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EXTENDED ABSTRACT

Introduction

The Urumieh-Dokhtar magmatic arc is a significant
metalliferous province in Iran that hosts numerous
Cu-Mo (Au) porphyry deposits (i.e., Sar Cheshmeh,
Meiduk, Darreh-Zar, Chah-Firouzeh, Sarkuh, lju,
Aliabad, Kahang, and Dalli; Mclnnes et al., 2003;
Zarasvandi et al., 2005; Taghipour et al., 2008; Ayati
et al., 2013; Mirnejad et al., 2013; Aghazadeh et al.,
2015; Alirezaei et al., 2017; Mohammaddoost et al.,
2017; Golestani et al., 2018; Aliyari et al., 2020;
Shafiei Bafti et al., 2022; Mohammaddoost et al.,
2023) and epithermal precious and base metal (e.g.,
Sari Gunay, Touzlar, Chah Zard, Ay Qalasi,
Milajerd, Chah-Mesi, and Govin; Richards et al.,
2006; Kouhestani et al., 2012; Heidari et al., 2015;
Kouhestani et al., 2015; Mohammadi Niaei et al.,
2015; Kouhestani et al., 2017; Alipour-Asll, 2019;
Zamanian et al., 2020; Altenberger et al., 2022)
deposits. The Mardabad-Bouinzahra volcanic belt is
located on the northern margin of the Urumieh-
Dokhtar magmatic arc. This volcanic belt hosts
several Manto-type Cu, and epithermal Au and Pb-
Zn-Cu polymetallic deposits/occurrences like as
Atash-Anbar, Lak, Deh-Bala, Ipak, Kuh-e Jarou,
Rudak, Ghomoshlou, Ghomoshdash, Qezel-Ahmad,
Bidestan, Afshar-Abad, Boujafar, Guilan-Darreh,
Ramand, Hajib, Chalambar, and Kourcheshmeh
(Habibi, 2007; Goodarzi, 2012; Ebrahimi, 2016;
Yousefi et al., 2017; Tale Fazel et al., 2022a; Tale
Fazel et al., 2022b; Khanahmadlou, 2023). Eocene
volcanic and volcaniclastic rocks generally host
these deposits and are temporally/spatially
associated with middle Eocene intrusions (Kazemi et
al., 2022).

Kourcheshmeh Pb-Zn-Cu deposit is 40 km
southwest of Takestan, Qazvin province, and part of
the Mardabad-Bouinzahra volcanic belt. Despite the
presence of ancient and new mining activities in the
Kourcheshmeh area, no comprehensive studies have
been conducted on the geology, mineralogy,
geochemistry, and genesis of the Kourcheshmeh
deposit. In this contribution, we investigate the
detailed geology, mineralogy, structure and texture,
geochemistry, and alteration styles of the
Kourcheshmeh deposit to constrain its ore genesis
and mineralization evolution. These outcomes might
be useful for the regional exploration of epithermal

base and precious metal deposits in the Mardabad-
Bouinzahra volcanic belt and other parts of the
Urumieh-Dokhtar magmatic arc.

Materials and Methods

During the fieldwork conducted on the
Kourcheshmeh deposit, the following activities were
carried out:

- Preparation of a geological map, scale 1:5000, of
the Kourcheshmeh deposit.

- Collect approximately fifty samples from rock
units, ore veins, and breccias.

- Examination of seven thin sections and eighteen
polished thin sections using a transmitted and
reflected polarized light microscope in the
University of Zanjan, Zanjan, Iran, laboratory.

- Analysis of the chemical composition of ore
samples (n = 28) and fresh and barren host rocks (n
= 2) at the Zarazma Analytical Laboratories, Tehran,
Iran, using XRF and ICP—MS methods.

Results and Discussion

The rock units outcropped in the Kourcheshmeh
deposit  comprise  the  Fajan  Formation
(conglomerate), Zyarat Formation (nummulitic
limestone), Eocene volcanic (basalt, andesitic basalt,
basaltic andesite, and megaporphyritic andesite) and
volcaniclastic (intermediate crystal lithic tuff, and
acidic crystal to lithic crystal tuff) strata, and Eocene-
Oligocene (dacite, rhyodacite, rhyolite, and acidic
tuff) sequence. The intrusive rock in the
Kourcheshmeh area includes the middle Eocene
(Kazemi et al., 2022) pyroxene quartz monzodiorite
that cut the Eocene volcanic sequences.
Mineralization at Kourcheshmeh occurred as Pb-Zn-
Cu-bearing quartz veins within the Eocene tuff and
lava sequence and is covered by a 3 m thickness of
intermediate argillic alteration. The main ore vein
has an N100E/70-80NE trend, 70 to 200 meters long,
and 0.5 to 2 meters thick. Hydrothermal alteration
includes silicification, intermediate  argillic,
carbonate, and propylitic alteration; the first three are
directly linked to base metal mineralization. Pyrite,
chalcopyrite, galena, sphalerite, tennantite-
tetrahedrite, minor pyrolusite, and psilomelane, are
the main ore minerals at Kourcheshmeh. Quartz,
calcite, siderite, barite, and sericite-illite are gangue
minerals. Goethite, cerussite, smithsonite, malachite,
and covellite are formed by supergene processes. The
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ore minerals formed as disseminated, vein-veinlets,
brecciated, comb, crustiform, colloform, plumose,
and vug-infill textures. The mineralization processes
at the Kourcheshmeh deposit can be divided into six
stages, as follows:

Stage 1: Silicification of host rocks with negligible
disseminated pyrite.

Stage 2: Quartz vein-veinlets and breccias that
comprise mutable volumes of disseminated pyrite,
chalcopyrite, galena, sphalerite, and minor
tennantite-tetrahedrite. This stage is where Pb-Zn-Cu
mineralization occurs.

Stage 3: Barite vein-veinlets.

Stage 4. Carbonate (calcite and siderite) and minor
manganese ores (psilomelane, pyrolusite, braunite)
as veinlets and vug-infill.

Stage 5: Barren post-ore stage represented by calcite
vein-veinlets.

Stage 6: Supergene processes

The Chondrite—normalized trace elements and REE
patterns of ore samples, pyroxene quartz
monzodiorite body, and fresh host acidic crystal tuff
are comparable and show that host rocks are possibly
engaged in mineralization. These patterns are almost
similar for different ore samples, which can indicate
the same mineralization system formed them.
Characteristics of the Kourcheshmeh Pb-Zn-Cu
deposit are similar to the intermediate-sulfidation
type of epithermal deposits.
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Fig. 1. A: Major structural zones of Iran, showing the location of the Mardabad-Bouinzahra volcanic belt within the Urumieh-
Dokhtar magmatic arc (after Alavi, 1991; Aghanabati, 2004), and B: Location of the Kourcheshmeh deposit and other deposits
within the Mardabad-Bouinzahra volcanic belt (modified after Nogole-Sadat and Houshmandzadeh, 1984). (AMA: Alborz
Magmatic Arc, EIMZ: East Iranian Magmatic Zone, UDMA:: Urumieh-Dokhtar Magmatic Arc)
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Fig. 2. Simplified geologic map of the Kourcheshmeh Pb-Zn-Cu deposit (The dimension of the pyroxene quartz monzodiorite

body was exaggerated to better show its position).
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Fig. 3. A: A view of the alternation of the tuff, tuffite, and shale layers (E* unit) covered by the basic to acidic lavas and
intermediate tuffs (E** unit), looking southwest, B: A view of alternation of the tuff, tuffite, and shale layers (E" unit),
lithic tuff and sandy tuff (E® unit), and andesite lavas (E*" unit), looking northeast, and C: A view of the location of the
pyroxene quartz monzodiorite intrusion (qmz) within the basic to acidic lavas and intermediate tuffs (E** unit), looking to
the north
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Fig. 4. Photomicrographs (transmitted crossed—polarized light, XPL) of mineralogy and texture of the rock units in the
Kourcheshmeh deposit. A: Fractured and angular crystals of plagioclase, quartz, and alkali feldspar within the calcite matrix in
the acidic crystal tuff to lithic crystal tuff unit, B: Plagioclase phenocrysts along with vugs infilled by chlorite and quartz form
an amygdaloidal texture in the andesite lavas, C: Chloritized clinopyroxene phenocryst within the fine-grained matrix in the
basaltic andesite lavas, D and E: Porphyry texture comprises plagioclase and clinopyroxene phenocrysts within the fine-grained
matrix in the andesitic basalt lavas, F: Porphyry texture composed of clinopyroxene and plagioclase phenocrysts within the fine-
grained matrix in the basalt lavas, G: Lava fragments along with plagioclase phenocrysts within the calcitic and fine-grained
matrix in the intermediate crystal lithic tuffs, H: Chloritized clinopyroxene phenocryst within the pyroxene quartz monzodiorite
body, and I: Quartz, alkali feldspar, and plagioclase phenocrysts within the pyroxene quartz monzodiorite body. Abbreviations
after Whitney and Evans (2010) (Afs: alkali feldspar, Cal: calcite, Chl: chlorite, Cpx: clinopyroxene, L: rock fragments, Opg:
opaque mineral, Pl: plagioclase, Qz: quartz).
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Fig. 5. Field and hand specimen photographs of the mineralized vein in the Kourcheshmeh deposit. A: A view of the main ore
vein that cut its host Eocene tuff-lava sequence and is covered by intermediate argillic alteration (Int. Arg. Alt.) halo, looking to
the east, B: View of breccia texture with silica-sulfide cement of the ore in hand specimen, C: View of crustiform texture of the
ore comprised of silica, barite, and carbonate parts in hand specimen, D and E: Views of galena (D and E) and smithsonite (E)
mineralization in hand specimen. Abbreviations after Whitney and Evans (2010) (Car carbonate, Brt: barite, Gn: galena, Lith:
rock fragment, Qz: quartz, Smt: smithsonite).
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Fig. 6. Photomicrographs (transmitted crossed—polarized light, XPL) of hydrothermal alteration types in the Kourcheshmeh
deposit. A and B: Silica alteration as vein-veinlets (A) and hydrothermal breccia cement (B), C and D: Intermediate argillic
alteration as alteration of plagioclase to sericite-illite in the lava units, E-G: Carbonate alteration as calcite-quartz hydrothermal
breccia cement (E), vug infill (F) and late calcite veinlets (G), H and I: Alteration of plagioclase and mafic minerals to calcite
and chlorite in the propylitic alteration in the lava units. Abbreviations after Whitney and Evans (2010) (Cal: calcite, Chl:
chlorite, Gn: galena, Qz: quartz, Ser: sericite, Vug: open space).

DOI: 10.22067/econg.2024.1087 Y osled 08 53 NPT (galasl kit e

Y


https://doi.org/10.22067/econg.2024.1087

e ey S LSS 53 Ll g O gl i) g gy digl el sl e

O 5 Jhexlols

Sl S SIS 5y Gl 55 J g S5 S o
(C LAY 2

CoL 5 ok s> el (sl 25 55 Y peme SS VLt Vo
Aas e Ol Jb glas oS,

doiar) S JdlS 53 dbl S5 oy e 515 HAlbL S S
oIl s IS b IS o Sy b 5 by sb oo 4 ST
s S 55 los 5L 5 (o Sl VB 05 Sa ¥ov 5l 28
Olis Jb (slab oS 5 (glails il el W 51 S 3 45 o oy
il (lyfs b 5l S dla_jzdw 3l 5 5 55 (A-A JSC8) s e
ok (E 5 B-A JS8) dims e, 5 oIS S cglii ¢ ST
23 3 JSaes b s IS olads 5 (sl lay sk oy o 4
6o 0T (sl sh Jsb sl 5ol oys o Sy S blin
il Y gons CodS (G 5 F-A JS8) dy o 55 a Sl
sF B9 JS8) aas e 0l |y Jls slalib oS 5 glinS
oS 5 il b 5 LSl e 53 oy (5 F-A S
H-A J52) Gl oalivn LB o sS0s Seo blie 5> Jls slaliis
0 0 o) 5oy sl sk oy o e bl s
5CF S0 Kb o 0y3 95Ky S 3L blin 3 (03 e
(D

PLpd (JIg 9 2041 >l
(S S B LUyl 5 Sl Sl b SIS S 5 gl
do o it g de oy S LS 55 S8 eanS 5 S
Odd e G F5 gl al ol S5 il
S 5 0 e Ol on S (55 sl 5,18)
S5k S seo & i & Gl dl o ol bl 5 ST g5
R 33 oS | yails Sl b (et ST LB IS o s 5
bess a0 (B 5 A=Y JS0) 555 0 oy K 0l ko
bl S by 5 (ol 1) e, -8, )5
Sy Yl ¢ I 2 1 5SS 0y ) (Sl o = 5157 Ol

2 g o edeio (o ydal 5 -l Sl ,slie

U e slassl & s Ypame o SIS i o8I
Dl gl &S gl s ys a5 b s JSKhaas oo
s o 5 S sy SIS e i 5
das o OLis Sl 8 5 (blejl L 5ol b o il
(C sB-v J)

Gl ysb Sy o & LB o3 Yo s ol 5 L B 167
Glaidn 53 (e glag, L IS o bl S bdes i ys
by JE GalS gla ibu it )3 355 00k laglS
L el JEL(E 3D-V JS8) il ol e il g
S r 03 (B 5DV JS8) das o 0Lt (gl yon g Jlid
F i 5 o Uil o SIS bl
(G S F-V S ) 55 b o 0us Y& Ol )3 S ydal m
(T 51 ,m) &5y s Jotls SU3L L o Ml 1y st
o3 S gl s 5o JE 4 s zaS sl L g
IS0 o 2e 6 55 Sla sk e 4 AN ST 055 o
JS8) 315 g yon SE LY ame 5ot o> s S b
Cd )l 4 g Jlawl 01305 2 sasl 3 S s (B 5 D-v
(E-V JS8) ol ozl £

a8 SlA L el B - Coal ioasadl W —owsl
) Wy e 8 sy s o o sladlsl Sy s
(G-v

1313 L e gy 5 S 5y 1Mo g 9 St 3
585 53 s S tani b USs o sl sk D) s 4 5 S 5des
LY sene b SIS ol lils i s ;38K il S slaanS
JS) dls S S (Son5 blil s ails (g0 e
(H-v

ot 53 Y sans LIS ol Hig bl § g
AE il 5 45 L n 0yd 3l G e oS
o Lol 3 mewl (E s D=V JSC2) e o Il
b SeeSls 53 olads 5 (sl 5l b lay b &) 5o

(-v Jgﬁu) 34 op 0y @abw 03l en (gla idu y5 ae i

DOI: 10.22067/econg.2024.1087

Y ooyled V7 oy 95 NFY (gLl u“”uw")


https://doi.org/10.22067/econg.2024.1087

vtz S LS 55 Lol g ) sl i g & Ju gl al gl el O 5 Jhexlols

’.
~P=ry

3 KlS 3l 5 Sl s SIS S50 55 3 4k s XPL blize o33 58 55 53 | o5 (g5 Sn Slo s Y S
W SIS 5 L s pen C e SIS 0555 S sl B 8 4 Gl S b I S 5k A i, S LIS
oy 5 g el 0 Sy Jid 5 55 4 B Sl 85y Yl 5 JE sty on B 5D cdms o 05 Lo 85 C S 4 oy SIS
53 Ok 5 oy (5L y0n H (N 033 upual 5~y Gadlsl G JE By Cy SIS 5 o Jlinl gladlssl F oo gl o
Whitney and Evans, ) 515l s s 51 b G5 sleastl o3 . Jl (slodb oSy 3L L Cipslmmal 5 (olS JE 3L L o5 858
o 5 o PYF s o PY sy PPS (o5 8 :Gth ( JE BN o 55 0 LT oy o sSIS:CCP cndS™ :CaD) ol o Ll (2010

L&yl -y TNE-TH (o Jlawl SP i g 3 et :SME 55,1 57 :QZ

Fig. 7. Photomicrographs (I in transmitted crossed—polarized light, XPL, and the rest in reflected light) of the ore
mineralogy and texture in the Kourcheshmeh deposit. A: Subhedral pyrite crystal with alteration to goethite, B: Pyrite
inclusions within chalcopyrite, C: Intergrowth of pyrite and chalcopyrite. Chalcopyrite shows alteration to goethite, D
and E: Intergrowth of galena and sphalerite. Alteration of galena to cerussite and sphalerite to smithsonite are also
observed,

F: Sphalerite and chalcopyrite inclusions within galena, G: Tennantite-tetrahedrite inclusions within galena, H:
Intergrowth of pyrolusite and psilomelane along with goethite with colloform texture, and I: Smithsonite with vug infill
texture. Abbreviations after Whitney and Evans (2010) (Cal: calcite, Ccp: chalcopyrite, Cer: cerussite, Gn: galena, Gth:
goethite, Ps: psilomelane, Py: pyrite, Pyr: pyrolusite, Qz: quartz, Smt: smithsonite, Sp: sphalerite, Tnt-Ttr: tennantite-
tetrahedrite).
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Fig. 8. Photomicrographs (transmitted crossed—polarized light, XPL) of gangue minerals and textures in the Kourcheshmeh
deposit. A: Quartz with comb texture, B: Cockade texture of quartz developed around the tuff fragment, C: Crustiform
texture of quartz, D and E: Plumose texture of coarse-grained quartz crystals, F and G: Radial crystals of barite. H and I:
Siderite with vug infill texture that is cut by late calcite veinlets. Abbreviations after Whitney and Evans (2010) (Brt: barite,
Cal: calcite, Lith: rock fragment, Gn: galena, Qz: quartz, Sd: siderite, Vug: open space).
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Fig. 9. Mineralization stages in the Kourcheshmeh deposit. A: Stage 1 mineralization as silicification of the host rock, B:
Stage 1 breccia clasts (dark parts) within the stage 2 silica-sulfide cement. Stage 3 veinlet that crosscut stage 2
mineralization, is also observed, C: Stage 3 barite veinlets, D: Breccia clasts of stage 2 (dark parts) within barite veins of
stage 3 mineralization, E: Brecciation of barite veinlets of stage 3 mineralization by stage 4 calcite-siderite veinlets, F and
G: Stage 4 calcite-siderite veinlets crosscut stage 2 quartz-sulfide and stage 3 barite veinlets, and, in turn, cut by stage 5
calcite veinlets. Abbreviations after Whitney and Evans (2010) (Brt: barite, Gn: galena).
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Fig. 10. Paragenetic sequences showing the structure and texture of ore at the Kourcheshmeh deposit
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Table 1. ICP-MS data (ppm) of ore samples and host rocks from the Kourcheshmeh deposit.

Ag As Ba Cd Ce Cs Cu Dy Er Eu
D.L. 0.1 0.5 1 0.1 0.5 0.5 1 0.1 0.1 0.1
K-3 1.6 8.4 1307 2.2 42 15 23 4.2 2.6 1.43
K-7 0.9 25 663 1.9 46 2.1 28 3.2 1.6 11
K-20 198.3 69.9 1081 496.4 8 1.2 3732 0.9 0.5 0.55
K-31 275 12.7 186 216.4 23 35 812 3.1 1.6 0.72
K-32 197.3 78.7 522 269.2 7 1.3 2784 0.9 0.4 0.21
K-33a 82.7 15.3 2506 10.6 11 11 694 1.6 0.7 0.66
K-33b 20.1 5.8 8881 5.2 9 0.7 264 11 0.6 0.5
K-34 1.1 12.6 898 11 11 0.6 1005 29 1.7 2.38
K-35 44 314 734 2.8 6 1 2369 1 0.4 6.12
K-36 1058  40.9 1811 60.1 20 2.3 500 1.6 1 1.07
Gd Hf La Lu Mn Mo Nb Nd P Pb
D.L. 0.05 0.5 1 0.1 5 0.5 1 0.5 10 1
K-3 3.72 3.4 20 0.4 633 0.9 7.2 20.1 588 614
K-7 3.58 1.8 25 0.2 500 <0.5 10 23.6 816 612
K-20 1.09 0.6 2 <0.1 369 112.7 11 2.6 162 >30000
K-31 2.74 14 10 0.2 1919 10.3 2 13.8 380 10884
K-32 1.08 <0.5 2 <0.1 379 37 <1 2 141 >30000
K-33a 1.75 <0.5 5 <0.1 740 47 13 5.7 109 536
K-33b 1.4 <0.5 4 <0.1 389 19.2 1 4 77 6247
K-34 2.2 <0.5 5 0.2 5018 1.2 <1 7.6 93 329
K-35 1.12 <0.5 2 <0.1 1198 1.1 <1 2.3 96 970
K-36 1.73 15 10 0.2 175 11.9 1.3 7.4 422 >30000
Pr Rb S Sb Sc Sm Sr Ta Th Th
D.L. 0.05 1 50 0.5 0.5 0.1 1 0.1 0.1 0.1
K-3 5.16 116 684 3.8 11.3 4.9 373.1 0.8 0.3 14.4
K-7 5.76 56 1292 5.7 5.4 3.9 3375 11 0.2 7.6
K-20 0.44 23 21024 74.5 2 0.9 187.6 0.3 <0.1 1.6
K-31 2.96 64 2503 18.8 6 24 55 0.3 0.2 4.4
K-32 0.35 24 16635 83.7 14 0.2 231.3 0.3 <0.1 1.4
K-33a 1.21 15 7627 324 1.9 1.4 3892.7 0.3 <0.1 1.3
K-33b 0.8 13 4780 16.8 0.6 1 4763.2 0.3 <0.1 1
K-34 1.57 12 2379 8.6 9.7 41 1707.8 0.3 0.1 1
K-35 0.41 15 3114 5.2 4.6 9.6 227 0.3 <0.1 1
K-36 1.81 54 6223 334 4.3 2.2 140.3 0.3 <0.1 4
Ti Tl Tm U \Y W Y Yb Zn Zr
D.L. 10 0.1 0.1 0.1 1 1 0.5 0.5 1 5
K-3 3029 0.6 0.4 44 93 24 19.7 231 462 84
K-7 2530 0.3 0.2 1.6 54 2.8 11.2 1.39 253 55
K-20 333 0.2 <0.1 1 15 <1 1.3 0.18 >30000 14
K-31 1908 0.4 0.2 2.1 56 <1 13.3 1.16 4782 43
K-32 162 0.2 <0.1 0.9 28 <1 0.7 0.08 >30000 8
K-33a 185 0.2 0.1 0.6 9 8.2 45 0.37 776 7
K-33b <10 <0.1 <0.1 0.4 2 2.1 2.7 0.2 358 <5
K-34 <10 0.1 0.3 1.9 45 1.2 10.1 1.74 379 <5
K-35 78 0.1 <0.1 0.9 22 <1 1.4 0.29 840 <5
K-36 1774 0.3 0.2 2.2 48 <1 4.7 0.82 >30000 50

K-3: Px-Qz monzodiorite; K-7: Acidic crystal tuff, K-31: Silicified acidic crystal tuff (Stage 1); K-20, K-32,
K-35 and K-36: Qz-sulfide veins (Stage 2); K-33a and K-33b: Brt veins (Stage 3); K-34: Car-Mn veins (Stage 4)
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Table 2. ICP-MS data (ppm) of ore samples from the Kourcheshmeh deposit

Ag Al As Cu Fe P Pb S Sb Zn
K-40 7.1 23787 10.9 16398 39494 387 16 584 24.7 140
K-41 25.6 1085 301 6817 39246 106 11945 1352 361 7054
K-42 69.4 2498 109 6869 22667 258 1814 822 438 412
K-43 135 1231 1398 8445 11341 201 24444 1467 923 1251
K-44 23.1 1935 164 2360 24811 169 8465 731 448 4048
K-45 47.1 58011 35 20557 43644 269 16 803 0.87 188
K-46 0.5 4386 245 1774 62719 119 107 2755 1.48 301
K-47 0.88 3273 3.2 439 32617 232 1142 888 1.22 2827
K-48 0.47 1069 275 3678 72488 158 129 961 15.6 164
K-49 0.51 27288 2.2 4230 23459 334 4 68 0.76 86
K-40 to K-45: Qz-sulfide veins (Stage 2); K-46 to K-49: Brt veins (Stage 3)
acdi ) S 5Ll s &S Sad ged (559 42 3) XRF 4 25 slaosls ¥ Ju
Table 3. XRF data (wt.%) of ore samples from the Kourcheshmeh deposit
Si02 TiO2 FeOt MnO MgO CaO BaO K20 POs SO:3 Cu Pb Zn
DL. 005 005 005 005 005 005 005 005 005 005 005 0.05 0.05
K-50 4271 0.17 35 0.2 034 1082 301 09 012 727 035 1473 045
K-51 4189 0.18 093 0.06 022 953 401 104 0.08 72 0.06 956 345
K-52 5696 053 479 012 239 436 <005 167 005 0.07 0.75 <0.05 <0.05
K-53 68.34 0.16 327 033 016 1272 <0.05 094 <005 022 037 162 0.13
K-54 7078 0.05 201 021 <005 776 009 04 <005 039 017 27 0.18
K-55 59.43 0.12 111 0.1 0.18 1558 177 066 <0.05 132 024 19 0.05
K-56 9037 009 314 01 <005 118 025 057 <005 041 083 015 0.06
K-57 19.07 <0.05 319 0.29 011 16.15 1576 028 <0.05 879 035 946 0.06
K-58 2827 008 055 <0.05 <0.05 168 1358 053 <0.05 11.01 0.06 242 479
K-59 2734 01 274 021 026 1922 95 067 <005 735 054 1201 0.24

K-50 to K-56: Qz-sulfide veins (Stage 2); K-57 to K-59: Brt veins (Stage 3)

a5 S LS s &JK&&&,& G oY) sladsd t;tg}ie&wbu)ﬂu@%‘y £ Jyv
Table 4. Elemental correlation coefficient (calculated based on Tables 1, 2 and 3) for ore samples at the Kourcheshmeh

deposit.
Ag As Ba Cu Mn Pb S Sh Zn
Ag 1
As 0.35 1
Ba -0.30 -0.02 1
Cu 0.06 0.21 0.07 1
Mn -0.41 -0.36 0.07 0.12 1
Pb 0.87 0.33 0.79 -0.19 -0.12 1
S 0.83 0.02 0.84 -0.20 -0.16 0.92 1
Sh 0.32 0.88 -0.33 0.20 -0.35 0.27 -0.13 1
Zn 0.79 -0.05 0.27 -0.25 -0.41 0.59 0.63 -0.06 1
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Fig. 11. Correlation chart of ore-forming elements for ore samples at the Kourcheshmeh deposit
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Fig. 12. A: Chondrite—normalized (Thompson, 1982) rare elements pattern for the ore samples, pyroxene quartz monzonite
body, and barren host acidic crystal tuff in the Kourcheshmeh deposit, and B: Chondrite—normalized (Boynton, 1984)
REE pattern for the ore samples, pyroxene quartz monzonite body, and barren host acidic crystal tuff in the Kourcheshmeh

deposit.
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Fig. 13. A: Loss and gain histogram of rare elements of ore samples in the Kourcheshmeh deposit that normalized against
pyroxene quartz monzonite body (sample K-3, Table 1), and B: Loss and gain histogram of rare elements of ore samples
in the Kourcheshmeh deposit that normalized against host acidic crystal tuff (sample K-7, Table 1).
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Fig. 14. A: Loss and gain histogram of rare earth elements of ore samples in the Kourcheshmeh deposit that normalized
against pyroxene quartz monzonite body (sample K-3, Table 1), and B: Loss and gain histogram of rare earth elements of
ore samples in the Kourcheshmeh deposit that normalized against host acidic crystal tuff (sample K-7, Table 1).
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Comparison of main characteristics of the Kourcheshmeh deposit with epithermal deposits.

Kourcheshmeh

Epithermal deposits

Low-sulfidation

Intermediate-
sulfidation

High-sulfidation

Host rock

Ore controls

Key
minerals

ore

Gangue
minerals

Hydrothermal
alteration

Ore textures

Metal
associations

References

Intermediate tuff and
lava units

Faults and fractures

Py, Ccp, Gn, Sp, Tnt-
Ttr

Qz, Cal, Sd, Brt, Ser,
11l

Silicification,
intermediate  argillic,
carbonatization,

propylitic
Vein-veinlet,
brecciated, comb,
crustiform, plumose,
colloform,  cockade,
vug infill

Pb, Zn, Cu (Ag)

Khanahmadlou
(2023), This study

Basalt-rhyolite

Andesite-rhyodacite

Extensional to strike-slip faults

Sp, Gn, Tnt-Ttr,
Ccp, Apy, Prg, Acn

Qz, Adl, non-Mn
bladed Cal, Brt, Clt,
FI

Argillic,
silicification,
carbonatization

Vein-veinlet,
colloform,
replacement,
brecciated, bladed,
crustiform

comb,

Au, Ag (Zn, Pb, Cu,
Mo, As, Sh, Hg)

Fe-poor Sp, Gn, Tnt-Ttr,
Ccp, Stb

Qz, Mn Cal, Brt

Sericitization,
intermediate,  argillic,
silicification, propylitic

Vein-veinlet, comb, vug
infill, crustiform,
cockade

Au, Ag, Pb, Zn, Cu (Mo,
As, Sb)

Arc parallel faults,
diatreme, hydrothermal
breccias

Eng, Lzn, Fmt, Cv, Dg

Qz, Alu, Anh, Brt

Sericitization,
advanced argillic,
silicification, propylitic

Vuggy Qz, vein-
veinlet, cockade, vug
infill, comb,
brecciated,

replacement

Au, Ag, Cu, As, Sb
(Zn, Pb, Bi, W, Mo, Sn,
Hg)

White and Hedenquist (1990), Cooke and Simmons (2000), Hedenquist et
al. (2000), Albinson et al. (2001), Sillitoe and Hedenquist (2003), Gemmell
(2004), Simmons et al. (2005), Andreeva et al. (2013), Saunders et al.
(2014), Wang et al. (2019)

Abbreviations: Acn: acanthite, Adl: adularia, Alu: alunite, Anh: anhydrite, Apy: arsenopyrite, Brt: barite, Cal: calcite, Ccp:
chalcopyrite, Clt: celestine, Cv: covellite, Dg: digenite, Eng: enargite, Fl: fluorite, Fmt: famatinite, Gn: galena, Ill: illite, Lzn:
luzonite, Prg: pyrargyrite, Py: pyrite, Qz: quartz, Sd: siderite, Ser: sericite, Sp: sphalerite, Sth: stibnite, Tnt: tennantite, Ttr:
tetrahedrite. Abbreviations follow Whitney and Evans (2010).
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Table 6. Comparison of main characteristics of the Kourcheshmeh deposit with some intermediate-sulfidation type of
epithermal deposits in Iran

Deposit Kourcheshmeh Atash Anbar Varmazyar Qebchaq Qomoush Tappeh
(location) (SW Takestan)  (SW Danesfahan) (N Zanjan) (NW Qarachaman) (SW Zanjan)
Strzu(;:rgléral Mardabad-Bouinzahra Tarom-Hashtjin Western Alborz Urumieh-Dokhtar

Intermediate Dacite, rhyolite Intermediate to  Tuff, lava, diorite-
Host rock tuff and lava ’ h y idic tuff uni ' bt; Acidic tuff, dacite
units porphyry acidic tuff units gabbro
Faults and Faults and Faults and Faults and
Ore controls Faults and fractures
fractures fractures fractures fractures
. Py, Ccp, Apy, Bn,
Ore minerals/ Py, Ccp, Gn, Py, Ccp, Gn, Sp, Gn, Sp, Py, Ps, Py, Ccp, Gn, Sp, Gn, Sp, Tnt-Ttr
metals Sp, Tnt-Ttr Ttr, Au, El Pyr Au
Gangue Qz, Cal, Sd, Brt,
minerals Ser, 1l Qz, Brt, Cal, Dol Qz, Ser, Cal Qz, Ser, Chl, Cal Qz, Ser, I, Cal
S S Silicification,
Silicification,  g;iiification,  Slicification, intermediate Silicification,
intermediate . intermediate i .,
Hydrothermal i argillic, L argillic, argillic,
: argillic, STIT, argillic, o S
alteration L sericitization, L carbonatization, carbonatization,
carbonatization, liti carbonatization, hloritizati liti
ropylitic propylitic oropylitic c orltlza}t!on, propylitic
P propylitic
Vein-veinlet Vein-veinlet,
. ' brecciated, Vein-veinlet,
brecciated, . . .
. . . comb, brecciated, comb, Vein-veinlet,
comb, vug infill Vein-veinlet, . : .
. . crustiform, crustiform, brecciated,
Ore textures crustiform, brecciated, .
. ; cockade, colloform, vug crustiform, vug
plumose, disseminated g Ay
plumose, vug infill, cockade, infill
colloform, R
infill, colloform, plumose
cockade
bladed
Metal Zn, Pb (As, Sb,
associations Pb, Zn,Cu (Ag) Pb, Zn, Cu (Ag) Au) Pb, Zn, Cu, Au Pb, Zn (Ag)

Sulfidation Intermediate- Intermediate- Intermediate- Intermediate- Intermediate-
state sulfidation sulfidation sulfidation sulfidation sulfidation
Khanahmadlou Tale Fazel et al. Gho(r2b§;2|)et al. Sohbatloo et al Salehi et al.
References (2023), This (2022a), Tale . ' (2011), Salehi et
study Fazel et al. (2023) Kouhestani et (2022) al. (2015)
' al. (2022) '
Abbreviations: Apy: arsenopyrite, Au: gold, Brt: barite, Cal: calcite, Ccp: chalcopyrite, Chl: chlorite, Dol: dolomite, El:
electrum, Gn: galena, IlI: illite, Ps: psilomelane, Py: pyrite, Pyr: pyrolusite, Qz: quartz, Sd: siderite, Ser: sericite, Sp:

sphalerite, Tnt: tennantite, Ttr: tetrahedrite. Abbreviations follow Whitney and Evans (2010)
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Fig. 15. A-C: Schematic representation of mineralization evolution stages at Kourcheshmeh deposit. See text for details.
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ARTICLE INFO ABSTRACT

Article History Manto-type copper mines occur in the Bardaskan-Doruneh copper belt.
Received: 10 March 2024 On the basis of structural sedimentary division of Iran, this belt is located
Revised: 02 May 2024 in the northeastern part of the Central Iran. At the southern border of
Accepted: 05 May 2024 this belt, the Yazd structural block and in the north of it is the Sabzevar

subzone. The important regional structures of the region are Doruneh
and Taknar faults. The majority of the units in this belt are Tertiary
volcanic rocks that is associated with some sedimentary units, also some

Keywords intrusive units are sometimes visible in the form of dyke and stock
Chalcocite structures. The main host-rock of mineralization is conglomerate, which
Mala.Chite is different in grain size, clasts and cement. The most common sulphide
Azurite mineral is chalcocite and the most important copper carbonates are

Bardaskan-Doruneh

malachite and azurite. The intense alteration is not observed in the
Sabzevar subzone

region, and the chloritic alteration is partial, and the alteration of Fe-
Oxide, zeolite, calcite, and silica is just observed locally. Mineral

*Corresponding author solution is reduced and poor in iron and silica.

Mohammad Hasan Karimpour
& karimpur@um.ac.ir

How to cite this article

Sheykhi, A., Karimpour, M.H., Sepahi, A.A. and Rahimi, B., 2024. Important and influential factors in mineralization and grade
changes of Manto-copper deposits with a special look to Nasim, Mes e Sorkh and Zarmehr mines. Journal of Economic Geology, 16(2):
35-60. (in Persian with English abstract) https://doi.org/10.22067/econg.2024.87223.1105

©2024 The author(s). This is an open access article distributed under the terms of the Creative Commons Attribution
@ (i) (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.


https://doi.org/10.22067/econg.2024.87223.1105
https://portal.issn.org/resource/ISSN-L/2008-7306
https://portal.issn.org/resource/ISSN-L/2008-7306
https://econg.um.ac.ir/
https://econg.um.ac.ir/
https://econg.um.ac.ir/
https://econg.um.ac.ir/
https://econg.um.ac.ir/
https://econg.um.ac.ir
https://www.um.ac.ir
https://doi.org/10.22067/econg.2024.87223.1105
https://doi.org/10.22067/econg.2024.87223.1105
mailto:karimpur@um.ac.ir
https://doi.org/10.22067/econg.2024.87223.1105
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/econg.2024.87223.1105
https://orcid.org/0000-0002-8708-562X
https://orcid.org/0000-0002-3075-8416
https://orcid.org/0000-0001-9325-5958
https://creativecommons.org/licenses/by/4.0/

Sheykhi et al.

Important and influential factors in mineralization and grade changes of Manto-copper deposits with a ...

EXTENDED ABSTRACT

Introduction

Manto type copper deposits in the Bardaskan-
Doruneh copper belt, with a length of approximately
60 km in a northeast-southwest direction, host more
than ten active copper mines such as Zangalu,
Zarmehr, Dahane-Siah, Mehr-Ajin, Mes-e-Sorh,
Cheshme Hadi, Nasim, Sepidsarw, Cheshme
Marzieh and a number of mineral areas, which
according to the characteristics of these types of
deposits (location, genetic pattern, geometry, host
rock, minerals, etc.) and their similarities with Manto
type copper deposits in Chile, Canada and the
northern Michigan area, it is called as Manto-copper
deposits in Iran.

Materials and Methods

This research includes two parts of field and
laboratory investigations. Field studies were carried
out in a region with about 60 km in length. Field
operations include surveying and searching the area,
sampling and distinguishing rock units and
mineralization indicators, as well as important
geological features of the area. The number of 20 thin
sections for lithological investigations, as well as 20
polished thin sections and 10 blocks of drill cores
(examination and study of 20,000 meters of drill core
related to Nasim, Zarmehr, Mes-e- Sorkh, Cheshme
Hadi and Kimia mines) and surface outcrops for a
map of mineralization in the area was prepared and
studied. Field surveys were conducted for
mineralization controllers and host rock changes in
the mining pits of Nasim, Zarmehr, Mes-e-Sorkh and
Cheshme Hadi mines. Also, due to the importance
of tectonic structures, a structural map of the mines
was prepared.

Discussion and Results

The rock units from old to young include: Basalt,
Andesite-Basalt, Andesite, Conglomerate with more
volcanic fragments, Limestone, Siltstone, Marl and
evaporite sediments including gypsum Marl. The
general extension of this lithological sequence is
northeast-southwest. Mineralization has occurred
within the conglomerate unit. There are different
types of conglomerate based on the size of the clasts,
the lithology of the clasts, and the cement. The type
of conglomerate has a great effect on mineralization
and grade changes. Conglomerate is a suitable host

for mineralization due to the porosity of the rock. The
dip and strike of the ore body follows the dip and
strike of the lithological units of the region and the
deposit is of the stratibound type. Mineralization
zone has a variable thickness between 2 and 6 meters
(in some places, the thickness increases due to the
action of faults). The dip of the ore body varies in
different parts and is between 15 and 80 degrees
towards the south and southeast. The mineralization
texture is mostly disseminated and veined and is
mainly as chalcocite mineral. In some places, due to
effect of tectonic forces and the formation of fault
structures, the order and sequence of units has been
dislocated and messed up.

Fault structures: The first group of fault structures
with the northeast-east to southwest-west direction
are the most important fault structures. These fault
structures form the boundary between the Andesite
unit and the sedimentary units and in the surface of
mineralization outcrop can be seen along its length
and it is one of the old structures in the region
because it has been cut and dislocated many times by
other fault structures. The second group is the north-
south oriented structures and caused displacements
in the mineralized host unit. This fault system, which
itself consists of several parallel fault structures, has
caused the creation of secondary spaces and the
intensification of mineralization, and as a result, the
grade has increased in some parts of the region by
joining these parallel faults together and with
deepening of the basin the intensity of mineralization
has increased.

The third group of fault structures with the
northwest-southeast direction are right lateral strike-
slip and minor left lateral strike-slip faults. These
structures are one of the most important fault
structures in the region, which displaced the rock
units of the region, especially the host of
mineralization.
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Fig. 11. A: Core box containing ore conglomerate-Nasim Mine, B: quartz minerals in the carbonate background (XPL),
C: A view of a relatively large volcanic rock fragment containing plagioclase microlite and calcium carbonate secondary
mineral and opaque mineral (XPL), D: opacified hornblende mineral with plagioclase and rock fragment (dashed green
line) (XPL), and E:A view of the opaqued pieces with opaque mineral and carbonate fossil crust (XPL). Abbreviations
after Whitney and Evans (2010) (PI: plagioclase, Hbl: hornblende, Qz: quartz, Cal: calcite, Opq: opac).
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Fig. 12. A: Core box containing ore conglomerate-Nasim Mine, B: quartz minerals, opaque mineral and plagioclase
(XPL), C: View of plagioclase crystals with carbonate and iron oxide veins (XPL), D: Image of shaped plagioclase crystals
(XPL), and E: A view of veins containing iron oxide with chlorite and fossils (yellow arrow) (XPL). Abbreviations after
Whitney and Evans (2010) (P1: plagioclase, Hbl: hornblende, Qz: quartz, Cal: calcite, Chl: chlorite, Opq: opaque).
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Fig. 13. Manto-Type Copper Mineralization in Bardaskan Doruneh Belt- Thickness of different lithological units
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Fig. 14. Changes in Conglomerate in Bardaskan Durouneh Belt: decrease in size and number of volcanic fragments,
increase in carbonate cement (yellow arrow) - increase in grade (green arrow)
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Fig. 15. Cu mineralization-Nasim deposit, A: view of the dispersed and amorphous chalcocite mineral (PPL), B: view of
chalcocite mineral remains with malachite (PPL), C and D: malachite mineral (PPL). Abbreviations after Whitney and

Evans (2010) (Cct: chalcocite, Mlc: malachite).
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Fig. 16. Cu Mineralization-Nasim deposit A and B: amorphous chalcocite crystals (PPL), C and D: view of scattered
chalcocite mineral remains (PPL). Abbreviations after Whitney and Evans (2010) (Cct: chalcocite).
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Fig. 17. Mineralization in conglomerate of Bardaskan- Doruneh Belt. A: chalcocite mineralization in drilling core(yellow
arrow)-Nasim deposit, B: chalcocite and malachite mineralization (yellow arrow)- Zarmehr deposit, and C: chalcocite
mineralization (yellow arrow)- Kimia deposit

DOI: 10.22067/econg.2024.87223.1105 Y osled 08 53 NPT (galasl kit e

o)


https://doi.org/10.22067/econg.2024.87223.1105

b 5l e LS (3o Dl 5 15805 53 LSS 5 e Julpe

Ql)@}ﬁ

5 LKy 4 5 3503 sk Sl ek ol 35420

(B s A-YY JSK2) 505 5y 6 S
M (55l SIS I (sal g ey ol Sl S35 L
Sy gwo 4o L aS 515 3 9> 5 adbte 4> LOW Sulfidation

(4 5 ol 5

4@._3&,1&\5@,}_.;4{@,;6}_“@&“_“4:_”
5 okl gloaiS Y 25 L CS YL IS 5 S el SIS
3 sl (53l Il Dl A g 5 Sl S Lol e
gzl gl i 3) aabie I la i3 s Lol g5l SIS
(abrdaiiom liws ) b (eolaaaiio Odme Ji I e Ol
b g odalin o kg — S, adld gls |8 sl 5
ey Sty 5 SLaa sl gla oK 55 ke 055 )

e cC

b ot C 5 (655 s 200)
Fig. 18. A: Geological units and tectonic structures in a part of the pit being extracted in Nesim mine, B: conglomerate
containing chalcocite (green arrow), and C: native copper
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Fig. 19. A view of andesite of the Mes e sorkh deposit
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Fig. 20. A view of andesite of the Nasim deposit
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Fig. 21. Copper mineralization in andesite unit with structural control-Nasim8 Mine

1N

L;J‘Jhkui’_‘-)ulf—ﬁ})}ﬁn)x@,&—)kﬁ)m:B}A.rrJm
Fig. 22. A and B: Cryptocrystalline silica-Bardaskan Doruneh Belt-Cheshmeh Hadi deposit
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Fig. 23. Structural map of the Bardaskan Doruneh region with the location of copper deposits
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Table 1. Comparison of some copper minerals in terms of the amount of Cu, S, Fe, O, CO,
Mineral Cu% S% Fe% 0% CO2%
CuzS 79.85 20.15 - - - Chalcocite
CuS 66.46 35.50 - - - Covellite
CusFeS4 63.31 25.56 11.1 - - Bornite
CuFeS: 345 35 30.4 - - Chalcopyrite
Cu:0 88.82 - - 11.18 - Cuprite
CuO 79.89 - - 20.11 - Tenorite
Cu2CO3(0OH)2 57.50 - - 36.18 20 Malachite
Cu2(C03)2(OH): 55.31 - - 37.1 25.5 Azurite
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Fig. 25. Showing the change of Cu and Fe contents in chalcocite, bornite, chalcopyrite and pyrite
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EXTENDED ABSTRACT

Introduction

Garnet is a general mineral forms in metamorphic
rocks derived from the sedimentary and igneous
protoliths and at all metamorphic grades above the
greenschist facies (Baxter etal., 2017). However, the
presence of garnet in certain types of igneous rocks,
such as peraluminous granite and ultramafic rocks in
the upper mantle, introduces complexities in
unraveling the petrogenesis of garnets in igneous and
metamorphic rocks (Rong et al., 2018). Titanium-
rich garnets are enriched in andradite, occur in
various types of rocks, including a variety of igneous
rocks, encompassing trachytes and phonolites
(Dingwell and Brearley 1985), syenites and
carbonatites, nephelinites and tephrites (Gwalani et
al., 2000), as well as ultramafic lamprophyres,
rodingites (Schmitt et al., 2019); high temperature
metamorphic rocks and skarns.

The composition of titaniferous garnets besides their
paragenetic relationships is one of the significant
petrology factors (Chakhmouradian and
McCammon, 2005).

The study area is situated in the northwestern part of
the CEIM (northwestern part of the Yazd block), and
southwest of the Jandaq City. The rock units of the
Jandag area are mainly include Paleozoic
metamorphic rocks, Upper Paleozoic sedimentary
rocks, Cretaceous and Paleocene sediments, Eocene
intrusive rocks, Eocene subvolcanic (dikes) and
volcanic rocks (Jamshidzaei et al., 2021), the Pis-
Kuh upper Eocene sedimentary rocks (flysch), and
Early Oligocene lamprophyric rocks, and alkali
basalts (Torabi, 2010; Berra et al., 2017; Sargazi et
al., 2019; Jamshidzaei et al., 2021). In this paper, the
chemical characteristics of the monzodiorite stock
and origin of garnet mineral are discussed.

Material and methods

To determine the chemical compositions of
minerals, JEOL JXA-8800 WDS at the Department
of Earth Science, Kanazawa University, Kanazawa,
Japan was used. Chemical analyses of minerals was
performed under an accelerating voltage of 20 kV, a
probe current of 20 nA, and a focused beam diameter
of 3um. The ZAF program was used for data
correction. Natural minerals and synthetic materials
with well-characterized compositions serve as
standards for calibration and validation purposes.

The Fe**# and Mg# parameters of minerals are
represented by the atomic ratios of Fe?*/(Fe?*+Mg)
and Mg/(Mg+Fe?"), respectively. To recalculate the
FeO and Fe,Os; concentrations from Fe,O3,
recommended ratios of Middlemost (1989) is used.
The mineral abbreviations used in this context are
derived from Whitney and Evans (2010).

Results and discussion

The monzodiorites of the Godar-e-Siah area mostly
show fine to coarse-grained granular, porphyritic
and poikilitic textures. These rocks are mesocrate in
color, displaying massive and mineralogically
homogeneous nature in their outcrops. K-feldspars
are the primary minerals and garnet mineral is
imposed on these rocks. The main minerals of this
monzodiorite stock are plagioclase, K-feldspar,
clinopyroxene, phlogopite, and garnet, set in a fine-
grained matrix of feldspars. These rocks have mainly
granular, porphyritic, and poikilitic textures. In some
cases, these rocks contain euhedral to subhedral
garnet crystals with inclusions of igneous
clinopyroxene and groundmass minerals including
feldspar and graphite. These garnets have a
composition of Ti-garnet and Ca-melanite from the
solid solution series of andradite-grossular. Based on
the EPMA data, the clinopyroxenes show diopside
to hedenbergite compositions, indicating that two
types of clinopyroxene are in these rocks. The first
group of this mineral contain MgO (6.9-10.20 wt.%),
FeO*(11-16.88 wt.%), Al,O; (2-5.84), and Na,O
(1.1-1.9 wt.%), is reactive pyroxenes. The second
category contains MgO (9.98-12.89 wt.%), FeO*
(9.13-13.87 wt.%), Al,O3 (1.82-3.11 wt.%), and
Na:O (0.7-1.42% W1.%), is igneous pyroxenes.
Chemistry of the pyroxenes reveals that reactive
pyroxenes have higher concentrations of FeO* and
Al;O; than igneous pyroxenes. Chemistry of the
feldspars indicates that the K-feldspars is orthoclase
in composition. Also, chemical analyses of mica
show that these minerals contain high concentrations
of MgO (21.54-22.60 wt.%) and low values of Al,O3
(12.89-13.30 wt.%). The mica from the studied rocks
of the Jandaq area plots in the phlogopite field. The
garnet grains in these rocks contain 61.94-66.39
mol.% almandine (Fe;Al.Sis012), 18.60-23.40
mol.% grossular (CasAl2Siz012), 10.06-15.11 mol.%
pyrope (Mg.AlL:Sis012), and 1.09-4.32 mol.%
spessartine (Mn2Al;Si3;O12). These garnets have a
composition of Ti-garnet and Ca-melanite from the
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solid solution series of andradite-grossular. The
chemical zoning patterns of the studied garnets
confirm that these garnets have a non-magmatic
origin and metamorphic nature. The presence of
discontinuous chemical zoning and the pattern of
variations in the end-member compositions of these
garnets indicate that they were formed under
disequilibrium conditions accompanied by changes
in the environmental oxidation conditions. In the
studied monzodiorites, the presence of euhedral
garnet crystals with inclusions of igneous
clinopyroxenes, metasomatic  scapolite, and
metasomatic phlogopite shows that these garnets are
of metasomatic origin which formed due to the
alteration of igneous clinopyroxenes. The

geochemical characteristics and petrographic
evidences from the studied garnets; including the
presence of euhedral crystals with distinct
boundaries to contact minerals, the occurrence of
inclusions of background minerals and igneous
clinopyroxenes in the garnets, as well as the presence
of discontinuous chemical zoning, confirms that they
have formed as a result of the intrusion of Eocene
monzodiotites into the carboniferous limestones (or
dolomites), leading to the creation of endoskarn or
reactions skarn.
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Fig. 1. A: The location of Jandaq and Godar-e-Siah area on the map of geological divisions of Iran is taken from (modified
after Tadayon et al., 2017), B: Simplified geological map of the Jandaq area in the northwestern of Central-East Iranian
Microcontinent (CEIM) ( Berra et al., 2017) , and C: Simplified geological map of the Godar-e-Siah area (southwestern

Jandaq) ( Berra et al., 2017)

DOI: 10.22067/ECONG.2024.1091

Y oyled V8 6555 AP (o3l s e

7Y


https://doi.org/10.22067/ECONG.2024.1091

e ——

Monzodiorite

Monzodiorite

Trachy andesite dikes

Trachy andesite dikes

dh&\:}hgl.f.)ﬁ:}j}nﬂﬁhmd}_mu)g;._mdub‘})‘éf&hw .A ol:_m)‘.o\fg.'));q-): ugﬁ)ﬁ;}}:}a&|yh|”.\’p
Sy 5555 53 baslsus aeSls 5o D 5 C sy 5500 sl 53 STy gl 5 A s B ol 18 53 Jal g
u@i)xéj‘;‘,ﬁ\e()}}l’.u)}&jvuT‘;.j&‘)br&)iE}&:}&}&h&m%Q)jb;ﬁ))

Fig. 2. Field photographs of the monzodiorite in the southern Godar-e-Siah. A: General view of the sedimentary rocks,
monzodiorite and intermediate dikes in Godar-e Siah, B: General view of the volcanic rocks in contact to monzodioritic
stock, C and D: The presence of intermediate dikes in monzodiorites and their association with volcanic rocks, and E:
The outcrop of trachy andesitic dikes in contact to monzodiorites
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Fig. 3. Photomicrographs of the rock-forming minerals of the monzodiorites in the southern Godar-e-Siah. A: Porphyritic
texture and the presence of garnet and clinopyroxene in a matrix of feldspars (XPL), B: Clinopyroxene formed by reaction
around of the phlogopite (Corona texture) (XPL, C and D: Clinopyroxene inclusions of the garnet are situated in parallel
to the crystallographic planes of the host garnet (PPL, XPL), E: Presence of potassium feldspar, clinopyroxene and garnet
in the studied monzodiorites (XPL), and F: Presence of the scapolite, which was created by alteration of the feldspars
(XPL). Abbreviations after Whitney and Evans (2010) (Cpx: Clinopyroxene, Grt: Garnet, SCP: Scapolite, Kfs:
potassium feldspar, Phl: phlogopite).
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Fig. 4. Photomicrographs of garnets and associated minerals in the monzodiorites of the southern Godar-e-Siah. A and
B: Chemical zoning in the studied garnets (PPL and XPL), C: Garnet with poikiloblastic texture (XPL), and D: The
presence of concentric mineral inclusions within the garnet (XPL). Abbreviations after Whitney and Evans (2010) (Cpx:

Clinopyroxene, Grt: Garnet).
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Table 1. Microprobe analyses (wt.%) and calculated structural formula of clinopyroxenes (Basis on 6 oxygen atoms) in
the monzodiorites from south of Godar-e Siah

Sample B428-1 B428-1 B428-1 B428-1 B428-1 B428-1 B428-1

Analysis 156" 157" 158 159" 351" 363 369
Mineral Cpx Cpx Cpx Cpx Cpx Cpx Cpx
SiO: 49.43 49.49 51.57 49.58 48.16 51.00 51.38
TiO: 0.47 0.35 0.36 0.35 0.87 0.23 0.24
Al203 2.93 2.75 1.82 3.58 5.84 2.57 2.34
FeO" 13.85 14.07 9.31 12.38 11.04 12.01 10.93
MnO 0.62 0.59 0.41 0.53 0.39 0.56 0.48
MgO 9.16 9.27 12.89 9.90 10.20 10.01 10.78
CaO 22.53 21.88 23.17 22.44 22.10 22.72 23.00
Na:0O 1.24 1.68 0.72 1.19 1.28 0.89 0.84
K20 0.00 0.01 0.01 0.02 0.00 0.00 0.00
NiO 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Total 100.23 100.09 100.26 99.97 99.89 99.99 99.99
Oxygen # 6 6 6 6 6 6 6

Si 1.873 1.871 1.918 1.871 1.807 1.930 1.935
Ti 0.013 0.010 0.010 0.010 0.025 0.007 0.007
Al V) 0.127 0.122 0.080 0.129 0.193 0.070 0.065
Al VD 0.004 0.000 0.000 0.030 0.065 0.044 0.039
Fe?* 0.253 0.206 0.173 0.224 0.174 0.302 0.271
Fe¥* 0.186 0.238 0.117 0.167 0.172 0.078 0.073
Mn 0.020 0.019 0.013 0.017 0.012 0.018 0.015
Mg 0.518 0.523 0.715 0.557 0.570 0.565 0.605
Ca 0.915 0.886 0.923 0.907 0.888 0.921 0.928
Na 0.091 0.123 0.052 0.087 0.093 0.065 0.061
K 0.000 0.000 0.000 0.001 0.000 0.000 0.000
Cation 4.000 4.000 4.000 3.999 4.000 4.000 4.000
WO 48.37 47.33 47.58 48.47 48.88 48.90 49.03
EN 27.36 27.90 36.83 29.75 31.39 29.98 31.97
FS 24.26 24.77 15.59 21.78 19.74 21.13 19.00
WEF 90.34 86.90 94.61 90.73 89.83 93.26 93.68
JD 0.21 0.00 0.00 1.42 2.78 2.45 2.19
AE 9.45 13.10 5.39 7.85 7.39 4.29 4.13

*Reactive Cpx

DOI: 10.22067/ECONG.2024.1091 Y osled 08 53 NPT (salal it e

vy


https://doi.org/10.22067/ECONG.2024.1091

e Ok O 2 g Sy 335 sm 3 e~ 5,8 55s Oas 5 olidtns

s g s St S 5355 50
Table 1 (Continued). Microprobe analyses (wt.%) and calculated structural formula of clinopyroxenes (Basis on 6
oxygen atoms) in the monzodiorites from south of Godar-e Siah
Sample B428-1  B428-1 B428-1 B428-1 B428-1 B428-1 B428-1

Analysis 371 372" 375" 378 379 46 47"
Mineral Cpx Cpx Cpx Cpx Cpx Cpx Cpx
SiO2 50.78 49.76 49.58 51.75 51.60 51.01 50.54
TiO2 0.32 0.49 0.34 0.38 0.41 0.38 0.43
Al20s 1.90 2.09 3.16 2.87 2.89 3.11 2.08
FeO" 13.87 16.69 14.01 9.47 9.63 11.71 16.88
MnO 0.65 0.76 0.67 0.33 0.30 0.55 0.76
MgO 9.22 7.42 8.59 11.76 11.82 9.98 6.91
CaO 22.00 20.85 22.01 22.03 22.01 22.18 20.22
Na20 1.16 1.83 1.30 1.42 1.41 0.97 1.94
K20 0.00 0.01 0.00 0.00 0.00 0.01 0.03
NiO 0.00 0.00 0.02 0.00 0.01 0.00 0.00
Total 99.90 99.90 99.68  100.01 100.08  99.90 99.79
Oxygen # 6 6 6 66 6 6 6

Si 1.935 1.911 1.893 1.926 1.919 1.929 1.947
Ti 0.009 0.014 0.010 0.011 0.011 0.011 0.012
Al V) 0.065 0.089 0.107 0.074 0.081 0.071 0.053
Al VD 0.020 0.006 0.035 0.051 0.045 0.068 0.041
Fe?* 0.330 0.344 0.299 0.191 0.185 0.318 0.411
Fe* 0.112 0.192 0.148 0.104 0.114 0.052 0.133
Mn 0.021 0.025 0.022 0.010 0.009 0.018 0.025
Mg 0.524 0.425 0.489 0.652 0.655 0.563 0.397
Ca 0.898 0.858 0.900 0.878 0.877 0.899 0.835
Na 0.086 0.136 0.096 0.102 0.102 0.071 0.145
K 0.000 0.000 0.000 0.000 0.000 0.000 0.001
Cation 4.000 4.000 4.000 4.000 4.000 4.000 3.999
WO 47.65 46.54 48.45 47.84 47.63 48.60 46.36
EN 27.79 23.04 26.31 35.54 35.59 30.43 22.05
FS 24.56 30.42 25.24 16.62 16.78 20.98 31.59
WEF 91.18 85.84 89.88 89.42 89.47 92.67 85.19
JD 1.35 0.40 1.94 3.49 3.00 4.15 3.50
AE 7.47 13.76 8.18 7.09 7.54 3.19 11.31

*Reactive Cpx
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Fig. 5. Geochemical plots of the clinopyroxenes in the monzodiorites of the southern Godar-e-Siah. A: Q-J diagram of
clinopyroxenes (Morimoto, 1989), and B: Wo-En-Fs classification diagram of pyroxenes(after Deer et al., 1992)

JS8) s o 0L Si-Ti s AlLFe obie o it Soan
a5l 305 28 S eslS Isls Kb, 8 (C 5By
Jous (6 JSi5 Esl 25,8 s APYIFE™ 4518 Ul
S35 ol S I yn 55 s Y s ul § —uslyuT el
o sl s Ti ol (gl Jglitze 5, SIT/TI

.(Huggins et al., 1977) ..l

oy
Ca0 I VU olie (53l o Kle Hsb a3 9 g0 Sla iy 8
FeO 5 (i 4me 3V /V¥) Al2O3 (555 dmz )5 YF/ND)
Joloes (o a Glate 3 035 (¥ Jgdar) (G55 Ao y> YF/FY)
JSs) (Deer et al., 1992) s ,Y g S —usyuT sl

‘Lr“‘)jﬁ)}‘du@)‘fw;)bj.j,)c,bWJj(A—V

DOI: 10.22067/ECONG.2024.1091

Yo

Y ooyled V7 095 NF Y (golaibl wuwﬁ,


https://doi.org/10.22067/ECONG.2024.1091

e Bl B s Sy 05550 5 e~ 555 5

O 5 gl

YF elel ) S Sl (03581 (STA il ) Sl by ()b Jgn b asloms s WL il ) g 5 S0 sl LT s Y Jgor

°L:“'J“'\?&f}">d;’uC‘f')ﬁb}ffjb(d}-““s‘ﬁ‘** J‘L‘AJ’) Cﬁf}b}(d%‘ VJ‘

Table 2. Microprobe analyses (wt.%) and calculated structural formula of K-feldspar, scapolite and phlogopite (Basis on
22 oxygen atoms) in the monzodiorites from south of Godar-e Siah

Sample B428 B428 B428 B428-1 Sample B428-1 B428-1 B428-1 Sample B428 B428
Analysis 361 362 364 48 Analysis 352 365 370 Analysis 350 373
Mineral  Kfs Kfs Kfs Kfs Mineral Scp Scp Scp Mineral Phl Phl
SiO: 65.67 65.67 65.76 66.72 SiO; 54.38 52.68 53.61 SiO; 40.74  40.63
TiO2 0.00 0.00 0.04 0.02 TiO; 0.01 0.00 0.00 TiO2 1.28 1.55
AlOs 18.63 1858 18.67 18.79 Al;Os 26.42 27.04 26.81 Al03 13.30 12.89
FeO" 0.48  0.30 0.62 0.52 FeO" 0.59 0.58 0.22 Cr,03 0.64 0.57
MnO 0.01 0.04 0.02 0.02 MnO 0.00 0.02 0.00 FeO" 6.69 8.33
MgO 0.00 0.00 0.00 0.00 MgO 0.07 0.38 0.03 MnO 0.23 0.34
CaO 0.06  0.05 0.04 0.06 Ca0 0.31 0.24 0.18 MgO 22.60 2154
Na:O 291  3.06 3.29 3.56 Na.O 11.18 12.62 13.23 CaO 0.01 0.00
K20 12.01 1211 1154 10.32 K20 0.04 0.05 0.04 Na2O 0.44 0.49
Total 99.77 99.81 99.98 100.01 Total 93.00 93.61 94.12 K20 10.00 9.84
Oxygen# 8 8 8 8 Oxygen# 24 24 24 Total 95.93 96.18
Si 2998 2998 2994 3.011 Si 7.802 7.581 7.663  Oxygen# 22 22
Ti 0.000 0.000 0.001 0.001 Al 4.464 4.583 4513 Si 5556  5.570
Al 1.002 0.999 1.001 0.999 Ti 0.001 0.000 0.000 Ti 0.131  0.160
Fe?* 0.018 0.011 0.024 0.020 Fe?* 0.071 0.070 0.026 Al 2.136  2.081
Fe®* 0.000 0.000 0.000 0.000 Mn 0.000 0.002 0.000 AIVD 0.000  0.000
Mn 0.000 0.002 0.001 0.001 Mg 0.015 0.082 0.006 Fe3* 0.000  0.000
Mg 0.000 0.000 0.000 0.000 Ca 0.048 0.037 0.028 Fe? 0.763  0.955
Ca 0.003 0.002 0.002 0.003 Na 3.110 3.522 3.667 Cr 0.069  0.062
Na 0.258 0.271 0.290 0.312 K 0.007 0.009 0.007 Mn 0.027  0.039
K 0.699 0.705 0.670 0.594 Sum 15518 15.886 15.910 Mg 4595  4.402
Sum 4978 4988 4983 4941 Ca 0.001  0.000
An 030 0.20 0.20 0.30 Na 0.116  0.130
Ab 2690 27.70 30.10 34.30 K 1740 1721
Or 7280 72.07 69.60 65.30 Sum 15.134 15.120
Fe # 0.14 0.18
Mg # 0.86 0.82
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Fig. 6. Classification diagrams of the feldspars and micas in the monzodiorites of the southern Godar-e-Siah. A: Chemical
classification diagram of feldspars (after Deer et al., 1992) , B: Ternary diagram for classification of the micas (Foster,

1960), C: Diagram for determination of the nature of mica ( Nachit, 1986) , and D: Ternary plot for discrimination of the
primary, reequilibrated and neoform micas (Nachit et al., 2005) .
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Table 3. Microprobe analyses (wt.%) and calculated structural formula of garnets (Basis on 12 oxygen atoms) in the

monzodiorites from south of Godar-e Siah

Sample  B428 BA28 BA28  BA’8  B428 BA28  B428 B428 B428  B428 B8
Analysis 353 354 355 356 357 358 359 360 366 367 368
Point z1 72 73 z4 75 76 71 78 71 72 73
Part Core Rim Core Rim Rim
Si0, 3714 3699 3719 3857 37.56 3716 3457 3426 37.07 3641 3422
Tioe 223 288 280 133 285 338 458 506 348 394 500
ALO: 638 678 829 1073 867 812 195 188 781 634 196
Cr.0: 000 000 000 000 000 000 000 000 000 001 000
FeO* 1880 1858 1656 1504 1605 1651 2413 2398 1653 1885 23.78
MnO 047 037 047 061 044 039 051 053 041 055 051
MgO 045 050 042 039 044 047 031 034 046 044 034
CaO 3386 3368 3380 3368 3381 3413 3260 3231 3397 3300 3243
Na2O 004 002 006 004 007 009 008 012 009 005 0.0
Total 9937 99.80 9968 10039 99.89 10025 98.73 9848 99.82 99.67 98.34
Oxyger# 12 12 12 12 2 12 12 12 12 12 12
Si 2087 2963 2965 3024 2983 2948 2867 2851 2956 2934 2850
Ti 0135 0174 0168 0078 0170 0202 0286 0317 0209 0239 0313
Cr 0000 0000 0000 0000 0000 0000 0000 0000 0000 0001 0.000
A 0013 0037 0035 0000 0017 0052 0133 0149 0044 0066 0.150
AIM) 0591 0603 0743 0991 0794 0706 0057 0035 0690 0535 0.042
Fed* 1157 1088 0964 0808 0891 0954 1517 1500 0948 1059 1497
Fe* 0108 0157 0140 0178 0175 0141 0157 0169 0154 0212  0.159
Mn 0032 0025 0032 0041 0030 0026 0036 0037 0028 0038 0036
Mg 0054 0060 0050 0046 0052 0056 0038 0042 0055 0053 0042
Ca 2017 2891 2894 2829 2877 2901 2897 2881 2903 2857 2894
Na 0006 0003 0009 0006 0011 0014 0013 0019 0014 0008 0016
Cation 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000
And 63030 60866 53215 42628 51071 53953 87.533 87.838 55085 62481 87.355
Grs 33461 35677 43515 54050 45645 42740 9233 8664 41554 33764 9219
Prp 2198 2433 1998 1758 2093 2247 1671 1854 2230 2195  1.849
Sps 1304 1023 1270 1562 1189 1059 1562 1642 1129 1559 1576
Ti-si 0013 0037 0035 0000 0017 0052 0133 0149 0044 0066 0.5
Tngz(Fes+)' 042 0137 0133 0078 0153 015 0153 0168 0165 0173 0.163
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Table 3 (Continued). Microprobe analyses (wt.%) and calculated structural formula of garnets (Basis on 12 oxygen
atoms) in the monzodiorites from south of Godar-e Siah

Sample B428-1 B428-1 B428-1 B428-1 B428-1 B428-1 B428-1 B428-1 B428-1

Analysis 160 161 162 163 164 165 43 44 45
Point Z1 Z2 Z3 Z4 Z5 Z6 Z1 Z2 Z3
Part Core Rim Core Rim Rim
SiO: 35.55 36.74 37.07 35.83 36.60 34.16 37.29 37.90 35.12
TiO: 4.20 2.43 2.08 3.86 2.66 491 341 3.05 5.89
Al20s 7.05 7.69 8.19 531 8.78 2.07 6.47 7.90 1.94
Cr20s 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00
FeO* 18.17 18.19 17.64 20.26 16.67 24.53 18.21 16.77 23.44
MnO 0.56 0.51 0.49 0.40 0.43 0.52 0.41 0.45 0.54
MgO 0.41 0.41 0.42 0.52 0.41 0.40 0.43 0.51 0.36
CaO 33.73 33.69 34.15 33.51 33.88 32.78 33.22 33.11 32.25
Na:O 0.09 0.05 0.08 0.08 0.12 0.10 0.06 0.06 0.13
Total 99.76 99.71 100.1 99.77 99.55 99.47 99.50 99.75 99.67
Oxygen# 12 12 12 12 12 12 12 12 12
Si 2.855 2.937 2.942 2.891 2.917 2.813 3.001 3.024 2.889
Ti 0.254 0.146 0.124 0.234 0.159 0.304 0.206 0.183 0.365
Cr 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000
AltV) 0.145 0.063 0.058 0.109 0.083 0.187 0.000 0.000 0.111
AlVD 0.522 0.661 0.707 0.396 0.741 0.013 0.613 0.742 0.077
Fed* 1.127 1.115 1.113 1.252 1.040 1.581 0.979 0.850 1.324
Fe?* 0.093 0.101 0.057 0.115 0.071 0.108 0.247 0.269 0.288
Mn 0.038 0.035 0.033 0.027 0.029 0.036 0.028 0.030 0.038
Mg 0.049 0.049 0.050 0.063 0.049 0.049 0.052 0.061 0.044
Ca 2.903 2.886 2.903 2.897 2.893 2.892 2.865 2.831 2.843
Na 0.014 0.008 0.012 0.013 0.019 0.016 0.009 0.009 0.021
Cation 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
And 59.63 56.94 54.93 68.61 51.58 87.04 61.31 53.95 87.16
Grs 36.85 39.75 41.82 27.66 45.37 9.28 35.34 42.28 9.11
Prp 1.97 1.93 1.94 2.59 1.90 2.11 2.16 2.50 2.00
Sps 1.53 1.36 1.29 1.13 1.13 1.55 1.17 1.25 1.71
Til\/-lrgl £|§193+)- 0.145 0.063 0.058 0.109 0.083 0.187 0.000 0.000 0.111

) 0.159 0.083 0.066 0.125 0.076 0.117 0.206 0.183 0.254
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Fig. 7. Chemical diagrams of the garnets in the monzodiorites of the southern Godar-e-Siah. A: The ternary diagram of
And- Gross- (Pyrope + Alm + Spess) and values of garnet end-member, B: Distribution of the degree of substitution of
Ti-Si versus TiMg[Fe®*"].- in Ti-bearing andradites of Godar-Siah and comparison with Zipa Mountain skarns in the
Canadian Cordillera (Rusell, 1999), C: Chemical composition of garnets in the Ti/Fe®*/Al and Ca/Fe**/Al ternary

diagrams, D: TiO; values in the garnets from the various areas. Data are from Dingwell and Brearley (1985), E and F:
Negative correlation between Si/Ti and Al/Fe values in the studied garnets
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EXTENDED ABSTRACT

Introduction

In the western border of Central Iran zone with
Sanandaj-Sirjan, according to the extent of carbonate
units in the northeastern area of Isfahan, barite
deposits have considerable potential. Part of the
barytization is formed in the Middle Triassic host
rock (such as Komsheche and Lamar) and part in the
Lower Cretaceous host rock (such as Pinavand,
Bagharabad, Maste-Kouh, Khase-Tarash and east of
Mourcheh-Khort), which indicates that these
sequences are prone to more discoveries in the
future. These barites are unique in terms of
sedimentary structure, and the Komsheche deposit is
one of the representative examples of strata bound
barite deposits in the Triassic sedimentary sequences
of this area. Considering that the development of
barite mineralization in the Triassic carbonate
sequence is still in a halo of ambiguity, in this
research, in addition to stratigraphic studies and
investigation of the characteristics of mineralization,
the mechanism of barite deposition has been tried
using the mineralogical studies, the stable isotopes
composition, and the fluid inclusions of barite are
described.

Materials and methods

Field surveys were conducted to study ore layers by
observing sedimentary characteristics and collecting
samples from both host rock and ore. These samples
were then analyzed in the laboratory through
petrographic and mineralogical studies in the
laboratory. Five samples were analysed by ICP-MS
at the Zarazma laboratory to quantify major, minor,
and rare earth elements. The study of fluid inclusions
was conducted using the Linkham THM600 at
University of Isfahan. The sulfur and oxygen isotopic
composition in the Komsheche deposit was
measured using a mass spectrometer. Values of §**S
and 8'80 are expressed in parts per thousand or per
mil (%o) using the Standard Canon Diablo Troilite
(CDT) and Standard Sea Water (SMOW),
respectively.

Results and discussion

The oldest rocks in the Komsheche mining area are
assigned to the weathered orange-brown Shotori
deposits of the Middle Triassic. These deposits are

widespread and have a rough appearance. The lower
layer, related to the Sorkh-Shale Formation (Lower
Triassic), is not visible in Komsheche. The Nayband
Formation, from the Upper Triassic age, consists of
coaly shales and dark siltstone with interlayers of
quartzitic sandstone. The Jurassic sequence is not
visible in the Komsheche area, and no rocks
containing Jurassic fossils have been observed in the
red conglomerate of the Cretaceous base. The lack of
sedimentation from the end of the Late Triassic to the
Early Cretaceous may be due to the Cimmerian
orogeny. The thin layers of sandstone and red
conglomerate at the base of the Lower Cretaceous,
with a thickness of up to 2 meters thick, consist of
Shotori dolomite and siliceous rocks. This sequence
begins without metamorphism but has a sudden
change in lithology from clastic to carbonate. In the
eastern parts, there is a thick layer of coarse-grained
limestone, while the western parts are a sequence of
olive-green marls, limestones, and sandy limestones
of the Late Cretaceous age with orbitulina and
ammonite fossils.

Field studies, facies analysis, and laboratory research
focusing on shape, mineralogy, texture, and grade
indicate that the barite mineralization at the
Komsheche mine can be categorized into two main
types: banded and veined/brecciated. a) Type 1: The
banded facies, which is widespread, contains lower-
grade mineral material. It shows a stratification
consistent with the host rock, with barite and host
rock alternating over a thickness of less than 10
meters and a length of 700 meters. These facies, part
of the Shotori dolomite sequence, is the primary
mineralized horizon. The presence of interfinger
structures of barite and dolomite crystals suggests
simultaneous  formation  in  unconsolidated
sediments. b) Type Il: The veined/brecciated facies,
located near the center of the ore deposit, occurs as
vein and shear masses formed along reverse faults.
This facies represents the high-grade portion of the
mine, and it is mined by through open-pit mining.
These veins formations are commonly found at the
boundary between the Shotori carbonates and the
Nayband Formation, with dolomitization and limited
silicification in the host rock. Barite veins are
typically less than 1.5 meters thick, are surrounded
by shear zones less than 2 meters wide.

A homogenization temperature (Th) was conducted
on 17 primary fluid inclusions (F.1) trapped in barite
minerals from both the stratabound and
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veined/brecciated facies of the Komsheche deposit.
The results of the analyzed fluid inclusions are
presented in Table 3. In the first type barite, most
fluid inclusions are single-phase liquid (L) or two-
phase liquid-rich (L>V). The homogenization
temperature ranges from 78 to 122 °C, and the
salinity levels range from 10.9 to 17.0 wt.% eq.
NaCl. For the second type of barite, the fluid
inclusions are predominantly two-phase liquid-rich
(L>V), single-phase liquid (L), or three-phase with a
solid phase of halite (LVH). The homogenization
temperature for the two-phase inclusions of the
second type is higher, ranging from 130 to 187°C,
while the three-phase inclusions with halite range
from 192 to 210 °C. The salinity levels for the second
type of two-phase inclusions range from 9.5 to 16.0
wt.% eq. NaCl, and for the three-phase inclusions, it
ranges from 36.2 to 37.0 wt.% eq. NaCl.

The sulfur isotope values (8°*S) of the barite samples
range from 18.40 to 26.34 %o CDT, while their
oxygen isotope values (5'*0) range from 9.8 to 14.7
%0 SMOW. The sulfur isotope values indicate
isotopic diversity. A comparison with previous data
(22.6 to 26.7 %o) reported by (Forghani Tehrani,
2003; Rajabzadeh, 2007) shows differences in the
distribution of measured sulfur isotope values, as
shown in Table 4.

According to the latest diagenetic models,
sedimentary barite layers are formed at the sulfate-
methane transition zone (SMTZ) during hydrocarbon
migration. Based on this study, it was found that
barite mineralizing fluids in the initial diagenesis
stage were found to have temperatures below 120 °C

and a salinity of about 13 wt.% eq. NaCl. These
fluids form near the seafloor in a shallow sea open
system where sulfate supply is associated with
anaerobic oxidation of methane as a mechanism for
the reduction of sulfate to H.S.

Barite formation occurs in shallow marine
environments through by downward sulfate diffusion
and the transfer of hydrocarbons and barium from
depth upwards. The periodic formation of barite
layers is related to the stability of the SMTZ. In an
open system, barite retains the oxygen and sulfur
isotope values of the coeval seawater. Barite
precipitation occurs by fluid cooling, fluid mixing,
and/or water-rock interaction.

In the final diagenesis stages, heavy isotope amounts
are linked to formation water in closed systems with
high water- rock ratios. Veined barite, which is
younger, may forms at deeper levels along faults
over an extended period, completely replacing the
host rock entirely. It is unlikely that veined barite
forms near the sea floor. Deep fluids are heating by
the geothermal gradient. This research suggests that
the barite in question is similar to marine barites
found off the coast of Southern California in
diagenetic/cold seep environments.
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Fig. 1. A: Location of the Komsheche deposit in the western edge of the Central Iran, and B: Location of the Komsheche

deposit and other barite deposits of north-east of Isfahan on simplified 1:100,000 geological maps of Ardestan (Radfar et
al., 1999) and Targh (Rahmati and Zahedi, 1995). Abbreviations: CI: Central Iran, CIM: Central Iranian Microcontinent,

SSZ: Sanandaj- Sirjan Zone, Za: Zagros structural zone
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Fig. 2. Geological map of the Komsheche deposit. Structural markers have been added to the map based on Alaminia et
al. (2021).
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Fig. 3. Stratigraphic column of Middle Triassic to Upper Cretaceous succession of the Komsheche deposit (Radfar et al.,
1999; Seyed Emami, 2003; Mannani and Yazdi, 2009; Shirazi et al., 2016; Talebi et al., 2016; Salehi et al., 2018)
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Fig. 4. Field photographs from Komsheche deposit, A: Overview of sedimentary units in the south of Komsheche deposit,
bedded barite mineralization style is hosted by Shotori Formation. Lower Cretaceous limestones surround the mine, B:
Close up view of Shotori Formation associated with thin barite beds, and C: Perspective view of the main units of the

host sequence in the north of Komsheche, where barite mineralization is formed as a vein on the boundary of the fault
with Nayband black shales within Shotori dolomite.
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Fig. 5. Microscopy images of the rock sequence from Komsheche deposit, (photos C, E, F are in X-pol and other in II-
pol). A: Bioclastic wakestone, transverse section of the gastropod with micrite coating and bioclast in Shotori Formation,
1-gastropod fragment, 2-bioclastic, 3-replacement by spar calcite, B: Bioclastic floatestone/packestone, growth of algae
and bivalve shell and replacement by spar calcite in the Shotori Formation, 1-growth of algae, C: Bioclastic wakestone
with high degree of diagenetic structure with the presence of stylolite in Shotori Formation, D and E: Quartz, barite, and
chlorite particles stained with iron oxide in the siltstone of Nayband Formation in both PPL and XPL, F: Bioclastic
wakestone in the Lower Cretaceous carbonates, 1-rudist and bivalve shell fragments, 2-algeal fragments, 3-gastropod
fragment, and G: Bioclastic wakestone, rich bivalve shell fragments, compactness and the presence of stylolite with low

oscillation range in the Lower Cretaceous carbonate, 1-part of orbitolina, 2-bivalve shell, 3-gastropod and echinid
fragments. Abbreviations after Whitney and Evans (2010) (Brt: barite, Chl: chlorite, Qz: quartz).
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Fig. 6. Images A and E of mineralization facies from the Komsheche deposit, A: It shows the condition of banded barite
in Shotori dolomite Formation. Pay attention to the discontinuous bands of barite (bedded) at the bottom of the photo, B:
Alternation of dolomite and barite in banded barite facies, C: Occurrence of chlorite, dolomite, ankerite, clay and organic
matter along with the banded barite facies, D: Vuggy and porous barite, E: An outcrop from the shear zone due to the
operation of the reverse fault (slope towards the northeast) and the state of the vein mass of coarse crystal barite in the
fault zone and the elongated and rhomboidal stone blocks of dolestone in the wall of the fault, F: Injection of barium-rich
fluid with a rose structure and surrounding first generation banded barite, G: Macroscopic picture of the needle quartz,
and H: Galena and fluorite crosscutting bladed quartz associated with barite. Mineral abbreviations after Whitney and
Evans (2010) (Ank: ankerite, Brt: barite, Chl: chlorite, Dol: dolomite, FI: fluorite, Gn: galena, Om: organic matter, Qz:
quartz).
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Fig. 7. Texture relationship between barite and other minerals from the microscopic sections of the Komsheche deposit
(A to G are in cross-polarized transmitted light and H and I are in reflected light). A: The veinlet of coarse-grained
dolomites, quartz and fluorite cuts mineral assemblage of barite, dolomite, and fine-grained pyrite, B: Sharp contact
between dolomite and crystals of barite and fluorite, C: Euhedral siderite and dolomite crystals cut coarse-grained tabular
barite and replace it., D: A veinlet of fluorite-barite-quartz cut the silicification matrix, E: Carbonate inclusions in the
margin of zoning quartz, F: Recrystallization in fine-grained quartz matrix as feathery pattern, G: Growth of feathery
texture on coarse-grained quartz crystals, H: Euhedral zoning quartz in galena (left), A wide development of cerussite
with associated covellite in the border of the galena, and I: Image of barite overgrown by a later generation of sulfide.
Sulfide has falsely replaced barite, and due to the different cell volumes and crystallization system of the two minerals, it
is seen as worm corrosion. Abbreviations after Whitney and Evans (2010) (Ank: ankerite, Bn: bornite, Brt: barite, Ccp:
chalcopyrite, Cct: chalcocite, Cer: cerussite, Cv: covellite, Dol: dolomite, F1: fluorite, Gn: galena, Qz: quartz, Sd: siderite).
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Table 1. Results of chemical analysis of major oxides (%) from Komsheche barite samples
Major oxide  A1,0; Fe:04" CaO Na:0 K20 MgO MnO  P:0s TiO: BaO SO
P-03 0.03 0.12 0.17 0.04 <001 0.03 <0.01 0.01 <0.01 64.16 33.21
P-05 0.02 0.08 0.05 0.14 <001 0.02 <001 001 <0.01 6515 33.54
P2-05 0.04 012 0.05 006 <001 0.02 <0.01 0.0l <0.01 6532 34.95
P4-01 0.02 0.04 0.15 005 <001 0.01 <001 0.02 <0.01 61.63 31.04
P-09 0.02 0.02 0.02 030 <001 0.02 <0.01 0.02 <0.01 62.17 32.63

dopiaS’ Lok Gladi gl (PPM) ClaS” S 5 (5 jols glad & 20 .Y Jur

Table 2. Results of chemical analysis of minor and rare earth elements (ppm) of Komsheche barite samples

Elements Ag As Cd Ce Co Cr Cs Cu Dy Er Eu Gd Hf In La
P-03 08 184 <0.1 16 <l 7 <05 7 011 0.11 1.52 143 <05 <05 8
P-05 12 129 <01 5 <1 4 <05 14 0.02 0.06 479 1.16 <05 <05 3
P2-05 26 237 <01 10 <1 9 <05 3 080 0.08 3.74 124 <05 <05 5
P4-01 03 <100 <0.1 7 <1 4 <05 3 020 0.05 <0.1 1.05 <0.5 <05 5
P-09 02 120 <0.1 6 <1 3 <05 2 001 04 <01 09 <05 <05 4

Elements Li Lu Mn Mo Nb Nd Ni Pb Pr Rb Sb Sc Se Se Sm
P-03 <l <01 <5 <01 <1 39 09 <1 054 4 36 <05 <05 <05 1.17
P-05 <l <01 <5 <01 <1 <05 1 <1 <005 3 1.1 <05 <0.5 <05 6.54
P2-05 <l <01 <5 <01 <1 14 2 <1 <005 3 08 <05 <05 <05 398
P4-01 <l <0.1 <5 <01 <l <05 07 <l <005 3 <05 <05 <05 <0.5 <0.02
P-09 <l <01 <5 <01 <1 <05 08 <1 <005 3 <05 <05 <0.5 <0.5 <0.02

Elements Sn Sr Ta Tb Te Th TI Tm U V W Y Yb Zn Zr
P-03 0.2 1509 <0.1 0.14 <0.1 032 <0.1 <0.1 0.1 8§ <1 08 <0.05 <l <5
P-05 0.1 2127 <0.1 0.11 0.15 028 <0.1 <0.1 <0.1 7 <1 0.5 <0.05 <1 <5
P2-05 0.2 3686 <0.1 0.13 0.15 034 <0.1 <0.1 <0.1 &8 <1 0.6 <0.05 <1 <5
P4-01 <0.1 911 <0.1 <0.1 <0.1 026 <01 <0.1 <0.1 7 <l 05 <0.05 <1 <5
P-09 <0.1 782 <0.1 <0.1 <0.1 021 <0.1 <0.1 <0.1 7 <1l 0.5 <0.05 <1 <5
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Fig. 8. Studied barite samples of the Komsheche deposit, A: Binary diagram of paleoenvironmental redox conditions, and
B: Chondrite-normalized spider diagram (Anders and Greverss, 1989) compared to the low-temperature hydrothermal
fluid model (Craddock et al., 2010), the high-temperature hydrothermal fluid and seawater models (Tostevin et al., 2016),
and the calcite and dolomite minerals of Shotori Formation (Forghani Tehrani, 2003).
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Fig. 9. Photomicrographs of primary fluid inclusions trapped within barite mineral from the Komsheche deposit (PPL).
A. Rectangular and irregular two-phase inclusions of banded barite, and B. Elongate single-phase and irregular three-

phase inclusions in the barite vein. Abbreviations: L: Liquid, V: Vapor, S: Solid
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Table 3. Fluid inclusion and microthermometry data (Te, Tmice and salinity) for the barites of the Komsheche deposit.
Abbreviations: Th: homogenization temperature, T.: eutectic (first ice melting) temperature, Tmiee: final ice-melting

temperature, and Trm-nalie- halite dissolution temperature

OI:e Size  Primary Th Te Tmice (vSv:tll;: ig;. Ton -baiite Density
facies  (um) F.I (°C)  (°C) (°C) NaCl) (g/em®)
61 LV 78 - - - - -
13p LV 90 - - - - -
I |oon LV 99 - - - - -
Bedded | 7, LV 103 230 73 10.9 - 1.04
Tu LV 122 =295 92 13.1 - 1.03
1y LV 122 =295  -13.1 17.0 - 1.06
10p LV 130 295 115 15.5 - 1.04
T LV 132 -23.0 7.1 10.6 - 1.01
8u LV 133 266  -11.2 15.2 - 1.04
6p LV 135 -23.0 6.4 9.7 - 1.00
Hap | 1w LV 142 295 -6.2 9.5 - 0.99
Vein |5 LV 150 -23.0 8.2 11.9 - 1.00
and
breccia | g, LV 157 295  -10.3 143 - 1.02
1y LV 173 295 -112 152 - 1.02
1p LV 187 266  -123 16.2 - 1.00
13p LVH 192 - - 36.2 273 1.17
12p LVH 210 - - 37.0 284 1.16
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Fig. 10. Diagram of salinity vs. homogenization temperature of the studied barite fluid inclusions in the Komsheche
deposit, A: Plot of homogenization temperature in the diagram (Haas, 1971) to estimate the pressure and depth of barite-
forming fluid (Roedder, and Bodnar, 1980), B: to determine the origin of barite fluid inclusions after Kesler (2005). The
representative samples as grey stars are from Forghani Tehrani (2003).
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Table 4. 5'%0 and °*S o) values of two barite facies from the Komsheche deposit

Sample

o, Host rock Deposition style  Mineralogy  6*Scap  8%0 smow Reference
NT-1 Shotori Formation Layered Brt, Sd, Dol 18. 4 - present study
NT-2 Shotori Formation Vein Brt, Qz, Dol 23.8 - present study
NT-3 Shotori Formation Vein Brt, Sd, Qz 26.34 - present study
RF-1 Shotori Formation Space filling Brt 22.6 - previous study”
RF-2 Shotori Formation Space filling Brt 23.4 - previous study”
RF-3 Shotori Formation Replacement Brt 26.7 - previous study”
NT-4 Shotori Formation Layered Brt, Ank, Dol - 9.8 present study
NT-5 Shotori Formation Vein Brt, Ank, Qz - 11.2 present study
NT-6 Shotori Formation Vein Brt, Qz, Fl - 14.7 present study

* From Forghani Tehrani (2003) and Rajabzadeh (2007)
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Fig. 11. Curve of 3**S and 5'%0 isotopic composition of barite samples from the Komsheche deposit in different geological
periods from the Precambrian to the present. The range of oxygen and sulfur isotopic changes of Komsheche barites is

displayed with a gray halo.
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ARTICLE INFO ABSTRACT

. . Anambra and Gongola basins are part of the sedimentary inland basins in Nigeria
Article History characterized by fossil fuels and in response to its present energy problem, Nigeria
Received: 04 April 2024 has shifted its power generating focus to coal. The studied coals were obtained from
Revised: 18 June 2024 two localities, namely Ankpa and Maiganga in Kogi and Gombe States,
Accepted: 22 June 2024 respectively. The coals were investigated to determine its quality in terms of use and

resource potential. The coals were analyzed by proximate, ultimate, elemental,
mineralogy and scanning electron microscopy-energy dispersive spectrometry
analyses. The objectives of the study are to determine the coals cokability, rank,

Keywords paleoenvironments, hydrocarbon potent.ial, and slagging tendency. The average

. values of moisture content, ash, volatile matter, and fixed carbon are 5.54%,
Agglomeration 16.42%, 48.45%, and 30.71%, respectively, for Ankpa coals, while Maiganga
Coal_ recorded 10.68%, 8.60%, 44.33%, and 36.41%, indicating high volatile sub-
Detrital bituminous non-coking coals that are optimum for combustion and electric power
Geochemistry generation. The Van Krevelen plot based on the H/C vs. O/C showed Type IV
Proximate kerogen. The XRD results, correlation plots, and Detrital Authigenic Index (DAI)

values of 7.49 and 13.49 in Ankpa and Maiganga coals, respectively, indicated that
Ankpa coals are enriched in authigenic minerals like quartz, pyrite, and calcite,
while kaolinite and quartz were probable detrital minerals in the Maiganga coals.
The agglomeration of the coals deduced by Base/Acid (B/A), Silicon ratio (G),
Silica/Alumina (S/A), Iron/Calcium (I/C), Carbon/Hydrogen (C/H), and Fixed
Ayoola Yusuf Jimoh Carbon/Volatile matter (FC/V) showed weak—medium-strong for the Ankpa coals
® yusuf.jimoh@kwasu.edu.ng and strong for Maiganga coals.
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Introduction

The coal industry has a significant position within the
global energy sector due to its provision of ample and
extensively dispersed fossil fuel resources for
electricity production (Li et al., 2015). The basins of
Anambra, Sokoto, Bida, and the Benue Trough in
Nigeria have coal reserves (Fig. 1). For a variety of
commercial and technological purposes, different
coal properties are frequently examined. The

physical properties of coal include density,
grindability, abrasiveness, and hardness. The
chemical properties consist of volatile matter,
moisture content, ash, mineral matter, and fixed
carbon. Other properties include thermal and plastic
characteristics (free swelling index). The properties
of coking and slagging are influenced by the
inorganic and organic constituents of coal (Dai et al.,
2013; Meng et al., 2017).

—5'N

200 100 0

LEGEND

j: %= Major towns
Tertiary-Recent sediments
Tertiary Volcanics

Cretaceous sediments
Jurassic Younger Granites
Precambrian Basement Complex

Fig. 1. Nigerian geological map (adapted from Obaje, 2009) showing the NE-SW trending Gongola Basin of Benue

Trough and the Anambra Basin
Note: SBT- (Southern section of the Benue Trough), MBT-
section of the Benue Trough).

Nigeria has adopted electricity production from coal
as a key energy source in addition to traditional hydro
and thermal sources due to the country's present
energy crisis (Ezeme, 2022). The Campanian-
Maastrichtian Mamu Formation and the Gombe
Formation, which are located in the Anambra and
Gongola basins, respectively, include coal reserves in
areas like Ankpa, Amansiodo, Ezinmo, Owukpa,
Odagbo, Okaba, Inyi, Ogboyaga, and Maiganga.
Recently, the Ankpa and Maiganga coal mines in the

(Middle section of the Benue Trough), and NBT- (Northern

Ankpa, Kogi, and Gombe states were identified
(Jauro et al., 2007; Obaje, 2009; Nyakuma, 2019;
Fatoye et al., 2021; Jimoh and Ojo, 2021). However,
little to no information has been supplied on the
coals' quality, propensity to agglomerate, and
potential uses. The objectives of this research are to
assess the rank, cokability, power production
potential, combustion rate, and slagging potential of
coals with the intention of determining their probable
suitability for use and resource potential. The
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coordinates of the samples from Ankpa fall within
latitudes N 7° 23> and N 7° 26 00” and longitudes E
7° 36’ and E 7° 39”, while samples from Maiganga
fall within latitudes N 9° to N 12° and longitudes E10°
to E 12° These coal deposits vary in origin and
formation, rank, paleodepositional condition,
paleovegetation, and elemental composition and can
be utilized for several purposes based on their
properties. The preparation, mining, burning, waste
storage, and transportation of the coals have the
potential to cause significant environmental harm.
The outcome of this research will provide more
information as to the utilization and application of
coal.

Geological Setting and Stratigraphy of the
Anambra and Gongola basins

The Anambra and Gongola Basins are inland
sedimentary basins in Nigeria that were created
during the Late Jurassic when sea floor expansion
caused South America to split off from Africa
(Benkhelil, 1989). Sedimentary in nature, the
Anambra Basin is situated on the southern edge of
the Benue Trough. The Gongola basin is situated in
the Northern Benue Trough (Fig. 1). The literature
has information on the Anambra basin's growth,
including works by Nwajide and Reijers (1996),
Nwajide (2005, 2013), and Obaje et al. (1999).
Maastrichtian sedimentary successions consisting of
sandstones, shales, siltstones, ironstones, and coal
seams exist in the Cretaceous Anambra and Gongola
basins in the southeastern and northeastern parts of
Nigeria, respectively (Fig. 1).

The movement and separation of the two plates
during the Late Jurassic era marked the beginning of
the formation of sedimentary basins in southeastern
Nigeria as reported by (Burke et al., 1971; Benkhelil,
1982). Three major tectonic cycles impacted the
basin's sediment deposition, which caused sediments
to be displaced within the basin. The Anambra Basin,
Abakaliki-Benue Trough, and the Niger Delta Basin
were formed as a consequence of this movement
(Benkhelil, 1989; Murat, 1972). Within the
Abakaliki-Benue Trough, compressional uplift
occurred as a consequence of the Santonian events.
As the material folded, the zone of greatest sediment
thickness migrated along the Abakaliki Basin. After
then, it relocated to the Anambra Basin and, later to
the Niger Delta Basin during the Tertiary (Nwajide
and Reijers, 1996). Four lithostratigraphic

successions have been discovered by researchers
(e.g, Dim et al., 2017; Obaje et al., 1999; Hoque and
Nwajide, 1985; Ekweozor and Udo, 1988; Murat,
1972) in the Anambra Basin. The Owelli, Nkporo,
and Enugu Formations comprise the Nkporo Group,
which was deposited in the basin during the
Campanian epoch. This sedimentation coincided
with a temporary marine incursion. Carbonaceous
shales and sandstones with a deltaic origin make up
the Nkporo Groups (Odunze et al., 2013; Nwajide
and Reijers, 1996). The coal bearing unit (Mamu
Formation), which developed during the Late
Campanian to Early Maastrichtian regressive phase,
encircles the Nkporo Group. Sub-bituminous coal
deposits coexist with alternating strata of sandstones,
mudstones, shale, and grainy shale in the Mamu
Formation (Fig. 2) (Akande et al., 2007). Directly
next to the coal bearing unit is the Ajali Formation.
The Nsukka Formation and the Ajali Formation,
which both date to the middle to late Maastrichtian
era, are composed of interbeds of clay laminae.
Nwajide and Reijers (1996) state that the Nsukka
creation is made up of sandstones and black shales
with tiny coal fissures buried in the shale. This
suggests that the creation of the Niger Delta Basin
began during the early Paleogene, when marine
transgressions began. The northern Benue Trough is
divided into the Yola Basin (or "Arm"), which trends
east-west, and the Gongola Basin, which trends
north-south, (Fig. 3).

The Albian-Turonian Bima Formation (sandstones),
the Maastrichtian Gombe Formation (sandstones,
siltstones, shales, ironstone, and coal), the Tertiary
Kerri Kerri Formation (sandstones), and the
Alluvium comprise the stratigraphy. The oldest rocks
in the stratigraphy are the basement rocks.

Methodology

Field sampling was carried out at the coal mines in
the two locations. The samples from Ankpa (AK) are
borehole samples, while the Maiganga (MQ)
samples are surface cuttings. A total of 9 coal
samples were obtained from two boreholes located at
the Ankpa coal mine in Ankpa Kogi State, while 10
surface samples were collected from different phases
of the Maiganga mine in Gombe. There are two coal
seams (seam 1 and seam 2) at the Ankpa coal mine
(Figs. 4 and 5), and (seam A and seam B) at the
Maiganga coal mine (Figs. 6, 7, 8 and 9). The
boreholes examined at Ankpa are BH-2 (4 samples)
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and BH-4 (5 samples), respectively, with depths of
16.5m and 27.4m (Figs. 4 and 5). The thickness of
seam 1 and seam 2 in BH-2 is 0.5m and 1.4m,
respectively. Similarly, the thickness of seams 1 and
2 in BH-4 is 5.6m and 1m, respectively (Figs. 4 and
5). The proximate, ultimate, elemental analyses, X-

ray diffraction (XRD), scanning electron
microscopy, and energy dispersive X-ray
spectrometry (SEM-EDX) analyses of the coals were
carried out at the National Steel Raw Materials
Exploration Agency (NSRMEA) in Kaduna, Kaduna
State, Nigeria.
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Fig. 2. Anambra Basin Stratigraphic Succession (modified after Ekwenye et al., 2016)
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Fig. 3. The stratigraphic succession of the upper Benue Trough, the red box indicate the Gombe Formation (modified

after Obaje et al., 2006)

Proximate analysis will be used to assess the quality
of the coals by evaluating their moisture, volatile
matter, ash, and fixed carbon contents. Subsequently,
the ultimate analysis will be conducted to evaluate
the carbon, hydrogen, oxygen, nitrogen, and sulfur
compositions. The elemental composition and
characterization of the coal will be investigated to
determine the major, trace, and rare earth elements.
Other analyses include the XRD analysis for
mineralogical composition. A total of nineteen coal
samples (9 samples from Ankpa coal and 10 samples
from Maiganga coal) were subjected to proximate
analysis (Table 1). Five samples each from the two
locations were analyzed by ultimate analyses (Table

2), and six samples were analyzed by XRD. Fifteen
coal samples from Ankpa and Maiganga were
analyzed by X ray fluorescence (XRF) (Table 3).
Two samples from Ankpa coals were analyzed by
SEM-EDX. The Proximate Analyzer (VGOSTBR
model) was used to systematically evaluate the
moisture, volatile matter, and ash content of coal
samples at different temperatures and residence
durations. The residual component reverted to the
fixed carbon content. The coal samples underwent a
drying process to maintain a uniform quality within
the temperature range of 105 °C to 110 °C. The
resultant mass was used in order to ascertain the
moisture content. The coal sample was exposed to
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atmospheric conditions and exposed to a temperature
of 900 = 10 °C for a period of 7 minutes. We
determined the volatile content by subtracting the
moisture content from the reduced mass. We
subjected the coal sample to a muffle furnace, raising
the temperature to 500 °C for more than 30 minutes,
to determine the ash content. The temperature was
then maintained at this level for another 30 minutes
and then further raised to 815 + 10 °C. The mass of

the residue was measured after a duration of one hour
in order to determine its ash content. The Ultimate
Analyzer (Advant'X model) performed the
comprehensive analysis to determine the relative
amounts of carbon, hydrogen, oxygen, nitrogen, and
sulfur. The method of testing adhered to the
guidelines outlined in the American Society for
Testing and Materials (ASTM) standards (ASTM
D3173-11,2011; ASTM D3174-11, 2011).
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Fig. 4. Lithologic description of samples from borehole 2 at Ankpa mine (N 007° 23° 00” and E 007° 36” 00”)
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Fig. 5. Lithologic description of samples from borehole 4 at Ankpa mine (N 007° 26’ 00” and E 007° 39 00”)
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Fig. 6. The lithologic sequence at Maiganga mine exhibits an upward coarsening, transitioning from coal, shale, and
siltstone to sandstone Jimoh and Ojo (2016). Phase I is located at coordinates (10° 02> 39” N, 11°12° 17” E)

Fig. 7. Maiganga mine in panoramic perspective. A coarsening upward sequence is indicated by the coal seams at the
base grade into sandstone, siltstone, and shale (10° 02' 39" N, 11° 12' 17" E)
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Fig. 9. The dull-lustering, fractured seam B coal at the Maiganga mine is most likely the result of dehydration or stresses
in the crust during coalification (10° 02' 39" N, 11° 12' 17" E)
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The study of ash composition was conducted in
accordance with the (ASTM D-4326 (2004)
standard, using XRF equipment to ascertain the
relative proportions of major-element oxides, namely
Si, Al, Fe, Ti, Mg, Ca, Na, and K.

The mineralogy of the coal samples was determined
using X-ray diffraction (XRD) analysis. This study
was performed using a Rigaku D/max-2500/PC
powder diffractometer that was equipped with
radiation from Ni filtered Cu-K? and a scintillation
detector. To eliminate the adsorbed water, the
pulverized samples underwent oven-drying at a
temperature of 100 °C for a duration of 10 hours. The
samples were manually placed into rectangular
aluminum sample holders using a spatula that had
been cleansed with alcohol. The samples were
thereafter firmly affixed into the instrument sample
container. The specimens underwent step scanning
within the theta scale range of 5 to 85 degrees, with
the intervals being 0.02. Each step was tallied for a
duration of 0.5 seconds. In order to ascertain the
mineral phases and main elements present in the
selected coal samples, the SEM was outfitted with an
EDX. Before conducting the SEM-EDX analysis, the
samples underwent a process of crushing and
grinding to a size of 1 mm. Subsequently, they were
transformed into polished pellets and coated with
conductive carbon. The scanning electron
microscope was run with a beam current of 40-60
mA and an accelerating voltage of 20 kV.

Results and Discussion

Lithologic Description

In Ankpa, the lithologies in the boreholes include
coals, shales, siltstones, claystones, sandstones, and
laterites (Figs. 4 and 5). The samples were logged
and described to reveal the lithology. The depths of
BH-2 and BH-4 are 16.5m and 27.4 m, respectively.
The two boreholes consist of two coal seams (1 and
2), with the shale intercalations occurring between
the coal seams. The coal seams 1 and 2 in BH-2 are
0.5m and 1.4m thick, respectively, while in BH-4, the
thickness of the coal seams is 5.6m and 1m,
respectively (Figs. 4 and 5). The coals are humic,
banded, and dull in appearance, based on the physical
observation. The Maiganga coals are surface cuttings
characterized by dull luster and banding. The coal
seam B (phase I) in Maiganga has a thickness of
4.3m (Fig. 6). The shale and clayey siltstone units are
located above it, whereas seam A consists of three

sub-seams: seam Al, seam A2, and seam A3. These
sub-seams have thicknesses of 2.4, 1.8, and 1.4
meters, respectively (Fig. 6). Shales and siltstones
interbed the coal seams (Figs. 7 and 8). Figure 9
illustrates the presence of cleats and partitions within
the seams, which are likely attributed to dehydration
and pressures experienced in the upper crust during
the processes of coalification or devolatilization.

Proximate and Ultimate Analyses

Tables 1 and 2, respectively, provide the findings
from the coals' proximate and ultimate analysis. The
moisture content, ash content, volatile matter
content, and fixed carbon content were all
determined by proximate analysis. The ultimate
analysis determines the percentages of carbon,
hydrogen, oxygen, nitrogen, and sulfur in Table 2.
There is a range of 2.10 to 7.5% for moisture content,
4.45 to 26.8% for ash content, 40.10 to 56.9% for
volatile matter, and 20.45 to 39.24% for fixed carbon
in Ankpa coals. The average values for the following
parameters: ash content, volatile matter, permanent
carbon, and calorific value are 5.54%, 16.42%,
48.45%, 30.71%, and 25.46 MJ/kg, respectively, for
Ankpa coals (Table 1). For Maiganga coals, the
moisture content ranges from 5.48-19.03%, the ash
content varies from 4.65-12.55%, the volatile matter
ranges from 36.89-54.58%, and the fixed carbon
ranges from 26.46-48.27%. The averages of these
parameters are 10.68%, 8.60%, 44.33%, and
36.41%, respectively (Table 1).

The ultimate results of Ankpa and Maiganga coals
indicated that carbon has the highest percentage,
followed by oxygen, hydrogen, nitrogen, and sulfur.
The average values of C, H, O, N, and S in Ankpa
coals are 59.67, 5.08, 13.35, 2.14, and 1.96,
respectively, while in Maiganga, the average values
are 64.12, 5.96, 26.56, 0.84, and 0.70, respectively
(Table 2).

Coal Quality

Numerous studies have delved into the correlation
between the proximate characteristics of coal and its
coking ability (e.g Chelgani et al., 2011; Yu et al.,
2013; Fatoye et al., 2021; Jimoh et al., 2023). It has
been consistently observed that as the moisture
content of coal samples increases, the coking ability
decreases (Jimoh and Ojo, 2021; Chelgani et al.,
2011). The average value of the moisture content
(5.54%) in Ankpa and (10.68%) in Maiganga coals
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seems to be high, probably which may not be suitable
for coking as a result of oxidation (Chelgani et al.,
2011). Ash content impacts systems that handle coal
and ash, furnaces, heaters, and pollution control
equipment. Ryemshak and Jauro (2013) have shown
that the presence of ash content has an adverse
impact on the volume, structure, and performance of
blast furnace coke. The Ankpa coals have higher ash
contents than the Maiganga coals, indicating
elevated incombustible content, and would be of
restricted use (Chukwu et al., 2016). According to
Chukwu et al. (2016), coal's heating value and

quality are determined by its grade, which is defined
as the quantity of fixed carbon and mineral matter
contained in the coal. The coke yield of coal samples
is determined by the fixed carbon content, as
demonstrated by studies conducted by Schobert
(1987) and Diez et al. (2002). The coking ability is
enhanced when the fixed carbon content rises (Ryan
et al., 1998). The average values of the fixed carbon
in Ankpa and Maiganga coals are low, suggesting the
coals have limited capacity for coking. Thermal
power plants and other small industries could utilize
these coals for their combustion processes.

Table 1. Proximate data of coal samples obtained from Ankpa and Maiganga (as received)

Samples Sample

M Ash VM FC Ccv

S/N code type Lithology (%) (%) (%) (%)  (MJ/Kg) FC/V
1 AKIAN Borehole Coal 411 20.04 5190 2395 26.24 0.46
2 AKIB* Borehole Coal 6.69 2130 43.70 2831 23.94 0.65
3 AKICH Borehole Coal 541 10.05 4582 38.72 25.01 0.85
4 AKI1D" Borehole Coal 7.61 445 4870 39.24 26.70 0.81
5 AK3A" Borehole Coal 875 1390 5690 2045 28.85 0.36
6 AK3B* Borehole Coal 852 770 5230 31.48 27.71 0.60
7 AK3CH Borehole Coal 2.70  19.60 40.10 37.60 21.21 0.94
8 AK3D" Borehole Coal 2.10 26.80 5290 28.20 26.99 0.53
9 AK3E" Borehole Coal 395 2390 43.70 2845 22.51 0.65

Average 554 1642 48.45 30.71 25.46 0.65

10 MGIC Surface Coal 11.09 4.65 39.79 44.58 5737 1.12
11 MGI1H Surface Coal 9.89 513 36.89 48.27 5758 1.31
12 MG1V Surface Coal 548 11.28 54.09 29.15 5198 0.54
13 MG1X Surface Coal 8.41 7.92 3949 4430 5583 1.12
14 MG1Y Surface Coal 7.97 1099 54.58 26.46 4658 0.48
15 MG2G Surface Coal 14.14 6.57 3731 41.78 5399 1.12
16 MG20 Surface Coal 945 1255 40.34 37.46 4957 0.92
17 MG3A Surface Coal 19.03 6.25 44.63 30.09 5241 0.67
18 MGS3E Surface Coal 11.55 941 4566 33.38 5432 0.73
19 MG3H Surface Coal 9.75 1120 50.47 28.58 4969 0.57
Average 10.68 8.60 4433 36.41 5293 0.86

Note: ~ Proximate data obtained from (Jimoh et al., 2023). M- Moisture content, VM-Volatile matter, FC-Fixed carbon,

CV- Calorific Value, FC/V- Fixed carbon /Volatile.
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Table 2. Ultimate data of Ankpa and Maiganga coal samples (in %)

Sample

code C H (0] N S C/H H/C o/C
AK3A 72.42 6.14 9.57 1.83 1.82 11.79 0.08 0.13
AK3B 73.61 6.88 11.94 2.9 1.59 10.70 0.09 0.16
AK3C 23.28 1.73 18.46 1.42 4.15 13.46 0.07 0.79
AK3D 58.78 4.68 14.43 2.41 0.73 12.56 0.08 0.25
AK3E 70.27 5.97 12.35 2.15 1.51 11.77 0.08 0.18
AVG 59.67 5.08 13.35 2.14 1.96
MGI1C 65.2 6.5 25.6 0.94 0.6 10.03 0.10 0.39
MG1V 60.3 54 27.3 0.8 1.1 11.17 0.09 0.45
MG1Y 62.4 6.7 25.1 0.76 0.5 9.31 0.11 0.40
MG3E 66.2 5.1 28.3 0.78 0.7 12.98 0.08 0.43
MG3H 66.5 6.1 26.5 0.91 0.62 10.90 0.09 0.40
AVG 64.12 5.96 26.56 0.84 0.70

Note: C- carbon, H-hydrogen, O-oxygen, N-Nitrogen, S- Sulphur, C/H- Carbon/hydrogen, H/C- Hydrogen /carbon, O/C
-Oxygen/carbon, AVG - Average

Table 3. Major Elemental Compositions of Ankpa and Maiganga coal samples

Sample  Sample SiO2 AlOs Fex0s TiO2 MgO P:0s KO CaO Na0O

SN “code type  HOIOOY or) o) o) (%) (%) (0) (%) (%) (%) °A
1 AK1A Borehole Coal 2424 7.99 2.37 2.65 0.91 1.26 061 0.48 0.38 954
2 AK1B Borehole Coal 1556 4.23 3.87 315 065 110 089 046 029 484
3 AK1C Borehole Coal 11.02 3.25 2.53 1.38 0.81 144 0.24 0.56 0.42 4.18
4 AK1D Borehole Coal 2556 6.12 3.39 148 061 087 065 0.36 0.20 7.80
5 AK3A  Borehole Coal 1151 3.80 4.62 093 051 147 060 134 051 2.68
6 AK3B Borehole Coal 6.52 3.93 2.69 1.05 0.23 158 1.06 0.46 0.63 3.90
7 AK3C Borehole Coal 58.04 19.29 8.69 2.02 1.13 186 296 1.22 057 751
8 AK3D Borehole Coal 36.82 5.80 1.04 1.65 0.70 1.21 101 0.31 0.44 22.30
9 AK3E Borehole Coal 1192 459 3.89 108 056 071 031 0.70 059 359

Average 22.35 6.56 368 171 068 128 093 065 045 7.37
10 MGIC  Surface Coal 588 5.89 066 038 065 046 035 210 153 2401
11 MG1lV  Surface Coal 292 585 076 013 086 036 112 179 134 1760
12 MGLlY  Surface Coal 386 6.02 18 020 049 038 026 167 123 841
13 MG20  Surface Coal 369 593 125 015 071 039 051 176 128 1172
14 MG3H  Surface Coal 256 605 480 011 083 038 206 135 117 4.67
15 MG3E  Surface Coal 282 6.03 096 021 042 041 065 204 189 1454

Average 3.62 596 171 020 066 040 083 179 141 1349

Detrital /Authigenic Index (DAI)=(SiO2+ALOs+K,0+Na,0+TiO5) / (Fe;05+CaO+MgO+SO5+P,05+MnO).
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The storage and burning behavior of coal are
influenced by its volatile matter concentration
(Barnes, 2015). The higher the level of volatile
matter, the greater the risk of spontaneous
combustion. Also, high volatile matter yields lower
coke. In the studied samples, the volatile matter for
Ankpa and Maiganga coals is high, indicating low
cokability. The coals' high volatiles are advantageous
for combustion applications and fueling (Guo et al.,
2018). The significant moisture content found in the
analyzed coals (up to 10%), along with the high
volatile matter (>36%) and ash (>10%), suggest that
these coals are non-coking in nature (Diez et al.,
2002; Zhang et al., 2014). The calorific value
indicates the degree of heat content in the coals.
According to Hower et al. (2014), power plant coals
have a calorific value ranging from 9.5 MJ/kg to
27M/kg. The average calorific value of the coals in
the study area would be suitable for heating and
power generation.

According to the findings of the ultimate analysis, it
is anticipated that the carbon content would
positively impact the coking ability, similar to the
effect seen with fixed carbon. According to Speight
(2015), there is a positive correlation between carbon
concentration and cokability. The hydrogen content
significantly affects the coking ability, decreasing as
the rank increases (Zhang et al., 2014). The nitrogen
and sulfur concentrations in coal create challenges in
its use and lead to pollution. Sulfur has an intricate
effect on cokability and leads to corrosion and
clogging of boiler tubes, as well as air pollution when
emitted in flue gases (Mochizuki et al., 2013). A
value of 0.8% sulfur (air-dried) is required in coking
coals, and sulfur emitted from coal burning, such as
H,S, does not impact coking or slagging (Mochizuki
etal., 2013). The average total sulfur contents (both
organic and inorganic) in the studied samples are
1.96% and 0.70% in Ankpa and Maiganga coals,
respectively (Table 2), indicating non-coking coals,
especially Ankpa coals.

The fixed carbon to volatile matter ratio (FC/V) is an
important factor in understanding the coking
properties of coal. Higher ratios are generally
associated with better coking properties. Fixed
carbon enhances coke strength, whereas volatile
matter enhances coal plasticity, aiding in the
formation of a cohesive mass during coking. The
average FC/V values for Ankpa and Maiganga coals
are low, measuring 0.65 and 0.86, respectively

(Table 1), suggesting poor coking potential. The
oxygen and nitrogen concentrations on the coking
ability are significant because the high value is
probably a results of oxidation. Furthermore, the
average ratio of carbon to hydrogen (C/H) in both
samples is low (Table 2), subsequently reducing the
coking ability.

Thus, the coals from these locations have low quality
due to their high moisture content, volatile matter,
ash, and low percentage of fixed carbon. The
required percentages for high quality coal are 10-
20% for ash and 20-30% for volatile matter, while
the fixed carbon should be greater than 69% (Hower
etal., 2014).

Rank and Kerogen Classification

According to Ryan et al. (1998), the presence of
fixed carbon may serve as an indicator of the coal
rank within the lignite and bituminous coal range.
Nevertheless, the vitrinite reflectance (R) serves as a
very effective indicator for the determination of coal
rank. Based on the low fixed carbon, the coals of
Ankpa and Maiganga are classified as low rank
coals, specifically medium-high volatile sub-
bituminous coals. These coals exhibit low nitrogen,
high oxygen, and moderate sulfur contents, as
described by Guo et al. (2018). The Van Krevelen
diagram was initially introduced by Van Krevelen
(1961) as a means to characterize coals based on the
overall atomic composition of the three primary
elements: C, O, and H. The kerogen classification is
based on the plot of H/C versus O/C in the Van
Krevelen diagram. Figure 10 shows that the samples
are dominated by Type IV kerogen and hence have
no potential for hydrocarbon generation.

Geochemistry

Table 3 presents the chemical composition (major
elements) of the coal samples in the study areas. All
of these elements may be found in coal, in its organic
and inorganic forms, and they all have different
relationships to different parts of coal (Vassilev and
Vassileva, 1997). The dominant major elemental
components in Ankpa coals are Si, Al, Fe, and Ti.
The components that are found in the smallest
quantities are Ca, Mg, Na, K, and P. This is
consistent with the results of the EDX, as shown in
(Figs. 19A-C and 20A-C). In Maiganga coals, Al is
the most predominant element, followed by Si, Ca,
and Fe. In Ankpa coals, SiO; ranges from 6.52% to
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58.04% (average 22.35%), Al,O; ranges from 3.80%
to 19.29% (average 6.56%) while Fe,O; ranges from
1.04% to 8.69% (average 3.68%). The average
values for TiO,, MgO, P,0s, K,0, CaO, and Na,O
are 1.71, 0.68, 1.28, 0.93, 0.65, and 0.45%,
respectively (Table 3). The SiO; content in Maiganga

coals ranged from 2.56% to 5.88% (average 3.62%),
and ALOs ranged from 5.85% to 6.05% (average
5.96%). The average percentage concentrations of
Fe,0s, TiO2, MgO, P,0s, K0, Ca0O, and Na,O are
1.71, 0.20, 0.66, 0.40, 0.83, 1.79, and 1.41%,
respectively (Table 3).

18
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Fig. 10. A graph of H/C vs. O/C of coals from Ankpa and Maiganga indicating Type IV kerogen (after Van Krevelen

1961)

The Si/Al ratio in the coal samples is more than 2,
mostly seen in Ankpa coals. This suggests that quartz
and clay minerals are prevalent, possibly originating
from detrital sources (Finkelman, 1995; Swaine,
1990, Dai et al., 2012). This is supported by the
mineralogy of the coals presented in (Tables 6 and
7). The average value of the ratio K,O/Na,O in
Ankpa and Maiganga coals is 2.15%, and 0.63%
indicates the presence of K-bearing minerals. The
relatively low average value of Fe.O; (1.71%) in
Maiganga coals indicates the possible absence or low
content of iron-bearing minerals such as pyrite.
Additionally, the low TiO, and MgO values may
suggest the presence of kaolinite.

Genetic  characteristics  and
Environments

To determine the environment of deposition, the
AKEF ternary diagram after Englund and Jorgensen
(1973) using the major oxides, (A) ALLO; — K (K,O
+ CaO + MgO) — F (Fe O3 + MgO), was adopted.
The coal samples were deposited mostly in paralic
environment, with a few samples plotted in
continental settings (Fig. 11).

Both detrital and authigenic minerals are present in
coal, and their distribution within the inorganic
matter exhibits variability (Eskenazy, 1980).
Carbonates, Sulfides, and sulfates of iron (Fe),
magnesium (Mg), and calcium (Ca) make up most of

Depositional
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the authigenic minerals in coals (Vassilev et al.,
1994). The Detrital/Authigenic Index (DAI)
represents the chemical composition of various index
minerals found in coal. Based on the DAI values,
some genetic information with respect to the
formation of the coals could be deduced (Vassilev
and Vassileva, 2009). The DAI values of 7.49 and
13.49 in Ankpa and Maiganga coals, respectively
(Table 3), indicate that the coals in the study areas are
enriched in elements associated with probable

(Al203)

0

10

100

90

authigenic and detrital minerals. This is corroborated
by the positive correlation (Fig. 12A-H) between
(Si0; vs. ALO3), (SiO; and Ti0»), (SiO, and MgO),
and (K,O and Na;O) in Ankpa coals, suggesting an
authigenic origin, while the negative correlation in
Maiganga coals indicate a detrital origin (Vassilev
and Vassileva, 2009). During the process of
coalification, detrital minerals such as quartz,
kaolinite, illite, muscovite, rutile, apatite, as well as
Fe and Al oxyhydroxides often exhibit stability.

Ankpa coal
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- Transitional/paralic
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Fig. 11. Al,0s - (K,0+CaO+MgO) - (Fe,0s+MgO) [AKF] Ternary plot of Ankpa and Maiganga coal samples. Samples
were deposited within continental and paralic depositional environment

Agglomeration Tendency

A significant quantity of inorganic elements may be
found in coal, resulting in the formation of various
inorganic oxides referred to as mineral compositions.
These compositions include SiO,, TiO,, Al,O3, CaO,
MgO, Na;O, K,0, P,0s, Mn304, SO3, Fe;O3, and
others (Ghosh and Chatterjee, 2008). At elevated
temperatures, minerals undergo a sequence of
transformations, leading to the occurrence of
slagging phenomena at a certain temperature
threshold. In research conducted by Liu et al. (2013),
the melting behavior of coal samples was
investigated using XRD and SEM. The findings
revealed a negative correlation between the ash

fusion temperatures (AFTs) and the Fe,Os
concentration. The AFTs exhibited a minimum value
of 30% CaO, followed by a further rise. Shao et al.
(2007) did a study on sludge combustion and found
that phosphates, along with the eutectics of Fe,O3
and SiO,, had a big effect on how the bed
agglomerated. Combining compounds with low
melting points with alkalis achieves this. The
slagging indices used to determine the agglomeration
level in the coals includes ratios of Base/Acid (B/A),
Silicon ratio (G), Silica/Alumina  (S/A),
Iron/Calcium (I/C), Carbon/Hydrogen (C/H), and
Fixed Carbon/Volatile matter (FC/V) (Table 4). The
Base/Acid ratio (B/A) is a comprehensive measure
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that measures the slagging characteristics of coal.
Basic oxides lower the AFTs and enhance ash
fluidity, whereas acidic oxides have contrasting

70

effects (Guo et al.,
likelihood of slagging increases as the Base/Acid
ratio increases.

2018). Consequently, the
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Fig. 12. Positive correlation plots of (A) SiO, vs Al,O3, (B) SiO; vs MgO, (C) SiO; vs TiO,, and (D) K,O vs NayO, for
the Ankpa coals and negative correlation plots of (E) SiO, vs Al,O3, (F) SiO, vs MgO, (G) SiO; vs TiO,, and (H) K»O vs
Na,O for the Maiganga coals
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Table 4. Comparison of slagging discriminant indices of coals from Ankpa and Maiganga coal mines (* data obtained

from Jimoh et al., 2023).

Sé‘:g:e C/H FCIV B/A G S/A 1/C Agg;;’e“g‘izzﬁ"“
AKIAZ - 0.46 (W%ilfly) (W?eilfly) (Stf(;(r)l?gly) (\Kfézlfly) Weakly
AKIB” - 0.65 (M(e);iziﬁm) (Mliﬁm (Stf(flily) (\Klfgéglily) Medium
AKIC? - 0.85 (M(e);izizm) (Mﬁﬁm) (Stiﬁ;ly) (\Kféilzly) Medium
AKID? - 0.81 (W%ilfly) (\K/?esa{lfly) (Stféily) (\Klgéilzly) Weakly
AK3AT 1179 0.36 (Stl(r)(.)‘r‘:gly) (Stf:r}zly) (Stf(;(r)l?gly) (\K?églfly) Strongly
AK3B? - 10.70 0.60 (St?éiily) (Stf()srély) (Wléglfly) (\xlséilfly) gfffgy
AKICT 1346 0.94 (W%ilfly) (W?etli)ly) (Stf(;(r)llgly) (\Jéiﬁly) Weakly
AK3D? - 12.56 0.53 (\x?é(a)lfly) (WgetIZly) (Stf(ﬁlsgly) (Wijlfly) Weakly
AK3E? .77 0.65 (M(e):;fiim) (Mifﬁim) (Mz;figm) (Wiifly) Medium
MGIC 10.03 112 (Stl(r)(;i;y) (Sg?)fggly) (Wlé(a)lgly) (Mgilllm) Strongly
MGy 1L 131 (Stl(r)(;ngy) (s?ri}};ly) (\x?éjlgly) (Mgfiim) Strongly
MGIY 931 0.54 (Stl(r)(;flsgly) (s?r?)}?;ly) (\Kf()églfly) (M}:'dlnllm) Strongly
MG3E 1298 0.73 (Stl(r)(;ngy) (s?rihlggly) (\K%:lZIy) (W3e':1fly) gfffgy
MG3H — 10.90 0.57 (Strl&ll;ly) (sfrifgly) (\Kf()éjlzly) (Mgfizm) Strongly

Note: FC/V = Fixed carbon/Volatile matter, C/H = Carbon/Hydrogen, B/A, Base/Acid ratio = (Fe,Os+ CaO + MgO
+Na,O+ K,0) / (SiO; + AL,O3+Ti0,), G, Silicon ratio = 100Si0,/(SiO, + Fe,03 + CaO + MgO), I/C = Fe,03/Ca0, S/A

= SiOz/Ale3

The assessment of coal slagging heavily relies on the
silicon ratio, which is a critical parameter. However,
it fails to include the influence of Al,Os; on the
occurrence of slagging (Guo et al., 2018). The
primary emphasis of the silicon ratio (G) is in the

concentration of silica, which constitutes the main
constituent inside the coal. The value of the silicon
ratio exhibits an upward trend as the ash fusion
temperatures rise. According to Guo et al. (2018), an
elevation in the silica/alumina ratio increases the
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occurrence of slagging. Based on the discriminant
limits in Table 5 (Guo et al., 2018) and using the
elemental composition of the coal samples in Table
3, the slagging tendencies of the coal samples were
deduced (Table 4). The indices S/A (strongly) and I/C
(weakly) are consistent for the Ankpa coals, likewise,
the indices B/A and G indicate weakly-medium
slagging tendencies, with few samples exhibiting a
strong slagging tendency. The Maiganga coals
showed consistency with B/A (strongly), G
(strongly), and S/A (weakly) tendencies. The
agglomeration level of the Ankpa coal ranges from

weak to medium to strong, while the Maiganga coals
have a significant agglomeration level. The
combination of many agglomeration indicators
causes the agglomeration level to vary. The Ankpa
coals can be compared to coals from the East
Kalimantan in Indonesia and Witbank coalfield in
South Africa having lower coking qualities and weak
agglomeration tendencies while Maiganga coals are
comparable to coals from the Shanxi province,
Datong coalfield, and Heilongjiang province in
China.

Table 5. The constraints of the indicator for slagging coals from Heilongjiang Province (Guo et al., 2018)

Tendency of slagging
Index Weakly Medium Strongly
B/A <0.206 0.206-0.4 >0.4
G >78.8 78.8-66.1 <66.1
Si02/ALO3 <1.87 1.87 —2.65 >2.65
Fe203/Ca0O Out of 0.3-3 03-3 Near 1

Mineralogical Composition

The result of the XRD is presented in Tables 6 and 7.
The primary mineral phases that have been identified
in the diffractograms from the Maiganga coals
include quartz, kaolinite, calcite, vermiculite, and
microcline (Table 7, Figs. 13, 14, 15 and 16). Other
minerals observed in the samples include illite,
chlorite, muscovite, and graphite. The identification
of quartz, kaolinite, calcite, chlorite, and microcline
substantiates the inferences from XRF and EDX
results. In Ankpa coals, pyrite and illite were
recorded in addition to quartz, calcite, and chlorite
(Table 6, Figs. 17 and 18). The prevalence of quartz
in the coal samples that were examined mostly
originates from detrital sources. The coals contain a

significant amount of quartz due to their inherent
stability and inertness during burning. Quartz is often
found in coal deposits as discrete, angular particles
of different sizes, dispersed between organic debris
and clay minerals, suggesting a detrital source. The
SEM-EDX images (Figs. 19A-C and 20A-C),
confirms the presence of detrital chlorite in the
Ankpa coals, illite is also disseminated as fine
grained within the detrital quartz and contains minor
elements such as Ca, Mg, Fe, and Na. The mineral
pyrite and the calcite in Ankpa coals are of
authigenic origin (Vassilev and Vassileva, 1996).
The percentage of non-metallic graphite in Ankpa
coal is high.

Table 6. XRD data of coal samples obtained from Ankpa Coals in percentage

Code Lithology Q Py I Ca S Ch G
AK3A Coal 35.1 2.1 1.1 32 0.06 0.6 57.8
AK3D Coal 102 2.0 8.8 1.0 1.7 10.4 66
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Table 7. XRD data of coal ash samples obtained from Maiganga in percentage

Code Lithology Q K Mu Ch Ca Mi \%
MG1V Coal 47 2 - - 13 23 16
MG1Y Coal 61 - - 8 6 16 9
MG3E Coal 37 22 6 - 10 - 25
MG3H Coal 69 12 6 - - 0.1 13

Q-Quartz, Ka-Kaolinite, I-Illite, Py-Pyrite, Ch-Chlorite, G-Graphite, Ca-Calcite, Mi-Microcline V-Vermiculite, Mu-
Muscovite and S-Sulfur
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Fig. 13. Diffractogram of sample MG1V from Maiganga mine
] MG-1Y-10079_20210721_11071
6_G02_S02_M02
Quartz.
800—
£
£
600—
8 .
e
=
2
E 400—

Microcline

Vermiculite

)
)

A

,,CFS\ N N nEA

O _ |lchorite

T T T T T T T T T
20 30 40 50 3]
28, °

Fig. 14. Diffractogram of sample MG1Y from Maiganga mine
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Fig. 19. A: SEM image of the Ankpa coal sample AK3A having illite dispersed in detrital quartz, B: elemental
compositions of the coal sample, and C: EDX spectra of the coal sample

Element Element Element Atomic Weight

Number Symbol Name Conc. Conc.

14 Si Silicon 583 1133
13 Al Aluminium 226 423
26 Fe Iron 043 1.66
22 Ti Titanium 0.48 1.59
12 Mg Magnesium 0.33 0.55
15 P Phosphorus 0.26 0.55
19 K Potassium 019 051
20 Ca Calcium 0.12 034
1 Na Sodium 0.18 0.28
9 F Fluorine 0.08 0.10

-
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Fig. 20. A: SEM image of the Ankpa coal sample AK3D showing chlorite, B: elemental compositions of the coal sample,
and C: EDX spectra of the coal sample
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Conclusions

The lithology in the study areas include coals, shales,
siltstones, claystones, and sandstones. The coals are
banded and classified as humic coals. The proximate
analyses revealed that the coals are characterized by
high moisture content, high volatile matter, low fixed
carbon, high ash content, low FC/V, and low C/H,
indicating low cokability potential. The high volatile
matter in the coals may support fueling and
combustion purposes. The coals are classified as
low-rank coals, specifically sub-bituminous coals
deposited in continental-paralic environments. The
coals are characterized by Type IV kerogen,
indicating no potential for hydrocarbon generation.
The geochemical composition of the Ankpa coal
showed a higher percentage of SiO, than Maiganga
coals, but generally, the composition showed an
abundance of the following elements: Si, Al, and Fe
in the coals. The DAI of the coals suggests a
composition enriched in elements associated with
detrital minerals for the Maiganga coals and
authigenic minerals for Ankpa coal. The XRD
inferences revealed the presence of quartz and clay
minerals such as kaolinite and illite. Authigenic
minerals in the coals include pyrite and calcite. The
slagging tendency of the coals was deduced by the
following indices: Base/Acid (B/A), Silica (G),
Silica/Alumina  (S/A), Iron/Calcium  (I/C),
Carbon/Hydrogen (C/H), and Fixed Carbon/Volatile
Matter (FC/V), which indicate weak—medium-strong
agglomeration for the Ankpa coals while the
agglomeration level of Maiganga coals is strong.
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The Kuh-e-Esfand copper deposit is located in the southernmost part of the
Urmia-Dokhtar magmatic belt. The Oligocene-Miocene intrusive bodies,
ranging from diorite to quartz diorite and granodiorite, are emplaced within
the Eocene volcanic complex. Based on the classification of veins- veinlets,
the main mineralization stage consists of quartz+ pyrite+ chalcopyrite
associated with potassic alteration. Based on petrographic studies, fluid
inclusions in quartz minerals are categorized into three main groups and
seven subgroups: 1- Vapor-rich fluid inclusions comprising single-phase
vapor inclusions (V), vapor-rich two-phase inclusions (\VVL), and vapor-rich
inclusions with a opaque phase (VLS), 2- Liquid-rich fluid inclusions
including liquid-rich two-phase inclusions (LV) and liquid-rich inclusions
with a opaque phase (LVS) and 3- Saline fluid inclusions consisting of
simple brine three-phase inclusions (LVH), and multi-phase brine
inclusions (LVHS) containing solid phases of halitex hematitex anhydrite+
sylvitex chalcopyrite. The multi-phase saline inclusions with high
temperature and salinity (358-598°C and 42-70 wt.% NaCl equivalent) of
magmatic origin are the primary fluid inclusions forming the deposit. The
two-phase liquid-rich inclusions with lower temperature and salinity (290-
490°C and 11-20 wt.% NaCl equivalent) of magmatic-meteoric origin are
related to the final stages of hydrothermal fluid circulation and mixing with
lower salinity fluids. The temperature decrease due to secondary boiling and
mixing of magmatic and meteoric fluids led to the instability of the chloride
complex carrying copper and subsequent mineralization under favorable
conditions.
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EXTENDED ABSTRACT

Introduction

Porphyry deposits are the major global source of Cu,
Mo, and Re, along with being noteworthy reservoirs
of Au and Ag (Sillitoe, 2010; Arndt and Ganino,
2012; Crespo et al., 2020). Exploration techniques
aimed at optimizing the discovering new deposits are
evolving towards a deeper understanding of ore
genesis. Fluid inclusion studies serve as an enhanced
technique to delineate the nature of ore-forming
fluids and the processes governing deposit formation
(Wilkinson, 2001), alongside other key geological
aspects such as tectonic setting, mineral alteration,
vein structure, ore-forming zones, and metal
transportation and concentration dynamics (Singer et
al., 2002; Sillitoe, 2010; Zajacz et al., 2017).
Extensive studies have examined the
physicochemical conditions, origins, and evolution
of hydrothermal fluids in porphyry deposits globally,
including in Iran, through fluid inclusion studies. The
Kuh-e-Esfand porphyry copper deposit is located in
Kerman province, Iran, approximately 90 kilometers
southeast of Jiroft. Currently, the deposit is under
exploration, and drilling activities are underway to
obtain precise information on the type, composition,
guantity, and economic potential of mineral reserves
for evaluation and extraction purposes. Since fluid
inclusion studies contribute to understanding
hydrothermal processes as mineralizing agents, in
this study focuses on detailed fluid inclusion studies,
including petrography and microthermometry, to
understand the nature and evolution of ore-forming
fluids, as well as the physicochemical processes
influencing mineral precipitation in the Kooh-Esfand
deposit.

Materials and methods

In this study, 15 surface samples and 48 drill core
samples were utilized for detailed investigations,
with BH2, BH3, and BH4 boreholes being drilled at
depths of 506 m, 475 m, and 496 m respectively.
BH2 and BH3 were drilled into the intrusive mass,
while BH4 was drilled into the volcanic unit,
encountering a quartz diorite intrusive mass at 340 m
depth. Among the selected samples, 42 thin section
samples and 11 polished thin sections were prepared
and examined. Petrographic studies of fluid
inclusions were conducted using optical microscopy,
and samples were separated from the veins in

mineralogy and fluid laboratories. Temperature and
salinity parameters of fluid inclusions in quartz
minerals were measured at Pamukkale University in
Denizli, Turkey, and part of it was conducted at
Tarbiat Modares University in Tehran. In Pamukkale
University's laboratory, fine grain size measurements
were carried out using a Linkam THMSG 600 freeze-
thaw stage equipped with an Olympus microscope.
This stage was calibrated using H,O-CO; fluid
inclusions at temperatures of 1.1°C, 0.0°C, and -
56.6°C. The upper and lower temperature thresholds
for fine grain size measurements were 600°C and -
120°C respectively. The heating rate was set at 1°C
per minute for determining the homogenization
temperature or ice melting temperature. At Tarbiat
Modares University, temperature measurements on
sections were conducted using a THMCG600
heating-cooling stage equipped with a Leitz
microscope, with a temperature range of -196°C to
+600°C. Calibration of the stage was performed
using C4H3CHzs at 95°C and KNOs at 335°C.

Result

The study area encompasses three distinct geological
units: volcanic, volcaniclastic, and intrusive units.
The intrusive unit range in composition from diorite
to quartz-diorite and granodiorite. Various alteration
zones, such as potassic alteration, quartz-sericite-
feldspar alkaline * chlorite alteration, phyllic
alteration, argillic alteration, and propylitic
alteration, have significantly influenced the
lithological units in the study area. On the basis of
vein classification, the early stage of mineralization
predominantly is characterized by quartz *
chalcopyrite £ magnetite £ pyrite veins. The main
mineralization stage is characterized by quartz +
pyrite + chalcopyrite veins associated with potassic
alteration and quartz-sericite-alkali feldspar-chlorite
zone. Post mineralization stage is characterized by
quartz-pyrite veins. Due to pressure variations from
lithostatic to hydrostatic conditions, substantial
copper mineralization likely occurred during the
main mineralization stage, with comparatively lesser
molybdenum mineralization observed in quartz-
pyrite-chalcopyrite and quartz-pyrite-chalcopyrite-
molybdenite veins. These mineralization stages,
often accompanied by abundant vapor-rich and
multi-phase fluid inclusions, initiated ore formation
through fluid boiling processes.

Based on petrographic studies, fluid inclusions in
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quartz minerals are categorized into three main
groups and seven subgroups: 1- Vapor-rich fluid
inclusions comprising single-phase vapor inclusions
(V), vapor-rich two-phase inclusions (VL), and
vapor-rich inclusions with a opaque phase (VLS)
(including chalcopyrite, possibly magnetite, and
unidentified opaque phases), 2- Liquid-rich fluid
inclusions including liquid-rich two-phase inclusions
(LV) and liquid-rich inclusions with a opaque phase
(VLS) containing opaque minerals (such as
chalcopyrite and unidentified opaque phases), and 3-
Saline fluid inclusions consisting of simple brine
three-phase inclusions (LVH) containing liquid+
vapor+ halite, and multi-phase brine inclusions
(LVHS) containing vapor+ liquid+ halitex hematitex
anhydrite+ sylvitex chalcopyrite.

Discussion

The relationship between different types of fluid
inclusions in the Kuh-Esfand deposit is established
through detailed petrographic and
micrometerometric investigations. In
microthermometric studies, the relationship between
different types of fluid inclusions, including liquid-
rich, vapor-rich, three-phase, and multiphase
inclusions, is investigated to examine the origin and
evolution process of the hydrothermal fluid. This
investigation is based on variations in
homogenization temperature and salinity content.
By analyzing variations in homogenization
temperature and salinity, these investigations
provide valuable insights into the processes
governing fluid evolution in the Kuh- e- Esfand
copper deposit.

On the basis of the microthermometric analyses, the
observed changes in homogenization temperature
and salinity indicate a systematic decrease from
multiphase fluid inclusions to liquid-rich fluid
inclusions. Interestingly, vapor-rich fluid inclusions
exhibit homogenization temperatures comparable to
the upper end of the temperature range observed in
multiphase fluid inclusions.

Primary fluid inclusions of magmatic origin
encompass vapor-rich inclusions characterized by
elevated homogenization temperatures (330-600 °C)
and diminished salinities (12-22 wt.% NaCl eq.),
multisolid fluid inclusions exhibiting extended

temperature ranges (385-598 °C) and heightened
salinities (42-70 wt.% NaCl eq.), and three-phase
fluid  inclusions  demonstrating  significant
temperature variations (230-590 °C) alongside
elevated salinities (35-65 wt.% NaCl eg.). The
presence of multi-phase fluid inclusions is indicative
of the initial hydrothermal fluids responsible for the
formation of the Kuh-e-Esfand deposit. Conversely,
fluid inclusions of magmatic-meteoric source
encompass liquid-rich inclusions characterized by
homogenization temperatures and reduced salinities
(290-490 °C and 11-20 wt.% NacCl eq., respectively).
This particular fluid inclusion type signifies the
terminal phase of hydrothermal fluid circulation,
characterized by interaction and dilution with lower
salinity meteoric fluids. The depth of the Kuh-e-
Esfand deposit ranges from 0.8 to 1.7 kilometers,
with an average depth of 1.4 kilometers (equivalent
to 1400 meters). This translates to pressures ranging
from 215 to 603 bars on average, with an average
hydrostatic pressure of 412 bars and a lithostatic
pressure of 1112 bars.

In the Kuh-e-Esfand deposit, fluid inclusions exhibit
a sequence of influential processes, including
secondary boiling phenomena, fluid immiscibility,
the interaction of magmatic fluids with meteoric
waters, and isothermal mixing, throughout the
hydrothermal fluid evolution. Vapor-rich fluid
inclusions, characterized by the presence of opaque
minerals (e.g., chalcopyrite), are infrequently
observed in the Kuh-e-Esfand deposit, suggesting
that the brine phase predominantly facilitates the
transport of copper metal. Finally, the decrease in
temperature due to secondary boiling and mixing of
magmatic fluids with meteoric fluids has led to the
destabilization of the chloride complex, the primary
carrier of copper in the studied deposit, and its
deposition under favorable conditions.
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Fig. 1. A: The structural geology map of Iran and the location of the Kuh-e-Esfand deposit, B: Simplified geological map of
the Kuh-e-Esfand region, south of Jiroft (modified map excerpted from the comprehensive mining report (Taghipour et al.,
2020), and C: A geological cross-section along AA' located on the geological map of Kuh-e-Esfand region (B)
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Fig. 2. field photograph of lithological units in the Kuh-e-Esfand deposit:: A: an outcrop of andesite porphyry unit, B: showcases of

intrusive quartz diorite porphyry, and C: an exposure of a cross-cutting dike in the intrusive diorite porphyry
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Fig. 3. Microphotographs of lithological units in the Kuh-e-Esfand deposit. A: Microphotograph of the porphyritic texture
of an andesite unit, showcasing phenocrysts of plagioclase and coffee-colored hornblende, B: Microphotograph of diorite
unit with a granular texture composed of zoned plagioclase, biotite, alkali feldspars, and hornblende, C: Microphotograph
of quartz diorite with a porphyritic texture consisting of coarse rectangular-shaped magmatic biotite grains and re-
equilibrated flaky-like biotite, zoned plagioclase, chloritized amphibole along with alkali feldspar in the fine-grained
quartz diorite background, D: Presence of magmatic rectangular-shaped biotite (Btl), oxidized biotite (Bt2), re-
equilibrated phyllitic-like coffee-colored biotite (Bt3), and scattered secondary biotite grains in the background of quartz
diorite, E: Presence of magmatic rectangular-shaped biotite along with sericitic plagioclase in the quartz diorite, and F:
Granular texture composed of plagioclase, quartz, hornblende, pyroxene, and orthoclase in the granodiorite unit.
Abbreviations after Siivola and Schmid (2007) (Afs: Alkalifeldspar, Am: Amphibole, Bt: Biotite, Chl: Chlorite, Or:
Orhoclase, Pl: Plagioclase, Px: Pyroxene, Qtz: Quartz, and Ser: Sericite, Hbl: Hornblende).
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Fig. 4. Field photograph of hydrothermal alterations of kuh-e-Esfand deposit
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Fig. 5. Field and microphotographs depicting the encompassing alterations in the Kuh-e-Esfand deposit. A: Field photograph
illustrating phyllitic alteration within the intrusive mass, B: Field photograph displaying propylitic alteration in the intrusive
mass, C: Microphotograph revealing the transformation of amphibole to biotite during the potassic alteration event within the
quartz diorite unit, D and E: Microphotographs indicating phyillitic alteration with the presence of minerals such as quartz,
sericite, muscovite, chlorite, sericitized alkali feldspars, and pyrite mineralization within the quartz diorite unit vein.
Abbreviations after Siivola and Schmid (2007) (Am: Amphibole, Bt: Biotite, Chl: Chlorite, Qtz: Quartz, Py: Pyrite, Ms:
Muscovite, Afs: Alkalifeldspar Ser: Sericite).
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and andesite units
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Fig. 7. Field photograph of different types of mineralization in the Kuh-e-Esfand. A: Image showing a 2-meter long and half-
meter thick siliceous vein, B: Field photograph of mineralization occurring as vein-veinlet or stockwork, and C: Field
photograph of the occurrence of a breccia texture with a background of iron oxides in the center of the ore deposit

DOI: 10.22067/econg.2024.1108

\v&

Y A‘)Lo.:-i \# 093 AFeY c&b‘.@ﬁ‘ ‘_;ﬂL.:J_.AJ


https://doi.org/10.22067/econg.2024.1108

e Lkl 087 (6 b5y e lolin 53 glo 8 Sl gl 5 58 JalSS

Q‘)@}@Mﬂ

Cgnimn Lol (5L SIS a3l s galS, (E A
Rttty

oS sl SUL o s (L £99) x5l a0
Y Calies b oS slal ) banS 5 =, 51 i o 50
a1 slady oS alab (gl y o 15818 D3 (5 0 S ¥
(G A JS8) dzs

Jlw L0k (5B

L) sl s s 2 3530 Jls sl b0k 555 Lite L S
W) 56 (S poen 5 255 A 53k ol ST,
ai,;l;*;(J,leu@tfpgl.w\,;@lf,daaumudu.u,)
Mov\.&\_&n‘ﬁu(dﬁahjtg‘j‘ycob‘_m#JJ)JL')\'JSK
(C 5B A-14 )

2350058 S5 3 o slsL0ks R ) b
«(Ulrich et al., 2001) o1, Kea 5 I Sbpands ol
e B s s sl g slaw elowl  Jlw slasbobke
(Ve JS8) Llods (sl (o 09 8 Ctin 5 ool 0y 8
36 &S5 Jimw glasboke s Jals 5 51 e Il slasboke ()
sOVHL) eslu 58 51 e (3 ss Jw sla,ols (V) 58
ol (VHLAS) a8 5 Lol yon 5 51 e Jlw slasL0ka
b 5 e Yl o SIS L™ SIS JlLgar
Lalsb a8

63853 Jlw slajlibe s fald wle 1 (28 Jlw sla)bOLa (F
3t Jlw ool 5 58 + al s L) sl gl 2
ERCRpLe +,~t§+éu $sl (LAVHS) HuS" 56 Lol s mlo
(sl 5aS gla b 5 oy o SIS0

o3 (656 aw dlw la,Loke ol ) 58 Jlw sla Lo (F
Jl (la b0k 5 2l =58 —mle o5l (LAVHH) o5l
Fodbrple +38 ol (LHVAHHSHS) 56 > 548
oSS e £ ol sl

L b S ol a1 (B £9) Silm ST (ol 4> 0
Sl S ol om0 go sl s 5 e (5L S
g5 e Sy IS = jlanld T = e = 518 5 Sl
Foo w508 48, Sl as)le o e ol ys LadS,
Sl Gl 55 o o (5l ST ol o o e SIS
~ ST Sl ~ s o= 5,18 S $5 5 (E 5C-A JS2)
S5 il g 007 Blesl 53 Y LS 4 Glae oo S
ol i o Cil b e SIS e S
IS ol ~ s =501 Gl F 3 Lol o 55 SIS
Lz (6 70 VO Glast 5 ¥ 4l 4 Glate 2o IS

s, 55D £53C £5) Gl 3 (o 40
T 58 s 50LC g3 3 @l Sl ey a5 U
Sl ST o ASH e s S,
LSk e ool i a5 BB ClSE 0t
3 st S MG olie sl &S5 b 5o ol 5 S D i
(D A JS8) dzed o 5K

o3 S 5 oyl s ST L o jon 28 WS
5 oS byl =518 ol & oS Wlad 5 by e
&,V 5las,le D U«f,.mautﬁm;%ﬁiﬂg
Vb s an g sb S, o k1S
0y $Snly Gl B3 Lol o 0l oy o bl L (5 0 Sl
s+ ST Slawdli k5,18 -Y (F s E-A JS2) L5 0
Lol s ol S L i U g e e O 6, L oS )
i g 3l S Gl S5 Lol en 5 85 i )3 Sy
s g i S s e b oyl s S SIS
335 b Cabe s b b (slagoi 53 S ol O it
oy (6 ey B Caalied b (50 Yot Glasl b (5l oo i
O R O S ST P T
L85 Ol bl 53 s 5 4 i o Gl B3 Lol jop (5 5m os
5 S o = S = &5 (E A JSS) i oo otaline
JS) (JFE) () = T o il b 518~ 1 S

DOI: 10.22067/econg.2024.1108

\\A%

Y o ylei VP o950 NPV (ool u“”uw")


https://doi.org/10.22067/econg.2024.1108

o il 0T (58 gy e el 3 o B Ul Lt 5 53 JoSS O 5 Glabe

=l
ER
4

CENTIMET

. a
Iy

5505 A il 08 LS Sy s30T K drls 5L 5D C B IM A g5 3l s (suisti sl s =5 151 31 s 505 (sl 2 3o A I
S-BH2-) o les diges B ity 1y SIS 5, IM &5 5 (LS 03 55 S )AL, 6551555 55 L(S-BH2-D36D) o ot
B g5 &5 s LS-BH2-D264) o jlot sigei C iS5 sloanS ) 5SSty SIS 2 25, )M 55 &5 5 5o L(DAB2
S-BH2-) o5t &5 p0i F (Cy J H g Sn 0y 0 2580 C 5 &5 e L (S-BH2-D139) 6 jlens 450D (g SIS £ 0 5,15
L(S-BHA-11T) o5l 6505 F 510D 5 €5 5 (G SIS 2 325 B 505518555 55 5 5 L (D228

(o) L 5 &5 55 1 (S-BHA-DLIB) 6 )let 450 G 5 (s syt 5 5) D5 €5 pm

Fig. 8. Hand specimen Photograph of the types of classified vein- veinlets as A, M, B, C, D, and L in the quartz diorite unit of
the Kuh-e- Esfand deposit. A: Sample No. (S-BH2-D367) with two types of veins, A Type (barren quartz vein) and M Type
(quartz * chalcopyrite + magnetite), B: Sample No. (S-BH2-D462) with the presence of M Type veins (quartz + pyrite +
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+ pyrite), D: Sample No. (S-BH2-D139) with C Type veins (quartz + pyrite = muscovite * chlorite), E: Sample No. (S-BH2-
D228) with two types of veins, B Type (quartz + pyrite + chalcopyrite) and D Type (quartz * pyrite + sericite), F: Sample No.
(S-BH4-117) with D Type veins (quartz + pyrite), and G: Sample No. (S-BH4-D118) with L Type veins (calcite)
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Fig. 9. Photographe of fluid inclusions of primary, secondary, and pseudosecondary types in the Kuh-e-Esfand deposit.
A: Presence of primary fluid inclusions in an accumulative and scattered individual form, B: Pseudosecondary primary
and secondary fluid inclusions, and C: Linear trend of secondary fluid inclusions in two adjacent quartz minerals along
with scattered grains of primary fluid inclusions. (P: primary, S: Secondary, PS: Pseudosecondary)
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classification by Alireza and colleagues (Ulrich et al., 2001)
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Fig. 11. Petrography photograph of the fluid inclusions of Kuh-Esfand deposit. A: Vapor single-phase fluid inclusion, B:
Vapor-rich two-phase fluid inclusions, C and D: Vapor-rich three-phase inclusion with opaque phase (VLS) (Chalcopyrit
and probanly Magnetite), E: liquid-rich two-phase fluid inclusion (LV), F: Liquid-rich phase fluid inclusion with opaque
phase (LVS) and G: simple brine fluid inclusion (LVH), H and I: Brine multiphase fluid inclusions (LVHS).

Abbreviations after Siivola and Schmid (2007) (V: vapor, L: liquid, O: opaque, H: Halite, He: hematite, Cpy:
Chalcopyrite, Anh: Anhydrite and U: unknown).
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Table 1. Summary of Characteristics of homogenization temperature, salinity, pressure and depth in types of fluid inclusions of
Kuh-e-Esfand deposit. Th (vapor) = homogenization temperature to vapor, Tm (halite) = melting temperature of halite, Th (Total)
= total homogenization temperature to vapor, Tm (ice) = melting temperature of ice, Te (eutectic) = first melting temperature

Sample Type Th (vapor) (°C) Tm (halite) (°C) Th (Total) (°C) Tm (ice) (°C) Te (eutectic) (°C)
P inclusion range  average range average range  average range  average range  average
Brine inclusion

SBH2D462  Multi-phase
SBH3D346 brine
SBH3D462  inclusion 356-598 492 650 409 3H358 501
SBHDE6  (L+V+H+S)
SBH>D28 N (19)
SBH2DBE6  Simple brine
SBH3D346  inclusion
SBH3DI3L  (L+V+H)
ST-BH3475 N (17)

5150 446 X050 342 3050 462

Vapor-rich and liquid- rich inclusion (Two — phase)

SBHD367

SBH2D%6 Simple

SBH3DI131 V-rich 330-600 461 e e 33060 461 97195 145

SBH3D346 N (33)

SBH3DAS

SBH2D367

SBH>DE6 Simple

SBH3D13L L-rich 209-490 378 e e 20490 378 5-18 126 45-b7 53

SBH3D346 N (21)

SBH3DAS

sample - Typ_e Density (g/cm?) Salinity (wt.%%6) Preasure (bar) Depth (km)
inclusion range  average range average range  average range  average

SBH2D42  Multi-phase
SBH3D346 brine
SBH3DAR2  inclusion 09-13 102 4270 49 2070 442 0927 17
SBHDEB  (L+V+H+S)
SBHD228 N (29)
SBH2DE6  Simple brine
SBH3D346  inclusion
SBH3DI3L  (L+V+H)
STBH3475 N (17)

0811 098 3565 42 102 390 0619 15

Vapor-rich and liquid- rich inclusion (Two — phase)

SBH-DX7

SBH2D%6 Simple

SBH3D131 V-rich 06-08 0.7 12-22 18 2095 603  09-35 23
SBH3D346 N (33)

SBH3DAB

SBH>-DX%7

SBH>DAE6 Simple

SBH3D131 L-rich 051 08 11-21 17 15-488 215 0118 08
SBH3D36 N (21)

SBH3DAB
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Fig. 12. Histograms of microthermometric studies of simple vapor-rich fluid nclusions of Kuh-e-Esfand deposit. A:
Histogram of Homogenization temperature, B: Histogram of Salinity, and C: Histogram of last ice melting temperature
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Fig. 13. Histogram of microthermometric studies of simple liquid-rich fluid inclusions (LV) of Kuh-e-Esfand deposit. A:
Histogram of Homogenization temperature, B: Histogram of Salinity, and C: Histogram of last ice melting temperature
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Fig. 21. Evolution trend of hydrothermal fluid in the Kuh-e-Esfand copper deposit based on fluid inclusion studies. A:
Homogenization temperature-salinity diagram (Wilkinson, 2001), to determining the influential processes in fluid evolution
and ore deposition, and B: Schematic image of various fluid inclusions in the homogenization temperature-salinity diagram
(Wilkinson, 2001). The directions indicate the overall trend illustrating the combined effects different processes on fluid

evolution in the Kuh-e-Esfand copper deposit.
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disappearance of the gas bubble, while samples above the sloping line indicate the homogenization temperature coinciding with
halite dissolution. Samples placed on the sloping line indicate simultaneous disappearance of halite and gas bubble.
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Table 2. Comparison of Kuh-e- Esfand copper deposit with some porphyry copper deposits on the Kerman magmatic belt

Indicator Kuh-e- .
propertices Esafand Sarcheshmeh Meyduk Sarkuh ljo Parkam
Cugrade (ut 023 064 082 026 031 016

%)
Diorite, Granodiorite, D|or|_te,_ Granite, Quanz(_jlo_rlte, D |or|_te,_

Host rock Quartzdiorite  Quartzmonzonite Quartzdiorite, Granodiorite Granodiorite to Microdiorie,

Granodiorite Granite Quartzdiorite
- Py, Cpy, Mag, Cpy,Py,Mag, Py, Cpy,Bn, Py, Cpy, Mo,
Ore minerals Mo Cpy, Py, Mo, Bn Mo Cc, Sp, Jar Mag Cpy, Py, Mag
Potassic rich of Potassic
Potassic, Qz- Potassic mag, Potassic, Potassic, Potassic: Potassic, Biotitic,
. Ser-Afs-Chl, L Potassic- Potassic- . . Potassic- Phyllic,
Alteration . - Propylitic, i . . Phyllic, Phyllic, . -
Phyllic, Argillic, . - Phyllic, Phyllic, Phyllic- - Phyllic, Argillic,
I Phyllic, Argillic L - Propylitic, L
Propylitic Propylitic, Aurgillic Availlic Propylitic
Phyllic, Argillic g
Fluid source Magmatic- Magmatic- Magmatic- Magmatic- Magmatic- Magmatic-
Metoric Metoric Metoric Metoric Metoric Metoric
Tem(i"ecr)at“re 290-598 144-464 276-482 132-527 *142-480 187-505
Salinity
(Wt.% NaCl 11-70 29571 9.39-56 *4.752.9 *0.18-52.99 1-59
eq.)
Depth (km) 14 475 251 0.85 *35 23
Presure (bar) 215-603 400-700 232-300 500-700 500-700
(Wﬁg]ni]?:nand (Zarasvandiet ~ (Aghazadeh et (Mohammadi
o (Taghipour, al., 2020; al., 2015; Qacab and
References Current study Maar?i?gj’et al 2007) *Malekshahiet  *Golestani etal., Taghipour,
2012) al., 2023) 2017) 2011)

DOI: 10.22067/econg.2024.1108 Y o Lt V8 600 VFoF cgolamil lid )

144


https://doi.org/10.22067/econg.2024.1108

e Xl 07 (8,05 5 s Bl 53 oo § Il lari 55 50 oSS O 5 glabe
2 s 5 o) (S (Clen el sla 3 4l - & 5 4o

220554 b b8 Loyl 0ins 0L b sl L0
ss= b 3wl Lol 5le S iy a e sla Lol
o Jl g, L0ke 53 s SIS Ole 4 S SIS
skasilis il g o 5 5 28 656 53 slasbobe b 5 5l
Bl e 18 (g5l Lie Sl

oS 5 5 a8l Lt b sl e sla,Loba -
slos Leslw 518 51 2 (650 53 Jlw sla,liols
Gob 3 BIE Slwamyner GYFOYL Fu s -Kea
Il bbb 5 (plab &5 (5 58 Ao )3 YY B1Y) ol
3 0 L YOA) YU oles o x u8 L 3bn 4 a
5 (plab oS (658 o3 Ve B FY) VU (6535 5051 8 sl
08+ LYFO) YL oles o ,nnd Loslu 558 Jlw glaybole
s g o3 7O LY VL (6,58 5 (31,5 il o
okp 0L (5B 5 b las 0L s (plab
O gmen Ll 058 HLilS odias JS a5 SV s
oS 103 s = a8l Late b o (gla sl 5 K53 o
S S sles L osLa gl (& 56 Jlw slaslole
5 (51,8 St ;3 P B YAY) slae 5 5 0l (65 9
N cnl ol (plab &S5 (5558 Ao )3 Y0 BN VL (55
Lol 5 ol S Jbw 235 o 52T eSOl Il sla Lok
Azed (g ) Sl oso Ll b

VE Kl sb 4 kS AV il 08 Ll Gas -
oSSy sh 4y ST LYN0 Lz Usles (e VF0) e kS
el Sl 2 HLES SLANNY 5 Skl gy den HLas HLFIY/D

S8 5 2 636 35 Jlw sl sbike les (KK i 5i-
o3y Sl s (65l b s lOke ol o s ol
I8 5l iliaS SV 55 5 Dl s 53 Dok
Sy p gl (ol Sl g pn 4 Sl ) Ll 5
los 5 (65— St gy amimales ) B3 Sl S
A B oiasOli ailaie 55 (65 5 ool )9l Jlw (sla, 0L

035 (hdwl 068 HLilS )5 s (5w SIS Aol OL s —
Cose 4 Sl G i ol (223508 5 (s
ol Al o s banS - I s ki 5 0L
IS S B e 5 Sy L S b b e 5L
3 FGeee Gl ttn 53 o JS = il JSIT -
&5 S5 LS Sl L (65a S8 Lol jon Sy Sl 8
it Sl g 5 g SIS 08T O e

58 slaaSy Jol odos 5 5b a4yl 5l SIS ab> o -
Sl 2 51558 S bl Sy 22 By SIS
ol dl o y3 (Gl S5l s e Yol ¢S5kl gy a5
555 G5 e L Ot e 208 bty 5 e (S5 S
a U T AN S5 RSP ICN L SV
530 A s 5 glasbibe I g s JB Jlsl Lol en S s
S JSb s s oy e o 5B 1 22 (53655 slasbobke
3 s o o L g o ST DVl 28 o ) 3 Lo 5 Sdaa 03Le
Tl TS €5 Canm TS &, by 5w S
g gr @ e o

255 e sl sL0ke (e Gl sy bl -
05,8 Cain g Lwlog S aw By Says slajle s sluss
Slobobe s Jols S8 51 e Jlw slasbobe =) 1 s le o8
S8 5 s 653853 Jw slaslike V) 56 (6536 S I
(VLS) ;98 56 b ol jor 58 31 & Jlw sla bk 5 (VL) o3l
Y sl S el 5 cexe Yl oy SIS)
5 633 o sl lobe s ol le 51 8 Il a5 b0k
3B L elen mle i b Jlw slasbObe 5 (LV) o5l lo
S glajl g oo SIS HuS SIS sl (LVS) Hus
e e 5lask0be 2 Jol 5 4 s (slasb0be -1 5 (il
Sleboks 5 e +58 + wle g5l (LVH) o3l ;55 (556
Tod +pl +58 sl (LVHS) g56 w545 Il

RIRVPNg IPI JUNPRW SO

DOI: 10.22067/econg.2024.1108

Y oyl VP o950 NPV (ool u“”uw")


https://doi.org/10.22067/econg.2024.1108

e bl 058 (6,053 e Bl 53 gle 8 Tl lar 558 oSS

OLSen 5 Sl

e delis Ll s 53 0T Canld & 5 s B ol Jolb= g IS

RS P

Bl oo
Ll 2230k O iy 5 b 5 il 55 6 S

LR
Lg"/\cr'\cJ|>)l}a)k_»il3@'uﬁ.§>dojjﬂj‘6_iéqdlfua|
ﬁ,duT,w__M,a,g.g;_AﬂfJ?W;fr;ﬁ
)MQL&JU&»A}&QJ{‘CWﬁM@ﬁoP

D gh g Sln 08

. Pamukkale

. Linkam

. Olympus

Leitz

. Pelean

. A Type

.M Type

8. B Type

9. C Type and D Type

10. L Type

11. Vapor-rich inclusion

12. Vapor inclusion

13. Simple vapor- rich inclusion
14. opaque -bearing vpor- rich inclusion
15. Liquid-rich inclusion

16. Simple liquid- rich inclusion
17. opaque -bearing liquid- rich inclusion
18. Brine inclusion

19. simple brine inclusion

20. Multiphase brine inclusion
21. Flincor

~No Uuh~AwNRE

SE S s mle 3l 8 5555 SV B e 5 i b
S 5l oS Ly 5 Sl o3l 5 5 Il (gla L0k 5 03l
oizman 303l S Sl e 5 mle 5l 8 (5 5 slaslola
ST bl e 4 (65693 slajbobe 55 (g5 53 tal s

ool a8 (6555 Jw b oSl
S 55 oz Sl Il (5o b0k didl 08 LS 55—
Il Bl b LMt o g 4 56 2 e okl 3
I JolSG gy 55 s L3kt 5 s T b LS
w5 i sl 51 a6 s 2alS Wl s dites gl S
a8 (5L & g SV L oLeSle YL B

DOI: 10.22067/econg.2024.1108

AKR

Y a)Lq.:a \# 0,93 NP Y (galasl wugx.a)


https://doi.org/10.22067/econg.2024.1108

Soltani et al.

Physicochemical Evolution of Hydrothermal Fluids in the Kuh-e-Esfand porphyry Copper System ...

References
Aftabi, A. and Atapour, H., 2009. Comments on Arc
magmatism and subduction history beneath the
Zagros Mountains, Iran: A new report of adakites and
geodynamic consequences by J. Omrani, P. Agard,
H. Whitechurch, M. Bennoit, G. Prouteau, L. Jolivet.
Lithos, 113(3-4): 844-846.
https://doi.org/10.1016/j.lithos.2009.04.032
Aghazadeh, M. 2015. Petrogenesis and U-Pb Age
Dating of Intrusive Bodies in the Sarcheshmeh
Deposit.  Scientific  Quarterly  Journal of
Geosciences, 25(97): 291-312.
https://doi.org/10.22071/gsj.2015.41516
Aghazadeh, M., Hou, Z., Badrzadeh, Z. and 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
Ahmad, S.N. and Rose, A.W., 1980. Fluid inclusions
in porphyry and skarn ore at Santa Rita, New
Mexico. Economic Geology, 75(2): 229-250.
https://doi.org/10.2113/gsecongeo.75.2.229
Arndt, N.T. and Ganino, C., 2012. Metals and
society: An introduction to economic geology:
Berlin. Springer-Verlag, Germany, 160 pp.
https://doi.org/10.1007/978-3-642-22996-1
Asadi, S., Moore, F. and Fattahi, N., 2012. Fluid
inclusion and stable isotope constraints on the
genesis of the Jian copper deposit, SanandajSirjan
metamorphic zone, Iran. Geofluids, 13(1): 66-81.
https://doi.org/10.1111/gfl.12013
Atapour, H., 2017. The exploration significance of
Ag/Au, Au/Cu, Cu/Mo,(Agx Au)/(Cux Mo)
ratios, supra-ore and sub-ore halos and fluid
inclusions in porphyry deposits: a review. Journal
of Sciences, Islamic Republic of Iran, 28(2): 133—
146. https://jsciences.ut.ac.ir/article_60750.html
Atapour, H. and Aftabi, A., 2021. Petrogeochemical
evolution of calcalkaline, shoshonitic and
adakitic magmatism associated with Kerman
Cenozoic arc porphyry copper mineralization,
southeastern Iran: A review. Lithos, 398-399:
106261.
https://doi.org/10.1016/j.1ithos.2021.106261
Avalos, S. and Avalos, N., 2023. Fluid inclusions
technique for porphyry deposit exploration: The
Rosario porphyry Cu-Mo deposit.
https://doi.org/10.31223/X5H083

Becker, S.P., Fall, A. and Bodnar, R.J., 2008.
Synthetic fluid inclusions. XVII. 1 PVTX
properties of high salinity H,O-NaCl solutions (>
30 wt.% NacCl): Application to fluid inclusions
that homogenize by halite disappearance from
porphyry copper and other hydrothermal ore
deposits. Economic Geology, 103(3): 539-554.
https://doi.org/10.2113/gsecongeo.103.3.539

Bodnar, R.J., 1994. Synthetic fluid inclusions: XII.
The system H,O NaCl. Experimental
determination of the halite liquidus and isochores
for a 40 wt.% NaCl solution. Geochimica et
Cosmochimica Acta, 58(3): 1053-1063.
https://doi.org/10.1016/0016-7037(94)90571-1

Bodnar, R.J. and Beane, R.E., 1980. Temporal and
spatial  variations in  hydrothermal fluid
characteristics during vein filling in preore cover
overlying deeply buried porphyry copper-type
mineralization at Red Mountain,
Arizona. Economic Geology, 75(6): 876-893.
https://doi.org/10.2113/gseconge0.75.6.876

Bodnar, R.J., Lecumberri-Sanchez, P., Moncada, D.
and Steele-Maclnnis, M., 2014. 13.5-Fluid
inclusions in hydrothermal ore deposits. Treatise
on geochemistry, 13: 119-142.
https://doi.org/10.1016/B978-0-08-095975-
7.01105-0

Bodnar, R.J. and Vityk, M.O. 1994. Interpretation of
microthermometric data for H20-NaCl fluid
inclusions. In B. de Vivo and M. L. Frezzotti (Eds.),
Fluid Inclusions in Minerals, Methods and
Applications. Virginia Tech, Blacksburg, Virginia,
117-130 pp. Retrieved June 21, 2024 from
https://www.researchgate.net/file.PostFileLoader
html?id=59d2e7af3d7f4bcbe2356849&assetKey
=AS%3A545186906206209%40150699409558
5

Borisenko, A.S., 1977. Studies of salinity of gas-liquid
inclusions in minerals by the cryometric method.
Soviet Geology and Geophysics 18: 11-19.
Retrieved June 21, 2024 from
https://www.researchgate.net/publication/2836889
99

Bouzari, F. and Clark, A.H., 2006. Prograde
evolution and geothermal affinities of a major
porphyry copper deposit: the Cerro Colorado
hypogene  protore, | Regién, northern
Chile. Economic  Geology, 101(1):  95-134.
https://doi.org/10.2113/gsecongeo.101.1.95

Journal of Economic Geology, 2024, Vol. 16, No. 2

202

DOI: 10.22067/econg.2024.1108


https://doi.org/10.22067/econg.2024.1108
https://doi.org/10.1016/j.lithos.2009.04.032
https://doi.org/10.22071/gsj.2015.41516
https://doi.org/10.1016/j.oregeorev.2015.03.003
https://doi.org/10.2113/gsecongeo.75.2.229
https://doi.org/10.1007/978-3-642-22996-1
https://doi.org/10.1111/gfl.12013
https://jsciences.ut.ac.ir/article_60750.html
https://doi.org/10.1016/j.lithos.2021.106261
https://doi.org/10.31223/X5H083
https://doi.org/10.2113/gsecongeo.103.3.539
https://doi.org/10.1016/0016-7037(94)90571-1
https://doi.org/10.2113/gsecongeo.75.6.876
https://doi.org/10.1016/B978-0-08-095975-7.01105-0
https://doi.org/10.1016/B978-0-08-095975-7.01105-0
https://www.researchgate.net/file.PostFileLoader.html?id=59d2e7af3d7f4bcbe2356849&assetKey=AS%3A545186906206209%401506994095585
https://www.researchgate.net/file.PostFileLoader.html?id=59d2e7af3d7f4bcbe2356849&assetKey=AS%3A545186906206209%401506994095585
https://www.researchgate.net/file.PostFileLoader.html?id=59d2e7af3d7f4bcbe2356849&assetKey=AS%3A545186906206209%401506994095585
https://www.researchgate.net/file.PostFileLoader.html?id=59d2e7af3d7f4bcbe2356849&assetKey=AS%3A545186906206209%401506994095585
https://www.researchgate.net/publication/283688999
https://www.researchgate.net/publication/283688999
https://doi.org/10.2113/gsecongeo.101.1.95

Soltani et al.

Physicochemical Evolution of Hydrothermal Fluids in the Kuh-e-Esfand porphyry Copper System ...

Brown, P.E., 1989. FLINCOR; a microcomputer
program for the reduction and investigation of fluid-
inclusion data. American Mineralogist, 74(11-12):
1390-1393. Retrieved June 21, 2024 from
https://pubs.geoscienceworld.org/msa/ammin/articl
e-abstract/74/11-12/1390/42220/

Cline, J.S. and Bodnar, R.J., 1991. Can economic
porphyry copper mineralization be generated by a
typical calc-alkaline melt? Journal of Geophysical
Research: Solid Earth, 96(B5): 8113-8126.
https://doi.org/10.1029/91JB00053

Cline, J.S. and Bodnar, R.J., 1994. Direct evolution of brine
from a crystallizing silicic melt at the Questa, New
Mexico, molybdenum deposit. Economic
Geology, 89(8): 1780-1802.
https://doi.org/10.2113/gsecongeo.89.8.1780

Conrad, G., Conrad, J. and Girod, M., 1977. Les
formation continentales tertiaries et quaternaries
du bolc Lout Iran. Importance du plutonisme et
du volcanisme. Memoirs of the Historical Series
of the Geological Society France, 8: 53-75.
Retrieved June 21, 2024 from http://pascal-
francis.inist.fr/vibad/index.php?action=getRecor
dDetail &idt=PASCALGEODEBRGM77204352
44

Crespo, J., Reich, M., Barra, F., Verdugo, J.J.,
Martinez, C., Leisen, M., Romero, R., Morata, D.
and Marquardt, C., 2020. Occurrence and
distribution of silver in the world-class Rio Blanco
Porphyry Cu-Mo deposit, central Chile. Economic
Geology, 115(8): 1619-1644.
https://doi.org/10.5382/econgeo.4778

Cunningham, C.G., 1978. Pressure gradients and
boiling as mechanisms for localizing ore in
porphyry systems. Research United States
Geological Survey, 6(6): 745-754.

Dimitrijevic, M.D. 1973. Geology of Kerman
Region. Institute for Geological and Mining
Exploration and Investigation of Nuclear and
Other Mineral Raw Materials, Belgrade.
Geological Survey of Iran, Report Yu/52. 334 pp.
Retrieved June 21, 2024 from
https://search.worldcat.org/title/geology-of-
kerman-region/oclc/8699834

Drummond, S.E. and Ohmoto, H., 1985. Chemical
evolution and mineral deposition in boiling
hydrothermal systems. Economic Geology, 80(1):
126-147.
https://doi.org/10.2113/gsecongeo.80.1.126

Fournier, R.O., 1987. Conceptual models of brine
evolution in magmatic-hydrothermal
systems. U.S. Geological Survey Professional
Paper. 1350: 1487-1505. Retrieved June 21, 2024
from
https://pubs.usgs.gov/pp/1987/1350/pdf/chapters
/pp1350_ch55.pdf

Goldstein, R.H., 2003. Petrographic analysis of fluid
inclusions. In:  Samson, ., Anderson, A. and
Marshall, D (Editors), Fluid Inclusions: Analysis
and Interpretation. Mineralogical Association of
Canada, Short Course Handbook, pp. 32-53.
Retrieved June 21, 2024 from
https://pubs.geoscienceworld.org/mac/books/edited
-volume/2433/chapter-
abstract/135797493/PETROGRAPHIC-
ANALYSIS-OF-FLUID-
INCLUSIONS?redirectedFrom=fulltext

Golestani, M., Karimpour, M.H., Malekzadeh
Shafaroudi, A. and Haidarian Shahri, M.R. 2017.
Characterization of fluid inclusions and sulfur
isotopes in the Iju porphyry copper deposit, North
West of Shahr-e-Babak. Journal of Economic
Geology, 9(1): 25-55. (in Persian with English
abstract)
https://doi.org/10.22067/econg.v9i1.60709

Habibi, T. and Hezarkhani, A., 2013. Hydrothermal
evolution of Daraloo porphyry copper deposit, Iran:
evidence from fluid inclusions. Arabian Journal of
Geosciences, 6: 1945-1955.
https://doi.org/10.1007/s12517-011-0488-z

Hassanzadeh, J., 1993. Metallogenic and
Tectonomagmatic Events in the SE Sector of the
Cenozoic Active Continental Margin of Central
Iran (Shahr e Babak area, Kerman Province).
Ph.D. Thesis, University of California, Los
Angeles, United States of America, 204 pp.

Hezarkhani, A., 2009. Hydrothermal fluid
geochemistry at the Chah-Firuzeh porphyry
copper deposit, Iran: Evidence from fluid
inclusions. Journal of Geochemical
Exploration, 101(3): 254-264.
https://doi.org/10.1016/j.gexpl0.2008.09.002

Hosseinzadeh, M., Maghfouri, S., Ghorbani, M. and
Moayyed, M., 2016. Different types of vein-
veinlets related to mineralization and fluid
inclusion studies in the Sonajil porphyry Cu- Mo
deposit, Arasbaran magmatic zone. Scientific
Quiarterly Journal of Geosciences, 26(101): 219—
230. https://doi.org/10.22071/gsj.2016.41069

Journal of Economic Geology, 2024, Vol. 16, No. 2

203

DOI: 10.22067/econg.2024.1108


https://doi.org/10.22067/econg.2024.1108
https://pubs.geoscienceworld.org/msa/ammin/article-abstract/74/11-12/1390/42220/
https://pubs.geoscienceworld.org/msa/ammin/article-abstract/74/11-12/1390/42220/
https://doi.org/10.1029/91JB00053
https://doi.org/10.2113/gsecongeo.89.8.1780
http://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=PASCALGEODEBRGM7720435244
http://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=PASCALGEODEBRGM7720435244
http://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=PASCALGEODEBRGM7720435244
http://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=PASCALGEODEBRGM7720435244
https://doi.org/10.5382/econgeo.4778
https://search.worldcat.org/title/geology-of-kerman-region/oclc/8699834
https://search.worldcat.org/title/geology-of-kerman-region/oclc/8699834
https://doi.org/10.2113/gsecongeo.80.1.126
https://pubs.usgs.gov/pp/1987/1350/pdf/chapters/pp1350_ch55.pdf
https://pubs.usgs.gov/pp/1987/1350/pdf/chapters/pp1350_ch55.pdf
https://pubs.geoscienceworld.org/mac/books/edited-volume/2433/chapter-abstract/135797493/PETROGRAPHIC-ANALYSIS-OF-FLUID-INCLUSIONS?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/mac/books/edited-volume/2433/chapter-abstract/135797493/PETROGRAPHIC-ANALYSIS-OF-FLUID-INCLUSIONS?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/mac/books/edited-volume/2433/chapter-abstract/135797493/PETROGRAPHIC-ANALYSIS-OF-FLUID-INCLUSIONS?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/mac/books/edited-volume/2433/chapter-abstract/135797493/PETROGRAPHIC-ANALYSIS-OF-FLUID-INCLUSIONS?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/mac/books/edited-volume/2433/chapter-abstract/135797493/PETROGRAPHIC-ANALYSIS-OF-FLUID-INCLUSIONS?redirectedFrom=fulltext
https://doi.org/10.22067/econg.v9i1.60709
https://doi.org/10.1007/s12517-011-0488-z
https://doi.org/10.1016/j.gexplo.2008.09.002
https://doi.org/10.22071/gsj.2016.41069

Soltani et al.

Physicochemical Evolution of Hydrothermal Fluids in the Kuh-e-Esfand porphyry Copper System ...

loannou, S.E., Spooner, E.T.C. and Barrie, C.T.,
2007.  Fluid  temperature and salinity
characteristics of the Matagami volcanogenic
massive sulfide district, Quebec. Economic
Geology, 102(4): 691-715.
https://doi.org/10.2113/gsecongeo.102.4.691

John, D.A. and Taylor, R.D., 2016. By-products of
porphyry copper and molybdenum deposits.
Society of Economic Geologists, Inc. Reviews in
Economic Geology, 18: 137-164.
https://doi.org/10.5382/Rev.18.07

Kesler, S.E., 2005. Ore-forming fluids. Elements, 1
(1): 13-18.
https://doi.org/10.2113/gselements.1.1.13

Khosravi, M., Rajabzadeh, M.A., Mernagh, T.P.,
Qin, K., Bagheri, H. and Su, S., 2020. Origin of
the ore-forming fluids of the Zefreh porphyry Cu—
Mo prospect, central Iran; Constraints from fluid
inclusions and sulfur isotopes. Ore Geology
Reviews, 127: 103876.
https://doi.org/10.1016/j.oregeorev.2020.103876

Large, R.R., Bull, SW. Cooke, D.R. and
McGoldrick, P.J. 1998. A genetic model for the
HYC Deposit, Australia; based on regional
sedimentology, geochemistry, and sulfide-
sediment relationships. Economic
Geology, 93(8): 1345-1368.
https://doi.org/10.2113/gseconge0.93.8.1345

Lerchbaumer, L. and Audétat, A., 2012. High Cu
concentrations in vapor-type fluid inclusions: An
artifact? Geochimica et Cosmochimica Acta, 88:
255-274.
https://doi.org/10.1016/j.gca.2012.04.033

Maanijou, M., Mostaghimi, M., Abdollahi Riseh, M.
and Sepahi, A. A. 2012. Systematic sulfur stable
isotope and fluid inclusion studies on veinlet
groups in the Sarcheshmeh porphyry copper
deposit: based on new data. Journal of Economic
Geology, 4(2): 217-239. (in Persian with English
abstract)
https://doi.org/10.22067/econg.v4i2.16492

Maanijou, M., Mostaghimi, M., Abdollahy Riseh, M.
and Sepahi, A. A., 2020. Petrology and tectonic
settings of the Sarcheshmeh porphyry copper
deposit with emphasis on granodiorite and quartz
eye porphyry. Journal of Economic
Geology, 12(3): 269-297. (in Persian with
English abstract)
https://doi.org/10.22067/econg.v12i3.80951

Maanijou, M., Mostaghimi, M., Riseh, M.A., Lentz,

D.R. and Sepahi Gerow, A.A., 2022. Petrology
and geochemistry of adakitic intrusions and dykes
at Sarcheshmeh porphyry Cu-Mo+Au deposit,
Iran: Insights into their source. Resource
Geology, 72(1): 12297.
https://doi.org/10.1111/rge.12297
Malekshahi, S., Khalajmasoumi, M., Mohammad-
Doost, H., Sojdehee, M. and Aboutorab, S., 2023.
Study of Alterations, fluid inclusions and sulfur
and oxygen isotope compositions in Sarkuh
porphyry copper deposit, Kerman. Scientific
Quarterly Journal of Geosciences, 33(3): 159—
182.
https://doi.org/10.22071/gsj.2023.363665.2033
McQuarrie, N., Stock, J.M., Verdel, C. and
Wernicke, B.P., 2003. Cenozoic evolution of
Neotethys and implications for the causes of plate
motions. Geophysical research letters, 30(20).
https://doi.org/10.1029/2003GL 017992
McQuarrie, N. and van Hinsbergen, D.J., 2013.
Retrodeforming the Arabia-Eurasia collision
zone: Age of collision versus magnitude of
continental subduction. Geology, 41(3): 315—
318. https://doi.org/10.1130/G33591.1
Mohammadi Qagab, H. and Taghipour, N., 2011.
Physico-chemical evolution of hydrothermal
fluid in Sara porphyry copper deposit (Percom),
Kerman province. Advanced Applied Geology,
1(1): 11-24. (in Persian with English abstract)
Retrieved June 21, 2024 from
https://aag.scu.ac.ir/article_11540.htmlI?lang=en
Nateghi, A. and Hezarkhani, A., 2013. Fluid
inclusion evidence for hydrothermal fluid
evolution in the Darreh-Zar porphyry copper
deposit, Iran. Journal of Asian  Earth
Sciences, 73: 240-251.
https://doi.org/10.1016/j.jseaes.2013.04.037
Natghi, A. and Ghorbani Shadpi, R., 2015. The
application of fluid inclusions in the exploration
of deposits: a case study in the exploration area of
Hamza Dareh, The first specialized and national
conference on the application of fluids involved
in earth sciences, Zanjan, Iran. Retrieved June 21,
2024 from https://civilica.com/doc/421248
Rahmani, H. and Ghorbani, M., 2023. Geology,
mineralization, sulfur isotope and fluid inclusion
studies in alteration zones in Cu-Au-Mo south of
Zahedan porphyry prospect (SE
Iran). International Journal of Mining and Geo-
Engineering, 57(3): 283-298. Retrieved June 21,

Journal of Economic Geology, 2024, Vol. 16, No. 2

204

DOI: 10.22067/econg.2024.1108


https://doi.org/10.22067/econg.2024.1108
https://doi.org/10.2113/gsecongeo.102.4.691
https://doi.org/10.5382/Rev.18.07
https://doi.org/10.2113/gselements.1.1.13
https://doi.org/10.1016/j.oregeorev.2020.103876
https://doi.org/10.2113/gsecongeo.93.8.1345
https://doi.org/10.1016/j.gca.2012.04.033
https://doi.org/10.22067/econg.v4i2.16492
https://doi.org/10.22067/econg.v12i3.80951
https://doi.org/10.1111/rge.12297
https://doi.org/10.22071/gsj.2023.363665.2033
https://doi.org/10.1029/2003GL017992
https://doi.org/10.1130/G33591.1
https://aag.scu.ac.ir/article_11540.html?lang=en
https://doi.org/10.1016/j.jseaes.2013.04.037
https://en.civilica.com/l/6318/
https://en.civilica.com/l/6318/
https://en.civilica.com/l/6318/
https://civilica.com/doc/421248

Soltani et al.

Physicochemical Evolution of Hydrothermal Fluids in the Kuh-e-Esfand porphyry Copper System ...

2024 from
https://ijmge.ut.ac.ir/article_92580.html

Rasoli, J., Ghorbani, M. and Ahadinegad, V. 2017.
The U-Pb dating of Jebale Barez plutonic
complex: Evidence for the Old Iranian basement
in the SE of Urumieh-Dokhtar magmatic zone.
Iranian  Journal of Crystallography and
Mineralogy, 25(2): 245-258. Retrieved June 21,
2024 from http://ijcm.ir/article-1-788-en.html

Roedder, E., 1971. Fluid inclusion studies on the
porphyry-type ore deposits at Bingham, Utah,
Bultte, Montana, and Climax,
Colorado. Economic Geology, 66(1): 98-118.
https://doi.org/10.2113/gsecongeo.66.1.98

Roedder, E., 1972. Composition of fluid inclusions.
U.S. Geological Survey Professional Paper,
Washington, Report 440, 163 pp.
https://doi.org/10.3133/pp440JJ

Roedder, E., 1984. Fluid inclusions. De Gruyter,
Berlin, Boston. 644 pp.
https://doi.org/10.1515/9781501508271

Rusk, B.G., Reed, M.H. and 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/gsecongeo.103.2.307

Seo, J.H. and Heinrich, C.A., 2013. Selective copper
diffusion into quartz-hosted vapor inclusions:
Evidence from other host minerals, driving forces,
and consequences for Cu-Au ore
formation. Geochimica et Cosmochimica Acta, 113:
60-69. https://doi.org/10.1016/j.gca.2013.03.016

Shafiei, B., Haschke, M. and Shahabpour, J., 20009.
Recycling of orogenic arc crust triggers porphyry
Cu mineralization in Kerman Cenozoic arc rocks,
southeastern Iran. Mineralium Deposita, 44:.265-
283. http://dx.doi.org/10.1007/s00126-008-0216-
0

Shelton, K.L., 1983. Composition and origin of ore-
forming fluids in a carbonate-hosted porphyry copper
and skarn deposit, a fluid inclusion and stable isotope
study of Mines Gaspe Quebec. Economic Geology,
78(8): 387-421.
https://doi.org/10.2113/gsecongeo.78.3.387

Shepherd, T.J., Rankin, A.H. and Alderton, D.H.M.
1985. A practical guide to fluid inclusion studies.
Blackie, Glasgow, New York. Retrieved June 21,
2024 from
https://search.worldcat.org/title/12082734

Siivola, J. and Schmid, R., 2007. List of Mineral
Abbreviations: Recommendations by the 1UGS
Subcommission on the Systematics of
Metamorphic Rocks: Web version 01.02.07.
(Electronic Source), Retrieved June 21, 2024
from https://www.B2n.ir/f95089

Sillitoe, R.H., 2010. Porphyry copper systems.

Economic geology, 105(1): 3-41.
https://doi.org/10.2113/gsecongeo.105.1.3
Singer, D.A., Berger, V.I. and Moring, B.C,,

2002. Porphyry copper deposits of the world:
Database, maps, and preliminary analysis, US
Geological Survey, Report 02-268. Retrieved June
21, 2024 from
https://pubs.usgs.gov/of/2002/0268/pdf/of02-
268.pdf

Singer, D.A., Berger, V.I. and Moring, B.C.,
2008. Porphyry copper deposits of the world:
Database and grade and tonnage models, US
Geological Survey, Washington, 2008(2008-
1155), 46 pp. US Geological Survey. Retrieved
June 21, 2024 from
https://pubs.usgs.gov/of/2008/1155/0f2008-
1155.pdf

Taghipour, N., 2007. The Application of Fluid
Inclusions and Isotope Geochemistry as Guides
for Exploration, Alteration and Mineralization at
the Miduk Porphyry Copper Deposit, Shar-e-
Babak, Kerman. Unpublished Ph.D. thesis,
Shahid Bahonar University, Kerman, Iran, 305

pp.
Taghipour, N., Asgari, Gh., Dorani, M. and
Mortezanezhad, Gh. R., 2020. Conducting

prospecting and general exploration services in
the northern and southern areas of the Bam
exploration Block, Kerman Province, Iran,
University of Damghan, University of Damghan,
Report 112, 337 pp. Unpubished report.

Thiersch, P.C., Williams-Jones, A.E. and Clark, J.R.,
1997. Epithermal mineralization and ore controls
of the Shasta Au-Ag deposit, Toodoggone
district, British Columbia, Canada. Mineralium
Deposita, 32: 44-57.
https://doi.org/10.1007/s001260050071

Ulrich, T., Gunther, D. and Heinrich, C.A., 2001.
The evolution of a porphyry Cu-Au deposit,
based on LA-ICP-MS analysis of fluid inclusions:
Bajo de la Alumbrera, Argentina. Economic
Geology, 96(8): 1743-1774.
https://doi.org/10.2113/gseconge0.96.8.1743

Journal of Economic Geology, 2024, Vol. 16, No. 2

205

DOI: 10.22067/econg.2024.1108


https://doi.org/10.22067/econg.2024.1108
https://ijmge.ut.ac.ir/article_92580.html
http://ijcm.ir/article-1-788-en.html
https://doi.org/10.2113/gsecongeo.66.1.98
https://doi.org/10.3133/pp440JJ
https://doi.org/10.1515/9781501508271
https://doi.org/10.2113/gsecongeo.103.2.307
https://doi.org/10.1016/j.gca.2013.03.016
http://dx.doi.org/10.1007/s00126-008-0216-0
http://dx.doi.org/10.1007/s00126-008-0216-0
https://doi.org/10.2113/gsecongeo.78.3.387
https://search.worldcat.org/title/12082734
https://www.b2n.ir/f95089
https://doi.org/10.2113/gsecongeo.105.1.3
https://pubs.usgs.gov/of/2002/0268/pdf/of02-268.pdf
https://pubs.usgs.gov/of/2002/0268/pdf/of02-268.pdf
https://pubs.usgs.gov/of/2008/1155/of2008-1155.pdf
https://pubs.usgs.gov/of/2008/1155/of2008-1155.pdf
https://doi.org/10.1007/s001260050071
https://doi.org/10.2113/gsecongeo.96.8.1743

Physicochemical Evolution of Hydrothermal Fluids in the Kuh-e-Esfand porphyry Copper System ...

Soltani et al.
Ulrich, T. and Mavrogenes, J., 2008. An
experimental study of the solubility of

molybdenum in H20 and KCI-H20 solutions
from 500 C to 800 C, and 150 to 300
MPa. Geochimica et Cosmochimica Acta, 72(9):
316-2330.
https://doi.org/10.1016/j.gca.2008.02.014
Van den Kerkhof, A.M. and Hein, U.F., 2001. Fluid
inclusion petrography. Lithos, 55(1-4): 27-47.
https://doi.org/10.1016/S0024-4937(00)00037-2
Wang, Y., Chen, H., Xiao, B., Han, J., Fang, J.,
Yang, J. and Jourdan, F., 2018. Overprinting
mineralization in the Paleozoic Yandong
porphyry copper deposit, Eastern Tianshan, NW
China—Evidence from geology, fluid inclusions
and geochronology. Ore Geology Reviews, 100:
148-167.
https://doi.org/10.1016/j.oregeorev.2017.04.013
Wang, R., Zhu, D., Wang, Q., Hou, Z., Yang, Z., Zhao,
Z.and Mo, X., 2020. Porphyry mineralization in the
Tethyan orogen. Science China Earth Sciences, 63:
2042-2067.  https://doi.org/10.1007/s11430-019-
9609-0
Waterman, G.C. and Hamilton, R.L., 1975. The Sar
Cheshmeh porphyry copper deposit. Economic
Geology, 70(3): 568-576.
https://doi.org/10.2113/gsecongeo.70.3.568
Wilkinson, JJ., 2001. Fluid inclusions in
hydrothermal ore deposits. Lithos, 55(1-4): 229—
272.
https://doi.org/10.1016/S0024-4937(00)00047-5
Williams-Jones, A.E. and Heinrich, C.A., 2005.
100th Anniversary special paper: vapor transport
of metals and the formation of magmatic-
hydrothermal ore deposits. Economic
Geology, 100(7): 1287-1312.
https://doi.org/10.2113/gsecongeo.100.7.1287
Zajacz, Z., Candela, P.A. and Piccoli, P.M., 2017.
The partitioning of Cu, Au and Mo between liquid
and vapor at magmatic temperatures and its
implications for the genesis of magmatic-
hydrothermal ore deposits. Geochimica et
Cosmochimica Acta, 207: 81-101.
https://doi.org/10.1016/j.gca.2017.03.015
Zarasvandi, A.R., Davoodian Ranjbar, F., Rezaei,
M., Tashi, M. and Pourkaseb, H., 2020.

Physicochemical attributes of potassic alteration
zone in Sarkuh porphyry copper deposit; using
biotite and chlorite  chemistry. Scientific
Quarterly Journal of Geosciences, 29(114): 279—
288.
https://doi.org/10.22071/gsj.2019.116399.1390
Zarasvandi, A., Liaghat, S., Lentz, D. and Hossaini,
M., 2013. Characteristics of Mineralizing Fluids
of the Darreh-Zerreshk and Ali-Abad Porphyry
Copper Deposits, Central | ran, Determined by
Fluid Inclusion Microthermometry. Resource
Geology, 63(2): 188-209.
https://doi.org/10.1111/rge.12004
Zarasvandi, A., Rezaei, M., Raith, J.G., Asadi, S. and
Lentz, D., 2019. Hydrothermal fluid evolution in
collisional Miocene porphyry copper deposits in
Iran: Insights into factors controlling metal
fertility. Ore Geology Reviews, 105: 183-200.
https://doi.org/10.1016/j.oregeorev.2018.12.027
Zhang, F.F., Wang, Y.H., Xue, C.J., Liu, J.J. and
Zhang, W., 2019. Fluid inclusion and isotope
evidence for magmatic-hydrothermal fluid
evolution in the Tuwu porphyry copper deposit,
Xinjiang, NW China. Ore Geology
Reviews, 113: 103078.
https://doi.org/10.1016/j.oregeorev.2019.103078
Zhang, L., Zheng, Y. and Chen, Y., 2012. Ore
geology and fluid inclusion geochemistry of the
Tiemurt Pb—-Zn—Cu deposit, Altay, Xinjiang,
China: a case study of orogenic-type Pb-Zn
systems. Journal of Asian Earth Sciences, 49: 69—
79. https://doi.org/10.1016/j.jseaes.2011.11.019
Zimmerman, A., Stein, H.J., Hannah, J.L., Kozelj,
D., Bogdanov, K. and Berza, T. 2008. Tectonic
configuration of the Apuseni—Banat—Timok—
Srednogorie belt, Balkans-South Carpathians,
constrained by high precision R e-O s
molybdenite ages. Mineralium Deposita, 43: 1-
21. http://dx.doi.org/10.1007/s00126-007-0149-z
Zimmerman, A., Stein, H.J., Morgan, JW., Markey,
R.J. and Watanabe, Y. 2014. Re—Os geochronology
of the El Salvador porphyry Cu—Mo deposit, Chile:
tracking analytical improvements in accuracy and
precision over the past decade. Geochimica et
Cosmochimica Acta, 131: 13-32.
https://doi.org/10.1016/j.gca.2014.01.016

Journal of Economic Geology, 2024, Vol. 16, No. 2

206

DOI: 10.22067/econg.2024.1108


https://doi.org/10.22067/econg.2024.1108
https://doi.org/10.1016/j.gca.2008.02.014
https://doi.org/10.1016/S0024-4937(00)00037-2
https://doi.org/10.1016/j.oregeorev.2017.04.013
https://doi.org/10.1007/s11430-019-9609-0
https://doi.org/10.1007/s11430-019-9609-0
https://doi.org/10.2113/gsecongeo.70.3.568
https://doi.org/10.1016/S0024-4937(00)00047-5
https://doi.org/10.2113/gsecongeo.100.7.1287
https://doi.org/10.1016/j.gca.2017.03.015
https://doi.org/10.22071/gsj.2019.116399.1390
https://doi.org/10.1111/rge.12004
https://doi.org/10.1016/j.oregeorev.2018.12.027
https://doi.org/10.1016/j.oregeorev.2019.103078
https://doi.org/10.1016/j.jseaes.2011.11.019
http://dx.doi.org/10.1007/s00126-007-0149-z
https://doi.org/10.1016/j.gca.2014.01.016

o Jloyl tulao § Lyl

e il ooy Ol 6 805 (b 5 ot 4,25 53 S8 b s e Jlsl 4R 4 Ol 5 ) 81 oS Sl 0
mﬁs,;a,\,:m)mmwwq%.;,udu,t@#b&bﬁwuqﬁ@(@ﬁw&wﬁfw\t;);,u;ra
Sy s gdome ol () 5 (s (sla a5 Lap g5 g

b 83 55l 5 Letaly dilel cobud (ol ozl Sl (6 2573 b iyl aabObl 514 pladllie )5 @

301,85 bl il ol Sliions ST e (s b b oS Cpmae (s b b 8 dlhe S Shp0 53 @
5h 53 g ol o

el 35T Ao (ol g 5 Jsd ey s 4,0 @

el L O Dttps://econg.um.ac.ir L sT a4 cgolaml ol e 4 i Coluas &b 5l Lais dllie Sib,s @

Sl osbeT (glaallin S gs 53 cllin o 5 ol o)y gam )3 5 g oo S315 (Esb 0 Olaaiuie o Ladlie @
Lyb aools jolamt| ol glojled 4 o g 4 o)y Tamins 5 okl g 3l dmy 5 0,8 o 515 4 05 Cule

(s dal s wllae SouSy ool 5108 s 5 5 Olsls callie oy 2 Jorl o 47 93) ol (Wil vy llin (g sl> @

Ssto 85 Syl g g3 3L 53 (1) ol (ol I O iy 5 Slaie s 5 il (55105 caslidgd o3 dlal 5 oSG @
(3 gt o p b (S50 5 5 O i 5

b Sl Jeasl OSYI o J s ok 35 Juas] @

s otalicn (lie Jluyl Ll 5 sl 13 (5520 5 5 O i 55 (5520) @ 25 Caln 3 1y 5 JolS 5 i DSl @

O3T g Cowlws
23 458 09k 5 305T cw 2ws & e 40 5 ol Creative Commons Attribution (CC BY 4.0) ol 5 soee S 4,55 o

3 phig oal A g3 b o> Lo 5 4y 5 Sladiyj plad 3,8 o 513 O i 55 5 OB Wl e e

vy BB dlo glgif
62..&)}3} Il o
Sospdlis @

g Cblasl, e

e i e

https://econg.um.ac.ir Yooyled (V% o)93 NPT (ooladl wlid

YoV


https://econg.um.ac.ir/
https://econg.um.ac.ir/
https://econg.um.ac.ir/page_13.html
https://econg.um.ac.ir/page_13.html
https://econg.um.ac.ir/page_13.html
https://econg.um.ac.ir/page_14.html
https://creativecommons.org/licenses/by/4.0/

o Jloyl tulao § Lyl

Yo Sy gz
(Lzaly g2 25 5 OB A 55 (g 320 et 5 o) 3555 (slazaly 531y Lt o)lbys JolST Sledbl il 5 sl jide Juls dlas
uLiLwoMLZA

(Sl g ) Ol @

(eSSl 5 o s8) Sl Sy 5 O A s g @
(oSl 5 gsB) 0a S @

(el 5 o) IS slaolls @

wdee @

axlze S ®
sorsem @
Sz o
ple ool e
REIE PRI

cl;,« °

https://econg.um.ac.ir Yooked A7 )95 NPT coalaBl cwlide;


https://econg.um.ac.ir/
https://econg.um.ac.ir/page_15.html
https://econg.um.ac.ir/page_15.html

o Q‘S)lﬁ Sl

dlo 99N

Qb)}.}ﬁjﬂj}&d“b)ﬁb4.“.&.0L};)&G)LIJ.)JAKQ&%‘.J}-@@O}J}TJL&AJJV\;L;L&Abj‘gg“\_.ﬁ%'jijjb

Lol odaline (Laaly (g gt 5 9 Ot 8 (5 9%0) 4,25

AL B Ol 4 Allde e @
il (350 sl s as aseine 5l le 3b) pndSl b s 0S5 o) 0lSr slyls dlie @
B O
LSS G glo (ple 5 s S e Jold) domis YO 5l Allis laaomis sl @
(L51NeS) 1,0 s low alols s A4 amis il il o la Y o 5 Comily 5 Y/B b 5170 YUl ladomins 4ll> @
-E.Lub-uuw@‘ﬁug‘b)})ﬁyuﬂjgaémbJ.LLQJD‘JJ}.&‘SGajw‘dwﬁyjégdh&\;}sja)‘ub‘ (]
.;p5,13>f¢>,|>w,u)’,\ﬁ6&\1051}0;){,&4{5\4&@(&» .
55 6ol e SIS 5305 Lot g sde o;,ﬂj\jxﬁr;:(Hanging)ﬁj,J;ﬂdsuﬁwu‘ Sl ple @
Al sl ojled o5y ol gl 25 @
Qﬁjd)&))ﬁébu\;)bﬁ&3}3(/)&)}@Qwsbaﬁé)u&‘&)}pjbjMbwjusdmwjahéwcw [
(sl K0
. - F. . . Z. .. . K o . . 5 e
(3l op Gollae SO 5 )6 53) il Sl 5 () 0L 93 4 (o $YL) Sl el 5 5 () JSo s @
55 0Ll gy p 350 dilain bt Sy 5 JSE 5 3 @
ol sdalie 4,8 Cole 350 clealy 4o 1) oS Sl o
P 9 dsb bl sh w03l 6 5SS i b Olil (Ol pl s dibkate Ll e Cond e O30S gl p ST S @
s o oS 43l 5 adds cax )3 4 (Gl g 8 e 5 Usb) Lo g 5 AaLadls ot alde 5 Jled L o LS
.Uscﬁu,.\ik@ﬁ.\s;\j@du»\,@%;wlﬂs,upwbwbmg .
spdag Cllan gl CAS L5 Ky ppe a0
il S 0L 0 Jai S s 3wy J e g3 (2 aadST @
.(c;n;ﬁl{)u\}}&a:bc:éjJQQTWJSﬁ)'):JngjLA'ﬁ-\erP .
ol sdalie 4,8 Cole 350 clealy 4o 1) oS Sl o
https://econg.um.ac.ir Yoooled N7 oy93 NPT (oolaBl wlid


https://econg.um.ac.ir/
https://econg.um.ac.ir/page_15.html
https://econg.um.ac.ir/page_15.html
https://econg.um.ac.ir/page_15.html
https://econg.um.ac.ir/page_15.html
https://econg.um.ac.ir/page_15.html
https://econg.um.ac.ir/page_15.html

o Q‘:’a)lfa' Sl

Jow
553 25 WORD il 55 @
Portrait) » oo sl (63 508 amiwo j3 ol @
Db Sl gaidscar bl i @
Sy 53 5 4sb (Times New Roman i 5V L b) (eedSS1 0L 4 Jad Jot1s j3 4, 84 (5 = 5 4adS” @
Dsd ath g () del O o 4 geen Il 05 5 (g lisl
55 ool Sy 4 o 5l L O3 IS s 4 Jglr
A3l (63 gae lals 56 @
.b}i;sg))k;l.p‘dl.&.,\:..s|Lg;oj'&‘bbc(ij\g)d)v\?cyﬁlj‘)b .
b glard Cd b g S s sda 3 edd eslizal ST ol wle 5 o wolie (ol cbanSTC s @
ol odalie 4,8 Cole 5,5 claaly jo 1y S Sledbl @
Jge P
Beb e dpp s dile @
5,8 3503 5 YL e 6K (U g p 1B o sles @
&b
oo g5 Lo 5 o ns BB 503 g 5 40bOLL ¢ ke 48 (DS D g 0 oS Bl mbie Sl i 3 0l eslil s @
.:}.i.sa:l.&.:,.c\o})‘?cml:...«):Muﬂ;ﬁbcw}wps&léﬂbctﬁjl.u@\{
53 SN dipd g Sl L (0 03.2) i (5lgst mwlio coman 5 (20 0955 slaslanh) dlis e 53 e sl @
55 0l 8y S 0L & e DML ol il 0 o3lizal oy i 51 llin
o 45e) 0T Dol pls b ¢l 4y OT (5Lt S ook (51 68 (s l6 callin 3 o3lial 3550 e ST @
ol b (el Ol i a1 Gz g0 AN L 5 (18 S 0ty -5 L) e O g2 (O iy 50) i 5
el (1335 s mlie AN et e 5 51058 4B 8 ae 5 |
(520 050 mlie 5 (520 0905 Slaslawl 3) ish hdS (630 4 (nh sladle @
s e 53 dS aie a5 5d 03T e (slgml js (edd 573 sladised 3b) s 093 Slaskiwl den oS SleMbl @
3365 ria p oman 5355 ST dlie sl s il Lo 0T i8S Sledbl b oaT LT b5 5 Jgier 5 S5
AL ol bzl OT @ 50 e O3 53 L il oaT s sl
.g:.mlem\,;ng;aow&u;m\,d;ugmcuyjsaﬁ .
ol odalie 4,8 Cole 3,50 slealy j3 1) JolST Sledbl o
https://econg.um.ac.ir Yoooled N7 oy93 NPT (oolaBl wlid

\AE


https://econg.um.ac.ir/
https://econg.um.ac.ir/page_15.html
https://econg.um.ac.ir/page_15.html

o Q‘?a)lﬁ Sl

(0 0990 dlawl) Jiegyd £l
mﬂwjbcbwuj):tl;-Jl;,_m\r)chHexlaijﬂﬁlmqtd&)aw)Jme)bcuafuingsm

Bl 2535l se b Alie (e s Pyl iph ST S

(Sheikhi, 1995) 1usle 13,8 o )13 S8 s 5 dlo s ok 5 Salsile pl o todim 5SS L e gyl @

S5 i old S s 5l dm 53,8 o 51 3AN0 walS ot 5 53 (Sal gl pb o todi 5 g3 b e gl )l @
(Salavati and Fahim Guilani, 2014) :uSle .5 44

T o ;25 Lo I8 55 5l dmy s st AL QJt,;‘J,u.u_.wsj;lj;uCu;t.x,.{:a,x;_ﬂ;,;;tu:ﬁgw@aw J
(Ghourchi et al., 2014) :a5L

L 3,8 o Oy so Y sladigas 3L C@)\‘ﬁaﬁg,\@x{%}mgg,; {.:Al};u.f\ :@&,‘tﬁg@ﬂ .
Al bl 6T 03)5T 5 5 Lipd o o o 51U o5 a5 6,8 o 13 535 &S5 o e 48 Solis
(Bardossy and Aleva, 1990; Arehart, 1996; Habibzadeh et al., 2014) :usle .ol b 4 025

P 1l ol e 55 o) LSl (Glodimy 5 5 ko 4 s s & (o 5V 5 oy 325) dsder 5 JSb b 0 03 o6 0
OSar 5 s oS e L (639hn JL) (eSSl 4 25 i ol o 515 513 53 s 5 ()b 4 e ok 5
(Karimpour et al., 2012)

(o sles! @lv) (Stoyg p gl

3l (533 Jlw 5 (oSN 05 4 Lo lin S 53 0 oslical e @

oS Ol gt a3 5l 3590 LS DI L 5 O Ay 5 26 Ol g2 Syl ladllin a4 slaal g1 @
ol (5513355 0T (paimd dar 5 51 5 48 o3l e Syl (el tmiio by (oSl 008

N L L PET PPN P H PR RPN PN P

ol dn e e Sty S Slatniin 5 (SN O s s 0 (I p Tt S o 4y bzl (5l @

ob o 3355 573 31 ol Ol b eSSl 0 g2 5 (K53 08 iy 5 6l ()b 4 0 a5 il T szl 6l @
555 03,81 S 0L 4 0 tazr i prte LS SIS L ey 5 L (Translated by) &be 51w oo 2o
(el 18 5 ks o dam 5 1L QLS 30 5 155 oes Sl p5Y)

5 gn 03,37 OBty 55 L Ll U5 o bl y e @

e O e 5 L ol 03,57 sl «; Others , "et al.” Q,L;QJ),TJ'UJ,;:;SQI_?MJ;M(\; .

.:‘,,Lo:)}'\"’}.atf)‘,ba\{}eriqbufi»l})(...}ghfsq,id)CA»(U o

.3 5% 03Lazul IN PreSs i i Jlo slr s cbilodis Jizie jon oS sbadllie aslzul gl ;@

Jol 534S S5m0 53 (& 503 3b) Sl ol Il o jlacs 5 (ISSUR) s i o ylacs 03557 ety i p5 0l izia dllie (51,5 @

J;C‘ﬁm‘QJ.&;QTQL.»)H)@)WQ‘juﬂa@‘owc)l.&‘@‘f;ac)wA;ﬂdu.ﬁ

https://econg.um.ac.ir Yoooled N7 oy93 NPT (oolaBl wlid

Y\


https://econg.um.ac.ir/

o Q‘S)lf} Sl

in Persian ) & ke 55 b ¢ el 4 061 8 51 ey ks S 08 (115 5 ()b 0L 4 Jo) 53 S e @
gl asia gzl s (With English abstract

(in Persian) & ke =53 b ¢ eSSl 4 015 81 51 oy 0ciyI eSSl 0S5 s ()b 05 4 Jood 53 o8 mile @
g aiia gl s

g5 53385 y3TLDOD) ool (ol mte o 0Lk 55 DOI 03,57 ckiyls DOI 8 ot Jizia gladllin o1 @
https://doi.org/10.22067/econg.v12i3.80951 Jla

Wl 45 Sy g o b yslo |y (5 il domio 3T (LI DOI 5 Wl a5 § 5 ol glaculu j1 a8 abie plu s, @

wly Sl ol sl bl ol e 1 (B0 T 0Ll 55 503,57 min g i iz 5 L1 el ol das b s

sl ) IS

Retrieved September 26, 2018 from http//: ..........

Karimpour, M.H. and Malekzadeh Shafaroudi, A., 2013. Geochemistry of stream sediments, waters and
Uranium and Thorium anomalies on Nyshabour turquoise mine and its environmental impacts in the lives
of rural areas. Iranian Journal of Mineralogy and Crystallography, 21(1): 3-18. (in Persian with English
abstract) Retrieved April 22, 2021 from http://ijcm.ir/article-1-326-fa.html

Slkisd S5 g sad 55 0l d et i ;\}g-‘m.:}_&sﬁ_&)&ﬂjL;LAM;;.J.UJL»’LE.:.S:‘C;AC}JA{A;-}H{@JAQbWI o
) Al S Gb 5 s 55 K e S B el aiia Gl 3 35 el 55 g lss 5 BLSH sl 03,57

(oph g adigad 3 e 2 03,5515 5 b 5 ko (5,5 o3l sl !

Wigh il g3 Sladiges Gub (ol ST L) (S 03 2 Rl
el ok dlae) glize SlaSS) b wlin 3565 @M g el ¢z D3150LE

Journal Article) 4 i 38 60l siiin dlae
“}od ool

(L5 s Uu.aéL@b'\j;sil.)\:{\wo)La.._.iacmn‘)‘iJc)\.a_fac(-\.lq-)qj.ﬁdajj.\LQF(UgdL&»Q\};;L L(Q\fv\%};)bu\.&m{f

5 ) 3T DOI

Jol 53 85 G g 3l ol (ISSUE) 25 o jla 50555 0 leds ey i 5o Wllie o lgnl 5 ol ojless 05T cdlan 61 e 5

J;C‘N‘QFQTQb)“)a)MQ\jwc&w‘a%a‘)u|4ﬁj&ua)w4;4juﬁ

Ghourchi, N., Karimpour, M.H., Farmer, G.L. and Stern, S., . Geology, alteration, age dating and
petrogenesis of intrusive bodies in Halak Abad prospect area, NE Iran. Journal of Economic Geology, 6(1):
23-48. (in Persian with English abstract) https://doi.org/10.22067/ECONG.V611.23015

https://econg.um.ac.ir Yoooled VF oyes NPT (oolaBl wlid

Yi\Y


https://econg.um.ac.ir/
https://doi.org/10.22067/econg.v12i3.80951
http://ijcm.ir/article-1-326-fa.html
https://doi.org/10.22067/ECONG.V6I1.23015

o Q’Z’a)lf.i Sl

(Conference Article) ode ... § <Kiwian 0 555 (P g3 Joaw) suslodd 58 ol 51 Ao

L DOI (5,15 2 Jomo 5558 oL |5 2 Jon it ol el 5 1 Jomn e islon pb cdllin Ol i ¢ (Ot ) ok 58
SISO
Majidifar, M., Malekzadeh Shafaroudi, A. and Karimpour, M.H., . Geology, mineralization and

geochemistry of Koli prospect area, northeast of Ghaen, South Khorasan province. 5" Symposium of
Iranian Society of Economic Geology, Ferdowsi University of Mashhad, Mashhad, Iran. Retrieved
September 26, 2018 from
https://lwww.researchgate.net/publication/273575902_Geology_mineralization_and_geochemistry_of Ko
li_prospect_area_northeast_of Ghaen_South_Khorasan_province

(Book Section) abl Al v s g (S1510 pdu & 45 (Siab 41) 659 OHLDI (oS I ( ad)  asu

Side el g gl amas o ple i e AL (OLST Ol g Gl g (OUST (Jurd) e Ol g ¢ Q(O[fu\lwu_}})ou\lwu_}}
t_';:';}:'.".’-‘ w))TL:DOl c;.)\.“.f

Jsl O o sl Cad o 5323 55 oo 03Ul (EItOF) 51 (EDItOrs) (sl 4 casl axils Jool jlial 5 &K oS ) g0 53 ]

.@ljl:;;,f_f\:sysu“g;.sq&wj&\.u{\W%w).\ﬁ@j;uuruwwbuﬂ&;Cu
Lentz, D.R., . Exchange reactions in hydrothermally altered rocks: examples from biotite-bearing
assemblages. In: D.R. Lentz (Editor), Alteration and alteration processes associated with ore-forming
systems. Geological Association of Canada, Canada, pp. 69-99. https://doi.org/10.1007/3-540-27946-

6 128

(Book) wls
bmeo)LJ‘JﬁFcﬁU¢g\:§Qb&¢ ‘(Qlfv\*w—l}d)ﬁv\n—am—lf

sl ol 3 ggdhwyo)w ().U)Tcg:)\:f&‘ﬁ C.:.oj
Bardossy, G. and Aleva, G.J.J., . Lateritic bauxite. Elsevier, Amsterdam, 624 pp.

(Book Translated) wbs™ 4> ¢
MWJfo)LMZchJJzAchNchL‘SQ\};&G c(ubp)r},:u(glfwy)ewy
s ool S50 5 oo 4 656 5 by OS5 OB b ol 5 55 Jous 615 il 5

Mason, B. and Moore, K.B. (translated by Moore, F. and Sharafi, A.A.), . Principles of Geochemistry.
Shiraz University Press, Shiraz, 566 pp.

https://econg.um.ac.ir Yooked A7 )95 NPT coalaBl cwlide;

YiY


https://econg.um.ac.ir/
https://www.researchgate.net/publication/273575902_Geology_mineralization_and_geochemistry_of_Koli_prospect_area_northeast_of_Ghaen_South_Khorasan_province
https://www.researchgate.net/publication/273575902_Geology_mineralization_and_geochemistry_of_Koli_prospect_area_northeast_of_Ghaen_South_Khorasan_province
https://doi.org/10.1007/3-540-27946-6_128
https://doi.org/10.1007/3-540-27946-6_128

o Q’Z’a)lf.i Sl

(Thesis) bbb
bamio S0 5led 5538 g ol o8l b canbiobl 4o y5 casbOll Of s ¢ Cokins 5
354 o 03lizw PRD. 5IMLSC. (gl & (6 575 dlly (61 Nt

Sheikhi, R., . Study of economic geology of Shahrak fe deposit, east of Takab. M.Sc. Thesis, Shahid
Beheshti University, Tehran, Iran, 161 pp.

(Workshop) olke ol 315"
céj‘fﬂh)}_xrl}cdﬂjfﬁwwrULé)‘;jL}’;acoL?JKcULQ‘PG G(Qlfu\.v{)b?j’) e-ﬁf}‘}?ﬁ
@R‘JMJQTEDOI 3

Calvin, W.M., Kratt, C. and Faulds, J.E., . Infrared spectroscopy for drillhole lithology and mineralogy.

Thirtieth Workshop on Geothermal Reservoir Engineering, Stanford University, , United States

. Retrieved September 26, 2018 from
https://pangea.stanford.edu/ERE/pdf/IGAstandard/SGW/2005/calvin.pdf

(Map) 4ia
ol Olge ¢ c(g\f.k..wi}:) okiws ¢
sl SEG 3 An 1) OT Wil 5 g 5 Jome (2815 S50 53 1l 5

Karimpour, M.H., Ashouri, A. and Saadat, A., . Geological map of Taherabad, scale 1:100,000.
Geological Surver of Iran.

(Report) gyl
baasmio S o5led ¢ il 58 ojlad ¢ 25 Jows ¢ 50 e 318 Ol sie ¢ (O A 59) okin
Hirayama, K., Samimi, M., Zahedi, M. and Hushmandzadeh, A.M., . Geology of Tarom district western

part (Zanjan area, northwest Iran). Geological Survey of Iran, Tehran, Report 8, 40 pp.

(Internet Resources) 5 g aslbe

Gl{)l{@JU)‘MC""UTL_;"J:":‘,‘WJJJT‘UE‘{)55°3))TJJJ1§°M;J&L“J&:‘“G“tf“,“’.'jl{b@ﬂ‘c"‘ﬁ
Retrieved September 26, 2018 from https://......... WJle 39 sy sT

https://econg.um.ac.ir Yooked A7 )95 NPT coalaBl cwlide;

Y\F


https://econg.um.ac.ir/
https://pangea.stanford.edu/ERE/pdf/IGAstandard/SGW/2005/calvin.pdf

Qo HLi  BUS1 gl

ke ST s i b ablie 5 6,8t 056 ol 2l a0l T 515 ol (COPE) jLtl ys M Ml pm 4aS” 5o 4 25

4:.15)“5\;.“‘ °'L‘;'g5‘>"j]9 (COPE))L&L\ ‘5)&9-‘4:.:.‘5@}: a.l_&:ﬁ‘)‘ 6&3}“) LSL""}"LS"LA:';‘ wuu:.dj Aif:“" LBM"‘Jj;*‘"
duﬁdv\}-Mé%‘ﬁéh)b)ﬂb&&dﬁk}?ﬁw‘ﬁkMLMH:M;)&%‘J%‘%))J@)Lﬁb‘d‘j}‘.{

RGO I A
b g Ll

u\a-.:a\_gbjh\id}i.mﬁﬂu\.agﬁsﬁd_,}#)‘6@1—5QL.»L.&)K}Q‘)}‘)J?A&:w}m&)}b%‘f}b&.&jﬁﬁ)‘yuﬁ o
s o 2Ll el 5 Wl e D)ok (L

g 35 b g By OV g o 4S5 Ol el el 0

355 o il a8 el ol r ol (S ana 5 W5l b g e 4 T aS 0SS @

'bj“:“@LS)“‘&‘HJ;“@LC'W‘AiiHJb“M-’)Qyu‘ °

(oale S 5 Ealy(oS 0 g (58 5y Jols) O Ay 5 a0l @l 5 G50 DLl Ao 0 bgie s 50y 0
s g 03l Siuled T &) geots 5 4 S 15 Ll 1t Ve S gh 55 okl 4 s lie Ol gieas OT 51 ey 5 o

358 I e g 3550 Gy 3 U8 0T ilize gl 5 ol 55 G 055 dhwsas ode 3w

OB A 65
S 5y (AE AL e 0355 o ke (S0 S D g0 4 lie Jlf o8 3 OB iy 5 Lo 5 lis LIl 28 @
s Dl (61 g s 3y el e il (6,805 4 435 55 ekl | Jlis
38l a.sbt\q-)! 4 ph dji.mﬁﬂw\.ﬁi:‘ij{‘ @Juj‘jﬁ)r' Sods o6 O gl anaS” (onlgiiny L;ualf.\i;,;)\’;ul °
;3uoujug}ot?v\;ﬂiy'dﬁcéuoﬁw45,?,»,;}_;oa),wa)zotfwj@uju;—_.ﬁ\”ﬁ_x,ﬁw .

..5}.04
3 53 on il S o S DV oS g o ek e BT oozttt 51551 e

LI Ty Ol ol et G cllie bl Anl b eSS Sl 08 A 5

Olels
(L?U'\ (Uu.g)«il:.&&u Sy da OV (g 0ls Al 2 s i Cule)y s awn o dlas SleMbl 05 pdilb s 5 (golo50, @
5,8 o S5 sl 5 Ve Il e oSl 3 6355 o

35 ¢l de 3 ) g0 53 Waslgiiy 51 s o lie SIlol 4 by e slao s Sphplail S8y p el 53 Lbgosls sl 2 @

https://econg.um.ac.ir Yooked A7 )95 NPT ool cwlide;

Yo


https://econg.um.ac.ir/
https://publicationethics.org/members/journal-economic-geology
https://publicationethics.org/
https://publicationethics.org/

Qo HLi  BUS1 gl

yesbud s e acdllie Sndi L
ja.x;_wws4{Joﬁjagsuolf.\is‘_,ig):)é)jb‘gba(zjé;..ﬂé)zub_b.oufw&‘ﬁlisup}_.aé)zg\)jbduzwi °
D}&Aj‘)‘L@JT‘\JLJ:JJJ.w
r—:@-o\ﬁ:x‘ﬁﬁﬁﬁwgé)}b4.{9»4\.»‘){C%‘Q&Lfceu%%@yuﬁﬁjgduﬁ@uﬁvﬁ‘}cu‘_;o.lﬁ&:«éfw o
JS)%‘ASL&AJX‘;\{_EJ)J)}A)J‘)&L@

S plital (s e 5l S SVl (50 51 L Olysls @

Ol o
e OV ST CAST 5 axals dlie pa Jpd Lo, 53 el oLt (4 o S 5 s pide o ) J s Ol o dan @
@L@T odge p ol

STl g enls slgiiy (Ve CodS 05 VU ateas |y g las Bl b adan Ol s 0

258 Uil AL e gy Sl S ek 5 e dble (d g S 0

b Vs s, b B 6l S e b Slasl ae b 0s g Lo e 5 eddailyl Clas S cllin CuiS 5 Lol @

35 B @ Some s 05 L o aeas @

g Laim b ool 0t 315w 1 e 3550 )3 _samends 45 Sloj B Ot 55 5 Olysls o gp O3 gy uliBl @

AT odtisle bodsols SV b byl s 08t 3 blo5 b 31 oS s 5 SV Jilaws (510 o oy Okl g @
Sy

s g O B g bl Ve s, e

(COPE) 5 Gl a8 Joally gins (ol y 5 e s30 ol Oysls 5 OB diy 5 0ty o5 Siom (sLiael Ols pilis 5Ls @

55 Juab 5 J

SBT ode o g 4l
)y&d‘f‘dgw‘y}g}b}bcﬁﬁﬁwLQL&\JQ.»}'QD(COPE)ﬁé%‘ﬁ#bjo&u{‘ﬁm\}éw o

3l ail 63,8 a5 3 6 sls Al b 55 oS Slas Lol 658 5l Wiy 51 il § gn (s pon (o2 sl 3) sl Al o 53 e @
Cﬁwlqjlfé'(;iﬁ.hﬂkaifﬁ;}bﬁdwd)jb.bjj

C;.w‘Cbult};uéd.}‘ﬁ‘)‘baMwﬂ%duA)Jaw‘ﬂfﬁﬁ o

s plowil JolS 5 5bas 5 Sslo |y (ool 5 8 Al O hes 55 5 4 p d b sliaelaen o

wﬁl}éQmuq‘;&wQlfwygéj&uﬁgr:-jﬁglaféha:‘}43‘)‘[{'3‘5«19(;-;}.»'Jﬂ%b)d&ﬁ)}%bﬁé}&" °
“-LJLJ—"'JC—M‘:‘“““‘-@—"jp-:“-‘:-’"’5‘45-’;)‘}4%*;@,‘°‘:—‘\:~*’;€3J-’L€JT(L')-"-'_9-7"k;‘w(COPE)J—:"(JTM’"“;:“S

|

https://econg.um.ac.ir Yooked A7 )95 NPT ool cwlide;

Y\#


https://econg.um.ac.ir/
https://publicationethics.org/
https://publicationethics.org/
https://publicationethics.org/




Contents
|

Intermediate-sulfidation epithermal base metal mineralization in the Kourcheshmeh deposit
(SW Takestan): Constraints on geology, mineralization, and geochemistry ........................ 1
Sepideh Khanahmadlou, Hossein Kouhestani, Mir Ali Asghar Mokhtari, Nahid Rahmati

Important and influential factors in mineralization and grade changes of Manto-copper
deposits with a special look to Nasim, Mes e Sorkh and Zarmehr mines ....................ccccoeeiennn. 35

Ali Sheykhi, Mohammad Hassan Karimpour, Ali Asghar Sepahi, Behnam Rahimi

Petrogenesis of melanite-garnets in monzodiorites from SW of Jandaq (NW of Central-East
Iranian MiICrOCONTINENT) ... e e 61
Ahmad Jamshidzaei, Khadijeh Khalili, Ghodrat Torabi

The formation model for the Komsheche barite in Triassic carbonate deposits, NE Isfahan,
Central Iran: Insights from mineralogy, stable isotopes, and fluid inclusions ........................ 95

Nakisa Tayebi, Zahra Alaminia, Ali Bahrami

Geochemistry and Mineralogy of Maastrichtian Coals from the Anambra and Gongola Basins
of Nigeria: Implications for Coal Quality, Resource Potential, and Agglomeration
(O =T o Tod (=] ] [ 135

Ayoola Yusuf Jimoh, Mariam Bolaji, Jimoh Ajadi, Shakirat Mustapha Aminu, Mutiu Adelodun Akinpelu

Physicochemical Evolution of Hydrothermal Fluids in the Kuh-e-Esfand porphyry Copper
System, South of Jiroft, Kerman Province ............ccooiiiiiiiiiii e 163
Afsaneh Soltani, Alireza Zarasvandi, Nader Taghipour, Mohsen Rezaei, Adel Saki, Morteza Sajjadiyan,

Ghazal Zarasvandi






Journal of Economic Geology as Quaterly in the field of
economic geology and related sciences is published in
Persian with English abstract.

Aims
e The publication of Scientific- Research papers;
e Development of research and promotion of
knowledge geological and geochemical exploration;
e Dissemination of latest scientific achievements of
universities and academic institutions.

e Economic Geology

e Geochemical Exploration

e Geophysical Exploration

e Remote Sensing and Mineral Exploration
e Environmental Geology

e Petrology

e Mining Engineering Sciences

4 )

Indexing and Abstracting
aé DIRECTORY OF ~
Scopus GeoRef DOA s ULRICHSWES Google

% EBSCOhost s hsk, SID%ES: Mmagiran

\_ J
Ot



https://dx.doi.org/10.22067/ECONG.2021.51673.84923
https://creativecommons.org/licenses/by/4.0/
https://www.scopus.com/sourceid/21100890620
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.22067%2FECONG&btnG=
https://ulrich1.giga-lib.com/title/1641883764655/786989
https://doaj.org/toc/2008-7306?source=%7B%22query%22%3A%7B%22bool%22%3A%7B%22must%22%3A%5B%7B%22terms%22%3A%7B%22index.issn.exact%22%3A%5B%222008-7306%22%5D%7D%7D%5D%7D%7D%2C%22size%22%3A100%2C%22sort%22%3A%5B%7B%22created_date%22%3A%7B%22order%22%3A%22desc%22%7D%7D%5D%2C%22_source%22%3A%7B%7D%2C%22track_total_hits%22%3Atrue%7D
https://www.americangeosciences.org/information/georef/open-access-journals#internet
https://www.magiran.com/magazine/5921
https://www.sid.ir/fa/journal/JournalList.aspx?ID=4419
https://ecc.isc.ac/showJournal/21983
https://www.ebsco.com/m/ee/Marketing/titleLists/awr-coverage.htm

Journal of Economic Geology

Journal Information
Print ISSN: 2008-7306
Online ISSN: 2423-5865
Publication: Quarterly

Publication authorization
(Ministry of Culture and Islamic
Guidance)

No. 21124, 23 November 2009

Scientific- Research grade

(Ministry of Science, Research and
Technology)

No. 4143, 31 July 2010

Contact Us

Mailing Address: Ferdowsi University of
Mashhad (FUM) campus, Azadi Sq.,
Mashhad, Khorasan Razavi, Iran

P.O. Box: 9177948973

Email: econg@um.ac.ir
Website: https://econg.um.ac.ir
Phone: +98 (51) 38804050
Fax: +98(51) 38807352

Publisher
Ferdowsi University of Mashhad

Director-in-Charge

Editor-in-Chief

Mohammad Hassan Karimpour

Professor, Ferdowsi University of Mashhad
karimpur@um.ac.ir

Editorial Board

Dr. Mohammad Hassan Karimpour
(Prof., Ferdowsi University of Mashhad)

Dr. Charles R. Estern

(Prof., University of Colorado, U.S.A.)

Dr. Mohammad Hossein Adabi

(Prof., Shahid Beheshti University)

Dr. Ebrahim Rastad

(Associate Prof., Tarbiat Modares University)
Dr. Gholam Reza Lashkaripour

(Prof., Ferdowsi University of Mashhad)

Dr. Abbas Moradian

(Associate Prof., Shahid Bahonar University)
Dr. Seyed Reza Moussavi Harami

(Prof., Ferdowsi University of Mashhad)

Dr. Seyed Ahmad Mazaheri

(Prof., Ferdowsi University of Mashhad)

Dr. Majid Ghaderi

(Prof., Tarbiat Modares University)

Dr. Farhad Bouzari

(Research Associate, The University of British
Columbia)

Dr. Amir Morteza Azim Zadeh

(Senior Researcher, Lulea University of
Technology)

Executive Director
Sara Habibi (Ferdowsi University of Mashhad)

Consultant
Dr. Azadeh Malekzadeh Shafaroudi (Ferdowsi
University of Mashhad)

Persian Editor
Sara Habibi (Ferdowsi University of Mashhad)

Page Designer
Sara Habibi (Ferdowsi University of Mashhad)


https://www.um.ac.ir/
https://econg.um.ac.ir/journal/editorial.board?lang=en#edb270
https://econg.um.ac.ir/journal/editorial.board?lang=en#edb270
mailto:karimpur@um.ac.ir
https://econg.um.ac.ir/journal/editorial.board?lang=en#edb270
https://karimpur.profcms.um.ac.ir/
https://www.colorado.edu/geologicalsciences/charles-stern
https://earth.sbu.ac.ir/~m-adabi
https://lashkaripour.profcms.um.ac.ir/
https://geo.uk.ac.ir/~moradian
https://moussavi.profcms.um.ac.ir/
https://mazaheri.profcms.um.ac.ir/
https://www.modares.ac.ir/pro/academic_staff/mghaderi
https://www.eoas.ubc.ca/people/farhadbouzari
http://www.ltu.se/staff/a/amiazi-1.202945?l=en
https://econg.um.ac.ir/journal/editorial.board?lang=en#edb270
https://portal.issn.org/resource/ISSN/2008-7306
https://portal.issn.org/resource/ISSN/2423-5865
https://econg.um.ac.ir/journal/contact.us?lang=en
mailto:econg@um.ac.ir
https://econg.um.ac.ir/

ISSN (P): 2008-7306
ISSN (E): 2423-5865

JOURNAL OF
ECONOMIC GEOLOGY

Vol. 16, No. 2, 2024, Serial No. 41

CONTENTS

Intermediate-sulfidation epithermal base metal mineralization in the Kourcheshmeh deposit (SW Takestan):

Constraints on geology, mineralization, and geochemistry
Sepideh Khanahmadlou, Hossein Kouhestani, Mir Ali Asghar Mokhtari, Nahid Rahmati

Important and influential factors in mineralization and grade changes of Manto-copper deposits with a special look
to Nasim, Mes e Sorkh and Zarmehr mines 35
Ali Sheykhi, Mohammad Hassan Karimpour, Ali Asghar Sepahi, Behnam Rahimi

Petrogenesis of melanite-garnets in monzodiorites from SW of Jandaq (NW of Central-East Iranian
Microcontinent) 61
Ahmad Jamshidzaei, Khadijeh Khalili, Ghodrat Torabi

The formation model for the Komsheche barite in Triassic carbonate deposits, NE Isfahan, Central Iran: Insights
from mineralogy, stable isotopes, and fluid inclusions 95
Nakisa Tayebi, Zahra Alaminia, Ali Bahrami

Geochemistry and Mineralogy of Maastrichtian Coals from the Anambra and Gongola Basins of Nigeria:
Implications for Coal Quality, Resource Potential, and Agglomeration Characteristics 135
Ayoola Yusuf Jimoh, Mariam Bolaji, Jimoh Ajadi, Shakirat Mustapha Aminu, Mutiu Adelodun Akinpelu

Physicochemical Evolution of Hydrothermal Fluids in the Kuh-e-Esfand porphyry Copper System, South of Jiroft,
Kerman Province 163
Afsaneh Soltani, Alireza Zarasvandi, Nader Taghipour, Mohsen Rezaei, Adel Saki, Morteza Sajjadiyan, Ghazal Zarasvandi




	Cover (Front)-  Vol. 16, No. 2 , 2024
	Cover (Front)-  Vol

	01- Inside, Indexing, Editor's Note, Contents
	1-1087-Kouhestani
	2-1105-Karimpour
	3- 1091-Khalili
	4-1111- Alaminia
	5-1109-Jimoh
	5-1-صفحه خالی
	6-1108-Zarasvandi
	03- Guide, publication ethics, content, outside
	Cover-(Back)-Vol. 16, No. 2 , 2024
	Cover-(Back)-Vol. 16, No. 2 , 2024


