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Abstract: This paper is the result of mineral exploration engineering.

[Objective] As one of the most important porphyry metallogenic systems in Gangdese metallogenic belt in Tibet, Jiama has a four in
one orebody structure of porphyry, skarn, hornfels, and vein gold ore— body, forming riched minerals and diverse metal
mineralization. Pyrrhotite is one of the important metal minerals, and its mineral geochemistry and relationship with gold
mineralization are still obscure. [Methods] The mineralogy and geochemistry of pyrrhotite in different occurrences of the Jiama
porphyry system are the main objects for this paper according to detailed field geological survey, petrography, and laser ablation
inductively coupled plasma mass spectrometry (LA—ICP—MS) analysis. [Results] The results show that pyrrhotite is obviously
enriched in Co, Ni, Cu, Zn, Ge, and Se, and weakly enriched in Pb, Bi, Sb, Te, Ag, and As, and low content of Mo, Cd, In, Sn, Ba,
W, Au, T, Th, U, relatively. Moreover, the pyrrhotite from skarn has a high ratio of Co/Ni, represent the its magmatic—hydrothermal
genesis, while the pyrrhotite hosted in hornfels shows sedimentary characteristics. [Conclusions] The variation of contents of Cu,
Zn, and Pb in pyrrhotite are related to the spatial mineralization in the Jiama deposit. The massive pyrrhotite in skarn is closely
related to gold mineralization and the gold is mainly anhedral or irregular free gold occurring in the cavity and boundary of

pyrrhotite grains. The enrichment and precipitation of gold could be related to bismuth—rich melts in the ore—{fluids.

Key words: LA—ICP—MS; trace elements; pyrrhotite; porphyry Cu deposit; gold mineralization; Jiama; Tibet

Highlights: Pyrrhotite is one of the important metal mineral in the Jiama deposit. The LA—ICP—MS analysis of pyrrhotite shows its
geochemistry and genesis. The high—grade Au in pyrrhotite hosted in skarn could be related to the bismuth—rich melts in the ore—
related fluids.
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Fig.1 Geological map of Jiama deposit (after Lin Bin et al., 2019)
1— Quaternary sedimentary rocks;2— Sandstone, slate and hornfels of Linbuzong Formation in lower Cretaceous; 3— Limestone and marble of
Duodigou Formation in upper Jurassic; 4—Skarn marble; 5—Skarn; 6—Skarn ore-body; 7— Granite porphyry veins; 8—Granodiorite porphyry veins;
9—Quartz-diorite porphyry veins; 10— Aplite dike;11—Slip fault; 12—Segment of mining; 13— Drill hole and its serial number;14—Sample location
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Fig.2 Profile of ore—bodies in Jiama deposit(modified from Zou Bing et al., 2019)
1—-Lin buzong Formation sand slate and hornfels; 2—Duodigou Formation limestone and marble; 3—Granodiorite porphyry; 4—Monzonitic granite

porphyry; 5— Granite porphyry; 6— Quartz diorite porphyry;7— Skarn; 8— Skarn—type orebody; 9— Hornfels—type orebody; 10— Porphyry—type
orebody; 11— Inferred porphyry—type orebody; 12— Inferred skarn—type orebody; 13— Gold orebody; 14— Drilling hole and its number; 15— Slip

fault; 16— Spatial distribution of pyrrhotite
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Fig.3 Microscopic photos of some metallic minerals in Jiama deposit
a—Pyrrhotite from skarn(Po); b—Pyrrhotite and Garnet (Grt) from skarnized marble(Mb); c—Pyrrhotite occurring in veins in hornstone; d—Electrum
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R AT R JRIT T LA-ICP-MS i X J5A37
Hm ik, LA FHim et 14, Hmoc £ 34 #, L
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Fig.5 Binary plots of Co vs. Ni pyrrhotite from Jiama deposit
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EI SR SNOE €N 3 € A i = R S N i)
Co . Ni 7 & F1 Ho {8 (Loftus—Hills et al., 1967 ; Bralia
etal, 1979). RN XT AR 2SR PRI ¥ A
BRI 22 S8 3T, 424 T Co—Ni & B i ERfb 27 1A
FH LB IE R B0 0 8 DT IR BB 45, 19955 8
1%,2017) o o, il gl (VMS) (9 8268 Co/Ni
tlﬁﬁ—‘ﬂi T 5~100, i #EEA" Co/Ni HIE AL
KAB—BRT 18 0% ,2017) .

M5 IR LA—ICP—MS I 5 25 5, 3 bl i ik
W RE S B A B Y Co RN, RIS, 0 A5 43 B
fIICRIGLE R, Co NI By & A8k Fa s , G
A i A BEI , 1560 Co \Ni 322 IZK i [ 4 i T =X
TREE WA . AT ES SRR, AR IR
B Co () & AR K, 24 T 12.43%10 ~
27.01x10*6,&657%54%%%43%2&%@COQE%
o Nif SN ARCE R, A TPk Ni &
TN R A e (- By I F O N e RN O a - g T
R R FE A DXAS [] 7 R 2 ™ 1 D 7 A A 245 SR
5 G ER T Co/Ni L E B, ¥99% A DT X
3, W57 f e R R T B — R kR T
TR Co Ni BRI (K 5) . iRy 2 g
BRE™ Co/Ni FLIEE S, 5 M40 BEA Y R i
DX DA B T 2R R Ly R 2 PR Xk (9 1%
2017; X EAE 45, 2019) AHEE &, Ui I JH: = 2 #0ik
22 A B IR B . Y R A S T
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BRI R AT 3 206 JE Tk WA .
Horp iR A CoNi HUfETHE , 2 BEA ™ 2R
GG AR A AL R R N2 et AN HTA HE
B4 v () A I 28 T v Cnssi A R M)
1M Co M F= A E 7 I A S 0 ™ ) h s 4, i L)
A PR GRS B B Co/NIE R T 1 P4
MY R 2 8 T 3 IR 5 R R b 2 42 fih 22 4%
B =4, LR AR 2 BRI, T DL Y
R A S AR B R B Y Co/Ni FRE (VA
W ,2017)

[, B - 5 Y R A A o T g e gk 34 2
A& Zo P & S Po. WSS T
BRI Zn AT Pb B g, X EESH X &
BT U R B2 ] A A G . AR SEAE
L RE R A AR EER A m T
B Mty Besy KA L E2H Cu Pb. Zn,
By Ra R B RERGOR %R YR ok #
W T N R A S . HPb Zn Bk
T Z I T A KA A A Bl v , 725 KA 1
FE Al BT B B R TR BLHCIR 3 manto 7
™K (Meinert, 2005; Jif 25 45 2017; 5% 0 45 |
2020) o FR LA, AR R A R AR rh g B
BRI 1 Zn P % BRI T £ 000 A 4R
JCE ALK IR UTRE ™= 9 . eAh, WLA
JFESL TR TS AT LA i, Zn (Pb H7E R EB 2
BEBE I 2™ | U RH AT BRI AN 23 50 7
B RS v T DL B AR T S (R
6). FTLL, Zn Pb (15 Uk B L] BEAA7F 200 1)
TN R B A

LU, 3 Ff ™= R R G ke rh 8 AR B Y
Ge ¥, A BRE, Z5FAK, U Ge A 4%
T AR . R - PORAE T, Ge
— AR DA . B RAT IR, Ge il WL F A4
TA BAAET YT, LA SR RED
PR, AT WL Ge S 4% 5™ Ta e Hix 2k
T Ge BRALY) 22 S PR AR HIE A S0 1 4 () 35
RA5,1984) , H AR MR B MR R A0 IR, 07
RN & & —E B Geo MUK EE ML BT
5 X5 Sk F I DX BV FH A RE B BT DA R
BOERE T Ge E 2 Ay S iU VR F i A h B
AR I =)

Se . Te 7F [ 2R F v AR 22 MR fb 2 FRAE AR B, 38
HAE b — 00 & MR AR 2E X R IR (IR AR
1997) . WX H"IX, 3 KMo, & & —E W
Se, LIS /D iR Teo FERR R VE LB, Se 5
TR TC R A WA SEAARL, 7T LU 2 M A ik
Yrdmagrh, DIEBRR G 0T B e . Te WS AT LA
HEABRALY AT LIS B0 ST ) Te 04, Qs 4
W WA . RS Se Te 1T LIAE OB LA VE FH b
K —E R R E A, T WAE T T IR
BRI B . BRI, FE B OR a] =R 0 i i e vh
(%) Se . Te AJ fig 2 PR A I 1) 7= )

Bi &R e Bk T B B TR Z —, L
JEFE T R A W RE T BB L, Bi S AR R R
K, EEAF031x10 ~113.11x 10 (F 4 {H N
19.09%10°°) o BFFERIA, Jr 8Tl 5 &5l , 2 P rh i
() —A AR5 AT Y. R, TR ek
PRI, Bi 0 LU B 5 Ag— i B 5 P>, B
Bi'" Ag' " —2Pb” (X FL{R %, 1984) . AN, St n] fE
DL Gt A I A B A 5 50 SEBR AT ) S
B, INESOR T O A 2R A AR B R R
TRARER A o [RIA, NI s T R ik 2k 151 (181 6) T
A, Bi EERBERERIE A1 UL 38
WY, R, B AU S Pb A9 Iz 4 I B X
WA & 42 5 P I & 44 ¢, il BE 22 iRl 4
IEZ=FOr . Beak, s A, 3 2R
B Bi 5 P ¥R B B IEA KRR (E 7).

AN, BN ik 55 H A —2E Sb . As Ag Au s
MRIETCER A B T P O A b
52 HEBRT SETUHBEXE

SAE NI K BN &R b —, W
JE W X HAMBE S T R G B ARG . AT
R, R X 4 TR B C 4R ad 240 t
(MM A ,2019) . Horpr, & B DIAK A AL A A 1 E
KT RANRZ L BTk, XK ev b5
WAL IAROC , JUHIE: 5 1 0 Y B B B 4
WY IR AR OGO FR, BRIV b 7 8 (R T 0.6% 5%
1.0% ), P A= 4 b 67 188 /57, JRy 0 42 T 36 0.3~0.8 g/t
BEAR A /i 1 4 DL b A BRI ST 7= L X
FEBCIR G 1R Z2 72 1 F 340 X4 o i w2 P, B T
PLF=F REE AR R, WnT U™ T bics A
FHEHE N A, Hd, Au 58P ERRS ¢
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ARG RS . X e bR B S8 LIt L
IR . MR, X0 LA AR 5 & Bi.Se . Te (98"
YA 5% LA S 5 R 10 KA i ik g v
B B SRS SN E RIS IEAE(E 7)., 1
A LA FHSE R BN, X R0 L TR S S ann”
YT RE MG EL ) B, TR RN, &0
b5 50 YA B L F HoAT %5 U)K R (Zhou et all.,
2017) . HARELTTE Y, IS EAL (271°C) , Y
T AT BE v T L A B R B S A AE TR A
o, IR B AR T ) A, T BB - S A 1A
AR T AR B o5 DA ) i — 4 0 R R 0
45 P 4 — 5651k (Blake et al., 2009).

BT LA L UFYE A SCA Y R v HOtR i 5 4k
T B Au B R TT BE S & SR AR SR ML A O, B
Y A PR AR B 7E 271°C LA I, A A i 40
AW PR T AuTe R B - S A . R
AR S ARG 28 271°C~254°CHT , A M A s, Tk
HAR 4 A SRE/ B A ik, SR T RE s k™
sOREE], DT T 5 HOR B 0k 3 DIAH DG 1 420
k.

6 4% i

(1) B 3 PR o 2 k™ 3£ 228 4 Co Ni, Cu,
Zn.Ge. Se, 5 & 4 Pb.Bi. Sb. Te. Ag. As, 1fii Mo.
Cd.In.Sn.Ba.W . Au.Tl.Th .U% It X S REE,

()1 = R B ™ HAT #5551 Co/Ni L
{8, BE A AUt 7~ Ho AR ) i o wP i B ek
W AT BBk AR T — 2 B UTAURAIE o W3 2R 19 Cu.,
Zn .Pb & it ARHE 58 R 2 (AL — 2

G RATIHCRER R 5 &0 LR %
I, & FE ML AN, 40 Y TG
R B FLBRFRLE] . RIS, 43 A & 46 FIUTTE il e
BRI IR G,

g R E2QIHANREE P FEE
SEH WRAERET VI LA R ANE F ALK
FEHAERFELERXATE HFHTENE T
X, RABEAFRERXBEENETRFTEEL,
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