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1- Introduction

Shadan gold deposit, known as the first hitherto discovered Au-rich porphyry deposit in Iran, locates at ca.
120 km SW of Birjand, the north segment of the Lut block. The Lut block, as one of the main tectonic
blocks in the eastern Iran, surrounds by dominantly flysch and ophiolite sequences, which are the remnants
of Neotethyan ocean called the Sistan Ocean during Late Cretaceous (Zarrinkoub et al., 2012). The closure
of the Sistan Ocean was followed by the collision of the Lut and Afghan blocks occurred during the Middle
Oligocene-Middle Miocene. This activity brought forth extensive calc-alkaline magmatism together with
forming various mineral crystallization and deposits throughout the Lut block (e.g., Karimpour et al., 2011;
Camp and Griffis, 1982; Tirrul et al., 1983). The Eocene time is diagnosed as the peak of the mineralization
in the Lut block, e.g., Hired Au epithermal deposit and Maherabad Au porphyry deposit (Karimpour et al.,
2012; Richards et al., 2012). Intermediate plutonic and sub-volcanic rocks in composition with a NW-SE
trending intermittently intruded into Eocene volcanic tuffs. The main trigger of Au mineralization is hosted
by diorite-monzodiorites Shadan region, appear as the porphyry textures, and dominantly consist of mafic
mineral phenocrysts, e.g., biotite and hornblende. Building on the work of Richards et al. (2012), the biotites
Middle Eocene (37-40 Ma), and can be defined as one of the oldest hitherto known porphyry deposits in
Iran (Aghazadeh et al., 2015). This study shed light on investigating the geochemical characteristics of
Shadan gold deposit in the course of formation. Our results would be beneficial to further explore of similar
Au deposits in the Lut block and beyond.

2- Material and methods

In the current study, we provide analytical procedures to prospects the geochemical characteristics of
Shadan gold deposit as; (1) petrographical studies on 15 thin sections of the host rocks, e.g., outcropped
bodies and drilling cores, in order to draw a relationship between the main lithologies; (2) petrographical
studies on 85 thin and thin-polished sections of outcropped and drilling cores to further examination of the
main alterations types in association with mineralization; (3) petrograpical studies on 53 thin-polished
sections to classify the types of vein-veinlet systems; (4) petrograpical studies 6 doubly-polished sections
of quartz-sulfide veins-veinlets applied for microthermometric analyses of fluid inclusions. Petrographical
and microthermometric studies were performed at the microthermometry laboratory of the Technical
University of Klausthal, Germany using a standard petrographic microscope (Zeiss model), a heating-
cooling stage model THMSG600 made by Linkham equipped with a nitrogen injection pump model LNP,
temperature control device model TMS94 and water injection pump (for high temperatures); (5) SEM
analysis to recognize the occurrences of gold and its host minerals using a FEI Quanta 250 device with an
analysis point of 1 to 3 micrometers, an acceleration voltage of 15 keV, a beam intensity of 80 A and a
distance of 10 mm.

3- Results and discussions
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Intensive hydrothermal alteration in the prospecting region is concentrically zoned and encompassed wide
spectrum of alteration types, in terms of mineral assemblage, e.g., potassic, phyllic, propylitic and argillic.
The inner segment of the porphyry system is composed of potassic alteration (i.e., biotite-rich), appears as
complex association with phyllic alteration, and surrounds by propylitic alteration. The complex association
between potassic and phyllic alterations can be defined as the overprinting of potassic by phyllic products,
which show high-grade gold mineralization. In the Shadan Au deposit, the potassic section exposes near
the surface, indicating intense erosion.

Mineralization in Shadan Au deposit classifies as supergene and hypogene. The former is characterized
by malachite, azurite, chrysocolla, neotocite and iron oxide-hydroxides. The latter are specified by the
occurrence of pyrite, chalcopyrite, covellite and magnetite. Our findings of the field observation appear that
the supergene zone show no remarkable thickness in Shadan region, In the current study, vein-veinlet,
hydrothermal breccias and disseminated mineralization are distinguished as the most common forms of
mineralization. Volumetrically, the vein-veinlet mineralization constitutes the largest segment of the ore
bodies. The average grade of gold is 0.5 ppm, however, in some cases, the grade of gold yielded from the
phyllic zone as well as the associated veins shows higher grade and reaches up to 7 ppm, a typical feature
in Au-rich porphyry deposits (Kesler et al., 2002). Au mineralization occurs as native gold, electrum and
calaverite (AuTe2). The Au in sulfide ore sections dominantly forms as native, and hosts by pyrite. The
average grade of copper reaches 0.15%. Malachite and chalcopyrite are the common Cu-bearing minerals
in the prospecting region. Magnetite, as the most important Fe-bearing mineral, forms from magnetite
veinlets to disseminated grains in the plutonic and volcanic rocks.

The Shadan Au porphyry are characterized by diverse vein-veinlet systems including (1) M-type; (2) A-
type; (3) B-type; (4) anhydrite-gypsum veins; (5) D-Type, as the frequent and important group with
significant impact in mineralization; and (6) late veins include quartz, carbonate, and pyrite veins.

Three major types of fluid inclusion are recognized in B-and D-type quartz veins/veinlets, including
vapor-rich fluids or I-type (VL), aqueous fluids or Il-type (LV), and hypersaline fluids or III-type (LVH).
The temperature of homogenization and salinity in LV fluid inclusions varies from 298-420°C and 6.4—
24.3 wt.% NaCl. The Th and salinity of LVH inclusions are ranging from from 238-582°C and 36.2-69
wt.% NaCl, respectively. Microthermometric investigations appear that the homogenization of halite-
bearing inclusions (LVH type) occurred in two different manners; 63 vol.% of inclusions, homogenized by
halite disappearance, and 37 vol.% are halite-bearing fluid inclusions which were homogenized by L-V
homogenization. This finding is in line with with the behaviour of halite-saturated inclusions in
hydrothermal-magmatic mineralization systems, and results from fluid supersaturation with NaCl before
homogenization or entrapment of primary fluids at high pressure as proposed by (Rusk et al. (2008) or
heterogeneous entrapment of a halite-saturated hydrothermal brine (Sun et al., 2017). In addition, the co-
genetic presence of high-salinity and vapor-rich inclusions, a common feature in porphyry deposits, imply
the boiling or separation processes (Lecumberri Sanchez, 2013). Therefore, based upon petrographical and
microthermometric studies of fluid inclusions, were boiling and mixing processes are the plausible
explanations for the ore deposition in Shadan Au deposit.

4- Conclusion
Collisional magmatism in the Lut block is the result of the convective removal of lithosphere mantle and
upwelling asthenosphere within an extensional tectonic regime. Many Au-rich porphyries are formed in
magmatic arcs that have been affected by extensional processes over a period of time, such as the Cerro
Corona and Minas Conga deposits in northern Peru, the Marte, Lobo, Refugio, and Cerro Casale deposits
in the Maricunga Belt, northern Chile. Many Au-rich porphyries are coeval with volcanic units, the
composition of which is often andesitic to dacitic or trachyandesitic to latitic. In the Shadan gold deposit,
andesitic units with Eocene age also are widespread in the area. Banded veinlets are one of the hallmarks
of gold-rich porphyry deposits, which may be due to the reopening of the vein or the re-entry of silica into
certain bands, first identified in Maricunga gold-rich porphyry deposits in Chile.

Another distinctive feature in the vein-veinlet systems of Shadan gold deposit is the presence of type A-
and M veins, which are abundant in gold-rich porphyry deposits as compare with molybdenum-rich
porphyry copper deposits. In the Shadan Au-rich deposit, the mineralization-related pluton contains
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hornblende phenocrysts or biotite, implying hydrous melt of the parent magma. The presence of
hydrothermal magnetite in various alterations invokes a highly oxidized melt. Therefore, a hydrous melt
with high fO2 and volatiles context is envisaged for the mineralization-related magma in Shadan region.

Finally, Cu / Au ratio (> 40,000 for gold-poor and <40,000 for gold-rich deposits) is applied as a
geochemical index to classify Shadan as a gold-rich porphyry deposit. Accordingly, the gold and copper
are 0.5 g/t and1500 g/t, respectively, and thus, Cu / Au ratio ~3000 of the Shadan deposit can be classified
as “gold-only” or “gold-rich” porphyry deposits

5- References

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.

Camp, V.E., Griffis, R.J., 1982. Character, genesis and tectonic setting of igneous rocks in the Sistan suture
zone, eastern Iran. Lithos 15(3), 221-239. https://d0i.10.1007/s00126-007-0167-X.

Kesler, S.E., Chryssoulis, S.L., Simon, G., 2002. Gold in porphyry copper deposits: its abundance and fate.
Ore Geology Reviews 21(1-2), 103-124. https://doi.org/10.1016/S0169-1368(02)00084-7.

Karimpour, M.H., Stern, C., Farmer, L., Saadat, S., 2011. Review of age, Rb-Sr geochemistry and
petrogenesis of Jurassic to Quaternary igneous rocks in Lut Block, Eastern Iran. Geopersia 1(1), 19-
54. https://dx.doi.org/10.22059/jgeope.2011.22162.

Karimpour, M.H., Malekzadeh Shafaroudi, A., Farmer, G.L., Stern, C.R., 2012. Petrogenesis of Granitoids,
U-Pb zircon geochronology, Sr-Nd Petrogenesis of granitoids, U-Pb zircon geochronology, Sr-Nd
isotopic characteristics, and important occurrence of Tertiary mineralization within the Lut block,
eastern Iran. Journal of Economic Geology 4(1), 1-27. https://dx.doi.org/10.22067/econg.v4il1.13391.

Sanchez, P.L., 2013. Spatial and Temporal Evolution of Fluids in Hydrothermal Ore Deposits. Phd Thesis,
Virginia Polytechnic Institute and State University.

Richards, J.P., Spell, T., Rameh, E., Razique, A., Fletcher, T., 2012. High Sr/Y magmas reflect arc maturity,
high magmatic water content, and porphyry CuxMoxAu potential: Examples from the Tethyan arcs of
central and eastern Iran and western Pakistan. Economic geology 107(2), 295-332.
https://doi.org/10.2113/econgeo.107.2.295.

Rusk, B.G., Reed, M.H., Dilles, J.H., 2008. Fluid inclusion evidence for magmatic-hydrothermal fluid
evolution in the porphyry copper-molybdenum deposit at Butte, Montana. Economic Geology 103(2),

307-334. https://doi.org/10.2113/gseconge0.103.2.307.

Sun, W., Wang, J.T., Zhang, L.P., Zhang, C.C., Li, H., Ling, M.X., Ding, X., Li, C.Y., Liang, H.Y., 2017.
The formation of porphyry  copper deposits. Acta  Geochimica 36, 9-15.
https://doi.org/10.1007/s11631-016-0132-4.

Tirrul, R., Bell, I.R., Griffis, R.J., Camp, V.E., 1983. The Sistan suture zone of eastern Iran. Geological
Society of America Bulletin 94(1), 134-150. https://doi.org/10.1130/0016-
7606(1983)94%3C134:TSSZOE%3E2.0.CO;2.

Zarrinkoub, M.H., Pang, K.N., Chung, S.L., Khatib, M.M., Mohammadi, S.S., Chiu, H.Y., Lee, H.Y., 2012.
Zircon U-Pb age and geochemical constraints on the origin of the Birjand ophiolite, Sistan suture zone,
eastern Iran. Lithos 154, 392-405. https://doi.org/10.1016/j.lithos.2012.08.007.

HOW TO CITE THIS ARTICLE:
Lotfi, M., Raeisi, D., Modabberi, S., 2023. Shadan deposit (Lut block): the first gold-rich porphyry
deposit in Iran. Adv. Appl. Geol. 13(1), 299-319.

DOI : 10.22055/AAG.2022.39316.2261
URL.: https://aag.scu.ac.ir/article_17730.html

-


https://doi.org/10.1016/j.oregeorev.2015.03.003
https://doi.10.1007/s00126-007-0167-x
https://doi.org/10.1016/S0169-1368(02)00084-7
https://dx.doi.org/10.22059/jgeope.2011.22162
https://dx.doi.org/10.22067/econg.v4i1.13391
https://doi.org/10.2113/econgeo.107.2.295
https://doi.org/10.2113/gsecongeo.103.2.307
https://doi.org/10.1007/s11631-016-0132-4
https://doi.org/10.1130/0016-7606(1983)94%3C134:TSSZOE%3E2.0.CO;2
https://doi.org/10.1130/0016-7606(1983)94%3C134:TSSZOE%3E2.0.CO;2
https://doi.org/10.1016/j.lithos.2012.08.007
https://doi.org/10.22055/aag.2022.40141.2282
https://aag.scu.ac.ir/article_17730.html

aVa

Shahid Chamran Adv. Appl. Geol. Spring 2023, Vol. 13(1): 299-319

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



w

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

Olpl o Ub 51 S8 (g8 )91 LS (pdgl :(Lg) Sgbs) yloll Ll

y’ wu
Ol ol ol ol qpgle A o puilid peof 0dSTLild o 450 (s 92wl
,}‘;MM-;) .>3|.>
Ol ol o lrd oy qpgle Ui (ol o 0l SLiils o 5 S 0ley Koy sy

S0 hg

Ol ol ol oldls qpgle [ BEASLEis o pnlid o odSCiils oLl

d.raeisi@ut.ac.ir
1 ¥ ’/'f/”.of})fj;gé)/_;' JFee/e /A .Llééjaégjb"

ouS
s oyl G5 lor gl el il iy o) 5ol Sl 55 5 i s i (5o VY 3 bl sl Lsls
Gros Ao g (Gaos 659.&3 Lgl.a:ooj} Lgfib L reione JoL..S)| e O‘du )L.JIS 5 UL &‘}ASLT el Al s Q‘bL’l’: dUb )L...?Lf L SCes Je
adgl slole 5o dihie )3 sdee laglo 5o ailes S 35i5 (6 )lgTyd1cu sl (slansly (j9)0 4 a5 ol o 9093590 b Coy00 oS5 L
9o u.»‘ Sl o.); abl>| ‘) u_iuALu @La)f\) P9 Sy90 9 .))‘.) )‘)_‘3 LsaLofLa _LS’L‘)f alolw )5],: o J3| S,y940 aS ol ‘5_‘3.».1.»4514 9 s_i».ml.u

(S5l graxS -aF ) (I S giwl Djge 4y Glols Ll jo olailS ailoas sidig ) SCdis,T g S (6Bl Glo Sle S by gl T
ets SEM Glallas Lolulyy ol 035 ol 63585 0355 Ll sl 4o Wb L5815 Jole oy Soge 5 00l &) stbosS sl sd 5 bl
Solis Uk Lils sloazS, o paslis 5l ool &5 2o )35 5 pg i8Il bl 00 4 Uk 5 sl oy w0liigyo s 5o Uk (bje
solie eizman 5 Cudsm 5 ailiyse Glsld glacn Seid ol (ol (635h5 0055 it (5)ls <l gLl slaaS, s A M g5 slaazs,
bl yy a8 sl T UL pyolie b (gopmT ool & oSl Ky jpiam Sl Wl oo 45 el Citliie (gla sl 55 10 Syl g coiife UL
ilos ) a1 (Goame oole (( Kieel 5 gz sloanld cod cnlio Lyl pd 4y o 51 o Sledls Jlew ol (b sl libe Slalllas
Ol 5o Uk 51 (58 (638592 ,LadlS sl Blie @ Glgiisa 1) ol JLsls (¥e + +) CUIAU s (yizmon g oas ;53 dalpd  Son bl

2S5 (S

Ol G e Sob o ls o pider iy, U I 8 585 skl (L0 g

doddlo —)

5 @hall acgeme 5 Sshiaes slaodg m (S o)lyan (Gose dlge BLiST (ol Gbls (p Foslhae b5
095 Blybl g J&Is jo aS 05d so 0sd b S sl glu 5o Olee opl 5o g cenl oog SLasST lulis e oves 1,5
(Seedorff et al., 2005)s:05 - &, Gt 33 o> 4 4z g5 b (6,08, - o5 ol sl Luils

Lsrdim sl 23 Ub 5l (o8 g8 sla)luls Jleal 23 1S 5o 5 6 dys s il aslas
B g e L o(Feeee 5l xS CUTAU cos (o 0des e Sydyg abele 5l e L oI b olyen
Silitoe, 2000, SimoN ) sxiwe UL atwg o Us )5 kol Glaal 51 Sogy ol 55 00 0y g Ub cyadse
&lp aS Wsd o Jolis | o Lusls 51 25,5 4 (et al., 2000 sl Joe cyasls (ol pls il oo Hlaz 0 Some Slass]
(Vila et al., 1991) Lt dS555s ke aipeS 55 b oy o Ll S0 g Ll BLEIS] s cslaibs, 5 68 S
b bl )o e 5l (8 slags by 4SSl b ilond (Byns 2l Gase IRaglS sl 1y el Grieee W
2L JEISIS eiloSle 5 W g5 il 8 slaal )b 5 oy e byl Upere Jlojiighcs ndys sl

Yoy


mailto:d.raeisi@ut.ac.ir

Voylad Y o508 VFAY L

w

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

2 Ol ol 58 Ko olKtylojl 13 (590 5 (Sl
d )5 g0 bl s,
Slallhae (gl o0 alol SEM 5 JUT slaosls 51 puiomon
oolirsl T olis ) ogomi 5 Ub Al o) 2 j5kate s (55518
FEI Joo oSiws 5 5l oolinsl b SEM clidllas o
2oolid 51y «yieg,See Y B Y 5JUT alasi L Quanta 250
oo plsil o Lo Ve alols g HAA: g5, o KEVYO
ol
5 aiges Veoolaw Jle slolile Slidlas jelaie ay
il LS LS B s A s oudlges - 5155 loanS
Il sl s (55l S pr90 e 7 colass ol 518
S e oldlhe .ays,5 Ol uwles sy, sl el
ilosgyy oialosl )0 Jlw glosliles (ziwlosiy;
ool b wlalllae oyl 28,5 & 50 lall  JLuwlls olKasls
gl S ol Je) (5555 0l GigSng Seo |
a8 i 3l THMSGB00 oo iole pos = yisle 5
Los J S ol8ws LINP Joo 039555 B0)35 oo 42 54
plsl (UL slales (ogase) of )55 oy s TMS94 Jus
Foo VA7 muwlos s, Oldlas ploxil slos oogass o
25 oo lastiwl sheslainl b o&iws .l ol 5 sl ax o
sl 00 gl S
Heating: +0.6, freezing: +0.2 Heating: Cesium
+414°C
Hexane, melting point: -94.3°C .
odgy ax o Ee/f Cdo b b8 jo il (el S
CSpdy Oygo a0 FVT Cod alads ol jls g Slis b as

nitrate, melting point: [Freezing: n-

Ql}im—d! S lasliwl oole b g az,0 E/V cdo b slexil yo 4
5 S5 2,5 bl ol Kl a0 —AF/Y Ggd akadi L
D3 ey 5l ool L NaClHO  ela Libe JIS>
28,5 awlxe SOWAT-FLINC version 2007
b i- Y

0908 b 1Y

a8 Sl Ol pl 370 50 (SEFSS ) 9ly G Fretes D) Soks
Sob pl sl ools gl 0gz o 1y ol (6,850 LS
b Ol Hlai 4 45 38 o0 Cguine (plao)Bo 2 51 (S
UlgasS” Jlod alo 5l cro 59 (a9 usldl (sl

Al coled 10 (el emm ol 5 (b g 9 00 o

Y-t

oo Ub 5l (8 (65085 sl )Lasls il oo (o2519,80u
Gl ;o UL ey JSITSIS b JSUT eesloSLe L
oo Joloe Sl o aen piled b b 5 ShES
bma g o ~LoSle oot (oS5 Gos abox ] Gilisia
S S p s e s Uk Sasd s (lages;
sl Lls (Kesler et al., 1973) el 548,50 slo,Lusls
ol 5o Ul soladl coal slls Ub 5l 26 (55ud
50 35mp lalse 5l (S Glsie 4 Ll a4 (slaisS 4 s
J o .dones, 1992) Wi oo wgmzme (5, S0re Caxio
aiile polee dgaze olasd 1 ol nl jo Wb sowe adgy ¢ pol>
Asadi et al., ) ()5 as L) olyed,; sl oxe
(aimy Olire S b bl slb) oy0 31 (2000
(23255 w5 slb) 4550 «(Rahim Souri et al., 2013)
o slb) sbsS s,k «(Kouhestani et al., 2014)
3,50l b ase «(Richards et al., 2006) (Jb s !
ooee «(Kouhestani et al., 2015) (Jb s ol o8 -Ub)
Heidari et ) (UL ygelanigm Jbo s ol sUb) ,U5e5 U
Coedl 8,5 a5 L 0,5 e Oyse @l 2015
Grd o Uk saxie pl33 3529 5 5928 0 Ub slajlusls
Richards et ) lols s yolas g la il 059 0 ,guiS
oSssS «Eshraghi et al., 2010) s,» «@l., 2012
Richards ) sb1,»L (Amraei and Niroomand, 2016)
oy «Shafarudi et al., 2015) 45 4 (et al., 2012
Sble ohals Jwly 51 g colis il oo axdllas
IREXWL RSP G- J

axllao (g, -¥

Slass ViV e e ol )5 (owlidiipe) 4l ans jskaie &
(2lhals il owliliopse) laasly 5l aiges VOV
a oBilel 4 g clly gyl Glaoie 5 SluSo
VO slaws e, o)l ol olRasls o98wg S ablis
adaie AQ sl cadhaie bl S yuoss gl SU alate
@Al g Gl S elgl alulid jslaieas 5 i -S3L
sloans, -5, Ul g9 axgi b o)S ays adlaie o
sohie 4 Jiuo —S5L g S3U adaie OY olow oals camlie
Ly, ol 2hals (s s
Sldllae 5 w35 ad e, glgl s 9 (Sodakad
oo Ol @58 Sae jlosliinl b (slos S (550K

ewbis gl



%

Voylad Y o508 VFAY L

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

sl paileSle wiloas g Ssb o il sla,Luls
Sbml o gliwar Cosal pleSle (LSl o 69,55
L bls,l o 58 olols [Luls as anisls &g Seb l5als
> (Richards, 2015) ol o sl (63505 slaaly
Bi> Jol> Dl Seb 40 puwsleSle a5 wodine ik
SeigiSE 255 b 6 gl el UL 5 jhoagind (5350
5 shlize o olials (Pang et al., 2013) ol oS
G ol Ll alex 5l aS Wload cud ool gli3l Ul
Sl srdym Ul -~ (srdim e la)luls
slosgs ddlgns Ub = e 5155 59, ~ 0y — e (Sl S &)
35 kil Sl 5 el S b by (1S el
[Karimpour et al., 2012 Arjmandzadeh et al., 2022)
3o idudsl slessgame e (Richards et al., 2012
3Ll ale (652851 e wiile (ol (5 5280 U Ll 1L
Karimpour) s ,.a g sblzs Jl s ol sloailis g plwes 5
oo adlin S UL Jewsly 5L 5o (et al., 2012

(O JS8) canl @g) Sl

Wlos,S 0y55 5 Luwlysl a8)g a4 (uladlly odate
Stampfli and Borel, .Ramezani and Tucker, 2003)
ools las ) IS y0 a5 jshilea (Golonka, 2004 2002
3l LolS coalo b slaasly Lawes ol ol ecenl oo
ooplidl oS ous ablsl gl g _iodd sl sy sol>
Sl G 4l 50 (95 il 5 (slasld) (b
Qs lp il sl Jos (Zarrinkoub et al., 2012)
Tirrul ) (Lsl Soly o5 a4 25le,8 asle wsildl ol ot
Zarrinkoub et ) oyl Sob 55 4 dl,e,8 (et al., 1983
Arjmandzadeh et al., ) as,bgs jiil,q,8 «@l., 2012
Saccani et) 5,5 Cg b cwgildl 5,0 (idlye,8 (2022
el oo 7 ,kae @l., 2010
Dyl Sk 0y55 5 F 2 Gl Gogildl b aiy b
Pang et al.,) Sl b owstll b bl
ools &, los, i SleaasT oSl sleculls (2013
Tirrul et al,, 1983 «Camp and Griffis, 1982)
g lailis LSas 4 e 9 (Karimpour et al., 2011

Legend
Bafq Posht-e Badam Structural Subzone
Bisetune Structural Subzone
[ Central Alborz Geological and Structural Zone
- [/ Central Iran Geological and Structural Zone
M Eastern Alborz Geological and Structural Zone

Kermanshah Radiolarites Subzone
MiKhazar-Talesh Ziveh Structural Subzone

Kopeh Dagh Geological and Structural Zone
[FLut Block

Makran Accretionary Zone
W Ophiolitic Zone

1

500000 800000 1100000 1400000 1700000 2000000 2300000 2600000

M Tertiary Igneous Rocks
M Igneous Rocks, Including Orumiyeh-Dokhtar Magmatic BeltiflWestern Alborz Geological and Structural Zone
[WlYazd Sub-Zone
WYazd Subzone
f2Zabol Block
Zagros Structural Zone
[F1Zone of Metamorphic Rocks and Intruded Granitoides|

Quaternary Depresions
Sea

MSistan Structural Zone
ITabas Structural Subzone -

W@E
} 0 4080 160 Miles [~

500000 800000

1100000 1400000 1700000 2000000 2300000 2600000

.(Verdel etal., 2007) gl Sk ;o ololis JLuils cundg 5 ol pl ol (SigiSs sla gy -) JSs
Fig. 1. Main tectonic zones of Iran and location of the Shadan deposit (modified after VVerdel et al., 2007).

AN



\ o)l.o.»iv AY 0)50 AAEAE )Lﬁé

V%

-t - . & . . “‘
A8, dn dbﬁ)ls ‘SM-’L......» o) J,‘,"'qu/;k;a&f}

Reverse Fault
Strike slip (Dextral Fault)

Strike slip (Sinistral Fault)
Normal Fault

N
pa>
Inferred reverse Fault WF‘
S

~— Inferred Fault 5
300 150 O

Uncertain Fault 200

— — \cters

Minor Fault

LEGEND

QUATERNARY
OﬂQ“ Recent alluvial channel l o IQ’i Scree

S Qn Young terraces and fans Q" | QU: OId terraces and funs
PALEOGENE/NEQGENE

N N*: Conglomerate

E

Fy,: Alternation of andesitic tufT and andesitic lava
E: Brown to gray lithic tuff

E'i: Gray to green vitric tuff

E*,: Alternation of andesite to

andesitic basalt lava with minor tuff

- mzid: Monzodioritic dyke

- mz: Monzonite to monzodioritic
B i viorice
- Microdiorite dyke

ailats ;0 39290 sla, L lu g bo Slu 55 glgil b ol yon ool JLuls ol oy aids =Y JSis
Fig. 2. Geological map of the Shadan deposit showing the alteration zones and structures in the area
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Fig. 3. (a) Alteration map with hand specimens of alterations in the Shadan gold deposit, (b) the presence of pyrite, quartz
and sericite minerals in the diorite host rock, which constitute the major minerals of phylic alteration, (c) Potassic
alteration in a monzodiorite host rock which presence of hydrothermal biotite made a dark color, (d) Propylitic alteration
characterized by the presence of chlorite-epidote mineral and green tint (€) replacement of plagioclase phenocrysts and
matrix rock by clay minerals indicating Argillic alteration, (f) Tourmaline alteration, in which case tourmaline forms the
cement between the brecciated clasts and (g) Silica-carbonate alteration in the host rock that has affected parts of the rock.
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Fig. 4. Mineralization different forms in Shadan gold deposit. (a) Quartz-pyrite vein mineralization, which shows high
density, (b) another example of vein-veinlet mineralization, (c) Two types of mineralization can be recognized, brecciated
mineralization which consists of sericitized clasts connected by tourmaline cement with disseminated pyrite
mineralization, (d) Pyrite-chalcopyrite mineralization in quartz veins hosted by volcanic host rock, (e) chalcopyrite

mineralization which is altered to iron oxides and malachite, (f) the magnetite veinlets, (g) disseminated grains of
Hematite and (h) Disseminated pyrite in highly sericitized host rock.
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Fig. 5. The various forms of gold occurrence in the sulfide ores of Shadan deposit are electrum, Native gold and calaverite.
Native gold is the most abundant form of gold occurrences.
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Fig. 6. Diversity of various types of vein-veinlets in Shadan Au deposit. (2) Magnetite veinlet, known as M-type veinlets,
in Shadan porphyry pluton, (b) a veinlet with mineralogy of Quartz + Pyrite + Chalcopyrite which classified as B-type
veinlets, (c) A-type (Qtz + Mag) and B-type veinlets (Qtz + Cpy + Py) in Potassic altered porphyry rock, (d) A veinlet
with a pinkish-white color consisting of quartz and alkali feldspar, the pink color is the result of the presence of alkali
feldspar, (e) Anhydrite veinlet cut by a younger quartz-pyrite vein, (f) Gypsum veinlet with malachite mineralization, (g)
D-type veinlet that comprised of Quartz and Pyrite and dark-colored Tourmaline. There is a parallel Calcite veinlet, (h)

Quartz + pyrite veinlet (D-type) cut by the Late Quartz veinlets, (i) presence of Pyrite veinlets which cut each other, (j) a
set of parallel D-type veinlets in porphyry rock which show characteristic alteration selvedges.
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Fig. 7. Types of fluid inclusions observed in Shadan gold deposit. (a) co-presence of vapor-rich fluid inclusion (VL) and
halite-bearing hypersaline inclusion (LVH), (b) Hypersaline (LVH) fluid inclusions containing the solid phases of opaque
minerals and halite phase, (c) a two-phase aqueous (LV) fluid inclusion and (d) Multiphase inclusion (LVVH) containing
halite and hematite, of which hematite is recognized with red color.
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Table 1- Summary of microthermometric data of the different fluid inclusion types in quartz from B and D-type veins at
the Shadan gold deposit.
Type Phases Size Tec©) Toie @©)  Twie®  Tusc® TH(L-V) ) Thf Salinity Density
e( mice ( ( ( (Wt.%) (o/cm3)
()
LV LV 718  -26t0-63 -41t0-23 245-420 245-420 6.4-24.3 0.78-0.92
LVH (Halite
disappearanc "'\g'251' 6-25 362-590 2231%' 238-430 362-590 43.6-69.1 1.1-13
es)
LVH (Vapor L-V-S1-
disappearanc - 10-23 276-343 337-520 337-520  35.00-41.2 0.8-0.95
es)
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