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Fig. 1. Location and access routes to the Khunik area
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Fig. 2. Geological map of the Khunik area. Abbreviations after Whitney and Evans (2010) (Bt: biotite, Px: pyroxene,
Hbl: hornbelend).
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Fig. 6. A: Overall picture of hydrothermal breccia of Khunik area’s outcrop in BH-1 borehole (depth: 162-167 m), B:
Matrix supported breccia in BH-12 bore hole, C: Microscopic image of matrix supported breccia. Small fragment with
sericitic- quartz-tourmaline alteration located at silicified matrix and crashed fragments (XPL), and D: Clast supported
breccia (BH-1 borehole with 170m in depth). Arrow shows the direction toward depth.
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Fig. 7. A: Mosaic breccia at BH-1 bore hole with 194m depth, and B: Rubble breccia at BH-1 bore hole with 160 m in

depth of Khunik area
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Fig. 8. A: Clast supported breccia with carbonate- quartz- sulfide cement from BH-1 bore hole with 168 m at depth of
Khunik area, B: Transmitted light crosspolarized micrograph of quartz- sulfide cement. Fragment (F) and cement (C) is
separated with dash line (XPL) (BH-1 bore hole with 188 m in depth). Two generation of quartz are determined as QZ-
1 that is simultaneous with carbonate and pyrite and QZ-2 that is younger than them (XPL), C: Microscopic image of
sulfide minerals in carbonate- quartz cement (XPL), D: Clas supported breccia that is simultaneous with carbonate and
pyrite (BH-7 bore hole with 93 m in depth), and E: Microscopic view of fragment (up) and carbonate- sulfide cement

(down) (XPL). Abbreviations after Whitney and Evans (2010) (Qz :quartz, Cb: carbonate, Py: pyrite, Ccp: chalcopyrite
and Te: tetrahedrite). Abbreviations F and C are respectively fragment cement of breccia




fAL

e Sl G 50 05 slacigisinl g 2 0 SYlew «gerdis)

OYAA JL) T ojless )Y ol

= =
= .2 &
& 5 E3 =
=) S g2 =
E = EE SE Au (ppb) Ag(ppb)
= 5 2g Eg
E : 3 .E ls .E =] Q O i=]
o
- 2F "FeEREE O-BREE ¢
20m
MM
\ /\ >
)
—
E —
—
p—
- -
g
=+
--
2=}
R |
Ei%e
Alteration
; Supergene argillic + silicified =~ Mineralization
Lithology .: Density of veinlet (vol%)
Sulfides (vol%)
orphyritic diorite LsE _
- Secondry Fe oxides <5%
Giranadinite - Tourmalinization
ml
: y Carbonizati (e 8 .
< Crackle breccia Arbonization E e \\‘\g‘zgx) 10-15%
- Porphyritic monzodiorite Sericite - >15% i

Highly altered porphyritic rocks

cS.u? aalaie 5 BH-4 «L5 O 0,di g M J,aLl.c @w w0955 2239 A s
Fig. 9. Au and Ag elements variation in BH-4 bore hole of Khunik area

¢l g S S Ol UBH-1 6LE 51 5YL 3 e
334 BH-7 GLE 53300 oz )le K0k 5 55 sbay
Cl VOY/F PP 590> ;5 BH-1 aslLE ;5 510Y¥ ppb

.(Borna et al., 2013)

PPb 35 Kl 5 pbas Gl S Ologr 53 5Le Ol e
— LS Oler 53 Wb Lo Kle 45" Sl 3 6l YFE/Y
Sl s ol ple (Ve JS8) Coul Ve e pPb s e
Ol el (S8 Ol gyl Jle 55508 2 8 BH-T



Sgr adhie sboailed o Jb iy 0 (o o5l U sl eadciils y sladiged jo yolic 5l golass 4520 5l Lol mlis Y Jous

Table 1. Analytical results for a number of samples from hydrothermal breccia mineralization in the bore holes of the
Khunik area.

Sample Type of mineralization Au Ag As Cu Zn Pb Mo Hg
No. (ppb) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
BHI- Silicified-carbonate 492 03 505 7622 60 17.2 2.6 0.02
55C cement
BH1- Fragment of breccia with
55F Q.S.P alteration 38.2 0.2 24.0 54.9 49 8.2 2.1 <0.01
BHI- Silicified-carbonate 507 02 275 297 25 6.0 1.6  <0.01
53C cement
BH1- Fragment of breccia with
53F Q.S.P alteration 10.9 0.1 57.1 116.3 64 3.6 1.5 <0.01
BH7-
17C Carbonate cement 315.9 0.9 71.6 182.5 38 4.0 0.9 0.30
BH7- Fragment of breccia with
17F Q.S.P alteration 86.0 0.2 28.9 19.5 14 7.0 1.8 0.03
BH7- Sulfide cementof 50, 1 507 76 329 5.5 120 054
24C breccia in oxidation zone
BH7- Fragment of breccia with
24F Q.S.P alteration 102.1 0.1 18.3 7.6 161 3.8 8.1 0.97
400
I:l Carbonate-quartz cement
300 E Carbonate cement
- Clast
g
£ 200 -
=5
<
100 -
0 1 1 :
BH1-55C BH1-53C BH7-17C BH7-24C
Sample No.
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Fig. 10. Variation of gold content in fragments and cement of hydrothermal breccia of Khunik area. Gold anomaly in
the cement of breccia is higher than fragments.
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Table 2. Summary of microthermometry data for fluid inclusions from Khunik area

Sa&':fle Mineral I“tcyl:i"“ (S;f;’) F:“;d Th( €) Tim (€) Tu( €) ?j‘vlt“;}:)y
Bh7-17  Calcite LV 2-8 17 300-387  -56t0-53.2 13 to-1 2.1-5
Bh7-16  Calcite LV 5-7 10 390-415  -57.8t0-54.3 2.5t0-1.3 3-4.5
BHI-53  Quartz LV 811 21 315336 -55.8t0-54.3 -8.3t0-6.7 10-12
Bh1-60  Calcite LV 2-9 11 290-433  -56.7to-54.3 74t0-64  9.7-10.8
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Fig. 11. Frequency plot of A: homogenization temperatures and B: salinity (NaCl wt.% eq.) for fluid inclusions from
cement of hydrothermal breccia in Khunik area.
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gobal culidiiyee OLSer 5 (oo fa.
450 | -
Hydrothelrmal brchia (Carbonate cement) ;; s
: ’ ot } _~Hydrothermal breccia(Carbpnate-quartz cement)
g% * |
i BPY 0‘ ‘
I ¢
e s ¢
350 — ‘ '
‘ L P 4 ®
= e * ‘8,
@) TR s %0
S \ s ¢ 9
I ¢ ¢ * |
= L TR S S
Magmatic fluid
250 —
T Epithermal boundry
S (Lattanzi, 1991)
S
L 1 1 1 1 1
0 2 4 8 10 12

Salinity (wt.% NaCl equiv)

Q.S.P alteration
Quartz- pyrite veinlet

Anhydrite+ carbonate+pyrite veinlet

¢ Hydrothermal breccia (Carbonate cement)

Carbonate+ quartz+pyrite+galena vein

slaol 6% oS 5 . Sigs ailate ;0 Jloyigrad (5 (55l SVl 6lp 6598 plp 50 Gadoriisen sled jloges Y JSb
Naden et al., ) | ,LSeny oL 5 (Hedenquist et al.,1998) |,San 5 CunysSGan «(Lattanzi, 1991) s56Y ulul » 592> 5 2lSle

el osges, 2005

Fig. 13. Correlative plots for homogenization temperature (Th) against salinity for mineralized fluids in hydrothermal
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Table 3. Sulfur isotope values for pyrites of cement and fragment of hydrothermal breccia in Khunik area

Salr\ln;).le. Type of mineralization 632201))’ (°Té) A Calculation 63‘:50:“
BH7-17C Carbonate cement 1.28 384 0.9  §%Spy- 8%*S HyS=0.9 0.38
BH7-17F  Disseminated in fragments of breccia ~ -2.67 355 1 5%S py- 8**S H,S=1 -3.67
BH1-53C Carbonate-quartz cement 2.7 334 1.1 5%S py- 84S HoS=1.1 1.6
BH1-53F Disseminated in fragments of breccia ~ -0.24 355 1 5%S py- 8°*S H,S=1 -1.24

.(Yilmaz et al., 2010)
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Introduction

The Khunik gold prospecting area is located 106
km south of Birjand, in the Khorasan Jonoubi
province. The Khunik area is located in a strategic
part of the Lut Block that includes many instances
of mineralization such as the Qaleh Zari IOCG
deposit (Karimpour et al., 2005; Richards et al.,
2012), the Maherabad porphyry-type Cu-Au
(Malekzadeh Shafaroudi et al., 2010, 2015), the
Cu porphyry type of Dehsalm (Arjmandzadeh,
2011), the Kooh-Shah (Abdi et al., 2010) and the
Hired intrusion-related (reduced type granitoid)
gold deposit (Karimpour et al., 2007). According
to geology, alteration, geochemistry and
mineralization evidence the Khunik area is a
hydrothermal breccia gold system. The important
styles of mineralization are: hydrothermal breccia,
veinlet and disseminated. The maximum gold
concentration occurs along the hydrothermal
breccia zone. The aim of this study is surface and
deep investigation of alteration, mineralization
and geochemical characteristics of hydrothermal
breccia as the most important part of
mineralization in the Khunik area.

Materials and methods

Two hundred samples were collected from both
surface and drill holes. Mineralization and
paragnesis of the system were studied based on

150 polish and thin polish sections.

Doubly polished thin sections were prepared for
twelve samples containing quartz and calcite.
Based on detailed petrography study of the fluid
inclusion, representative fluid inclusions were
selected for the measurement. Using a Linkam
TH600 heating- freezing stage attached to a Zeiss
transmitted light microscope at the Ferdowsi
University of Mashhad, Iran. six pyrite samples
prepared for conventional isotopic analysis were
sent to the Isoanalythical laboratory in England.

Results

There are several outcrops of granitoid
subvolcanic intrusions as dykes and stocks in the
area which intruded volcanic rocks. The
subvolcanic bodies consist mainly of diorite,
monzonite and monzodiorite. In addition, they
include hydrothermal breccia outcrops in the area.
Alteration in the Khunik area is related to some
intrusives. Exposed alterations at the surface are:
propylitic, argillic, hydrothermal breccia and
carbonate. Alteration zones at depth are: quartz-
sericite-pyrite, quartz- tourmaline, carbonatization
and less argillic.

Mineralization is related to subvolcanic units with
an age of 38.4 Ma. Mineralization outcrops in the
central portion of the area are as disseminated,
veinlet, and hydrothermal breccia. Hydrothermal
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breccia is the most important part of the
mineralization in the central part of the Khunik
area. This zone is about 730x750 meter.

The hydrothermal breccia is mostly mosaic to
rubble monomictic breccia with hydrothermal
cement. Detailed systematic mapping leads us to
the recognition of two distinct breccia bases on
cement: carbonate- quartz cement breccia and
carbonate cement breccia. Mineralization occurs
in both clast and cement of hydrothermal breccia
and in the truncated veinlet. Metallic minerals are
dominantly pyrite, and they contain chalcopyrite
and tetrahedrite only in trace amounts. Based on
the lithogeochemical data, the concentration of
elements are as follows: Au: 2-4600 ppb, Ag: 40-
980 ppb, Sb: 6.9-133.5 ppm, As: 0.5-158 ppm,
Hg: 0.2-4.95 ppm, Cu: 21-601 ppm, Pb: 4-1485
ppm, Zn: 18-1095 ppm. Geochemical data in the
drill cores indicated different anomalies in gold
concentration. These anomalies are related to
altered subvolcanic units to quartz-sericite-pyrite
and hydrothermal breccia. Thermometric analysis
was performed on L+V fluid inclusions. The
result of Th vs. frequency and salinity vs.
frequency plots indicate that quartz and calcite-
hosted in the cement of hydrothermal breccia
mineralization may have taken place between 300
to 430°C from a moderately saline hydrothermal
fluid (2-12 wt.% NaCl equiv.). The presence of
hydrothermal breccia is consistent with boiling.
The average calculated 5°*S H>S values for clast
and cement of hydrothermal breccia are
respectively -2.4%o and 0.9%o for pyrite that are
consistent with a magmatic source for sulfur
(Andrew et al.,, 2008). Gold deposition at
hydrothermal breccia is inferred to have been
largely by boiling, although mixing with meteoric
waters may have also accured.
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