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1. Electron Probe Micro Analysis (EPMA)

f.aliyari@uut.ac.ir : L5l Jgiaes DOL: https://doi.org/10.22067/econg.v11i1.61239



\v-

33,7551 S5GEs s p3sse Jle 5l S8 5 b S
S e 3 o b LS glaaSlS (ol aig S
i ged Vo slhad Vi e (alid ) 43R ol 5 oSS
Glaosg ¢ 58 B3 Oljme Ko sladly Calises sla_iou
5l S las; s 5 kT slaeSls 5 6354
5,5 5 Gla )y p BB sdame (g5 SLS
Ve lie phi ¥ eSTSL abie 10 sl S35 5 5, Kals
e WV ol ! oSSl 5 L 5 e — ST o
L LS el bty 55 5 Sl 5 b 5 Aspll
TS UR EPUE I RUS ICIW PE- I g i S P POt L g
AN O Sy Ko i san 45505 W sliw 5 s XRF
ot 3 4 3y 3 Il DL ot besT 55 )
S5 or Slp 5 S AN S ) s el a3 515
S g G SIS dhex I Calides SLaalS 5 ST olasd
3 o3l L (Ll s Jlsl 3 s 55 5 OIS
3 4hB Y ¢ gz y3 5 6503 5l (535 2 SX100 o8z
s Loyl ol sl Ol Sokas 3l o Slidd S e
S ALY A 0L 5 Y Kev 5y ol a5
s (3L ) KT Ao ol 05,80 O LY o 55 SN
NS 15 uggnbusjogjgcjfa..@,;ﬁlj\_sﬁ)
425 5 GI3 pigai Sleslinl b ol 55 Glaow) » ool
SICP-MS iy, 4 |5 K 655 ,m asgas Ve sliws
Lo goi (g 5LmoslaT sy ool okl Lo3T 5 ot le3T
A 5035 (el 5lgzr) JrlS Gkl Iosil ) gty
SbLaST bl 5 55 0,8 o (5L, IK8T
B I P TN E TP RE N Py
Sleslimal U g b o s unlie— Sl (g 55k 2sse s
odiplonil a9 — o dad g G35, glacils » aal)T
g3 edal Cowsay S5 55 (sbaesls .(Zarean, 2012) ol
dél_ﬂﬁ&_w &y w4 Res2dinv  Surfer bl bl

350 g odbama 5 (5 pLb o5y Coaglie - SLAN (5 L

1. Scanning Electron Microscope (SEM)
2. XRD

do0
Tl (20 5 b8 VD alsls s oyl 53T Jlaa by HLslS
Ol o~ ()b b gy o 2 lecd can gl Ol g
sty — ki T gl =1y (A=Y JS2) 5,05 1,3
CHLSGT HLlS 53 ol en (63545 slaes s 5 odkin &8s
oS =y S 955 53 S o ) S
M gla K55 45 Sl s 855 5 e 93] (5
{(Aghanabati, 2005) dzas s 0Lz 555 3 o UlsuS 0,6
(o B bt S 5 G 3 sl 2
s ¢ ot 8 adlaie (5 585 (Sled 55 15355 5 S50 54
Jahangiri, 1993; Behnia, 1996; ) <. oldplasil 4yl

Asadpour, 2001; Advay, 2010; Azimi, 2011;
.(Shahabi, 2013; Sarjoughian and Kananian, 2015

5 b e LS T Ol e 55158 (e
s Basy N/ e lide 55 sl 50T Ll olaud 6552
=) e sde (Ghadirzadeh and Ravaghi, 2012) .|
S5 5 sl 55 (b a (SLEST Gl o
sl dplasl Lol SLS™ ol 6l = oL 33T SLwils’
Akbari Tazeh kand et al.,, 2014; Bigdeli and )
P s> )3 iy O3S S Lal «(Imamalipour, 2016
- slaanT sla JIss 5 6358 slaes 5 il S Ul
(295 oml 03 Ll e dliplanil cadlate 2308 55 g
cadbl 5 K ilS it LS wlise) sla S s
2 205 SO AT Sl (K580 5 ol 55

ol a3 513

e 9
Lsuk.ﬁ_“)ﬂ rl_‘>u‘ \_r 45 g;_w\ a-l_.:lw LU’:"'&}J”—.’. U_-'-| )J
(o5 P sSmy Son Dlallln oo ja omlid SIS ¢ pulid
()j)_tg.” LSL“}:-‘UT‘\@:*{J) &f;jJ:g'” \__J}g.wjjg:ﬁ Sladlas

Se S5 las) ( Ko 5b 55 5 oled B3 es s Sl



A el (058955 9 (Lo bS] (bbb slo o) 2

OYAA L) ) o)leds V) ol

(A JSCa) das e 0lis 3 5 51 oo 8 (6 ST
sodds, s Sban be 8 s Sl 153 gl o1y
La SuSls 5 s Juf slael 55 45" 6145 8 4 6l 0 35 585G
Sea,Sedalie |y Skl 5 obow ( 2edS G880l g5 oo
L e Glpoass 3585 4 Ol g o -l ) SOL Slatde
S gl 5SSOI ¢ Jaw Doy smods 45 5 STo Ll Calies slal
domly ol g 0K s Sn Sl s ol s L5 oo o kalie
(g ¢S s OIS VS 550 iy 50 Sl SIS Juls
Sl L 487 ol S8 52 S0 6 b sty 5 o JST
ol oSl &K o yails e 3 jia L W B Y I 28
.(Whitney and Evans, 2010) (A-v |z)

S C T Sl S e a1 U — il 7 (O
2 945 el (8 ) 5 Bl L B0 5 6 S
S Ed T 5 LSy Sl plen 5 Syls O e
U S (83585 0355 51 oLl gais 5 ¢ pomar ol LS
35 on olalin ol il S asly s s JSIT i
DL codplonl g 58 my Sor sla s (B-Y JSC2)
Ol dls 55155 Gl SLS (lyls sdinl Ay 457 das s
TSP EREINC R EATIUN PR LY WFRAI V]
Sy sh O ot 1SS sl gk ol SV 1S Sl
3 PUSIT ldls ¢ tn e ¥ b 5 515 a0 ST o
oSt b )l JSCaas b )l S (slas sk oy o SIS 5530
G kil 2 IS Sl S g syl s e L YUY
Frhe ¥ 51 56 S L g oI L S D) s
(B-Y S8) K58 oo odalie

e Gy e 1 S oS g 1 (T
Rl Ol 53 (S oS T GLad gaisty &) oty oS atlate
L S g, Ay o(C-Y JSC8) Sl 4 51,5 a1
Aty ol el B0 5 B o5 (6 S b O gty S,
LK Sl Jols b S oV s Shas b ow

os 55 S 3NS5 2l e Sl S5 s ek

1 . Shear zone

ol 4 S 15 s Sl g

E

Al gl a0 3
U FEC A ¥ LUl ae sladsb s owy 5 90 aidbaie
Lo YAT oV E " L bl g gla oo s 0% 0 0
= A0l 3T Olwl 3 Ol ol o, dles H3¥AC A Y
Ol ! o gy =l L o s 5l aiate ol ol @b 41 3
B e T «(Aghanabati, 2005)
Stocklin and Nabavi, ) sUlge — (s 55 a2 55 5 (o 3
SlacSin gl adbie ol 53 (A=) JSC8) ol 1973
03 7S sl slo 28 53 5 0B S s gy - SledsT
Soslme 555 5505 laes 55 3585 5 disls O aist
S35 55 sl ol ods Lol |y LS 04,5 slaeKen
3 S (S pedaT L il 8 S 5 L et
m\_::rl_?u'l la g gin bl o d5)ls O gaist y ailate s
s Gt ¢y g 3 s acilate S (ladty 51 (5 km
S S L3 Slaerg o dms Vs 0 5 S50y
GoF LT 03 0 (@YU &S5 8L o L 2l S 58
Haghipour and Aghanabati, 1989; )Jleas

Khodabandeh and Amini Fazl, 1993; Advay,
Ly lslisy b dadsly sl 4 games (2010

(B-Y JSK8) Wl zishe ¢ 8 sl 55 g

S35 53 Sk odbag wlid ) Gaatd 4 e 5 L
S gl Aoty Jold () 2 5550 03 5doms 53 4Bl O gaist
PN I CPN N PR I G I g S PRIEL SRR o 13
4S el &5 0L 4 Glate S8 s g 5 2T U
Ll 815 i gloes s G5 bl i Sl g
Kavosh Kani Mohajer Company, ) (B-\ <)
DAl dw o pa sy 01 (2012

Lol men o peiel 05,8 1 53 Ayl il guaie T (1
Otz 5 &85, L aS ol (LS 5 s oS sl



6)1-.’.35

Wy

U ls S slaysh oy ot i oo ¥ 51 2087 Lo 20 0511
JS8) e STy Ko a 55 oSy sbay ls JSKhans
inkn Y51 208 e g L Ly Ss sla o (DY
Faoals e 3l S 5 s IS gl sk O po
Lo o sLal b yails S slay sh i s oo otalie Ko
o Gl 3 Kb o oy o e eVl SeSs S
S5 b s pem 5 IS 50 5 1S s sl sk
(DY JSK8) L8 o odalin Ko

b b T eSSl 5 JSCaze dly opl i T SBESIS (3
JS8) S U oS D ety K55 L glan it 85 S
331y e o i oS Sl 5 yails b g S il (B-Y
bl das e 0L 3 95 (1 esgdme B adled 5 S
Sl S U ol e outinl doly ¢ o oo Sildalie
e 25451 0L e sl 51 s S e piaT
— ks (§L8a S5 S glas T bl (O 5 D)
Slhes 5 amlana g dadoly ol 53 godnie (il 5
Ay ol ys SLasST LS 5 aiil i Jols ColisS)
sdbplonl (31,85 5 (sla gy (Y JK8) ol ois i
SSIT Slwdls (55,15 sdas Gla S5 s 0 as0lis 5o
5SS oS slie 5 GISLSINL <dD) 5S4 50,
L Y5085 S ol L IS o el O e S
(E-v ) Cnl 55l

Aty op S0l s (G398 0355 ol I S (SD985 0395 (&
Slros s 31 aS Conl adbaie 53 4Bl b gty bl s
il ot S5 ST — St 685 50 5 S5 S
Dy 55 5 slo3s 5 i S5 hosm b adkisl doly
a3 o 5 815 (8 gl Oy i s b o S
> 903,53y i adbie w5 Jsial Glad >y
=03 (Y JS8) lon STabib 5515 2T sl
) s (S35 0355 (§3mte ki S (a0 a5t
oL o iplawil g Sy Sn (Glo g 2 iles S o
3 5155 5 S 5 50 S5 s G, eSS sl

SLaaS sa (535 oldplan S 55 s ) ]
Sla SLS aS das o Ol SS9, Ay 5l edails
3 S 3m 5lS (sl OIS 53 ol 0T aijle sl
Syt sl el e 5 VS il L e
Lok Ol 53 o e VB Y Lo e o511 L 5 jite (sla 5
53 Laygh ml (C-F JSCa) 355 n olis SIS 5 500 i s
S3ilsn 555 b gyl Sle S5 stess bl &,
IS 25N lassh b mer 5o 5 ol ol 2l oelaws
Llodd s Jymial 4y 5039 ol igh 25Ty dla (Il
Sl sk oy i S s 5 S 5 IS (G JS8)
O LY slal U o yadls U i yoasls K o b Hls JSoaas
St 53 Laysb ool s e S 1y 6K e ¢t s
bt S S gl S Sl Sl Sl
Cid Sl sk D) moin 5 SIS 5 50 Loy s Lo
03 K 55 e a0 B ¥ sbal b Lls JSKaes b ls JSa
= SV BLE i 55 55 S 5 5 sl sb ks e
ol S e o 4 b S8 s dsb s 5 ok

&
4S 0d 5058 85 il 85 Sn dmly 1ol 79 500 (
ity o s 3 (oSG e suiel 5 LT of jene
(D-Y o) ol (e 5o =) = e 5154517 Olun
LS 1S ool 5 b T gladss 51 olaal Jols
ol ol (Gl g = (s SLae S 5 1L
K odias [ ol Gla S5 ¢ 31 5 5 glam )
5 s Tl Sn 1S 5 S e L
Sy sh ol g5l U Y 551,85 a3l Ly S
Foashen ¥ o s oSN L 5035 Sl 3 o e GLils 5,18
Ols 53 (amsolo S0l 5 Lls Sbans U JSo 0 &) soes
5 S 5, S (DY S8 Lgd e 0 54l (sla b
3 S sLaysh O soay e a ¥ Sl o5l L
g P L VGO TN -V N L COM P P L PR
L (S ISl G5k sl ) 538 S 6 o T S



Wy e Ll S 58955 5 ooty ¢ ol SIS ¢ nlidin) Sl YA Jl) ) o)less ) al>

Las e polanstl g |, a<a sk jlw sla S5 sdes 9 e dke Yo UY Low ge oIl L é.ﬁ:él.a S S5 o5 sba
(F-y JS) L ST Sl sla s (F-¥ S5 ol ,Y 50 S

i e ka3 568 55 slas Il b B 5 5L Sl

38—

L
>
1

Afghanistan
s

Tabas block

Il Ophiolite rocks [ South Sanandaj-Sirjan zone

B Urumieh-Dokhtar Magmatic Arc [<] Thrust fault
Sanandaj-Sirjan mesozoic " .

(. magmahjc assemblage Strike-slip fault

I North Sanandaj-Sirjan zonc Fault

(=]

Geology map of the Agh Ziarat deposit
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Fig. 1. A: Schematic map of the sedimentary-structural zones of Iran and the location of study area in the Sanandaj-
Sirjan zone (Alavi, 1994), and B: geological map of the Agh Ziarat polymetallic deposit in 1:1000 scale (Kavosh Kani
Mohajer Company, 2012)
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Fig. 2. Metamorphosed volcano-sedimentary rock units and intrusive bodies of the Agh Ziarat deposit, A: highly
tectonized and fractured amphibolite with schist and gneiss, B: dark grey granite gneiss with rough outcrop, C: dark to
dark grey pyroxenite rock unit, D: microgranite intrusion and related aplitic dike, E: aplitic to microgranitic dike with
rough outcrop, and F: syenite to alkali syenite intrusion with massive morphology and creamy to white color
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Fig. 3. Microphotographs of the metamorphosed volcano-sedimentary and intrusion rocks of the Agh Ziarat deposit. A:
fractured and tectonized amphibolite with porphyroblastic fabric, B: granite gneiss rock unit with schist to banded
fabric, C: pyroxenite unit with granular to sieve texture, D: microgranite intrusion with microgranular to mortar texture,
E: aplitic dike with microgranular to mortar texture, and F: granular to porphyritic syenite to alkali syenite. (Act:

actinolite, Plag: plagioclase, K-fs: K-feldspar, Mc: microcline, Qtz: quartz, Bt: biotite, Opx: orthopyroxene, Cpx:
clinopyroxene, Srp: serpentine, Op: opaque mineral), Abbreviations after Whitney and Evans (2010)
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Fig. 4. Reflected-light microphotographs of the Agh Ziarat deposit. A: pyrite and chalcopyrite minerals with open space
filling texture, B: intergrowth of pyrite, chalcopyrite, chalcocite, and covellite ore minerals as open space filling texture,
C: molybdenite and pyrite grains with replacing texture, and D: pyrite, Magnetite, molybdenite, and hematite with
disseminated texture. (Mt: magnetite, Cpy: chalcopyrite, Mol: molybdenite, Cc: chalcocite, Cv: covellite, Py: pyrite),

Abbreviations after Whitney and Evans (2010)
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Fig. 5. Paragenetic sequence of gangue and ore minerals and their texture in the Agh Ziarat deposit
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Fig. 6. A: Backscattered Electron (BSE) images of Ag and Ce, La, and Y sulfosalt minerals with open space filling and
disseminated texture in a gangue of silicate minerals, B: Ag-bearing sulfosalt dissemination in a silicate gangue, C:
chalcopyrite with open space filling texture formed as late ore stage within fractures of previous minerals, D: fine-
grained and disseminated sphalerite grains within a quartz host mineral in the Agh Ziarat deposit. (Py: pyrite, Cpy:

chalcopyrite, Sph: sphalerite, REE: rare earth elements, Ag: silver, Hg: mercury, Qtz: quartz), Abbreviations after
Whitney and Evans (2010)

1 . Chip-Channel Sampling
2 . Backscattered Electron (BSE)
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Table 1. Whole rock chemical composition of selected samples analyzed by ICP-MS in the Agh Ziarat deposit

Sample No. Au Co Ni Cu As Pb Mo Zn
Abundances Ppm  ppm ppm Ppm Ppm Ppm ppm ppm
G-01 0.39 1458 969.7 19355.7 86.2 82.6 82.1 19083.9
G-02 0.61 129.2 225.8 18465.6 32.1 80.1 61.1 18192.4
G-03 .12 128.5 186.1 16748.8 28.8 75.4 18.6 122473
G-04 042 108.3 182.6  15486.27  28.4 73.4 17.2 10184.6
G-05 1.13 94.2 180.6 15235.7 25.6 55 16.8 10114.3
G-06 0.52 82.6 130.4 14418.4 24.4 43.6 14.1 9126.2
G-07 1.87 46.7 125 14256.8 23.2 36.4 13.4 91234
G-08 0.63 39.4 114.2 13727.7 22.6 28.7 13.4 9114.2
G-09 0.84 31.5 99.6 13124.6 22.6 24.6 13.1 8546.2
G-10 1.46 22 98.7 12244.6 22.4 23.4 12.8 8216.4
G-11 1.21 21.3 96.4 9369.4 19.6 22.1 12.7 8096.2
G-12 1.32 16.8 94.3 8748.4 19.4 21.5 11.2 7272.6
G-13 1.14 14.4 94.2 5134.6 17.5 21.4 9.4 6234.7
G-14 1.13 13.4 93.2 5127.6 16.4 21.3 8.9 6064.3
G-15 0.58 11.4 92.6 51234 12.3 20.5 8.6 6044.6
G-16 0.42 11.3 92.5 5056.4 12.1 20.1 8.6 4926.7
G-17 0.37 11.2 92.2 4238.7 11.2 16.8 8.1 4825.7
G-18 0.63 11.2 89.7 4236.6 9.6 16.4 6.7 4626.1
G-19 0.36 10.7 79.1 3723.5 9.2 16.4 6.4 4369.2
G-20 0.37 9.5 74.3 3275.5 8.3 13.2 6.3 4256.4
G-21 0.42 9.4 73.2 3234.7 8.1 13.1 4.6 4042.1
G-22 0.28 9.2 73.1 3214.9 8.1 12.6 4.2 3843.6
G-23 0.45 9.2 72.3 2806.8 6.3 12.4 4.1 3428.3
G-24 0.10 9.1 71.9 2345.7 6.2 12.4 3.6 3221.3
G-25 1.15 9.1 71.2 1963.6 6.2 11.5 2.7 3145.5
G-26 0.62 9.0 70.1 1875.7 6.1 11.4 2.7 2862.6
G-27 0.98 9.0 69.9 1378.6 6.0 11.2 2.6 2708.1
G-28 0.57 8.8 68.9 1364.4 6.0 9.4 2.5 2342.6
G-29 0.83 8.5 68 932.5 59 9.2 2.1 2214.3
G-30 0.58 8.4 66.8 734.8 53 9.2 2.1 2190.1
G-31 0.42 8.1 65 652.5 4.6 9.2 2.1 1901.7
G-32 0.61 8.1 64.6 643.5 4.4 8.4 2 1819.4
G-33 0.79 7.4 64.2 631.8 4.2 8.12 1.9 1812.5
G-34 1.17 7.4 64.2 631.7 4.1 8.1 1.8 1788.8
G-35 0.53 7.2 63.2 626.9 4.1 8.1 1.8 1724.3
G-36 0.39 7.2 62.4 623.6 4.0 8.0 1.7 1717.4
G-37 1.81 6.9 62.2 617.5 3.9 7.9 1.7 1666.4
G-38 0.62 6.6 62.1 617.2 3.6 7.2 1.6 1643.5
G-39 0.78 6.4 62 612.6 3.4 7.2 1.5 1223.8
G-40 0.42 6.4 61.4 548.4 3.4 7.1 1.5 1173.8
G-41 0.44 6.4 61.2 526.5 3.1 7.1 1.4 1126.4
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Table 1 (Continued). Whole rock chemical composition of selected samples analyzed by ICP-MS in the Agh Ziarat

deposit

Sample No. Au Co Ni Cu As Pb Mo Zn
G-42 0.96 6.4 61.2 526.4 3.1 7.1 1.4 1125.7
G-43 0.10 6.2 55.1 521.5 2.7 7.0 1.3 1114.1
G-44 0.39 6.2 54.7 514.8 2.5 6.9 1.2 1060.5
G-45 0.61 6.2 53.8 514.7 2.5 6.9 1.2 1055.4
G-46 0.78 6.2 52.6 503.4 2.3 6.8 1.2 1051.5
G-47 0.62 6.2 52.4 501.7 2.2 6.5 1.2 1020.4
G-48 0.39 6.2 52.4 501.5 2.1 6.5 1.2 945.5
G-49 1.01 6.2 523 484.8 2.1 6.4 1.1 934.4
G-50 1.24 6.1 51.2 434.4 2.1 6.3 1.1 925.2
G-51 0.56 6.1 51 428.6 1.9 6.3 1.0 924.8
G-52 1.37 6.1 50.1 426.8 1.9 6.2 1.0 919.3
G-53 1.03 6.1 49.9 4253 1.7 6.2 1.0 914.9
G-54 0.55 6.0 473 424.8 1.5 6.2 1.0 914.5
G-55 0.45 6.0 46.3 421.3 1.4 6.2 1.0 912.5
G-56 0.10 6.0 46.1 417.4 1.4 6.1 0.9 902.6
G-57 0.25 6.0 45.4 413.7 1.2 6.1 0.9 901.2
G-58 0.55 5.9 44.2 413.4 1.2 6.1 0.9 897.1
G-59 0.16 5.6 43.7 364.9 1.2 6.0 0.9 896.9
G-60 0.65 5.5 43.1 364.6 1.1 6.0 0.9 891.4
G-61 0.27 5.4 42.5 363.5 1.1 6.0 0.9 881.7
G-62 0.53 54 42.4 362.3 1.0 6.0 0.9 872.1
G-63 0.21 5.2 42.4 351.7 0.9 5.9 0.9 842.7
G-64 0.59 5.1 42.3 348.8 0.9 5.7 0.8 817.1
G-65 0.24 5.1 423 343.5 0.9 5.7 0.8 624.5
G-66 0.56 5.1 42.2 343.2 0.9 5.7 0.8 601.5
G-67 0.31 5 42.1 331.7 0.8 5.5 0.8 290.9
G-68 0.49 5 41.9 285.4 0.8 5.5 0.8 191.6
G-69 0.32 5 41.4 281.8 0.8 5.5 0.8 96.4
G-70 0.48 4.8 41.2 279.2 0.8 54 0.8 92.6
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Table 2. Calculated correlation coefficient (r) of selected ore-related elements using the Spearman's Rank method in the

Agh Ziarat deposit

Au Co Ni As Pb Mo Zn
Au 1.00
Co 0.37" 1.00
Ni 0.48™ 0.99™ 1.00
Cu 0.42™ 0.99™ 0.99™ 1.00
As 0.38™ 0.63™ 0.63™ 0.63™ 1.00
Pb 0.39™ 0.72™ 0.72™ 0.72™ 0.72™ 1.00
Mo 0.50™ 0.59™ 0.59™ 0.59™ 0.59™ 0.59™ 1.00
Zn 0.32™ 0.38™ 0.38™ 0.38™ 0.38™ 0.38™ 0.38™ 1.00
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Fig. 7. Histogram illustrating correlation of gold and ore-related elements in the Agh Ziarat deposit that are calculated

by Spearmen's Rank coefficients

1. Principal Component Analysis (PCA)
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Table 3. Rotated Component Matrix using varimax method for comparing correlation between elements to various

factors in the Agh Ziarat deposit

Raw Rescaled
Component Component
1 2 3 1 2 3
LnAu 0291 0.230 0033 0477 0377 0.054
LnCo  0.723 0.192 0.048  0.823 0218 0,055
. 0311 0.179 0.140 0594 0341 0.267
Ln Ni
Ln Cu
0.340 1331 0263 0242 0947 0187
1.016 0353 0.105 083 0290 0.086
Ln As
LnPb 56 0.142 0.111 0.700 0.189 0.147
LnMo 0935 0.063 0352 0.801 0054 0302
LnZn 0270 0.247 1383 0.88  0.172 0.963
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Fig. 8. A and B: induced polarization-resistivity (IP/RS) pseudo-sections for profile A with electrode intervals of 20

meters, C and D: induced polarization-resistivity (IP/RS) pseudo-sections for profile B with electrode intervals of 20
meters in the Agh Ziarat area. The inferred fault is represented by F sign.
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Anomaly map of Au in the Agh Ziarate area
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Fig. 9. Symbol map of the promising and exploratory high potential targets of the Agh Ziarat area together with

identified zones and proposed locations for borehole drilling obtained using the geological, geochemical, and
geophysical data layers.
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Introduction

The Agh Ziarat (AutCu+Mo) Polymetallic
deposit is located at 75 mnorth of Urmia,

northwestern part of the Sanandaj-Sirjan Zone.
Several studies have been carried out on chemical
composition,  geochemistry, petrology, and
petrogenesis of intrusive bodies of the Qushchi
area, north of Urmia (Jahangiri, 1993; Behnia,
1996; Asadpour, 2001; Azimi, 2011; Shahabi,

2013; Sarjoughian and Kananian, 2015).
However, the mineralization potential of the
intrusion  rocks and  volcano-sedimentary

sequences has not been investigated yet. The
present investigation provides an overview of the
geological framework, mineralogy of orebodies
and gangue, geochemical, and geophysical
characteristics of the Agh Ziarat deposit.
Therefore, identification of mineralization style
and potential in the study area can be used as an
exploration guide in the regional scale in the
Sanandaj-Sirjan zone and elsewhere.

Materials and methods

Petrography and ore mineralogy studies were
carried out on 15 thin, 20 polished, 10 polished
thin sections, and 11 XRD analyses to identify the
alteration and ore mineral textures and mineral
paragenesis at the Department of Mining
Engineering, the Urmia University of Technology.
X-Ray Fluorescence (XRF), SEM, ICP-MS
analyses were performed on 6, 13, and 70 samples
collected from different altered and mineralized
host units including metamorphosed volcanic
rocks, intrusive bodies, and aplitic dikes in the

Kansaran Binaloud Laboratory, respectively.
Mineralogical composition of ore minerals was
examined by Electron Probe Micro Analysis
(EPMA) on six selected samples in the Iran
Mineral Processing Research Center. Structural

controls, depth, and vertical distribution or
mineralized zones investigated by Induced
Polarization-Resistivity ~ (IP/RS)  geophysical

exploration surveys 10 east-west-trending

profiles.

on

Result

The host rocks are Neoproterozoic to lower
Plaeozoic volcano-sedimentary sequences
consisting of gneissic granite, amphibolite, schist,
and pyroxenite, which are metamorphosed to
greenschist facies. The intrusion of Cretaceous
syenite, granite, and aplitic dikes within host
rocks caused are caused by hydrothermal
alteration and gold (coppertmolybdenum)
mineralization. Hydrothermal alteration zones are
predominantly including argillic, silicified and
sulfide alterations, which have mainly occurred in
granite gneiss, amphibolite, schist, and intrusive
rocks, respectively. Gold (coppertmolybenum)
mineralization occurred as vein and veinlets
consisting of replacement, disseminated, and open
space filling textures. The mineralogy of
orebodies comprises of mnative gold, pyrite,
chalcopyrite, molybdenite, magnetite, galena,
sphalerite, and Hg, Nd, Ag, Se, and Ba-bearing
sulfosalt minerals together with supergene and
oxidation mineral phases including chalcocite,
covellite, malachite, azurite, hematite, and
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goethite. The EPMA micro analysis on pyrite,
chalcopyrite, and molybdenite showed that these
minerals are characterized by high abundance of
S, Mo, Fe, and Au (41.26, 52.33, 23.03, 0.04 wt.
%, respectively) and low contents of Pb, W, Cu,
Zn, and As (1.12, 0.46, 0.19, 0.08, 0.03 wt. %,
respectively). The multivariate measurement of
geochemical data using the Spearman's Rank
correlation method indicated by positive
relationship of Cu, Co, Ni, As, Pb, and in
particularly Mo. Copper displays a positive and
strong correlation with Co, Ni, Au, As, Pb, Mo,
and W in ore-bearing zones. Furthermore, the ore-
related elements are distinguished by the presence
of Au, As, Cu, Mo, Ni, and Co in factor I, Cu in
factor II, and Zn in factor III using the factor
analysis method. In addition, an important
geochemical behavior was observed among
altered Au, As, Mo, and Cu and mineralized
zones. Therefore, ore elements and in particularly
Au, Mo, and Cu elements are classified in the
same cluster. The positive correlation of ore
elements with most other elements is indicated by
distribution of Au+Cu+Mo orebodies in the area.
The positive and relatively strong correlation of
Au and As can be inferred from the cogenetic
nature of those elements. The IP/RS geophysical
investigation is distinguished by low abundances
of induced polarization (IP) and high resistivity
(RS) values in most profiles. Consideration of IP
and RS pseudo profiles indicate the distribution of
anomalous zones toward southern part of the area
together with vertical zoning pattern similar to
other alteration zones. Integration of the obtained
results from geology, which reflects relatively
extensive magmatic activity related to active
tectonism and extensional structures, together
with exploration geochemistry and geophysics
resulted in the identification of two main potential
areas in both northern and southern parts of the
study area.

Discussion

The main altered and mineralized zones in the
study area are characterized by vein and veinlet
textures of ore mineralization together with
geochemical and geophysical anomalies. The

supergene mineralization of some sulfide and
oxide minerals (e.g., malachite, azurite,
chalcocite, covellite, hematite, and goethite)
resulted in the low abundances of chargeability
(10-40 ml/v) in most IP-RS profiles in the area.
The geological, geochemical, and geochpysical
data are integrated to recognize the mineralized
and promising zones.
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