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1- Introduction

The Alpine-Himalayan orogenic belt, related to the evolution of Neo-Tethys, is known as the Zagros
orogeny and the Urumieh-Dokhtar magmatic arc in Iran (Agard et al., 2011). Cu (Au-Ag) NE Narbaghi
deposit and N Narbaghi, Gol-Tapeh and Kuh-Pang deposits (Rajabpour et al., 2017; Fazli et al., 2019) are
located in the central part of the Urumieh-Dokhtar magmatic arc, in a shallow and volcanic environment.
Although the arc is the primary host of epithermal-porphyry deposits (Aghazadeh et al., 2015), their
distribution is affected by the tectonic regime and is related to stress fields throughout the arc in later phases.
Therefore, it does not have a constant distribution from the south to the northern part, as the density of its
porphyry deposits decreases and its epithermal deposits increase. Therefore, understanding the geological
environment, structure, alteration, and its relationship with different types of copper deposits in the Eocene-
Oligomocene can play an essential role in better identifying hydrothermal-magmatic deposits in this area a
base for further studies and advancement of exploration goals. Therefore, in this article, we provide an
overview of the geology, structure and formation environment of the NE Narbaghi and then present
controlling factors concerning mineralogy, geochemistry, alteration and fluids inclusion.

2-Material and methods

A geological map of 1:20000 (Iran Industrial Mineral Mine Company (IIMMC), 2019) was used to sample
mineralization and alteration at the NE Narbaghi deposit. Petrographic studies were conducted on 20
samples from unaltered host rocks, hydrothermally altered (8 XRD), and mineralized siliceous veins (17
samples). Also, Aster images and ENV148 software were used to process data and highlight alterations and
their relationship with structures and rocks. In addition, the distribution pattern and geochemical behavior
of copper and other elements were used by the results of 300 samples analysis related to silica veins of
surface, trenches and cores. Finally, micro-thermometric measurements were directed on four samples of
quartz containing copper sulfide by Linkam THMSG 600 heating-freezing phase at the laboratory of
Lorestan university. The temperature ranges were -196 to +600°C with +1°C accuracy on heating and
freezing periods. The step was calibrated by using synthetic fluid inclusion.

3-Results and discussions

The central rock units in this deposit belong to the Tertiary and include Eocene volcano-sedimentary rocks

and subvolcanic intrusives associated with the right strike-slip faults. Alteration zone with NE-SW-trending

in this area, along fractures leading to the intrusive body in the west, with different types of alterations:

silicification, argillic alteration (intermediate- rarely advanced argillic), propylitic, and carbonate alteration.
Mineralization is directly related to faults and fractures, so filling these spaces leads to relatively long

veins (more than 400 with an average width of 1 meter) with breccia assemblages and disseminated and
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vein-veinlet textures. These veins often have northwest-southeast, east-west and rarely northeast-southwest
trends. Generally, four prominent silica veins with a thickness between 0.4-2 meters and a length of 1250
meters have formed primary copper (gold-silver) ore in this deposit. The highest grade of copper is about
2.5%, gold is more than 0.9 g/t, and silver is more than 48 g/t (1.1.M.M.C, 2019). These veins often include
quartz, sericite and chalcopyrite, bornite, chalcocite, pyrite, covellite and rarely sulfosalts such as tennantite
and tetrahedrite.

In addition, mineralization with the deposition of sulfides and sulfosalts such as tennantite and
tetrahedrite in the form of disseminated, vein-veinlet, and open space filling is most associated with highly
siliceous and hydrothermal breccia. Copper shows the highest correlation coefficient with the elements
such as zinc, silver, arsenic and gold. Micro-thermometric data show that mineralization is formed under
temperature conditions of 140-240 °C and salinity of 20-30 wt.% NaCl equiv. Dropping and decreasing the
pressure, low-density fluids with CO2 gas proposed a boiling process, rapid temperature reduction and
phase separation.

4-Conclusion

Accordingly, this system shows evidence of intermediate sulfidation epithermal systems in the magmatic
arc. The magmatic presence of porous structures and mixing with peripheral fluids causes copper-gold
precipitation with siderite.

References

Agard, P., Omrani, J., Jolivet, L., Whitechurch, H., Vrielynck, B., Spakman, W., Monie, P., Meyer, B.,
Worlet, R., 2011. Zagros orogeny; a subduction- dominated process. Geological Magazine 148(5-6),
692-725. https://doi.org/10.1017/s001675681100046.

Aghazadeh, M., Hou, Z., Badrzadeh, Z., Zhou, L., 2015. Temporal-spatial distribution and tectonic setting
of porphyry copper deposits in Iran: Constraints from zircon U-Pb and molybdenite Re-Os
geochronology: Ore Geology Reviews 70, 385-406. https://doi.org/10.1016/j.oregeorev.2015.03.003.

Iran Industrial Minerals Mine Company (I.1.M.M.C), 2019. Detailed exploration report of NE Narbaghi
Copper deposit (Unpublished in Persian).

Fazli, N., Ghaderi, M., Lentz, D., ley, J., 2019. Geology, Alteration, Mineralogy and Geochemistry of the
Cu-Ag North Narbaghi Epithermal Ore, NE Saveh, Journal of Earth Sciences, 28 (112), 13-22.
https://doi.org/10.22071/gsj.2018.97142.1246 (In persian with English Abstract)

Rajabpour, Sh., Behzadi, M., Jiang, Sh-Y., Rasa, I., Lehmann, B., Ma, Y., 2017. Sulfide chemistry and
sulfur isotope characteristics of the Cenozoic volcanic-hosted Kuh-Pang copper deposit, Saveh county,
NW central Iran. Ore Geology Reviews 86(2017), 563-583.
https://www.researchgate.net/publication/314175070.

Sahandi, M.R., Delavar, S.T., Sadeghi, M., Jafari, E., Mousavi, S.E., 2006. Digital geology map of Iran,
scale 1:1000,000. Geological Survey of Iran.

Wang, L., Qin, K.Z., Song, G.X., Li, G.M., 2019. A review of intermediate sulfidation epithermal deposits
and subclassification. Ore Geology Reviews 107 (2019) 434-456.
https://doi.org/10.1016/j.oregeorev.2019.02.023.

_____________________________________________________________________________________________

HOW TO CITE THIS ARTICLE:

i Heidari, M., Safavy, S., 2023. Geology and mineralization of the NE Narbaghi epithermal Cu (Au-Ag) i
' deposit (Saveh). App. Adv. Geol. 13(1), 1-25. i

DOI : 10.22055/AAG.2022.38941.2256
URL.: https://aag.scu.ac.ir/article_17942.html

2 ISSN: 2717-0764


https://aag.scu.ac.ir/article_17942.html

wVa

shahid Chamran Adv. Appl. Geol. Spring 2023, Vol. 13(1): 1-25

University of Ahvaz

©2023 The author(s). This is an open access article distributed under the terms of the Creative Commons
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium,
as long as the original authors and source are cited. No permission is required from the authors or the
publishers

3 ISSN: 2717-0764



w

Vooyleds VY oy0 NFLY L Ayl (69,215 gwlid (e f’ﬂ’d'/;’#'f’g’*

(og9bw) (s£LU HoloJlods Jlo i 3l (0,85 —Ub) (puo jLuilS (2154l 9 (ol oy

*

S 3922 Ol yeodam
OIS gaS (Some SBLAIS g (ouilidimma; Glojlo cme) pole 0aSilghy (532 (Sane SBLEIST g (owlid SIS 095
Sohe v
O 985 (e SBLEST 5 (polidn Glojlo s pole 0uSiRghy 500,07 (Suno SBLATT g (il S 09,5
* sm.heidari@gmail.com

VE N/ V)V s g VEe o/ A/ Vol o o b

oS
odas 318 518 ((LL)lb g SiesS e JEI L jlozmen Eomdieg )l (SleSlo (LS (Sle 2w 50 (L)L sl Jled (o,iUb) e (SaS
Sl b BL3,1 o o1 (55Kl o5 0l oo (rwgrosSll Brasdosd sloodgi § sl (o9 ~ FLiais] slaSin ol o35ame 1l (slaal
Elgil L (63985 0095 &y (it (Sl FoaSis Slaial jo 3o gizr =55l Jlod Wig,y b Gl 5o atgy Ll (pgm) BospS slradg> jo jalolail
b bLsyl jo olhals ol o o gasilow 5 (Slu)S (g yw o« Seebugp (@b ping O 0 —hulgas) Sbj,T (adw oSl S
(il Slacdl LS )0 (Lhn ladsgeze bolen (e ) hawgie (ie 5 Foe Sl iy Job) Jagh L laaS ) JuS0as g o Soass
Dyt g o b SadgeS (o gSIS g oy SIS g Sy ey <5155 ol Ll aaS ) pl .l (lanS 548 g oaiST il
Slasal ;3 (b dndr GlaeS ) D90 1) 095 Cllad SLa S elgl sbnl b alebs (nlaBlge o joal S 5 cuils ez Scdlagilse
5 St 0,8 (55, b 1) (Ko (p i o -l o0 Aalol (0l — i DUl 3585 5 o )8 (Slady ol L g ST Lo SiSs
e o S5 S Jolan s oo Yo 1 Yo Jlas 5,5 5 ol Satils azys VEO-YEe Llos Ll cow  Sals ams oo oLt Ubs
ool sl dloles oyl di 0,15 o) Ls1 Lid 8l 5 Lo LzalS 5 ez atild 4 Gl 636 5 5 qle 5 2 636 55 sloJlons plys 5
Sl b LS 5 2355585 (glo il b agzlse yo SloSle Jlw Ulsixl ] 50 a5 am g0 (i | LS o bawlgam oralailyn Jlo g

Ll 00 Sy b o‘)w U - s Cndiidl sy a(d\d...b? 989) bJa.au

" KpesS st lamen sba LS Gozmen 0 p3
otk S, 50 US) Jles LLL g 4
Rajabpour et al., 2017; Fazli et ) coul oo s
5l Fee p b gleysd LSl sl al., 2019
2oy I 5k [l b ganidn 5 oS SlS
Bgos YET) Ly JUT 5 Lo s Lo Lol slasl 4y a5 b ¢ o
5 (asily 5l asged VY g baled 5l aigad VWYY ¢ S
Iran Industrial Minerals Mine ) ol oo ax8 5 ,las

(Company (I.1.M.M.C), 2019

doddo —)
obewl jo L)L s Jless (0,85 -Ub) e ShHalS
Looghe oboned sl Jled sk YV o535
a5 50 @) S YO VI 500 YET Y latke
63‘5 (Amldl et al, 2005) 4.)5‘) VYideoooo stL».wu.».o)
(eoadd slag ) onss 51 sanled oogame (pl jo ol
S i awgs b sl ool (ol als Jeiln Lol o yls 54>
el 00l G)LwL».w (\Ya0) Q‘)"‘ (D (_ngu_:lS u_a.\.t.n


mailto:sm.heidari@gmail.com

Voylad Y o508 VFAY L

%

.a o W M 5
Wiy 635 (ol (e Sl Eart s

50°E
1

35°N

Legenc

[

Study area
Fault
—AAAA Thrust

Ophiolite

30°N

Cenozoic magmatic
rocks

Structural zones
of Iran

:[ Kopeh Dagh
[ Jcentrallran
:’ Alborz-Azerbaijan
Sanandaj-Sirjan Zone
Zagros fold and thrust belt
Makran accretionary prism
0 100 200 300

km

25°N

50°34'0°E
s s L

50°360°E
. L

50°38°0°E
s L

50°400"E
h L

50°420°E
n s

50°440°E

B
N Narbaghi &
Narbaghi

Gol-Tapeh

X

N\

NE Narbaghi

Legend
I Quartz sulfide vein

D Prospect area N
|
- Km

50"36°0"E

Kuh-Pang
N

35°5'0"N  35°6'0"N  35°7'0°N  35°6'0"N  35°9'0"N  35°10°0"N 35°11'0"N

50'340°E 50°38'0°E 50°40'0°E 50°42'0"E 50°44'0"E

Epithermal

w*

it Porphyry Cu

30°N

25°N

L
45°E 50°E

T T
55°E 60°E

Ol 69y 2 b 5 Jeial S5 Candsn Lol yan 50 —aiog)l HaSle (oS 4y Cond aalllas 3550 035000 Cuaba S| Slas @) -) S

......

oy g 25 <55
Flod (L)L g (L0« SisosS @IS lgzen

Fig. 1. (a) A view of the study area location in relation to the Urumieh-Dokhtar magmatic arc, with some epithermal and
porphyry deposits on it (compiled based on digital geological map 1:1000000 of Iran, Sahandi et al., 2006) and (b) The
location of the NE Narbaghi along with neighboring prospect areas of Gol-Tapeh, Kuh-Pang, Narbaghi and N Narbaghi.

Aghazadeh et al., 2015; Heidari ) 5o § doi> poo
el () JS8) ols jgax g Lise o (Bt al, 2019
aolyz wal s oleS” Gl (g S0 9 Gidu (pl po Ub - ee
asdllas by 3yl oo alis ol ubul ol () JS) 3,4
Oy oG Ll 4 azxgs b (hals eSS
2318 5 5 30 Ollew 5 glo )50 ¢ conds

Sl ol o ool Y

53 48l (g slaaxly (n el sl Jlg Sl
Sl 5 ey 255w slaaxly Jolds adlllae 5 )90 4>l
5 Sl Jdoas o wilie ol GSLaS s et w5

ObeS (Sl (A5 )3 ( SHPST ol Ll 4 LS (.

“Jled i3 5015 655 e Glnl A &5 130 —anes )| SLSLe
ledyss UL e () JS8) ool @y w005 edab (5250
il g5iie S 5 b Brosdars sloodgs 39ai 5 Jliads]
03,5 o2l (LS pl o ) ol )T 53 glgil sloul (gl p3U
02855 Dlgas 5l (oidu leS cnldly )0 () JS2) e
Soadye Ll 4 a5 asbioe (515 8l3asS) ass
Alavi, ) col Glo)b Jled ail> 5 Gudaie o Seolisogss
G5 Sxdyn 5 Jeial A3 elgl ol o 11994
«(Heidarietal., 2015) Jls idu ;0 U595 5 £lazus
Kouhestani et al., 2012; Fatehi ) o,50l> « g o s
09,8 ol> ¢ Sl 2w 4o @nd Asadi Haroni., 2019



Voylad Y o508 VFAY L

w

PN s, . &s
A iy (69 )5 (glids (e j.',;forf/:,‘.-;a@b

& (HFSE) UL sy 0,05 b yolie o 5 5 (LILE)
Sl Sl boplys SleS (5)0 (o285 slaasy>

A ABe (g nl (SgSS ol
S5 5l el jlad Sl Ll g sl 2ol o
Allen et al., 2011;) lpl a4 oy axio oab
Soyid o L &4 (Khodaparast et al., 2020
35l (B arge obml 5 (()Lad - oS slaas)
s 50 aSL 040 o (Morley et al., 2009) sla>U
ma el sl Slea 185 asl ol 6 0w, il o
laaxly 59, p atwgnl jobds o p) je,8 wjle aSyeo0
@y saxly (gloy cnl jo AV JSE) ainds oo (gl
) o8 sasle) slo)B (yg)8 laads> 4 cuniie
Gy by 5l 50y3] A s (UL o8 5 B
Sloody O g0t i SleSle Collid g 0og jlo,55
2 el g Caymd oSS L 3k Gresdes
S5 550 el g (V US8) siboo ol gl slgSin
S 9 5l Nehen 00T 0y GleKiw ;o s (S glne
Noy «spdym U LUSLS S8b 4 Gl e daosgs ()
GW sl sl gl s9zy 5 (V JSB) 50 -5
(S gy sk iy boolyen lsS lwald JIIT
35 o lal JSa)Ss g 98 S0 e wiliyee 5 Cuign
9 Cigm sle,gl jea> (Firouzbakht et al., 2008)
Ayl LSle yogr Hlaul 4 o lal hoses (pl o auli)gn
-SI) uele Bl 4 LSL op! (Richards, 2015)
SlaassT glo S sogama ;o ax 51 oyl Tlio o o JISTT
AGard) 5i,:5 oo )18 69,55 5 5 G358 bl b L 5o
4 Cown e a1 Llo(et oal, 2011

Richards et al., ) swib oo 510,55 gl puaileSlo
Vosoghi Abedini 4 Dorozi k!, ! ;s (2006
s om el oblsl gl pes (V00 )
6”55 ol 0 Gaesdas slroogs =9 o3la8 ‘6)‘5])5]
Gz b aldl &, 4 oo 4 s3ei - Slaaas]
SlaS 5 b (99,0 9 Sam b K pilie p>
ol Gloy ol o (Sh)las - aas g 0l

RO P A RO |

Spgp ol SEbom; slacddld (b sl
4l opl o aidl ygeis, oy Cdél Sl o .05l
345 B3 e LSS Sdgiie (9 slaaxly s T,
Ny, b (g ~Sliasil 5 GlaaasT sleasly of 5 5
Baagey L 5yl 09z - 5L Jled b (551 -5 0>
Jobo iy sl (oo laasly (Y JS2) s)ls )3
Jed 5l bl s bl Sl Slse, 5 I
w3bios 1reglSl g g ogsle ced Samanls dpeglSs
o) ad5> (0 GeeeS 4 29 4 I cnl (V JS5)
s3> boply s ol 50 (Gl & SleyS axlg
Iy ol 0l 0,Lsl (LeslST 5 B3 (6,lsT,0T slaasly
hol Gldas pslne ;3 9 635 0 SledS jo &5 ol
lasxly i g 4l (o9 slosly ol I dilase
e Osleay (V0 JSKE) gl oo 009338l S:LMMT
Sl 1 gl e (udGes o5 5 Sl
Glo SaaSs Sloz 50 5 635 e slagise jo Glaassl
5 sl slassly in (5,60 5 s 4 e oS
sl 00 ¢ o5y Slaiadlad & s pgm ) - Sliais]
5 Sy oanls ols glaasT Jlss cnl (Y JS)
calobe b ojlas slaaily; 5 5)ls1,30 (5 50 ol
sloojlas 5 Gl (i yo Sal 5 Gyl Siwanle
SUL e 0 Sl S slaal g sy )p ol —cujuil
5 Caillat . .Lsl ol o (Caillat et al., 1978) ail
(olaass] slooxly LSis o (VAVA) o,
a by 4l ol 5o Gl (pgmy - SleassT 5 g)lsT,3
sloass> b oalie oulidans 5 (owlbidipe; bl
SlaSiw waltes 5 wils oo (AS) (25 5 Cewjon
2 @Sl 56 ol T g JSITSIE oS 5 b 8]
Ol b gamy lajl 5 aril o Sliass] degazs o]
ey 5l €9 QT L blgas L gle S
S w5y 4 S8 A S el g ey poendl Ll
ol (Caillat et al., 1978) asl o o o cas)ls oLl
@ axg L (Y- )) oK g Verdel a5 el J> 5o
sladegorms  (nl (erdime) slaSRy Sqelie
e Sile oS gleally X L Slasas]
Sy e gbd b dend solie jo 8y Geegllle



Voylad Y o508 VFAY L

%

.a o W M 5
Wiy 635 (ol (e Sl Eart s

50°20'0"E

50°30°0"E

50°40'0"E

35°1¢‘1'0“N
a7
i)

35°5'30"N

/
Zrandiyeh %y \\&_

SN

35°14'0"N

35°5'30"N

50°20'0"E

50°30'0"E

50°40'0"E

Legend

Sedimentary rock unit Volcanic rock units Intrusive & subvolcanic rocks
| |Plio-Quaternary [JjjjJj Plio-Quaternary [ Post Eocene (Oligo-Miocene) @ Cu Deposits|

Qligo-Miocene %Oli o-Miocene o 25 5 10 — Fault
[ |Eocene 7%%@1@ Km =
(Ghalamghash, 1998; Amidi et al., 2005) «,4/; 5 ogles :V e+« - sloass ulul ) aalllas 5 50 4l cwlids e ) dids -V S

Fig. 2. Regional geological map of the study area (based on 1:100000 geological maps of Saveh and Zavieh,

(Ghalamghash, 1998; Amidi et al., 2005).

e g Sbosiz gl led s, (rizes (2014
(0,80 5 o) 54 ol i JBg5ke b (o9i -~ Jlod
Jsb 5l (L8 ais, & cuws (Khodaparast et al., 2020)
g 09 Jbate ol slo JuS ay Ugane 5 051,55 5 (55508
Olgisa 1y Sl (¥ JSK5) wlazdly (558 o Byl g0 50
J58) 285 i o S cal o Ses 00555 5156 0 5
3579 ol 98lsd ogles JuS (ypzeed o JuS Sy y0 a5 (Y
(Y JS8) ols
(S 09,0 €98 5l (S (SHHSS 025, 42 3)lge cnl I
» LSl zom 5 Jloy sladeS b ply (Soellly alanlse,
Chiu et al., 2013; Nouri et ) s,ls o Lol 4>l o)yl
025 TN edd Sl - UL gl o @l 2018
5 0Nl Shpaiyy obul b G4)lad 4 o2 (SisSS
P oS le bocwlie gaslil sl S colls
polas (Morley et al., 2009) coul ol o caliea (slo i

Salr g g LSl Ky, jdd 4 e L0)lid (59,5 0l

FEbdld slay, 4 ojlal g Bl Glaom) 2

S e (V US8) 91 655k -5 5 5 55l et
45 ogle 5 K535 e pal B8 5l a5 )le iSu ol o
o Sl Oy pleg)l galslaal g5l sl LWL
Wl (GA)Lad - By sleg s 352y 5l alSe g wil,
Sag5) o oses a5 6550~ gl> g, (Y JSS)
4ol ol po ) oyl gldasgarme dis) yiage dan 5l 5 (S p
ot g sl galshiel g5l @bl w8 oo p ye
Pl S5V JS8) adlyge 0,0y (b p slaaig 5l Sk
laig; » Ll 6,15 51 5 52555 daJuS ol 3550 50 ool
“agS () JS8) aBl e (gl penileSle 5 (S 5 L
GRS g g ed) (SKE5S mgesSl o oS
—olR) Slie asSGap Sl Jel> Lad Uil s g
Allenetal., 2011; Khodaparast) s,8 5,5 4 (ke ¢
08 N5l (5 )l0Kgum, 5951 5 Culbs s 4 (et al., 2020
Khodaparast et al., ) slasls (0,4 —wilogST)



Voylad Y o508 VFAY L

w

PN s, . &s
A iy (69 )5 (glids (e j.',;forf/:,‘.-;a@b

O sl IS 0t sl i ) oKy ol&zylasl J el
g o8 il 4z 0 YYD od sboo g lps punly b 5
plol ol 3 il az 10 VAN g8 sloo b ol Sleg,S's0
el 00
e ge= ¥
BIPWE COPRTRE TN L0V TR S v LIRS B o
ol odgaze ol )5 aidlygeis; slaosly wlid S
JS5) Col BUL B Slee gl liais] slacw g
o3l slaasly, 5 slasgerme Jols Goes laasly cpl (¥
Sloanioh g gl b (230l ST il sal sl
B ol oS 5 b (CalyoniSl s oslST cg3) (s )ls1,51
9 59590~ ()90 SS gl Lasgi 45 il oo Lawlga
Ol e (Y USL) wiloas adad siwls - Sl slacSls
51 lsTAT glacSin Jolis 2l Sloo (rugfl acgazme o
O gl S>3 aidlbioe 708 e sladss Jo8
oS b olan Lalsos (ool LSl slajls Jels
SlKiw 03, ;0 g uegllie tale a5 ol bl oS
Rajabpour ) o,ls ;1,5 UL b lawgis guwls b JSITSIS
(etal., 2017
03laF cbaailg, 1-1-F
sl ise jo das,lgld b slulobe & god axly oyl
@Fs ¥ UG wls geis wdgase Jlod 9 9>
bl -5l Sl Jals L asly ol (slacson
slaasly, 5 E®) cdlilssul -cu sl (B™) cosuil (E®)
(¥ JS) il oo BY) o sl —comls

ol (S 3215 (5 g8 lgieas B 03l 4y, 0>l
& @}.\ﬂél; o3laS sladly, Juld ¥ JS&) oogaze
odguze JShiogixr ;0 a5 Cewlo s i K5y 4 (k!
SlcGls 3485 (C g DT 5 ¥ ol o)ls |y ygeis ) o yiien
@ o,lil 5 ol asl> o Jle)Fs cel )] 9,0 camls
25w S blis ;5 axly (ol o)ls lacGls (39 Fole>
JS8) el S by <BL LW 5l sl sl o )l
wilso S5y 5 Jomeel Jolis it 055 slo SIS (DY
Sodwl g Co i wadS (ol oSl 4 Lowe oS
BY o) wloass L 5o

adlllas 3,50 42U 55 50 50 (lad (5L -5 s> Sle i,
Sl b ool Ulpe 5o o325t agl b ol (¥ US5) asly o
cdad Bods 6,eKalr rgn iy lasl o I olaliad
ol sbnyl 5 55,55 Ul 5 56 cnl 088 o e
St 3 a5 Sl b 6508 4 Ly sleaiy o aiS
0970 3l m ST slajl plgie Cod wue Slllas
Jb 51 (Richards and Sholeh., 2016) wgi o (Syme
Jogia! 53 b ol (U £ o) 5l el o slails
- S 50 5 et g 35k - JlaassT hiee S b
55 o3 cilizes glanis) Lo 8 slo JuS o Ll 4z jS1asal
closg b Ly, o lKe Ll 4 il aype Ll il
S295) 4l (Lol (ShuSh Sy, 5l &5 widloe (2398
ms S Sl S a9 Shes ol 5y g (e

sl T aly 45 sl o0 LS g iy K5 & 0 ooy

(Y JSs) anle
axdlao (g, -¥

Yo oS50 ablin) gwlidp) slraxls 5l g ls paiges el
—4 dio g Jiee —SL ablis) Jloals sledaS, (sue
XRD wigei A) o S0 sl idu g (sae Vo g VY s )5
(s slaxly gy colls Bae L GLuls ol o
VVOe oo ol altd wlol 5 Shals o glo,So
L ol lojlgale polas o5ls, 5 (LLM.M.C, 2019)
095 L 63wl 5 il Lo (3BT () oS 5 sla s,
8,5 &30 ENVIAB 153l 5y ik 4yl sl pats
yolie 508 5 e j18) 5 @9 S8l (o p Hokateds i
ol oS 4 bgyye ladiged SSE I ey ol o0
5048 wiged Yoo SIUT s 5l dags la> 5 asils o e
U9y 4 Ub g ICP-OES 5, 4 a9l o), Lusls o8t le]
(o5 ppS 1oV b +/) cds L) (Fire assay) a5 Js
(1. IL.M.M.C, 2019 0,5 oolaiul g el pledl
slap)lss 5l s ¥ g5y i arinlos) Slallhae (rizeen
600 olKiws ;i soliul b SS9 9 a5l ey loals
5 ol olml oUly L Linkam THMSG
ax 0 ) cdo) ol 5 cole ax e VA B ofe e iole
Br SleS)n b 0558 @Sy See & Jate (5 5l



%

Voylad Y o508 VFAY L

.a o W M 5
Wiy 635 (ol (e Sl Eart s

Legend

‘Q'alz Recent alluvium

Quaternary

E34; Dark porphyritic dacite- rhyodacite,|
b, andesitic lava flow ) .
E®Y: Dark porphyritic andesite, andesitic

basalt.
padt: Porphyritic andesite with minor

d dacite .. ..
EdL: Light to red, thyodacitic-dacitic
tuff, lithic tuff, breccia, agglomerate f
gant: Dark green tull; lapilli tull] il
¢ breccia :
. E": Gray trachyandesite, andesitic basaltP

Middle-Late Cocene

lava flow

Intrusive rock (Post Eocene)

Dyd2: Dacitic  gaen mgd: Microdiorite
dyke Al ico-Mi
Dya“:Xndesitic | {Olige-Mictenc)

dyke

Fault Symbols Qz-Cu Vein
Trench N ===== Road
® Borehole A ® Well
Km
0 0.3 1 2

463500 465000

3891000

Eal’!l

462000 463500 4635000

(1.1.M.M.C, 2019 )| u)f);) R u.:‘ @L"..t u“L“";.’ )L...SLT ERPRE SN FARR gs“’L““’u“") ol CU..@‘ ERAS R S LW
Fig. 3. Modified geological map of 1: 25000 deposit area based on the results of this study (from I.1.M.M.C, 2019).
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Fig. 4. Field and microscopic images from trachy-andesitic to andesitic-basaltic lavas in the study area. (a) General view
of the lava flow and pyroclastic sequences, which the andesitic-basaltic prisms are located as unconformity on other units,
(b) Microscopic section of an andesitic unit with amphibole porphyries and plagioclase, (c) Contact of andesite unit and
lower tuffs, in which the effects of chloritization are visible, view to the west. (d) Close view of andesite-andesitic basalt
(E®™) unit, (e) Microscopic section with porphyry texture and plagioclase phenocrysts in a background of silica,
plagioclase and opaque mineral (in ppl light), (f) View of Dacite-andesite unit (Ead) and (g) Microscopic view with
porphyry texture and columnar amphiboles altered to iron oxides, silica and calcite in polarizeh light. Mineral
abbreviations follow Whitney and Evans (2010). (Amp: amphibole, Plg: plagioclase).
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Fig. 5. Field and microscopic images from pyroclastic units in the study area. a) The sequence of tuffs with gray to green
and light red color (view to the southeast). b) Close view of andesitic tuff. ¢) The sandy and dacitic tuff. d) Dacitic tuff
contains abundant andesitic lithics (semi-round, dissiminate, black and symmetrical) in a drill core sample. e) Microscopic
images of sandy-dacitic tuff with fine-grained quartz, calcite and opaque minerals, often pyrite (xpl) and f) Lithic andesitic
tuff in PPL, with lithic altered to iron oxides, epidote, chlorite and sericite that is in the center. Mineral abbreviations
follow Whitney and Evans (2010). (Cal: calcite, Py: pyrite, Ep: epidote, Chl: chlorite, Ser: sericite, Fe-Ox: fe-oxide).
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Fig. 6. Field and microscopic images from subvolcanic intrusive rocks in the study area. a) Subvolcanic intrusives (diorite
unit), in the western part of the area. b) Hand sample of diorite. ¢) Microscopic view of the altered dioritic porphyry,
containing amphibole, plagioclase and secondry minerals (chlorite and epidote). d) Basic dyke with east-west trend and
a thickness of about 20 meters (view to the west). e) Dacitic dyke with a thickness of about 5 meters (view to the east)
and f) Microscopic view of andesitic dykes containing plagioclase crystals in a background of dark altered minerals,
quartz, and opaque minerals (often pyrite), in ppl.
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Fig.7. Various alteration types and its relationship to subvolcanic intrusive and faults in the NE Narbaghi deposit.
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Fig. 8. A views of alterations types and zones in the study area. (a) General view of the alteration zone (view to the north)
along with quartz veins and propylitic alteration (green) in the marginal andesitic units and outcrop of a subvolcanic
intrusive body, (b) Closer view along the fracture, of argillic-sericite alteration with mineralized quartz veins (southwest
view) and iron oxides, (c) Argilic-sericite alteration near the quartz-sulfide vein, (d) Silica vein in the tuff with dissiminate
pyrite, together with silicified tuffs, (€) Very small vuggy quartz in a mineralized silica vein of drilling sample, (f) Breccia
texture containing pieces of host rock (tuff) with a background of white quarts in the drilling core and (g) Yellow carbonate
vein (siderite) within tuff, together with the silica vein.
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Table 1. Description of the main mineralized quartz veins of NE Narbaghi.

No.Vein  Length (m) Thickness(m) Trend  Av. vein grade (Cu%, Au ppb, Ag ppm)
1 400 1-0/2 E-W Cu 0/5, Au 183, Ag 15
2 250 1/5-0/2 E-W Cu 0/7, Au 245, Ag 23
3 400 2-1 E-W Cu 1/2, Au 146, Ag 25
4 200 5-0/5 E-W Cu 1/2, Au 372, Ag 30
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Fig. 9. Photo of white quartz veins of the first stage with a sharp boundary in the host rock, at the outcrop, hand specimen
and microscop. (a) First stage siliceous phase with white color in the margins of mineralized siliceous-sulfide veins
(second phase) in the form of veins in the center, (b) A closer view at Figure a, from inside the extraction well, where the

two steps are completely separate, (c) White quartz veins of the first stage in the drilling core, with tuff host rock, (d)
Silica veins containing oxide pyrite in the core and (e) Quartz vein with coarse minerals and comb texture.
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Fig. 10. The coexistence and replacement of sulfides in the main stage of mineralization (second stage), in the study
deposit. (a) Opaque mineral (chalcopyrite in a background of fine-grained quartz and carbonates with brown to cream
color, (b&c) Quartz vein filled by bornite in the center, in pl and ppl light, (d) Correlation and forming of quartz, bornite
and chalcopyrite minerals with secondary chalcocite, (e&f) The coexistence of bornite, chalcopyrite and galena, (H)
Paragenesis of chalcopyrite, bornite, chalcocite and covellite and to a lesser gray tetrahedrite minerals and (k) Inclusion
of tetrahedrite in bornite. Mineral abbreviations follow Whitney and Evans (2010). (Ccp: chalcopyrite, Qv: quartz vein,
Bn: bornite, Cc: chalcocite, Gn: galena, Cv: covellite, Td: tetrahedrite).
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Fig. 11. Paragenetic sequences of ores and mineralss in the NE mineralization of Narbagh.
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Fig. 12. Histogram diagram of the abundance of elements (Cu, Au, Ag, As, Pb and S) against their grade in grams per
ton (ppm) and gold in milligrams per ton (ppb).
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Table 2. Correlation coefficient of copper with different elements in the NE Narbaghi deposit.

Cu Au Ag As Ba Mo Pb S Sh Zn
Cu (ppm) | 1.000
Au (ppb) .632 | 1.000
Ag (ppm) | .802 434 | 1.000
As (ppm) | .737 574 776 1.000
Ba (ppm) | .018 | -.040 .084 .055 1.000
Mo (ppm) | .374 | .427 .323 .500 126 | 1.000
Pb (ppm) | .440 | .141 .539 .520 .302 406 | 1.000
S (ppm) 041 | .143 | -.019 -.067 -.024 222 | -.121 | 1.000
Sb (ppm) | .314 | .232 .316 463 .004 .314 164 | -.020 | 1.000
Zn (ppm) | .826 | .528 778 .837 .158 .389 586 | -.161 .392 | 1.000
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Fig.13. Microphotographs (in pl and room temperature) of fluid inclusions in the NE Narbaghi deposit. (a) Two phase
fluids (L+V) with some fluids containing CO, gas, (b) Two phase fluids (L+V) and secondary fluid inclusion, (c) Liquid-
rich fluids (L) and (d) Vapor-rich fluids (V) with some Co, containing fluids and secondary fluid inclusion.
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Fig.14. Histogram of homogenization temperatures (a) and salinity (b) of the fluids inclusions in the ore-bearing silica

veins of the NE Narbaghi deposit.
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Fig.15. (a) Diagram of Th-salinity data of fluid inclusions in ore-bearing quartz of NE Narbaghi and (b) its Comparison
with typical trends in Th salinity space due to various fluid evolution processes according to Wilkinson (2001).
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