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Q9 : Pallancata & F2F2 ¥ F £ ZulZ2RE G5EF oF 520 km B0 Ayacucho region Ujell
HX]ELU} Fdde 9 AFL gREE ”"@EH-/] SAARE FAHEY 5 BYGFIE FEHH
:rL’H%LE‘: 3¢, At 8, HakE S35 Y, skAA &Y, 5}4 -‘HH o, 'l":’r—tv'—oL 9 Ao

Zgo|Eolt}, o] F4he §3| g ‘QE"E] NW, NE 9 EW W&o Fx2il&E we} Z213 1009
711,] AEHMEZ T4 o5 Y] & FE 40~1,000 git, WEE 0.1~25 m F =03 ARG
< Fd 3,000 m A=olth AEHL A Ay, 4, ZHEA, crustiform, colloform % comb %3 5
o] FA= T} nonﬂg_x_}%o -Fll-p;].xl-% I_LJ_;Q]J_}% ﬂéﬂp};@% =Agarg 1 7<4E§]-X1'% =
o] BHATY ASFEL A wa|A, £ WA FA FFA, AolZ, 5|4, HAASE REEA
FE, AFSHE, ALSI-OA] 3E, 3, Holdd, 54, Wiy, JdHAEH, proustlte-pyrargyrlte,
pearceite-polybasite & acanthite 5°|t}. o] F2te] FEFNLY gstzd s EUE 7§ 2 B3
£ WAL=} FEU(f) M7 118~222 °C E 107"°~10"7 atm.9] M9 S 2t E}EW o] %
ko] MQw) 22 NERE, eeA 2 & Fg8] 48 58 EUE, o] FAity & FEEL
E'—%Lﬂr«l ‘?_}°°ﬂ o3t ki slE G4 8A o2 HE] 3PS Bl 9% Wk & vl 93| H)
WA e PHYLE FIFES D ALERS A AAFG o o] B4 YL HPHA AESF
intermediate sulfidation® ol S| F-H T}
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ZQ0] : Pallancata & 34, Agd wohyd A2BE 31524
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ABSTRACT : Pallancata Ag mine is located at the Ayacucho region 520 km southeast of Lima. The
geology of mine area consists of mainly Cenozoic volcanic-intrusive rocks, which are composed of
tuff, andesitic lava, andesitic tuff, pyroclastic flow, volcano clasts, rhyolite and quartz monzonite. This
mine have about 100 quartz veins in tuff filling regional faults orienting NW, NE and EW directions.
The Ag grades in quartz veins are from 40 to 1,000 g/t. Quartz veins vary from 0.1 m to 25 m in
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thickness and extend to about 3,000 m in strike length. Quartz veins show following textures including
zonation, cavity, massive, breccia, crustiform, colloform and comb textures. Wallrock alteration features
including silicification, sericitization, pyritization, chloritization and argillitization are obvious. The
quartz veins contain calcite, chalcedony, adularia, fluorite, rutile, zircon, apatite, Fe oxide, REE mineral,
Cr oxide, AIl-Si-O mineral, pyrite, sphalerite, chalcopyrite, galena, electrum, proustite-pyrargyrite,
pearceite-polybasite and acanthite. The temperature and sulfur fugacity (fi) of the Ag mineralization
estimated from the mineral assemblages and mineral compositions are ranging from 118 to 222 °C and
from 107°% to 102 atm, respectively. The relatively low temperature and sulfur-oxygen fugacities in
the hydrothermal fluids during the Ag mineralization in Pallancata might be due to cooling and/or boiling
of Ag-bearing fluids by mixing of meteoric water in the relatively shallow hydrothermal environment.
The hydrothermal condition may be corresponding to an intermediate sulfidation epithermal mineralization.

Key words : Pallancata Ag mine, quartz vein, wall-rock alteration, mineralogy, geochemistry
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Fig. 1. Location and geological map of the Pallancata Ag deposit (Modified after Condori, 2016).
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Fig. 2. Photographs of rocks and quartz veins from the Pallancata Ag deposit. (a) telescope of the depo- sit,
(b) tuff showing rock fragments, crystal and matrix, (c¢) quartz monzonite from south Pallancata deposit, (d)
quartz veinlet cutting quartz monzonite, (¢) and (f) telescope and closed-up of the Pallancata vein, (g), (h) and
(1) closed-up of the Yurica vein, (j) closed-up of NE quartz vein.
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Adularia =

calcite and Fe-O mineral in tuff, (c) and (d) pyrite inter-growing with quartz and adularia in the Pallancata
vein, (e) and (f) adularia inter-growing with quartz and apatite in the Yurika vein, (g) and (h) quartz, galena,
calcite and adularia being partially altered by sericite, chlorite, rutile and Al-Si-O mineral in the NE quartz vein.
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Pallancata FAH> T2 25 Aikehs 4o =
HFollA F AR F Fikoltk o] FAF FHo
+ Selene FAHAA] F3-38)3 Inmaculada 34+
o] Ex3HH(Fig. 1). ©] 34k 1980'd] Pallancata
9 Mariana HE< 3RS 2002'd Interna-
tional Minerals Corporation (IMZ)7} o] dtje]
BEAE 53k 200597HA ©AE Skt
2006'A°l| International Minerals Corporation (IMZ)
+ Hochschild Mining#} Joint Venture FoFs 2

o 200700 AR A28 THHochschildmi-
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Pallancata 34 B A] NW W34S zk
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=hFig. 1c). ©] WL 1~2.5 m2 WS /A H
AL oF 400 m AEo]al F2)= 800~1,000 g/t
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Fault Ih
E Inferred fault

S Vein

El Inferred vein
Regional fault

Y = Principal strike-slip zone
R = Synthetic riedel

R’ = Antithetic riedel

P = Synthetic shear

T =Tension

Fig. 4. Structural framework of the Pallancata Ag deposit (Modified after Condori, 2016). (a) map showing
distribution and orientation of the faults and quartz veins, (b) Rieldel’s model for the structural framework of

the Pallancata Ag deposit.
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2 52 Tacaza® F4(32~31 Ma) ¥ Nazca
To] dopugzt & oz FEd wf FAE dit
5 NNW W&ke| #agf o5 @553 o5 USs
of o3 FAH F GFEE 74 EHMargirier
et al., 2015). Condori (2016)°l 2|3}H Pallanca
Fike] B3-S 16.58 + 0.16 Ma HARIEA &
3¢ Yol At Rusiinh weha Fsihg-
< F4 o] HAIEA 339 HAH $ JA4E A
o= siANE" 11 FEd HEd sMETe
Huaylillas arc (24~10 Ma) %=+ Lower Barroso
arc (10~3 Ma)¥ #Hste] A Ao= AZH
H(Decou et al., 2011). Fig. 4a°lx He A 2
o], ¢F 100 7 MFHEL NW, NE ¥ EW
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ol HEAQ =dS Fig. 4b2 FEASIAUTE
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Riedel synthetics®ll 3= ™ San Javier @, paola
W Rina W3} o] NE WHHES 2z e

Riedel antithetics®] 31dHTh HES Yurika 9,
Luisa W3} o] EW WS zhe WMEL Ten-
sion®] SNFETHFig. 4b). ©] Fte] F o]
= WMEL Pallancata @, San Javier®} Mariana
E°] ™ (Hochschildmining homepage).
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ATt ol AFA & FEEo] TEE HEe ©X
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Pallancata @2 X|3Eol|A #FEslH o JH 3
A xHoE A= £ BEATHFig. 2¢). ©l
Pallancata -2 WZo] ¢F 25 m JZo|H F=
WA 3 A gl &40} o] HAdsh= T3
A YA s Al Aod o 2 A THFig. 5a, b).
o] Al I MY F & Yoll= eI #
ZE™ o] AF Holle A3 £ A, e,
WA Fo] AEEY EREEEES BEEA g
THFigs. 2f and 5a, b). ©] 4% T)d(zonation),
A& (cavity), I (massive), 28 J(breccia), crus-
tiform, colloform % comb ZZlEo| Fawn X
3412 bladedstAl 4H=H THFigs. 2f and 5g~i).
o] WoA AFEE EIVHAZE T2 3EHE
o] W FHEE we} JRE Y g oA A
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Fig. 5. Photographs of quartz veins in the Pallancata Ag deposit showing various alteration and textural features.
(a) and (b) the Pallancata vein, (c) and (d) the Yurika vein, (¢) the NE quartz vein, (f) sericite alteration
(drilled core), (g) euhedral drusy quartz in cavity (drilled core), (h) adularia crystals in quartz vein (drilled

core), (i) bladed calcite (drilled core).

9 &= HEHZE AEdthFig. 3c, d). v7s}H
A AZEE FEES AY, A, WA, 534,
Aolg, QA3 g HikslE Folal ga-2 FE
2 HE= A B=THFigs. 3¢, d and 6a~c).
Yurika -2 34,600 m) A&A SHE 200 m
A4 73U 4,432 m AF =l FEE QT
o] Mo FulAlo] HFow YK AFo] HHE™
T2 A, B, A, S 2 IR 34 F
o] Az o] T3l 1z Qh3|uiay Ao
o] dttste] AFEHTHFig. 2g~i). EPHZRE F
2 qiepgoln YF FHAsAE, ARSI
2 HEsIALE So] FAFTKFig. Sc, d). ©] Hol
A AR FAPERE FE HMol I3
9] & FEEC] U2 cm) T AR 4
Z¥THFigs. 2h, i and Sc, d). & FEES FH3
WA 2] Qks|il M dat FE o] AEHTHFig.
Sc, d). EuEsIAM HEEE FES Y, WA,

A, oA, s, WA, JFEF, prous-
tite-pyrargyrite, pearceite-polybasite % acanthite &
O|tiFigs. 3e, f and 6d, i).

FHAL BN 9 A MG Yo A
o] thxoF JEH Iy Fua 44y YA
A3|uA Mg Yol A AEEE FHALS 239
g=o® Mo FHI FAF ASHAL Aot
A, 5, WA, AEES, proustite-pyrargyrite,
pearceite-polybasite 2 acanthite®} ¥4 AEHT}
(Figs. 5c, d and 6d). EPMA°] 23t a9 A
FEA AR, nFLLE As 117 wt%, In 0.07
wt.%, Zn 0.06 wt.%, Co 0.05 wt.% 2 Te 0.05
wt.%EA As7F ThA A4 FEo] Th(Table 1).
Aok 2 FuAl G x| s A o
A AEEE E4 B 8ads A Asdn
(Fig. 5¢c, d). @H|AstolA AotdA 2 54,
B, WA, JdFE" 9 pearceite-polybasite2}
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S— Feoxide

(0¥

Fe oxide

Py -7

REE mineral(?)

Fig. 6. Microphotographs of ore and gangue minerals in quartz veins of the Pallancata Ag deposit. (a), (b)
and (c) pyrite inter-growing with rutile, apatite and adularia in the Pallancata vein, (d), (¢) and (f) sphalerite
inter-growing with pyrite, chalcopyrite, galena, electrum and pearceite-polybasite in the Yurika vein, (g) electrum
inter-growing with galena and pearceite in the Yurika vein, (h) prousite-pyrargyrite in the Yurika vein, (i)
acanthite inter-growing with pearceite of the Yurika vein, (j) polybasite in the Yurika vein, (k) pyrite and Fe
oxide in the NE quartz vein, (1) rutile inter-growing with adularia and REE mineral (?) in the NE quartz vein.
Abbreviations;, Aca = acanthite, Ad = adularia, Ap = apatite, Cp = chalcopyrite, El = electrum, Gn =
galena, Qtz = quartz, Pe = pearceite, Poly = polybasite, Pro = proustite, Py = pyrite, Pyr = pyrargyrite, Ru
= rutile, Sp = sphalerite.

7l 4AFEEtH(Fig. 6d~). EPMAC] &3t AdotdAe] &5Ae Seto s AHER] ¢k dn| st A qt
Zé?*—‘é** A7 Fe 0.26~0.95 wt.%, Cd 0.29~0.62  #ZEW A=Hl T o}l A&gko] 2] ol JnA

wt.% 2 Mn 0.00~0.23 wt.% =M Cd7} 2% 35 Joll A Eae Holdd, odEY L urelxz)
Hu A &3 Mol o g A=EHti(Table 1). HA APgrﬂB}(Flg 6d~f). WAL A4 9 A

I:]O“ Ol‘
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o A AEEH HrAsolA A, A
oldN, &F4A, FER], acanthite, pearceite-poly-
basite 2 proustite-pyrargyrite$} 37 AFEHTH(Fig.
6d~g). EPMAC] 23t WA o] AeFia Ad) Zn
0.00~1.53 wt.%, Fe 0.00~0.44 wt.%, Ge 0.07~0.12
wt.%, Bi 0.00~0.10 wt.% % Se 0.00~0.13 wt.%
74 ErEe] ATKTable 1).

NYEHS SRto=E APfo| =2 a1 Av|Hs)
ATE FAEH AENE} AEHFES =4 Lk
o] =2 FE FHA, HotdA, WA 2 pear-
ceite-polybasite 2} 37 AFEH THFig. 6d, e, g).
dEH ] gt AAAREA(EPMA)S] o]xbAl Y
(BSE) #&olA 27]e] o2 A=W o5 o
gk spehEA Ay 53 & 24 Wt gEdd
(Fig. 6g). ©] FE9] 3stxA2 Au 31.16~46.24
wt.%, Ag 48.73~65.56 wt.%°|™ A% Zn, Cd,
Hg, Fe, In, Te, Bi ¥ S Y4E0] ZAEHtKTable
2). Proustite-pyrargyrite> SQFO. 2 2Ho| 753}t
o AR} AHEgfo] E o] FEd FE P
A Adoldd], WA, pearceite-polybasite 3 acan-
thite?} I A=EU R PG Yol G502
AH=EE7|E $h(Fig. 6h). Proustite-pyrargyrite©]l
3k Az n]EAY(EPMA)2] o]AF A H(BSE) &
Zhol| Al proustite= ©1FA HEEW pyrargyritew
WA #ZEKFig. 6h). o] F=ol tigk EPMA &
A A= Table 33 2t o] ExoAM He
Hle} 2ol Agoll A% Cu, Cd & Ino] 28|32 S
o &% Se ¥ Teo] A= s & F Utk
o] F= W vFdA FFS Gamarra-Urrunaga et
al. (2013)°l )3 R31¥ Pallancata Wol|lA] 4+&
%= proustite-pyrargyrite W P4 R
=A AEdd. T3 Fig. 7a0lA4 He A3 2ol
Yurika oA 4FEE|= proustite-pyrargyrite2] 3}
8tx4L Pallancata Mol A 2FEE%]= proustite-py-
rargyrite®] 3}8t2Ad 7} o] HREAQl 2AS Zkal
AFZHT} Pearceite-polybasite> §9+0. 2 2ol
7FsetH 4AFERlEe} AETFo] o o] FES F
2 A, Mo, WA, A[FER, proustite-py-
rargyrite % acanthite?} 74 AHEETHFig. 6e~g, 1).
o] F=o Wi EPMA AHTEA A= Table 49}
2th o] ExoA Hie nke} o), Ag ¥ Cudll &
2 Zn, Cd, Fe 2 In°] 181 Sol] 2% Se ¥ Te
o] A|&= eS¢ Utk o] FE W WF
4 S Gamarra-Urrunaga et al. (2013)°1 ]3]l
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Fig. 7. (a) As vs. Sb (apfu) in minerals including
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solution series in the Yurika vein and Pallancata
vein (Gamarra-Urrunaga et al., 2013), (b) relation-
ship between the atomic % of Sb in (Sb, As) and
the atomic % of Cu in (Ag, Cu) after Hall (1967).
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sletxAo] ZHste] Ak2dh o] FEd et 3}
24L& 71A1 Hall (1967)0] AAS BEEF 4
Aol TAske] HHE tjEE As-polybasite G|
AL YF polybasite FEoll EAIETHFig. 7b).
Z| T pearceite-polybasite groupll ™3+ Bindi et al.
(2007)9] AE& FEW E57 A7l ©etA Yurica
Mo A 4HEE= As-polybasitet= pearceite 2 2
Ht(Table 4, Fig. 7a). Acanthite (AgS)2 5%t
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BB 2 A Holold WA D pear
ceite-polybasite 2} 7 AFH=E THFig. 6f, i). Acan-
thiteol] Tk EPMA A2 A3} Agoll &% Cd,
In°] 83 Sofl &% Se E Teo] 2= S-S
& 4= UTHTable 5).
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}_\:110:] E]:I:] Mo(:)] %)‘ o) H]-SHM Eo] J,]_QQL]_ %’
A 9 & FelgEoly & FEES TEHA
%=THFigs. 3j and Se). EdHAEE F2 3}
2h8, Aerszhg 9 YESE Fo] dEHEn
(Fig. Se). o] 9" ud, As, 34, 248,
crustiform, colloform ¥ comb ZZEo| 2=
YE W34 bladedstA AHEHTE FHE4 % =k

SPAANE D 1 A o)) A B A
2 e, aogee e SEEe o

oc:;’ O]--g“}d %g__—_]/d u]—o:]x\% mxw :Lj}d 013]
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! Al-Si- Oﬁ] BE 5O|tKFigs. 3g, h and

/‘\jl 7\4_“"—1—, bl
A BE A
6k, 1).

F7HH O R o] F4k A FIoHIE 9 AlFFotE
o Agu 9l *%ﬂ%oﬂ sl 7l=std o
=3 2t} B /‘] °ﬂ g gask A=
dol gk AR = AL, Wy 9
bladed W35l|4]-& %““*“ ‘417‘] Q‘ﬂ?’»“ﬂ‘ 43 A
AHEETH(Fig. 5f~i).
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Fig. 8. Temperature vs. sulfur fugacity (f;;) diagram
estimated from mineral composition and mineral
assemblage in the Yurika vein of the Pallancata Ag
deposit.
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E£3], Mot oFEF, proustite-pyrargyrite,
pearceite-polybasite % acanthite> 4% Cd, In,
Te B Se ¥4E0] eHrEo] THTables 1~5). ¥
WO Cde ofdg oA 4HEEE Aol
S5, FEA 9 AN Yo &7 FrEH &
3] AopdMe] A A 5 wt.% CdE Frdte
Ao 2 HiFo] tiSchwartz, 2000). In FHFS
Aotdd, 54, 44 A FAAN g4 A=
= FH, FE, 4, vla 59 94E A3t
B33 tHSchampera and Herzig, 2002). 73
T83 In Ty FES HoldH B FEHo=w
Zn 2 Cu® ¥ vl-¢- YA 3K Schampera and
Herzig, 2002). Yurika oA A& Aol
W Cd e Zn 2 Fe 33} Whl#|st] Zn =
© Feg X33l 5 & F AUrh AdIEH Y
o] Cd ¥ Au, Zn, Fe 2 Bi g} whals)
o ol HAES A% S & F Utk
Proustite-pyrargyrite W] Cd 3 Fe 2 In &
&3} WM HS)al pearceite-polybasite U2] Cd 3
L Cu, Fe ¥ In %3 vkh]#| gt} Acanthite U
Cd &2 In & vt} o]Z22 Yurika
o) 2 Fspakg |2 2ol mEt Cd el In
gt vlgste] Ing X|g8ta s & T 3
o} Kubo et al. (1992)2 A-2ox A& AdofAd
AArE 7teg B el Erhal Harske)
th =3 Lee ef al. (1992)°] &J3HH o330l A
AEEE Aok U TtEge] S AeAdE
I FAWAE zhe Aot dA & s 2
<tk 83 AHEH U 7tes S AE
IE7F SV E StEFY FEol SUFEtHPark
and Hwang, 1992). W24 Yurika ToA] 4HEH
T RFEE W C 2 In FFe 250l o3k A
o2 A7) 18] Mcntyre et al. (1984)9) 2
Sl 318}s3-E((Zn, Fe, In, Ag)S) Ul Ag & In9] 3
ol g Ikl dA4s 11 X8 ¥kg2l(Ag”
+ In’" = 2zZn*")ol F-= ) Jovic et al. (2011)°]
o5 of23IE|Le] IS Pingiiino B34 =
< In FFS 2L A2 T s B
&ttt 18 B2 Yurika oA AFEEE & F
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TS JFEd", proustite-pyrargyrite, pearcei-
te-polybasite X acanthite U] Te ¥ Se 32 7}

P i ont fd

2.5
2.0
9
1.5
s
() s
n 10
0.5
0.0 ] ] ] 1 ] ] ]
13.0 13.5 14.0 145 15.0 155 16.0 16.5
S (wt.%)
4.0
3.0
& L
So0f
o
}—
1.0
0.0 ] ! 1 ] 1e | ]
13.0 13.5 14.0 145 15.0 155 16.0 16.5
S (wt.%)
4.0 -
B ® ©
3.0 [
X F °
s °
52.0— ° ®
s L o~_R?=-0.4931
= )
1.0 [ .
. ® ®
0.0 ] ] ] ] ] o J
00 1.0 20 30 40 50 6.0 7.0
As (wt.%)

Fig. 9. Binary correlation diagrams of some elements
in the pearceite-polybasite in the Yurika vein of the
Pallancata Ag deposit. (a) S vs. Se (Wt.%), (b) S vs.
Te (wt.%) and (c) As vs. Te (wt.%).

FErig 241 =2 § X35l AEHTHFig.
9). Shikazono ef al. (1990)& L¥ ) HIS: &
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gHt}. wpebA Pallancata 34 I 2 11 F3=hg
2 Hlwd e {3ES F 4ARAESA e
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Table 6. Characteristics distinguishing the acid-sulfate type and adularia-sericite type deposits

Acid-sulfide type

Adularia-sericite type

This study

Enargite + pyrite + covellite
Extensive hypogene alunite
Major hypogene kaolinite
No adularia
No selenides
Chlorite rare
Sometimes bismuthinite

Noteworthy Cu production

No energite
Sericitic alteration dominant
Sometimes kaolinite
Adularia
Often selenides
Often chlorite
No bismuthinite

Variable base metal production

No energite
Sericitic alteration dominant
No found
Adularia
No found
Oftenchloite'

No bismuthinite

No data

! Gamarra-Urrunaga et al. (2013).

2 adularia-sericite 3 ol 3l ETH(Table 6). =3t
adularia-sericite -2 Hedenquist et al. (2000)°] <]
3] intermediate sulfidation® % low sulfidation®
o2 B33tk Pallancata 334+ 1 2 11 33314
710l AteEe FEFNTS EUZ Einaudi ef al
(2003)7} AIAIGE BrAe] “dThA sulfidation state
tjoloja#Me)| ZASk] BW intermediate®] 3G
Ho}. wj2bA Pallancata B4 & JEES HlW
A mdake] whgo ofgh ofigdstE d4gdo
EHE &35 &40 ot ¥z 9 vlsed o
3 HluA B2 PHE, RS E A TS}
oA FAEUTE 3 o] FAk FFH L AHH
9l ¥4 intermediate sulfidation® ol 3|3 &
T AUt

AR A

o] A7 F=AAALATY FRARIQL “sf /=3t
/B FEAATAL B BEAA B7K15-3217, 16-
3217)” 8t 3D ALY ZNE 7 FEAY S
2 AFEE e ME19-3211-1)" FAQ IdR=
FRE oM ofo AolE ‘ITE HlEAl Fol = o]
=] wEde A4, st F4 Qdstiista A4
Wt oo} A A Zlo] AAEHYY.
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