T3 Ve . 20 5 mg INEFD F R T 2 ml 16 N HNO; H,
B N F AR PRA BEME 130°C FIHHR - — 820 . SR 5 PR B e FH RIS Ve 19 12 ml R
BREREG S O, FH 18.2 BE/R/KFRRE . BTSSR AL & —Fh SRR A1) 1.3% HNO; 3 — 0 FiRE,
BFBERELN 60,0000 T RTER AL IE (L FE U Eggins er al. (1997)R[76]. %5 A8 H RARE fikn
WEBHTICIE, A IR 4 ) P9 3B KR vHE (L, Nigy, Srss, Rh, Smyss, Re, and Uyss)s #MEFTELRS I I AT AR A (4 3 1
Z T4 G HHTRIE. 5 Bggins et al. (1997)M 77 Z kb A 1) Tm, In 1 Bi A4 A 3BFRE
2) USGS #rift W-2 # FHVERS IEARE . W-2 BB e A< B 2 B a3 & b o 1A 20 A R R 22 A0 2 A 1)
TR ESERT. 3) W-2 IS T 84N Zn. Ag. Cd. In F1 Pb, PAFE{HIX L 025 AR 5 T
NEET AL

ASCRE TR SRR A K Bk Rl 222 B8 Agilent 7700x ICPMS X 2% _E#EAT 04, Hrb AL AR T 0.9%.
fFMRER 4 K, BIK 100 RS EH A 10 2/,

FE S v e s TR IE 6 200, 8 F N 5% HNOs 5 0.5% Triton X-100 F1 0.025% HF . #£ 5 7%
Wi [EHCIE 100 2, 81 5% HNO; F1 2% HNO; . BRI 6 | 8 ANFE & B RS I M 28 2E AT — Ik
e

DOI: 10.12677/ag.2021.111006 64 HOBRBL2ERT


https://doi.org/10.12677/ag.2021.111006

A32

™3

\

[ =TI

6C1°0 90¥IIT  6L8S  6L79¢] (430 9¢°0 creiec sToe  ¥1'o oloo  ol'vl ITYY Py91°€19 8L°0TL ¥EE 171 000 79y 00987 N

8¢€0°0 S9ISE 0500 [43 §Se PESS  8L8P9SE 0888 100 2000 €0 ¥S'S6 L0ST'ET9 60€s 600 089L 000 €v'ST 98EOVIN

901°0 89% 1000 910 LL'E 0T0 6781706 €10 100 2000  LOO et ¥ LYE0S9 86'LY — LTTI 000 OL'ST €36V

0000 L9'8TIC  T000 0S'1 8TFEl ST0 €96'LTrE  ¥EOLI  TO0 €000  6L°0 9¢° 0¥ LTIY'S19 wore 98¢ ¥9'¢ we 8¢y SPEOSIN
sysodap LAIN

£79°0 09°6C €000 08¢ 0T'L9t 1s°¢ 780°6£ST €80 Y00 L¥00O  LTO 1T S'L8L09S 1060  — S1o 000  8L'8C ISLSYIN

97T eL8E 1100 SLTI  6¥ecll 1999  ¢88¥%SEl €881 €00 C000 ¥6'8TEI  L6'L PIIL'0ES  €1'LTsT TIl 'S 000 LTLT IEPSTYIN

L80°0 89°L LEO0 e STe SI'C ILS0l¢Ee €9°1 100 %000 080 8L°0 1YLV TS L9'L8S  s¥T 8I'6IT 000 86'LT d606SEN

8100 6V'L 0200 $6'0 10 L9 068 0TC 000 - 650 €80 8'018°9€9 €8T LLT S9TYT 000  6L1E  V606SEN
syisodap [ewLrdyoIpAH

181°0 8665 8100 wl S LS'LST 9vl'Slce  ¥8LL 910 6100 LY 109 1'8pS°€IS 80°6TL ¥8S  0S0 000 8T0¢ S8LITIN

0000  9€990°LTC 110°1 18¥L orve  OTPIT  69T9€91 69°CSEE 600  LIOO  88°6C SI'e TIL9'S9E  ¥9'8SKE 0TO  OF'T 8’8 L1'E 9STOSIN
susodop pajsoy apyvuSad-opuni

0000 9¢0I¢€l 1200 6S°CLI e8¢ 6€C 6CETLET  S¥P9El TOO  TO00  I9V91  L90 T6L6'P8S €666 08'S LSPE  00F LTy [£32 497\

0000 £7'6T ¥00°0 [4:33 90'89LT L€' SeSveEer 898 00 1000  0€6 ITL T9S6'T8S  8€60LI  ¥TT  0E01  ¥9°S e IVLBTIN
susodap onauasidy

S0s'1 1y 85C0 0S¢ 080 861 SEL'6T0E £v'0 LYo 1100  6€0  ¥90Sy 791°L€9 LYIIIl 65T  9¢€V 000 6S'te 8E83TIN

6000 8€9¢1 IrT0  06°6€1 ¥0°0 100 LSY'ETIS  ¥8F¥6 100 000  LOC SL'6 €897°89S  00°€79¢  — €CL 000 8TTE 6£9STIN

€250 16'691 2000 S 1444 L8Y SETTEOS  09°¢ €00 9000 vLTI 09°'1 L9SS €79 Irsc  s6'l o1 000  60°6C 9ILTTN

L60°0 SLTT 2000 €60 Lv'0 €89 SLY'TLOS 0.0 00 0000 9V 88'¢ LO9°LTY 091 ol'0  LT0 000  S6'6C 90T

0000 Ire 1000 4% 1€°0 0T¥L  $S1°0SST  8S'1 100 2000 €10 S1°0 9'8LEVE 886y £¥'0 €s6T 810 8Ly ISTOSIN

0000 PLI91 1000 670 [4X4 L6061  T8L8'S86  CO'1 100 €000 S1o S0°0 £655°6T9 08'ICI  L6'0 clele T80 08¢ 0r9STIN
sysodap umomnjun)

9 ad IL qas ug uy PD 3y oW AN sV €D uz ny IN ) (W L SR A

(g o4 ‘wdd)ES

EVERTEH M 1 2 T2

(94 1dooxa ‘widd) | a1qe Jo sojdures 91u9[eyYds Ul SJUIWD[D JJLI} PUL JOUIW J0J SUOIIRIIUIIUO)) T I[qB L

Am

£l

»

3}

HhERF

65

DOI: 10.12677/ag.2021.111006


https://doi.org/10.12677/ag.2021.111006

a7
Ay

K3 FC

0000 S0'8I¢C or1o 1494 £8'C LTE6 79579601 [ 24 61'0 1000 6T¢6 148! 6'G68°CLS  €TS991  6£0 89 ¥ov Y0¥ ST8EN
0000 LY0l1 00  0EVl 01°0 09°¢ 9865°€0L 09'6 100 €000  L90 1€C L¥90°T8S ¢I'y81  8T0  ¥9°0 1S9 66C VTN
0000  S9YSI‘6Il  TWTO  €I°€El 143 6V'T8  ELV'ETST  8FESE  SI'0 TO00  T96C §To 6°€C1°09% L1'E8  6L'1 L6'0 8C'8 S8T 1Te6N
sysodap SINA
9€9'C LS91TTL  LITO  6L79S 81’8 e LSS'TI9L  8€9¢T 000 1000 S0°0 0T’s T98S'T8Y  €S°0S8F 0S0  I¥ES 000  8KOE TOTOSIN
900 6T 101 L¥9'0 LI'E pL'S8 €6'L1 900°SPLE 090 0I'o 0100 €S 19811 60ILTHY LS'LOT €90  6V0 000 Iv'LC L8EIYIN
0000 00°CIS 0200 656l 16°CL 98°0 1TL'88€T (44 700 8000 9IS 881 €€L0'TTY 18°LL 801 178 SLO 6L°L 0STOSIN
0000 ELGEIB  LIOO  L6'ST L6l L0V ELSTPIT SO0l TT8E  6C0°0 €el L8€EL 8'60L'T6Y  0098S8 Oy 89°69¢ II'Il 666 6V T0SIN
0000 LT EEE 9000 96T 980 yee 18L°8L01 (407 €00 1000  0I0 €1'e v YT8iLTS 6TLLT €L'T TE09T 696 01e €0TOSIN
0000 10°05€ 9000 890 STl ¥8'8C  TT6'6£91 96'¢ 00 1000  ¥TO  8S96F  8%S0°ST9 LES6E LSO PBEET 960 0S¢ €TEON
spisodap punoqejeng
101°0 1L 1800 o Lo ¥1'o 699L9°11 90 €00 S¥9E  LOO 810 608%€9 0T'6 — 1444 000 SI0F dT8S6EN
§s0'0 Ieel 0500 970 w01 €90 TrSLE'ET ¥6'0 00 T6L81 SO0 9¢'0 €GLLTTY €96 - LT 000 VvI'LT  VT8S6EN
0000 19°208 ¥00°0 LT0 90°¢ 6¢'1 16T°LOCE  TT9l  L¥1  #000  LOL L69 L'LTYL6S 8'6¢8 T80 S80L  6L0 L8Y £8CIPIN
0000 6¢'s S00°0 900 00 €99¢  PC0l'Ico €8T L0'0 9000 18°0 €9°LI $'800°95¢S 0S9L  ¥L'8 €I'Se6  SS8 e STTLEN
0000 So6vi LY  OFT0 9129 LT £8°0 Y99 vL8l  69°10€ 810 1000  8I'9LS 9¢C LTLL'SS 8TL9El TOE  ST6I ore ree 90€6N
sysodap SI0M¥I0)g
010'8¥L oLyl 991°0 9’0 veEL ¥8CI 986°188¢  TO'SE SO0  LOOO  6T0 £€0 L6EV 08 SS9l 90T ¢€¥'8¥C 000  0S8C SO8TYIN
011’0 €6'¢ 2000 €20 86T STETT  vPSOLTE 0L'6 100 1000  L91 8¢'¢ L'SSESES wee — 99'1 000  S9°SC 90LTTIN
¥08°0 6S91LI €200 656l 65y 090 T9LT999  €¥0L 600  SI00 €61 0¢'8 9'LY1°TE9 €LY81  €€T LY 000 I¥'CE 8TE6IN
0000 78780°6S  6£0°0 SY'6E1°0T TI'V9¥L 6L/8LET  LYOT681  161¥I  ¥00 2000 I8€ W8T 9¥01'9Ty  88'18L8 €S0 T8 090l  96¢C LTE6IN
sysodap wieyg
0000 80°0L L10°0 609 8¢6 06'88C 6511601  ¥EI 900  ¥000 €6l 207 SE09'8Yy  YE10E9 60T Ire cvl  vIc LEGVIN
syisodap d1uagoa
900 8601 700 (430 910 00 sy 010 €00 €500 VT 1414 9°7TT'8€9 1€'s6€  6L°0 S6't 000  8T'te 8E06TIN
g ad 1L qas ug up PD 3y ON  dN sV €D uz n N ) (%od 1L SR
panunuo))

Am

Ely

»

3}

HhERF

66

DOI: 10.12677/ag.2021.111006


https://doi.org/10.12677/ag.2021.111006

e

™3

\

[ =TI

8 90 800 L1 — €0 #0°0 T 8€8L vl 1o — Sl €S 79 v0S  6T1  6SEE (9) 09194

0z 90 I I — — 7’0 4t 69LS 0T €00 — €0 €8T  ¥L €8Il €10 L96 (9) gd61494

€ 91 I 433 00 I'l 9'1 98 SH8¢ € €0 €0 L1 98% 9°0 T v09  LT9 (9) 1S APO
6L Il €t (39 80°0 €0 10 L1 YOS 9¢ €0 Lo TO0  S8LE S0 0Ls 961 STLT (9) D¥S APO
vy T €l 6E8ST 100 Lo z0 L1 880 89 0 9¢ 70 89T €T ¢ 10¢ 09 (8) q016€ APO

0l 80 OVl 0€TTl 810 1o 10 61 €9L9 89 0 €0 L0 SI 90  66CC 90 8SL9 (9) sLg€ PO

€ 90 1€ opee — 70 S0°0 10 LTT9 S1 1o — 0 181 70 51 LLT 819¢C (6) 24-m0[ ¢d APO
9. 80 S0 S0 — 1o 0 9 868C 81 €10 — 90 1$¢T 90 43 06 616€ (8) 0T-AN Seduepley

syisodap uwaeyg

6 ¥ S0 IeLg S 010z  86S  0L0T  LOSY  00FI I € I61  SI9C 4 8¢ 6v'v L0T (¥) ¢-ur

1€ I 9 $901 — S€  €OLTT 0996  T8S6  vSOTl  — — €01 €S0vT 1 9 18t 811 (8) us-yd1y 1-u

61 I w Y01 — 0l 981  TSL'8S  $8L8  TolE — — vl 8TT9E  — L1 69°S L (£) ur-ysy -ug

S (4 9 991 — 601 ¥8EI 60 6£€8 869 — — €LC  89¢T  — 4 S0'S 0Tt (¢) ur-moy [-ug

v I — — — — — €6 ISLL L — — 4 #H91 — I 9T'L €9L (9) 1-¥8], ederoro],
oLL 18  LST 0SI'TI  9¢ Is¢ 011 €9 T89¢ 0T (4 — 65€ 906 — — 900  tOL'SH () L'L 96§ quuLieoeg
1 ¥ 8T — € 4 ST 65T S I — €S 996 — — P0  8¥ST (9) ¢'L oeg quiLreoeg
9% 8¢ S 1865 I 19L o1 I €91 201 I (%44 19 9z — — 900  00¥HT ©(8) 8-SeN eInTeN

8 9 — 1343 — I Ll 6 08¢ L 4 — s6 9061  — I vE0 €459 (01) [T-INY BUBIUOIN IS0

6 & — 9 — 3 Ly 8¢ LOLT 8 € — 99¢  ¥SL — — LTT  91SHr  (01) L-DYD BUBIUOIA IS0y
8¥C I — I — — €€e 699 095¢ 6 — — S 8801 — 001 #¥0I L8 (8) 78-1¥81e]

I I L L — I s 9% Tsor 4 — — € 61L — 8 968 TES (8) T961-H seuey
¥ 60 TO L0 €0 10 4 821 €59t € T0 — Te o ogsel 10 — 8¢y 0108 (9) vpd soury op ereg
sjisodap [ewrIdYoIpAH

% ¥ 19 ad IL ug ug PD 3y OIN sy (9] n) N ) (%) unN £ gy

(6 od ‘wdd ‘BOHYEH Ov-1 SH | Y ESEUEWELH MM | 20 €2

(o4 1dooxo ‘wdd ‘| a1qe L, paydene jo o~] "ON sojdwes) | 9[qe], payoene Jo sajdwes ud[eyds ur SJUSWI[I dJk1) PUB JOUIW JOJ SUOHBIIUIOUO)) *€ (B L

67

DOI: 10.12677/ag.2021.111006


https://doi.org/10.12677/ag.2021.111006

a7
Ay

K3 FC

[ S S ¢ 4 — — €0 9T 0sze 4 1o T0 €C 1F  To 0LI 696  tOIY (8) ¥ 66BN 1013 IR
L I €0S1 10 T0 90 9¥ 0991 S's 60 €0 I'c  6zel I 11 986 TEO0E (L) 16643 dioyoneyy
o 1110 197 — Tl 10 €0 TI8¢ §9 — 10 (44 7'e L0 091 €T¢ €IS () T 66uZ weAnISuIZ
611 I — — — — — 6T 797 14 — — 14 1€ — 6T 20’8 0L8 (01) 1-BS BPNES
€1 1T $00 1TSIl 9¢€  oTvoT €l vl s8¢ ges I'e e 8l 0LL 80 00  6¥0  S9TE (1) §d 21D Aeysg
'l L €0 oF 70 43 — — vhLY 9 8¢ — 96 8¢ — — 61°0 0€s (8) AN BMOA
sysodap SIANA
I I 0 091 — 201 80 0 8€69 LT — L1 L't e 8 SI 851 801 (8) 1-4H ety
ST €l €0 psEl — €€ 91 1T 1101 €tl — v'T 91 18 9¢ 9'8 vL1 101 (01) SUAD [esoury ddey
ST 9% €0 SI — T 8¢ §0 916¢ Lg 10 8¢ 8 syl — 10 €0 €T (8) 1yuz uewjoyuIg
LT 1801 TO  6kEl 8S1 I 6¢ 0 14379 9¥ 0 s 9C 6T €0 0 ws 4 (T1) 94-yS1Y- L
' TST L0 060€ €S 79 1T 10 0TLY (44 143 1437 T S'L 60 0 1483 '8 (01) 94-M0] L
m:wo&e—u punoqejen§
Yo L0 ILT ISHE €0 — 10 9L 6vrC €6 — 0 S0 68¢ 'S LhST €50 svs  (S) T6603 uS[[opnIdsUUO]
91 €T ¥T 8¢ 10 10 10 081 #0801  t'¢ 0 €0 80 90€ 9y 8te 01 0s0€ (8) T1-1 (X1D) d1a9)9]
19 90 €€  Spel 10 — 0 [ IS 4! — — 1’0 3 e 0€C  v0T 08¢l (8) [-wey exorwes|
4 01 S 001+ 6¢ €1¢ L I 9598 L01 — 7T (44 8L6 I €1 9¢'1 899 (o1) 8Ls9
9 I sT 9t €l ST €€ T 008°€L 9 (4 — 8 8851 — 6 870 86T (11) eLsg
Lre €1 8l 76S 200 €0 1T 09 [£9729 81 10 0 8T TTlel €0 8 98T €491 (9 ar sa
0zl I — — — — — 6T 79T 4 — — 4 03 — 6T 80 0L6 (o1) czad
L TT €S 9% €0°0 S0 'S €T TseL '8 10 €0 I 4L 11 665 €l LT8¢ (8) 9gd
3 9 ad IL as ug ug PO 3y oA sy eo nH IN )  (%)da U £ gty
panunuo)

68

DOI: 10.12677/ag.2021.111006


https://doi.org/10.12677/ag.2021.111006

e

s

\

[ =TI

— — — — — — — 1sL ogle  — - —  008t¥S 9tv - — 60l o0slc 1€ 33 09 SIQSoT1
— — — — — — - Il oLce — - — 000TS9 S8 — - 0€0 6¢ Iy 6¢ 96 1220
— — — — — - - 00L 008y  — — — 00I'S19  00TT - - 6C¢  00lC — - —  (6D)g-1muury
— — — — - — — 006 008  — — 0001 00T°6£S  O0O0LI - — w1 00LT — — —  (SOdI-Lev0S
- - - - — - - - 00€01  — - 006  00S°ST9 00T — - 651 009 — - — (OVI-LEPOS
— — — — - — — 0091 000s  — - 00L  00F'IIS 0061 - — 6871 000C — - - (zoo)Tee
syisodop [BuLIRYIOIPAH
— — — — — — - — S08 €€ — — 000%IS 009°IC —  9S¥ sLe oL — — - g¢ ojdweg
— — — — — - - - €L 01 — — 000°L19 000LF —  69% 90°S  OFE - — — V¢ ojdueg
— — — — — — — — €18 €01 — —  000°L6S [44 — 6 80'¢ o€l — - - gy s[duweg
— — — — — — — - LSL 601 — —  000°019 [44 — 68 ore o8cr  — - — v ojdueg
— — — — — — - — w8 Le — —  000°ILS 99 I 14 €86 0681 — — - g¢ ojdwreg
— — — — — — — — (435 1A% - —  000°6¥S L8 - vy 0601  O0LLS — - - v¢ ojdureg
— — — — — — — — 19¢ %Y — —  000°18S €9 — 8¢l €88 0scc — — — g¢ ddwreg
— — — — — — - — 143 66 — —  000°SLS 98 — ¥ Ly'8  0l¢T — - - v 9jdueg
— — — — — — — — £96 1874 - —  000°61S €l — V91 986 0691 — - - g1 o[dueg
— — — — — — — — S¥6 L's — — 000°09¢ 99 — 6Ll 166 0691 — - - V1 9jdweg
0001  — 00T - — — 00¥  006°L1 001€ 00S 00ST ~ —  00LTZS O0OLL9  — - 8L'S 0 - - — L11-88p¥1
0 - 0 - - — 00¢ 0088  00SI ~ 00s  00¢ —  008'St9  00IL - — 970 0 - — - S-1-d8eyol
00¢ — oot — - - 008 00L€  00IT 005 008 —  000%€S  000% - —  ¥9'IL 009 - - - 8-18¢8
009 — 00S — - — 009  006°SS 00TT 00§ ©000T —  OOI‘LLF 008°€E  — — ogor 009 — - — 8T/E/L6YS
00v - 009 — — - 00S 00V IT 000 001 009 —  009°€CS 0066  — - 868 0 - - — LE-XSTIE
syisodap umowjun)
B D g ad IL qas ug uy PO 3y sV €D uz ny IN 0D (%3 uwN D A L B M

(gl od ‘wdd ‘HUHGH 6L~y S | 2 ESEULEMTLH MM 1 ZH v

(91 1dooxe ‘widd ‘1 9jqe] paydene Jo 61 [~ ‘ON sojdwes) | ajqe[, payoeye Jo sajdwes 911101y ds Ul SJUSWS[S 90BI) PUL JOUIL J0] SUOIIBIIUIIUO)) *{ L],

2

Am

£l

7

»

HoER

69

DOI: 10.12677/ag.2021.111006


https://doi.org/10.12677/ag.2021.111006

a7
Ay

K3 FC

— 90 — oz @ — — — — 9Hy 19 — ¢ — o1 L 81 6s€ Ly — @ — — s-eq

— w0 — (44 — — — — ey v — 61 — L ST ST ¥Se L1 — —  — -84

— 4 — 08— — — — 686¢ S9  —  6ll — o 7l vor  IST €Tl — - — YLT-S

— 43 — L0l — — — — €I1¢ 611 — €L — LLET 01 +9T 691  tTl — - — A8 ¥4

— 16 — 8¢ — — €€ — e ST — o 8ll — 656 6T SST 081 10T @ — - - qS-AD

— 97 — € — — — — sege L — 48 — Wl ¥l ¥8  6€T 101 —  —  —  6€97-89¢dd

190 8T 900 98 9738 61 TI0o — wU¥st Ty — €80 — vy — o0¢y L00 18 — @—  — 1T-W

— 89T LOO T6 88 6L8 LTO @ — 9¥6 € — €€ — 91  — T80 160 0¥ — - - "N

€0 T8l  T00 se8 1Tl — vT €00 8T0L S — 191 — vcr —  — 681 LSL — - - TTH

s€0  LeT — e wo — 0 S00 0006 9SS — 8L — orvr —  —  SLO 9 — - - 9-4

Lo € — s6€ 90 — 91 810 €6€l ¥0T — 86 — - —  — 8¢l re — - - or-g

— 66T — Le — L't Iy 61 791 801 — 9 — o — o 91 61 0 —  — — $901-4ZH

— €T — rer 9o gL 180 — 6891 S8C — 180 — LT —  — 8¢l 88  — - - 7901-4ZH

— 91 — €l 00 ¥9 nmo — 650 88T — S — W9 910 ¥00 e 111 — - - 9801-4ZH

— — — — — — — L6l o0l¢e  —  —  — 00§ — — — 1S6  SL 43 8¢ ss SL6LY
spsodap LA

— — — — — — — o0¢r oIy — — — 00T89 LOI — — S€0 009¢ LT o 89 LSTI

— — — — — — — IS oy — — — 000TS9 0 — —  8TO0 088  ¥E 33 SS Leel

— — — — — — — 6Tl o0kl —  —  — 00s9¢9 8 — —  9¢1 Is (47 €€ 6 Izl

— — — — — — — — opse — —  — 0000)9 € — —  6T0 0TFEl TF 8¢ 08 k4!

— — — — — — — s0z o0we — — — 006S¥9 e  —  — Il (34 0¢ o 9% €0€1

— — — — — — — Wl 0ssc —  —  — 006'¢k9 6 —  —  LTO €€ 0¢ 9 68 €621

— — — — — — — Wl osle  — —  — 00€9¢9 09 — —  9¢1 LS 93 & vol 6811

— — — — — — — ¥l oLy —  —  — 00I'sto 001l — — 691 89 ST o3 Is 8811

— — — — — — — 6l 066 -  — — 006099 — — — S00 ¥ ¢ 6¢ $6 8911

s LN q ad IL qas ug uy | 28] 3y sy e uz n  IN 0 (%) uN I A 1L S gy

panunpuo))

2

Am

£l

7

»

HERE}

70

DOI: 10.12677/ag.2021.111006


https://doi.org/10.12677/ag.2021.111006

e

™3

\

[ =TI

- - - - - - - [43! 00LS - - —  00£9¢9 08 - - 68’1 78 (44 LT L8 olct
- - - - - - - o€l 00s€ - - - 006'9¥9 €01 - - €00 33 [43 6T 66 90¢C1
- - - - - - - ovl 018 - - - 001959 L - - Y10 1€ 8¢ ve S9 I
sysodap waeyg
- 143 — €81 - €8 099 6'IC 89¢¢ 1's6 — 9L - 0LS — Iro owsl  svee — — — 01-ONd
- e - T - 6C 6cCll  OlIl S618 8'8¢ - Iyl - 12944 - 0€9  9r'€l  €88¢ — - - €-ONd
- 3 — 6 - €L el S8¢C 6LLS LYS — (X33 — 6 — 0¢'1 80Tl suvc  — - — 9-sdd
- €e — 61 - x4 61 00¢ SLYS cle — 871 - 8Iv1 — or's 66’11  L¥ET  — - — ¢-Sdd
- I'e - LIS - € S¢ l 08s¢S 6'1¢C - €8¢ - S¢Sl - 61°0 €01l 9Ll - - - [-sad
spsodap XAAAS
S0 vzl v00 €16 €1  €9r €0 9000 T690T vy — vy - 06'L6  — €0 €00 LTI — — - 9C-SST1-pulf
- 8°0C - 651 L9 - - - 891°SE % - €1 - - - - L00 €79 - - - 8y [-pulf
- e —  S¥ly 9Tl 6 - — LEO6 8'6% - v'e - 90¥1 — 09°¢ LT°0 ¥Cl - - - oS [-putf
- 88 — €8y €Ll 4 - — 199 0t — 960 - 09S¢ ¥90 08'LI 900 8¢S — - — N
spsodap pajsoy ISpung'
- 600 - S - - - - 98¥C 0 - 8L - €L S € 90 LLS - - - L101-1d
- S0 —  vLI91 - - - - 0591 60 - LE - 6S¢C 14! € (48! LIS - - - ¥'LOT-1d
- L — 9101y — - - - 669 96 - 93 - L91 6 81 LEO £68 - - - 9'St-l6d
- 'l - 6¢C1 - - - - 0S¢ S0 - [49 - 8¢ 9 € (4 %] 20s - - - 8-1d
- 33 - L0T - - - - LLTY VL - [43 - sy 4 68 99T 124! - - —  L901-91HH
- LY - 0T - - - - 9I1s 6 - S'6 - 8CI 81 LT 6l°¢ 811 - - - P-dvVD
- [ — 89 - - - - oy 8¢ - L - 14! 4! 89 9¢T 8L - — - 1-dgD
- L - 9T - - - - VLLS €8 - 124 - 6CC €l L9 9L'T SOl - - - ¢-dgd
- (4 - 8¢C - - 123 - S00s 9 - 8L - 8L 0C 61 e VL1 - - - S-dvD
- S0°0 - L - - - - 0cor L1 - [4 - 8 Il 4! 1443 60¢C - - - £€-8d
S D q qd 1L qs us up PO 3y 4 D uz nj IN ) (%)od UW D A L £ M
panunuo)

2

Am

£l

7

»

HERE}

71

DOI: 10.12677/ag.2021.111006


https://doi.org/10.12677/ag.2021.111006

a7
Ay

K3 FC

- v's — 981 890 91 9 8¢l G883 8 - SLI - 9¢ev 1€0 [4 Iy'cl  sTee - - - 81-071
(44 Le - L1 — - €01 €6C  69L8 €9 - (87 - 16T - 860 IT¥I  SovE - - - 61-01
- Le - ey — - LS €81 €L98 9 - 661 - 081 - €0 T8CI  PELT — — — 6-071
— — — — — — — 81T O¢ll — — — 00v°'LS9 11T — — o 9¢ 93 94 €9 165¢¢
sysodap SINA
191 € - €e — - €10 L000  ¥6IC Ly - cro - 08¢l 0€0 1184 €L'S £601 - — — 19-AZ1
Sl e — 143! — — € S00  L961 98 — 950 — ¥S¢ — e w66 ¥$9 — — — 6C-AZ1
L1 6T 8¥l [4%3 — L cro  I1'0 08¢CC v - (430 - oLty — 1434 (1% 24 41 — — - Ly-AZ1
L'SS 8'C (43 €68 — 9C — €000 SCIV 9 — LSO — ¥0l o 67y 80°C €LTI — — — £€91-dLH
S91 € €60 €'¢T — €6 — €1'0 L¥8S LTI — 910 — €SL1 — 0¢€8L €00l SIIS — — — yL1-d1LH
[44 LT 100 S — 61 Iro 100  o¥ck LS - L80 - 0L'6 - or1 e [43:14 - — — LT-d1H
— - — - — — — 9¢ U2 - - - 009879 9% - - 4 A 113 Y4 [4% 33 97 9LC1
— - — - — — - 86 0zey — — - 000°08S [44 — - €9 068S 0¢ 6¢ 9¢ Lel
3S 3D ¢ 1 qd IL qs ug uy PO 3y sy (] uz nj N ) (%)ad ulN 0D A L Sl
panunuo)

2

Am

£l

7

»

HERE}

72

DOI: 10.12677/ag.2021.111006


https://doi.org/10.12677/ag.2021.111006

TR, FhICHE

4. SKEER

38 MEINEE FER I EMETCR T BN R IE 20 AR ICER SR LE 3 FdEkA
CODES [10], RHEAL LA-ICPMS 43#i) 3 4 (Bdik B SCER(FT R 1), FEER A B EREEUE AL
LA-ICPMS 7387, Hrb#es, “Sample 1B, 2B, 3B, 4B, 5B” {#ifJ#/& SN-ICP-SFMS 73 #7i%). Ak
TE S8R AR MR P RE T DA S RS 4 Wi S ARRERAS B INERT M A GRS &, mHREd T
PREFEJE AL LA-ICPMS A5 30 1 25 SR 7T e 23 52 BURE i G2 20 X (AR o SR AL 20 A 7 32 ] R Bk 2
TCR M AEERE, 41 Pb. Bi, XEETLE W REAEEN WEFEMT . (HZ, XT RS E KU In,
Mn, Cd, Ge, Ga, Co %§), TEMNASIKVEE WS35 0 A, [RIIX P Fh 7 288 N AZ & T FERI[10].

SATEE R BRI TR SR BB LN RS . TR AU R R SCEAT 8T, B AR
IR BRI Y A PR TV 2R R BEAT 40 4, SR8 e R G AT 04 . FE a5 R 24, Pb-Zn. Zn
A1 Zn-Pb H R GiFR A Pb-Zn §FK; Pb-Zn-Cu. Zn-Pb-Cu KRG FR A Pb-Zn-Cu HJK; Pb-Zn-Ag. Zn-Pb-Ag
WIRGEFR N Pb-Zn-Ag " IK; Au. Au-Ag B RGN Auli JRK; Cu. Cu-Au. Cu-Zn-Pb I RGN Cu i
JR; Ag. Ag-Au. Ag-Pb B IRGF N Ag K.

4.1. ¥&H R (Hydrothermal Deposits)

% 2 R DU IR RE S (M35909A, M35909B, M45431, M45751)3K A HWRH I, MR 4s B8R H In
HRILET Ga, JUHE M45431 5 In (66.61 ppm), [FIHE S As (1328.94 ppm). Cu (1527.13 ppm).
Ag (18.83 ppm). Pb (387.32 ppm). HT M45431 KREHGH IR, H Sn & EWMIEH =(1133.5 ppm). Hp =
ANFERR B Pb-Zn-Ag IR, {H/Z Pb. Ag. Cu & EZ(ET Wheal Jane #H JK .

%3 HIHGEE R ] 408 Au BT IRAT Zn-Pb-Cu 7K, HI# Ga SEET In, F&IEGMK. (H2
Zn-Pb-Cu /K Ga. In, LAJ Cu. Ag. Sn I EAX T AuliR. KA Au BRI AN EER B
(Mag-8 il Sac 7.3)EANRE In. #l)x, EfE & Ga fl Ge, 1M Mag-8 & & As.

T4, IR In SRS, 1 Ag HRT Cu AN T Pb-Zn B¢ Pb-Zn-Cu H™ R AEH = -

4.2. F9FEAEBH K (Skarn Deposits)

T2 RAEME IREGR TR In BEE T Ga. JLHZ M9I317 CRESN IR, Sn & &4 7464.12 ppm)
In & #1R 51(1378.19 ppm), [AIF} Cu (8781.88 ppm), Ag (141.91 ppm), Pb (59082.82 ppm), Sb (20139.48 ppm)
TEME R, As(3.82ppm)ZETEE. EMAML RS, In FERYS Co BAIREMAR .

72 3 W3k H Majdanpek Zn-Pb PR [ INEER FE 50 & Fe, R In &R A, M Ag. Pb. Bi S &EHIIK.
KB Ocna de Fier [ NEET" Fe & & 4K, 1 Cu.Pb.Bi & EVEH LI K . Co & EALAE Fe & B I (6.04%)
HAEEKQ2S ppm), 1 Fe & BAKRT(0.6%)H & &= 55(2299 ppm). # 4 OdF 3375 1 Co & &4 2300 ppm,
FEFTRINERR H Co & B M E . K E Baita Bihor [IPUHFE T Ga & B AEHIK(E T 4 ppm). K
H 5 LB EE S BB19CB H In (812 ppm)Fl Cu (2893 ppm) & EIRH, Se. Ag & EFH# .

# 4 RH Zn-Pb IR HTP 5 LZY RFIFEH In HFEBKAYET 0.13 ppm), 1 Ga(0.12-0.87 ppm)+
Co (78.3~449 ppm) & AN R o M s, FABEES In & &IR &, M Cu & EAMXFE . £ HTP 5 LZY
AU, Ga &S Co fidlR.

4.3. RIEKIRA FR(Stockwork Deposits)

72 R E Ni PR INEERFE i (M37225) Co & AR F1(935.13 ppm), 2% 2 &, HxT ik
HKAUH PR A HABARE Sk, H N (8.74 ppm). Ga (17.63 ppm). In (36.63 ppm) & & WAHX#m o BT 7T
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K30, PG

HHHE—) U-Th-REE PR, JLINERH AL 5D Ga A1 In S AE%K, 1 Nb Al Ti & &, FEdh M39582A 1]
Nb & 5(18.79 ppm) L H M39582B [ Ti & #:(40.15 ppm)7E % 2 F1J& 5 =i . Ravenswood PR Au B~
R(M9306) = & Cu (1367.28 ppm), As (576.18ppm), Ag (301.69 ppm), Sn (117.46 ppm), Sb (62.16 ppm)
H1 Pb (47449.05 ppm), IXHEASCMBCIRE PRHIX 6 Fioo R G R EmME. FEih M41383 (Ag-Au i JK)
B4 Ag (16.22 ppm) % Cd (3307.29 ppm, & MBCIRE PR Cd & i 1H) .

4.4. BE¥ZEI K (Stratabound Deposits)

Fr2: M50250 K H Ag-Pb W pRAL, 4 2 Rtk R840 PRIV HABFE 352K B Pb-Zn BY Pb-Zn-Ag 1 K.
M50250 %1 Cu. Ga. In, & Ag. Pb. H4x 5 FFES Gas In & &5 T M50250. £ M9323 K [ Wheal Ellen
Zn-Pb-Ag IR, H: Ga & 8(496.58 ppm)ie /N i o i i A

% 3 3R [ Tres Marias [KIINEET FE 70 NS Ge-Fe F13% Ge-Fe B2k, & Ge M54 RIS As F1 Tl;
ML Ge MFEMHTT As A1 T, {HJE Sb R .

KEI> I RS 3 Gay In & &5

4.5. ISHEAN LR BERIRFEL T K (VMS Deposits)

22, R FROK R e 5 Talisker Ag-Pb i FIFE i M9321, H Ag (353.48 ppm)Fl Pb (119,154.65 ppm)
FEIAEE R, FF In (82.49 ppm)Fl Sb (133.13 ppm) & EHAHXT R, 1M Cu & &AL FHRPAFE RN
Zn-Pb-Cu " JK).

7 3 FFE S Vorta DMV & ££ Mo (58 ppm) 5 Ga (96 ppm). #f i Eskay Creek PS5 1 G Ga. Pb. Sb.
Ag. Cu. As. TI{H#AEH &

4.6. BEEE, BORITIREYE FK(SEDEX Deposits)

# 4, RH BNC #1 FRIIFEH(BNC-3 A1 BNC-10), H: Sn &A% (25 11,229 ppm 1 660
ppm). £ SECEX # K, i In & & — B Ga m— M=

4.7. BHEALLTAET KMVT Deposits)

AR EH MVT W R FIRE SN Pb-Zn 58 Pb-Zn-Ag B K.t Ga S EHL In 5 & & - EW M ES.
A VSRR EEE T RSN Pb-Zn IR, Ga. Ag. Cu F1 Pb (& BALIERIR . JLT-Fr
AFEMARZTT Fe INBERT, M Fe & BAKT 3.6% (FEih 47975 BRAL, N 9.51%).

4.8. B—nENIHIER

ANFIZEAIA PR a2 A AT 7E AR BT B A R ok

18 Ga ZEHETE. FrAFMT Ga &8 FH4E N 59.81 ppm (n = 123). F—FE SR E B4
H7E 1~100 ppm (80/123, & 1(A)). Ga EEEIEREH IR (FHHAH 8 MM & EEFLE 100~1000 ppm,
1(B1)). #-REREMBCIRE K Ga & &HALCKER /KT 10 ppm, &l 1(B2), Kl 1(B3)). & 1(C1)~(C7)
FEEIRN Ga 7EANE TR PRI AR 1E 3. Pb-Zn-Cu Fl Ag i IR'E Ga (KLt 77 100 ppm,
1(C2), E1(C7)), T Culi™ R+ Ga & 2 HAKEMEA 0.054 ppm, 4] 1(C5)).

In & & FIEIER =(1585.18 ppm, n=121). —FLLEFES In &2 7E 10 2 1000 ppm Z[A(E] 2(A)).
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Figure 1. Histograms showing the distribution of Ga in sphalerite; (A: in all the samples, B1~B7: in different ge-
netic types, C1~C7: in different industrial types, X-coordinate: concentrations in ppm, Y-coordinate: frequency)

B 1. N5 Ga B2EHE. (A: FiE8#M, BI~B7: ARTAREZREE, C1~C7: FRT KRIHER,
X 5: S=/ppm, Y 5H: 5EK)
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Figure 2. Histograms showing the distribution of In in sphalerite. (A: in all the samples, B1~B7: in different genetic types,
C1~C7: in different industrial types, X-coordinate: concentrations in ppm, Y-coordinate: frequency)
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Figure 3. Histograms showing the distribution of Ag in sphalerite. (A: in all the samples, B1~B7: in different genetic types,
C1~C7: in different industrial types, X-coordinate: concentrations in ppm, Y-coordinate: frequency)
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Table Al. Sample information collected in the literatures
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. . CODES (University ~ LA-ICPMS (polished Hydrothermal
! Baia de Aries BAA (6) of Tasmania) mounts) (Epithermal) Zn-Pb [10]
CODES (University ~ LA-ICPMS (polished Hydrothermal
2 Hanes H-1962 (8) of Tasmania) mounts) (Epithermal) Au [10]
CODES (University  LA-ICPMS (polished Hydrothermal
3 Larga L-82 (8) of Tasmania) mounts) (Epithermal) Au [10]
. CODES (University ~ LA-ICPMS (polished Hydrothermal
4 Rosia Montana CRC-7 (10) of Tasmania) mounts) (Epithermal) Au [10]
. CODES (University ~ LA-ICPMS (polished Hydrothermal
3 Rosia Montana RM-21 (10) of Tasmania) mounts) (Epithermal) Au [10]
CODES (University ~ LA-ICPMS (polished Hydrothermal
6 Magura Mag-8 (8)a of Tasmania) mounts) (Epithermal) Au [10]
. CODES (University ~ LA-ICPMS (polished Hydrothermal
7 Sacarimb Sac 7.3 (6) of Tasmania) mounts) (Epithermal) Au [10]
. CODES (University ~ LA-ICPMS (polished Hydrothermal
8 Sacarimb Sac 7.7 (3) of Tasmania) mounts) (Epithermal) Au [10]
. CODES (University ~ LA-ICPMS (polished Hydrothermal
? Toroiaga Tga-1 (6) of Tasmania) mounts) (Epithermal) Au (10]
CODES (University ~ LA-ICPMS (polished Hydrothermal
10 In-1 low-In (3) of Tasmania) mounts) (Epithermal) Zn-Pb-Cu [10]
. CODES (University ~ LA-ICPMS (polished Hydrothermal
1 In-1 high-In (7) of Tasmania) mounts) (Epithermal) Zn-Pb-Cu [10]
. CODES (University ~ LA-ICPMS (polished Hydrothermal
12 In-1 high-Sn (8) of Tasmania) mounts) (Epithermal) Zn-Pb-Cu [10]
} CODES (University ~ LA-ICPMS (polished Hydrothermal Ph_
13 In-2 (4) of Tasmania) mounts) (Epithermal) Zn-Pb-Cu [10]
14 Majdanpek MD-20 (8) CODES (Um\{ersﬁy LA-ICPMS (polished Skarn Zn-Pb [10]
of Tasmania) mounts)
15 OdF P43 low-Fe (9) CODES (Un1v_ers1ty LA-ICPMS (polished Skarn 7n [10]
of Tasmania) mounts)
16 OdF 3375 (6) CODES (Un1\{ers1ty LA-ICPMS (polished Skarn 7n [10]
of Tasmania) mounts)
17 OdF 3910b (3) CODES (Umv.ers1ty LA-ICPMS (polished Skarn 7n [10]
of Tasmania) mounts)
13 OdF 54G (6) CODES (Unl\{er51ty LA-ICPMS (polished Skarn Zn [10]
of Tasmania) mounts)
19 OdF St (6) CODES (Un1\{ers1ty LA-ICPMS (polished Skarn 7n [10]
of Tasmania) mounts)
20 BB19CB (6) CODES (Unlyer51ty LA-ICPMS (polished Skarn Cu [10]
of Tasmania) mounts)
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21 BBI6C (6) CODES (Unlyersﬁy LA-ICPMS (polished Skarn Zn-Pb [10]
of Tasmania) mounts)
2 BB6 (8) CODES (Unlyersﬁy LA-ICPMS (polished Skarn Zn-Pb [10]
of Tasmania) mounts)
23 BB23 (10) CODES (Unlv_ersrty LA-ICPMS (polished Skarn Zn-Pb [10]
of Tasmania) mounts)
24 VS 1b (6) CODES (Unlv_ersrty LA-ICPMS (polished Skarn Zn-Pb [10]
of Tasmania) mounts)
25 Bs7a (1) CODES (Unlv_ersrty LA-ICPMS (polished Skarn Zn-Pb [10]
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2% Bs7e (10) CODES (Unlv_ersny LA-ICPMS (polished Skarn Zn-Pb [10]
of Tasmania) mounts)
27 Kamioka Kam-1 (8) CODES (Umv'ersny LA-ICPMS (polished Skarn Zn-Pb [10]
of Tasmania) mounts)
28 Lefevre (CLY) L-12 (8) CO(I))fETSaggl‘;;"iZ;S“y rA-ICR! I\fusng’)"mh"d Skarn Zn-Pb [10]
29 Konnerudkollen Ko099.2 (5) CO(%ETSagﬁz;‘;z;S“y LA'ICE] I\fusngls’)"mh"d Skamn Zn-Pb [10]
30 T™ low-Fe (10) CODES (University  LA-ICPMS (polished Stratabound Zn-Pb [10]
of Tasmania) mounts)
31 TM-high-Fe (12) CODES (University  LA-ICPMS (polished Stratabound Zn-Pb [10]
of Tasmania) mounts)
3 Sinkholmen Znhl (8) CO(I}ETSagﬁz;"igmy LA'ICE] I\fusngls’)"mh"d Stratabound Zn-Pb [10]
33 Kapp Mineral KMi5 (10) CO(%ETSagE‘;‘n"i;S“y LA'ICfn]\fusngfs’)"“Shed Stratabound Zn-Pb [10]
34 Hitra Hit-1 (8) CODES (University  LA-ICPMS (polished Stratabound Zn-Pb [10]
of Tasmania) mounts)
35 Vorta DMV (8) CODES (Umv'ers1ty LA-ICPMS (polished VMS Au-Ag [10]
of Tasmania) mounts)
36 Eskay Creek P5 (12) CO('))fETSagfl‘;‘n"iZ;S“y LA'IC;“fusn?S’)O“Shed VMS Cu [10]
37 Sauda Sa-1 (10) CODES (Um\{ers1ty LA-ICPMS (polished VMS 7n [10]
of Tasmania) mounts)
38 Zinkgruvan Zn99.2 (5) COODfETSaSnJl‘;‘nViZ;S“y LA'ICfn“:fnifs’)"]‘Shed VMS Zn-Pb-Ag [10]
39 Kaveltorp Kv99.1 (7)  CODES (University - LA-ICPMS (polished VMS CuZnPb  [10]
of Tasmania) mounts)
40 Marketorp Ma99.4 (3) COODfETSagi’;‘nVigS‘ty LA'ICi l\:usng)"hShed VMS Cu-Zn-Pb [10]
Geological Survey of  Electron Microprobe o
4 3115X-37 Canada (polished thin sections) Sn (8]
Geological Survey of  Electron Microprobe
42 3497-3-28 Canada (polished thin sections) Sn (8]
Geological Survey of  Electron Microprobe
43 8381-8 Canada (polished thin sections) o Sn (8]
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Geological Survey of  Electron Microprobe
44 10428D-1-5 Canada (polished thin sections) T Sn (8]
Geological Survey of  Electron Microprobe
4 14488-117 Canada (polished thin sections) o Sn (8]
TU Bergakademie Electron Microprobe
46 222(202) o e%berg (polished sc ti‘(’) o Hydrothermal Ag [78]
TU Bergakademie Electron Microprobe
47 50437-1A(5) o e%berg (polished sectiI()) 5 Hydrothermal Ag [78]
TU Bergakademie Electron Microprobe
48 50437-1B(25) Freiberg (polished sections) Hydrothermal Ag [78]
. TU Bergakademie Electron Microprobe
49 Zinnw1-5(19) Freiberg (polished sections) Hydrothermal Sn [78]
Finnigan MAT, LA-ICP-SFMS (sample
>0 Sample 1A Bremen, Germany fragments) o Zn (1]
51 Sample 1B Bf;g‘éﬁa‘(‘}g/[nﬁ:ﬁy SN-ICP-SFMS (grains) - Zn [1]
Finnigan MAT, LA-ICP-SFMS (sample
32 Sample 24 Bremen, Germany fragments) o Zn (1
53 Sample 2B . ;ﬂléfar(’}zdnﬁgﬁy SN-ICP-SFMS (grains) — Zn [1]
Finnigan MAT, LA-ICP-SFMS (sample
>4 Sample 3A Bremen, Germany fragments) o Zn [
55 Sample 3B Bf;‘;‘;ﬁar(‘}m:ﬁy SN-ICP-SFMS (grains) - Zn [1]
Finnigan MAT, LA-ICP-SFMS (sample
36 Sample 4A Bremen, Germany fragments) o Zn [1]
Finnigan MAT, .
57 Sample 4B Bremen, Germany SN-ICP-SFMS (grains) — Zn [1]
Finnigan MAT, LA-ICP-SFMS (sample o
>3 Sample SA Bremen, Germany fragments) Zn ]
Finnigan MAT, .
59 Sample 5B Bremen, Germany SN-ICP-SFMS (grains) — Zn [1]
60 1 Manchester Electron Microprobe Skarn Cu-Au 3]
(polished sections)
61 1164 Manchester Elect.ron Mlcrop robe Hydrothermal Pb-Zn [3]
(polished sections)
62 1165bis Manchester Electron Microprobe Hydrothermal Pb-Zn [3]
(polished sections)
63 1168 Manchester Electron Microprobe Hydrothermal Pb-Zn 3]
(polished sections)
64 1188 Manchester Elect‘ron Mlcrqp robe Hydrothermal Pb-Zn [3]
(polished sections)
Electron Microprobe
65 1189 Manchester (polished sections) Hydrothermal Pb-Zn [3]
66 1206 Manchester Electron Microprobe Skarn Pb-Zn-Cu 3]

(polished sections)
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67 1210 Manchester Electron Microprobe Skarn Pb-Zn-Cu [3]
(polished sections)
68 1211 Manchester Elect?on MICI‘OP robe Skarn Pb-Zn-Cu [3]
(polished sections)
Electron Microprobe Hydrothermal
69 1212 Manchester (polished sections) (Epithermal) Pb-Zn-Cu (3]
Electron Microprobe Hydrothermal
70 1215 Manchester (polished sections) (Epithermal) Pb-Zn-Cu 3]
Electron Microprobe Hydrothermal
n 1227 Manchester (polished sections) (Epithermal) Pb-Zn-Cu 3]
Electron Microprobe Hydrothermal
2 1257 Manchester (polished sections) (Epithermal) Pb-Zn-Cu 3]
73 1276 Manchester Electron Microprobe Skarn Pb-Zn [3]
(polished sections)
74 1293 Manchester Elect.ron Mlcrop robe Hydrothermal Pb-Zn [3]
(polished sections)
75 1303 Manchester Elect.ron Mlcrqp robe Hydrothermal Pb-Zn [3]
(polished sections)
76 47975 Manchester Electron Microprobe MVT Zn-Pb 3]
(polished sections)
77 22551 Manchester Electron Microprobe VMS — 3]
(polished sections)
78 HTP-27 CODES (Umv'ers1ty LA-ICPMS (polished Skarn Zn-Pb [77]
of Tasmania) mounts)
79 HTP-174 CODES (Umv'ersny LA-ICPMS (polished Skarn Zn-Pb [77]
of Tasmania) mounts)
30 HTP-163 CODES (Umv_ersny LA-ICPMS (polished Skarn Zn-Pb [77]
of Tasmania) mounts)
81 LZY-47 CODES (Umv.ersny LA-ICPMS (polished Skarn Zn-Pb [77]
of Tasmania) mounts)
32 LZY-29 CODES (Umvprsﬁy LA-ICPMS (polished Skarn Zn-Pb [77]
of Tasmania) mounts)
33 LZY-61 CODES (Umv.er51ty LA-ICPMS (polished Skarn Zn-Pb [77]
of Tasmania) mounts)
84 DBS-1 CODES (Umv.ersny LA-ICPMS (polished SEDEX Zn-Pb [77]
of Tasmania) mounts)
35 DBS-2 CODES (Unl\{ersﬂy LA-ICPMS (polished SEDEX Zn-Pb [77]
of Tasmania) mounts)
36 DBS-6 CODES (Unl\{er51ty LA-ICPMS (polished SEDEX Zn-Pb [77]
of Tasmania) mounts)
37 BNC-3 CODES (Un1\/.er51ty LA-ICPMS (polished SEDEX Sn [77]
of Tasmania) mounts)
38 BNC-10 CODES (Unlv_ersny LA-ICPMS (polished SEDEX Sn [77]
of Tasmania) mounts)
39 LC-9 CODES (Umv.ersny LA-ICPMS (polished VMS 7n-Pb [77]
of Tasmania) mounts)
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90 LC-19 CODES (Unlyersﬁy LA-ICPMS (polished VMS Zn-Pb [77]
of Tasmania) mounts)
91 LC-18 CODES (Unlv_ersrty LA-ICPMS (polished VMS Zn-Pb [77]
of Tasmania) mounts)
9 HZF-1086 CODES (Umv.ersny LA-ICPMS (polished MVT 7n-Pb [77]
of Tasmania) mounts)
93 HZF-1062 CODES (Unlyersﬁy LA-ICPMS (polished MVT Zn-Pb [77]
of Tasmania) mounts)
94 HZF-1065 CODES (Unlv_ersrty LA-ICPMS (polished MVT Zn-Pb [77]
of Tasmania) mounts)
95 B-10 CODES (Umv_ersny LA-ICPMS (polished MVT Zn-Pb [77]
of Tasmania) mounts)
96 B-6 CODES (Umvprsny LA-ICPMS (polished MVT Zn-Pb [77]
of Tasmania) mounts)
97 H-22 CODES (Unl\{er51ty LA-ICPMS (polished MVT Zn-Pb [77]
of Tasmania) mounts)
08 M-1 CODES (Unlv'ersny LA-ICPMS (polished MVT 7n-Pb [77]
of Tasmania) mounts)
99 M-11 CODES (Umvprmty LA-ICPMS (polished MVT Zn-Pb [77]
of Tasmania) mounts)
100 M CODES (Umv.ersny LA-ICPMS (polished Sandstone-hosted Zn-Pb [77]
of Tasmania) mounts)
101 Jind-150 CODES (University  LA-ICPMS (polished ¢ )0 0 hosted Zn-Pb [77]
of Tasmania) mounts)
102 Jind-148 CODES (University  LA-ICPMS (polished g )0 0 1osed Zn-Pb [77]
of Tasmania) mounts)
103 Jind-155-26 CODES (University  LA-ICPMS (polished ¢ /000 posted 7n-Pb [77]
of Tasmania) mounts)
104 BP368-263.9 The Rand Afrikaans  yopyrs (orain mounts) MVT Pb-Zn [79]
University
105 CR-5R The Rand Afrikaans — 1p g (orain mounts) MVT Pb-Zn [79]
University
106 CR-24.8R The Rand Afrikaans 1 p 19 (orain mounts) MVT Pb-Zn [79]
University
107 274 The Rand Afrikaans  yopyrs (orain mounts) MVT Pb-Zn [79]
University
108 BS-1 The Rand Afrikaans  y-py ro (orain mounts) MVT Pb-Zn [79]
University
109 Ba-5 The Rand Afrikaans 1 19 (orain mounts) MVT Pb-Zn [79]
University
110 BS-3 The Rand Afrikaans  yopyro (orain mounts) MVT Pb-Zn [79]
University
111 GAP-5 The Rand Afrikaans  ypyrs (orain mounts) MVT Pb-Zn [79]
University
12 GBP-2 The Rand Aftikaans  y-pyrs (orain mounts) MVT Pb-Zn [79]
University
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113 GBP-1 The Rand Afrikaans  yopyrs (orain mounts) MVT Pb-Zn [79]
University

114 GAP-4 The Rand Afrikaans — yopy 1o (orain mounts) MVT Pb-Zn [79]
University

115 EH16-106.7 The Rand Aftikaans  y-pyro (orain mounts) MVT Pb-Zn [79]
University

116 P1-8 The Rand Afrikaans  yopyrs (orain mounts) MVT Pb-Zn [79]
University

117 P91-45.6 The Rand Afrikaans  yopyrs (orain mounts) MVT Pb-Zn [79]
University

The Rand Afrikaans .

118 P1-107.4 University ICPMS (grain mounts) MVT Pb-Zn [79]

119 P1-101.7 The Rand Afrikaans  y-pyro (orain mounts) MVT Pb-Zn [79]
University
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