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EXTENDED ABSTRACT

Introduction

Porphyry and epithermal deposits are the main
sources of precious (Au, Ag) and base metals (Cu,
Pb, Zn) in the world. Among these, epithermal
deposits provide about 6% of gold and 16% of silver
of the world, and are also the main source for base
metals in the world (Simmons et al., 2005; Dilles and
John, 2021). Many of the important epithermal
deposits are of Tertiary age and are concentrated on
the Pacific rim and in the Mediterranean and
Carpathian regions of Europe. Older deposits are
scattered in the Tethys metallogenic belt and others
in volcanic arcs of various ages, with a few of
Archean age also found (White and Hedenquist,
1990; Cooke and Simmons, 2000; John, 2001;
Sillitoe and Hedenquist, 2005; Simmons et al.,
2005).

Iran, as a part of the Alpine-Himalayan orogenic belt,
hosts numerous epithermal deposits. These deposits
are mostly reported from the Urumieh-Dokhtar
magmatic arc, Ahar-Arasbaran zone, Miyaneh-
Bostan Abad metallogenic belt, Tarom-Hashtjin
metallogenic  belt, Torud-Chahshirin ore belt,
Binaloud subzone, Torbat-e Heydariyeh-Taknar
zone, Central Iran zone, Lut block, and the Bazman-
Taftan volcanic arc (Yasami et al.,, 2025 and
references therein). The Agjeh Qaleh Pb-Zn-Cu
deposit, discovered ~55 km north of Zanjan in the
Tarom-Hashtjin  metallogenic  belt.  Although
exploration activities have been carried out on the
quartz-sulfide veins in the area, the genesis of the
deposit remains poorly understood. This study
presents geological, mineralogical, alteration, and
geochemical characteristics of the Agjeh Qaleh Pb-
Zn-Cu deposit to constrain its ore genesis and
mineralization type. The outcomes are planned to
help regional exploration programs within the
Tarom-Hashtjin metallogenic belt and other parts in
northwest Iran.

Materials and methods

This research includes fieldwork and laboratory
analyses. The geological map of the Agjeh Qaleh
area, at a 1:5,000 scale, was prepared during the
fieldwork. Additionally, fifty samples from quartz-
sulfide mineralized veins, host rocks, and intrusive
bodies were collected. Then, thirteen thin and
seventeen polished-thin blocks were prepared and

studied under transmitted and reflected polarized
light microscopes at the mineralogy laboratory of the
University of Zanjan, Zanjan, Iran. Moreover,
thirteen samples from ore samples and host rocks
were analyzed for rare, REE, and base metal contents
using ICP-MS technique at Zarazma Analytical
Laboratory in Tehran.

Results and Discussion

The rock units exposed in the Agjeh Qaleh area
include Eocene volcanic (olivine basalt, andesitic
basalt, andesite, rhyodacite) and volcaniclastic
(intermediate to acidic crystal to lithic crystal tuff,
basic lithic crystal to crystal lithic tuff) sequence, and
late Eocene gabbro to pyroxene quartz monzonite
porphyry intrusion. Mineralization at Agjeh Qaleh
occurred as five quartz-sulfide ore veins hosted by
Eocene strata, and is covered by 1 to 5-meter halos
of intermediate argillic alteration. The veins strike
N10-20E and dip 70-85° NW and range from 30 to
150 meters in dimension, with widths varying from
0.5 to 2 meters. Hydrothermal alterations comprise
silicification, carbonate, intermediate argillic, and
propylitic alteration; the first three are closely related
to the mineralized veins. Ore minerals consist of
pyrite, chalcopyrite, galena, and Fe-poor sphalerite.
Gangue minerals are quartz, calcite, and chlorite.
Cerussite, smithsonite, goethite, malachite, and
covellite are supergene minerals. The ores display
different textures and structures, such as
disseminated, veinlets, brecciated, crustiform,
colloform, cockade, plumose, and vug infillings.
Mineralization can be separated into five stages.
Stage-1 is characterized by the silicification (fine-
grained quartz) of host rocks comprising minor
anhedral fine-grained disseminated pyrite. Stage-2 is
categorized by quartz-pyrite-chalcopyrite as vein-
veinlets and hydrothermal breccia cement. Stage-3 is
represented by quartz-galena-Fe poor sphalerite
vein-veinlets and breccia cement. Stage-4 includes
post-mineralization barren quartz-calcite vein-
veinlets. Stage-5 corresponds to  supergene
processes.

Geochemical data of mineralized samples disclose
moderate positive correlation between Pb and Zn,
weak negative correlation between Pb, Zn, and Cu,
as well as moderate positive correlation between Pb
and Ag, and strong positive correlation between Ag
and As. Chondrite—normalized trace elements and
REE patterns of ore samples, and fresh and unaltered
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intermediate crystal tuffs, basaltic lavas, and
pyroxene quartz monzonite porphyry intrusion,
indicate that they are probably involved in
mineralization. Characteristics of the Agjeh Qaleh
Pb-Zn-Cu deposit are comparable with the
intermediate-sulfidation style of epithermal deposits.
The close spatial association between late Eocene

granitoid intrusions and epithermal mineralization in
the Tarom-Hashtjin metallogenic belt proposes the
role of late Eocene magmatic-hydrothermal activities
in providing metals and ore-forming hydrothermal
fluids for this type of mineralization in NW Iran,
which should be considered in exploration programs.
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Fig. 2. Field photographs of rock units in the Agjeh Qaleh deposit. A: A general view of the rock unit sequence in the
Agjeh Qaleh area, looking north-northwest. The location of the ore vein 1 (QV1) is shown by the blue line, B: A view of
rock units in the southern part of the Agjeh Qaleh area, looking south. In the foreground, trenches dug on the ore vein 1
within the E®" unit are visible, and C: A view of the rock unit sequence in the western part of the Agjeh Qaleh village,
looking to the east
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Fig. 3. Photomicrographs (transmitted crossed-polarized light, XPL) of mineralogy and texture of the rock units in the Agjeh
Qaleh deposit. A: Plagioclase phenocrysts along with chloritized and opacitized hornblende in a fine-grained matrix of andesitic
lavas (Unit E?"), B: Alkali feldspar and plagioclase phenocrysts in a quartz-feldspathic fine-grained matrix of rhyodacitic lavas
(Unit EY), C: Rock fragments along with broken quartz crystals in a fine-grained matrix in lithic crystal tuffs (Unit E*?), D:
Glomeroporphyric texture in olivine basalt lavas (Unit E®), E: Small tabular and prismatic crystals replaced by calcite, along
with rock fragments and vugs filled by calcite in the very fine-grained, dark-colored matrix of lithic crystal tuffs (Unit ES),
and F: Clinopyroxene phenocrysts along with plagioclase in a fine-grained matrix of basaltic lavas (Unit E®?). Abbreviations
after Whitney and Evans (2010) (Afs: alkali feldspar, Cal: calcite, Cpx: clinopyroxene, Hbl: hornblende, L: rock fragment, Ol:
olivine, PI: plagioclase, Qz: quartz).
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Fig. 4. Photomicrographs (transmitted crossed-polarized light, XPL) of mineralogy and texture of the rock units in the Agjeh
Qaleh deposit. A: Plagioclase phenocrysts along with a rock fragment in a fine-grained matrix in tuff layers (Unit E?), B and
C: Porphyritic texture consisting of plagioclase and clinopyroxene phenocrysts in a matrix of quartz and argillized alkali
feldspars with a microgranular texture in pyroxene quartz monzonite porphyry, and D: Porphyritic texture consisting of
plagioclase and clinopyroxene phenocrysts in a microgranular matrix of gabbros. Abbreviations after Whitney and Evans (2010)
(Afs: alkali feldspar, Cpx: clinopyroxene, L: rock fragment, PI: plagioclase, Qz: quartz).
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Fig. 5. Field and hand specimen photographs of quartz-sulfide ore veins and their structure and texture in the Agjeh Qaleh
deposit. A: View of ore vein 1 (QV1) hosted by E5" unit, and the exploration trench dug over it, looking southwest. Note the
intermediate argillic alteration halo around the vein, B and C: Views of quartz-sulfide ore vein 2 (QV2) cutting its host E* and
EP units. Both views are looking northeast, D: View of ore vein 3 (QV3) and its surrounding intermediate argillic alteration
halo, looking to the northeast, E: View of quartz-sulfide ore vein 4 (QV4) that cuts its host E® and E? units, looking to the
northeast. Intermediate argillic alteration is evident around the vein, F: View of ore vein 5 (QV5) that cuts unit E*®, looking
northeast, G and H: Close views of hydrothermal breccia with quartz-sulfide cement. Abbreviations after Whitney and Evans
(2010) (B.C.: breccia clasts, Qz: quartz).
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Fig. 6. Photomicrographs (transmitted crossed-polarized light, XPL) of hydrothermal alteration types in the Agjeh Qaleh
deposit. A and B: Quartz vein-veinlets (A) and hydrothermal breccia cement (B) in silicification, C: Calcite within ore-bearing
quartz-carbonate parts in type 1 carbonate alteration, D: Calcite veinlet in type 2 carbonate alteration, E: Sericite along with
quartz in intermediate argillic alteration, and F: Alteration of plagioclase and pyroxene to calcite and chlorite in propylitic
alteration. Abbreviations after Whitney and Evans (2010) (Cal: calcite, Chl: chlorite, Gn: galena, Qz: quartz, Ser: sericite, Vug:
open space).

DOI: 10.22067/econg.2026.1172 Y osle A 653 V8 (golamsl oalis e

\A?


https://doi.org/10.22067/econg.2026.1172

e (Ol 3 Jlad) anlanee T s =655 s Sl ol n 5 (2154087 ¢l e

ASar 5 o s

S ¢B s A Jf_.z)c,_w\u_&cbé&uu\_(
b S Ol 55 (K glatalss &)y 4 0T I ola idu
bE-4 JS8) Col odalin B o154 o s al 1o (sla b
Lsug;%jmafuAf,)}_.,z}pp_.ﬂwf&\;alf.(G
b Sl & o Jial 5 JE Ghyls ks Ola b o S
) el 8 Jol o aS 558 0 jetete e Sl YO
S, 5 &, hngsg 5 (DB A S8 e 5 ok
E- JS2) wlows olad 515415 p5lgr dl o (el = 55,1587
Jol e (S glaanss gl dl o ) obo S sla 5, .G
(,Lﬁu,f.(euE—«JS_.mM&UA;t:(,;,J,\
4.},uﬁLs:!j«;\f;l@(«;\fg,af)ﬁipbf&&\;us
o)l b e anlbamT LS 5 ol 8 glacdleb o 5T
aia glS 5 5SS GaanS 5 5 8 s LAl e
4 S Wles S abad 15 15418 S Jol e I oS5 55 o
oS YV game d o oyl saanS -8, calie 5 (HGG L E
odalive al o ol b (Gedd s SIS el i Sl Ve
0353305 1 Sl p s by pe G4 ooty dl e 555 o
5SSV (3 S (g el Ly S S OT b s
el 5 bl ¢ Jl glads oS glacil b oy S
03 4T LS 55 b 5T las Sy dloa s |5

NG PREPN PR PR R LS

EL RS RC TN
V Jsr 53 anlBansT )Ll (glad goi plon i (slot 25 s

ol 0l ab‘))T

S R
Y U 3 anlBameT HLilS 3 5laals jobe Siwen ol b

Sl 0 abjjT

aslBameT HLuils j3 abl s S5 s IS 5 CdS (5,158
G b,k Oysee 4 S Sl Lol bl S5 5518 s
i B 05, Yoo 51 2eS slal) s SIS b S o yn b
233 5b oo odud L34S 6&45) o lesg by (e sl
}6|4u6uapé\,t>¢|u;,l;‘&;w};:ﬁdpu.a
(i god 31 S 53 (AN JS8) din o cldb oS,
Ol wsle ;5 olS IS (gl gy ¢ SIS slacil ba S
Sl hyls Ypene S S L(E L B-A ) dias
3D C-p o) cl atilr 5 s (gldb oS, c(glanS
a.&aﬂbg\g@&;m.cﬁijlfc&}{.a}ﬁ:ncbuﬁp.(lz
s o (F-A JS2) Sl g sl 3L gyl Lo 5 o
dpuﬁﬁ(ob&m GO sll) 55 slaysh &g a0 b

(E-¢ Jg"‘)'\")*;gs‘ a-\._r'.ﬁ&)g.wjjg.:ndeLv

b Bhh Iy 5 214 S0
)@Mséh&ﬂw)ﬁcﬁlyéhwjﬁg@j\f
.b{‘))wb‘jj&)ﬁ_wjﬁ:&L;ths_.w‘)ﬂcdjua-tguaﬁb
O g b 150187 gl o o SST5 J6 o o ey
JSC8) 358 e padeie Ol seKiw sk y slaj,ls8)
ook 1> CBL L I JSCi 05 o) Sl sk S s it
Q\}&mw‘%ﬁw‘sﬂdﬁa%z&aﬁ&wdﬁjb
Jlp o g i 9038 Jos o158 i ol o Slwais
UEJC v A-4 Jgj)@‘°“6&jjch-;g§)bgl§6v\~
db;&uuﬁl_}i}h*ﬁg)—g)dﬁuLﬁ\jd\f(a):‘\bje.(H
o SIS 5 (o3 ¥ G1513) oy (S5l (ks Olos U
ol e Blw ¥ G Cule b LAy Ve LD Iyl 2)
6‘)‘33")}{)}1‘.‘;—;‘)3U‘k——“}:‘“ﬁr’|41’]‘&{.‘6"“‘:1]:‘,
‘53‘1)4.:[{ J}\ 41>J.A 4@‘)6&(}3 41>JA L Q‘j‘j‘? Lgl.lﬁa}é’
ryib—fbj.ﬁ?}(CjB—q Jg_l)aé;k;&j:)&b

DOI: 10.22067/econg.2026.1172

VAV

\ e)Lq.i: ALYSTE NF 0 (gslassl wuwﬁ)


https://doi.org/10.22067/econg.2026.1172

e (Ol 3 JUed) anlBameT s =595~ o JLlS o a9 (21546157 il Aer 5 o s

Sy S g5 5 Sl sk A adBaneT JLulS 53 6KilS Sl it S8 (5l 5 5) (55 s S (sla 5 Y D
bsen (€ el odaliie b6 55 JE 5 &y sSIST (sl pon oS SIS 095 15 S8 b Ll S bt Sy slad bl B oS 4l
b SIS ity on G 5 F eoilejly il S5 5 Sy S Sy o SIS Sl S5 1B (B 5 0 stbpen D iy o SIS 5 2
st I Gl Fail ey SIS (glanS ) il H el stalive b6 55 o Jlinl 5 JE 3 oy SIS sladlssl .oy Jlawl 5 JE
S S 3L 5 slenS ) il b JE K e p8 oo o3 55 i il 4 S il Sl B3 1y Jlinl 5 JE (i yon ) (subilejly 3L JSCes
Cer (o SIS :Cp) ol e wLasl (Whitney and Evans, 2010) 5ilsl 5 oz s 5l b SIS (o Lzt e a5 el 4 g Yl

(& Il 18P (s 55 aanl SM 55,18 :QZ oy PY (JE BN 5 S OV s

Fig. 7. Photomicrographs (reflected light) of the ore mineralogy and texture in the Agjeh Qaleh deposit. A: Anhedral fine-
grained disseminated pyrite crystals, B: Subhedral to euhedral pyrite inclusions within chalcopyrite. Intergrowth of
chalcopyrite and galena is also observed, C: Intergrowth of pyrite and chalcopyrite, D: Intergrowth of pyrite and galena,
E: Alteration of chalcopyrite to covellite and formation of residual texture, F and G: Intergrowth of chalcopyrite with
galena and sphalerite. Chalcopyrite inclusions within galena and sphalerite are also observed, H: Veinlet texture of
chalcopyrite, I: Alteration of galena to cerussite and formation of residual texture, J: Intergrowth of galena and sphalerite.
Alteration of sphalerite to smithsonite is also observed, K: Veinlet texture of galena, and L: Alteration of sphalerite to
smithsonite. Abbreviations after Whitney and Evans (2010) (Ccp: chalcopyrite, Cer: cerussite, Cv: covellite, Gn: galena,
Py: pyrite, Qz: quartz, Sm: smithsonite, Sp: sphalerite).
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Fig. 8. Photomicrographs (transmitted crossed-polarized light, XPL) of gangue minerals and textures in the Agjeh Qaleh
deposit. A: Quartz with vug infill texture, B: Cockade texture of quartz, C: Crustiform texture of quartz, D: Colloform
and plumose textures of quartz, E: Coarse-grained quartz crystals with plumose texture, and F: Chlorite with spherulitic
texture within vugs. Abbreviations after Whitney and Evans (2010) (Cal: calcite, Chl: chlorite, Gn: galena, Qz: quartz,

\ug: open space).
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Fig. 9. Hand specimen photographs of mineralization stages in the Agjeh Qaleh deposit. A and B: Stage 1 mineralization
as silicification of the host rock crosscut by stage 2 veinlets (yellow arrows). In both photos, stage 2 veinlets are, in turn,
cut by stage 3 veinlets (red arrows), C: Stage 1 breccia clasts (dark parts) in quartz-sulfide cement of stage 2
mineralization. Fine-grained pyrite crystals are visible in stage 1 clasts, D: Stage 2 mineralization that cut by stage 3
mineralization. Stage 1 breccia clasts (blue arrows) are visible in quartz-sulfide cement of the stage 2 mineralization, E—
G: Clasts of stages 1 and 2 mineralization in quartz-sulfide cement of stage 3 mineralization. In E and G photos, quartz-
calcite veinlets of stage 4 mineralization (blue arrows) cutting the stage 3 mineralization, are also visible, and H: Quartz-
calcite veinlets of stage 4 mineralization that cut the stage 3 mineralization. Abbreviations after Whitney and Evans (2010)
(Ccp: chalcopyrite, Gn: galena, Py: pyrite).
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Table 1. ICP-MS (ppm) data of ore and host rock samples from the Agjeh Qaleh deposit

Ag As Ba Cd Ce Cs Cu Dy Er Eu Gd Hf K
D.L. 0.1 0.5 1 01 05 05 1 0.1 0.1 0.1 0.05 0.5 100
AQ-2 <0.1 185 686 0.3 42 3 70 3.7 24 111 3.5 0.9 31734
AQ-3 04 376 123 0.4 41 1 5 4.3 26 0098 3.8 1.7 3100
AQ-4 <01 327 4824 03 194 23 1487 4.8 1.2 0.1 3.3 1.6 9395
AQ-31 161 378 216 7.1 9 3.2 11829 1.4 1 0.3 1.3 <0.5 4776
AQ-32 159 265 134 2.7 9 25 6112 1.4 1 0.3 1.3 <0.5 3734

AQ-33 113 183 87 1005 19 55 7597 3.6 2.2 11 3.1 <0.5 7860
AQ-34 68.6 >100 369 18 21 3.3 3280 2.9 1.8 0.8 2.5 <0.5 4696

AQ-35 114 192 114 1291 20 112 331 3 1.8 0. 2.5 <0.5 13640
AQ-36 124 274 77 772 15 3.2 944 2 1.3 0.5 1.8 <0.5 3409
AQ-37 6.4 163 207 222 5 3.3 430 1.5 1 0.3 1.3 <0.5 7840
AQ-38 25 251 132 2.2 15 3.8 6535 1.8 15 0.3 1.4 1.4 10561
AQ-39 138 398 162 116 8 3.5 263 1.3 05 <0.1 14 <0.5 6180
AQ-40 259 >100 58 7.9 15 3.7 5823 2.2 0.8 0.2 2 <0.5 5904
La Lu Mo Nb Nd Ni P Pb Pr Rb S Sh Sm
D.L. 1 0.1 0.5 1 0.5 1 10 1 0.05 1 50 0.5 0.1
AQ-2 25 0.3 1.4 134 16.6 7 1467 106 7.2 111 149 3.7 3.2
AQ-3 26 0.3 1.1 121 171 10 940 39 6.9 18 205 10.8 3.3
AQ-4 149 0.2 0.9 22 <05 6.6 1003 28.1 <0.05 28.1 231.9 2 <0.1
AQ-31 5 0.1 2.8 2.3 1 8 277 10993 3.3 35 5431 13.8 0.2
AQ-32 5 0.1 4 2.2 0.6 13 216 15162 3.3 33 2593 10.5 0.1
AQ-33 11 0.3 1.6 3.3 8.4 3 317 20816 4.9 57 10608 17.7 2
AQ-34 13 02 121 2.1 6.4 7 97 >30000 4.5 33 6399 23.3 15
AQ-35 10 0.2 <05 34 5.4 <1 353 >30000 4.1 77 >30000 35.8 14
AQ-36 6 0.1 236 2.1 1.8 1 115 >30000 3.5 32 4051 12 0.6
AQ-37 2 0.1 6.1 25 <05 2 195 8393 2.9 42 832 31.2 <0.1
AQ-38 5 0.2 513 6.7 <05 4 291 10453 3.2 47 1176 39.4 0.2
AQ-39 3 <0.1 0.9 <1 6.8 4 201  >30000 1.3 36 5244 44.2 1.3
AQ-40 8 0.1 4.9 <1 9.5 7 341 >30000 1.9 41 2849 89.5 1.9
Sr Ta Tb Te Th Ti Tl m ] Y Yhb Zn Zr
D.L. 1 0.1 0.1 0.5 0.1 10 0.1 0.1 0.1 0.5 0.05 1 5
AQ-2 4064 <01 07 <05 9.1 4347 04 0.4 2 17.7 1.6 314 35

AQ-3 3077 01 08 <05 6.6 5387 <01 0.4 1.7 197 1.8 181 62
AQ-4 5408 0.7 03 <05 08 8172 0.2 0.2 05 186 19 179

AQ-31 308 <01 03 <05 22 1236 0.3 0.2 0.8 5 0.3 21933 8
AQ-32 196 <01 03 <05 2 1043 03 0.2 0.8 4.6 0.2 5976 8
AQ-33 246 <01 07 <05 23 1592 06 0.3 06 171 13 >30000 12
AQ-34 3081 <01 05 <05 2 283 0.3 0.3 0.6 147 0.8 >30000 6

AQ-35 412 <01 05 <05 22 2107 1 0.3 0.2 143 1 >30000 18
AQ-36 1222 <01 04 <05 19 477 0.3 0.2 0.6 7.3 0.5 >30000 5
AQ-37 294 <01 03 <05 2 1471 03 0.2 1 5.3 0.3 >30000 8

AQ-38 308 <01 03 <05 36 4492 03 0.3 2.1 7.1 0.91 2793 73
AQ-39 1082 <01 0.2 <05 12 1347 04 <0.1 0.4 3.2 0.33 >30000 <5
AQ-40 1703 <01 03 <05 1.7 2140 05 0.1 1.2 6.9 0.6 8425 10

D.L: detection limits; AQ-2: Pyroxene quartz monzonite porphyry body, AQ-3: intermediate crystal tuff, AQ-4: basaltic
lava, AQ-31 and AQ-32: stage 2 quartz-chalcopyrite-pyrite veins, AQ-33, AQ-34, AQ-35, AQ-36, AQ-39, and AQ-40:
stage 3 quartz-galena-sphalerite veins, AQ-37: supergene ore, AQ-38: stage 1 silicified tuff
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Table 2. Elemental correlation coefficient (calculated based on Table 1) for ore samples at the Agjeh Qaleh deposit

Ag As Cd Cu Pb S Sb Zn
Ag 1
As 0.7 1
Cd -0.04 -0.3 1.0
Cu 0.2 0.2 -0.1 1
Pb 0.6 0.4 0.5 -0.01 1
S 0.4 -0.03 0.7 0.5 0.5 1
Sb 0.2 0.8 -0.1 0.1 0.5 -0.02 1
Zn 0.4 -0.2 0.6 -0.1 0.6 0.7 0.02 1
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Fig. 11. Chondrite-normalized rare element diagram for ore samples, pyroxene quartz monzonite porphyry, intermediate
crystal tuffs, and basaltic lavas in the Agjeh Qaleh deposit, and B: Chondrite-normalized rare earth element diagram for
ore samples, pyroxene quartz monzonite porphyry, intermediate crystal tuffs, and basaltic lavas in the Agjeh Qaleh
deposit. In both diagrams, normalization data are from McDonough and Sun (1995).
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ore samples in the Agjeh Qaleh deposit normalized against pyroxene quartz monzonite porphyry sample (AQ-2, Table

1).
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Fig. 13. A: Loss and gain histogram of rare elements of ore samples in the Agjeh Qaleh deposit normalized against
intermediate crystal tuff sample (AQ-3, Table 1), and B: Loss and gain histogram of rare earth elements of ore samples
in the Agjeh Qaleh deposit normalized against intermediate crystal tuff sample (AQ-3, Table 1).
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Fig. 14. A: Loss and gain histogram of rare elements of ore samples in the Agjeh Qaleh deposit normalized against basaltic
lava sample (AQ-4, Table 1), and B: Loss and gain histogram of rare earth elements of ore samples in the Agjeh Qaleh
deposit normalized against basaltic lava sample (AQ-4, Table 1).
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Table 3. Comparison of main characteristics of the Agjeh Qaleh deposit with different types of epithermal deposits

Agjeh Qaleh

Epithermal deposits

S Intermediate- . o
Low-sulfidation High-sulfidation

sulfidation

Volcanic-volcaniclastic
Host rock )
units

Basalt-rhyolite Andesite-rhyodacite

Arc parallel faults,

] ) ) diatreme,
Ore controls Faults and fractures Extensional to strike-slip faults
hydrothermal
breccias
Key ore Py, Ccp, Gn, Fe-poor  Sp, Gn, Tnt-Ttr, Ccp, Fe-poor Sp, Gn, Tnt-Ttr, Eng, Lzn, Fmt, Cv,
minerals Sp Apy, Prg, Acn Ccp, Stb Dg
Qz, Adl, non-Mn
Gangue
) Qz, Cal, Chi bladed Cal, Brt, Clt, Qz, Mn Cal, Brt Qz, Alu, Anh, Brt
minerals
FI
Silicification, . o Sericitization,
] ] o Anrgillic, Sericitization, .
Hydrotherm intermediate argillic, o ) ) o advanced argillic,
] o silicification, intermediate argillic, L
al alteration carbonatization, o o . silicification,
. carbonatization silicification, propylitic .
propylitic propylitic
Vein-veinlet, Vein-veinlet, comb, Vuggy Qz, vein-

brecciated, cockade,
Ore textures )
crustiform, plumose,

colloform, vug infill

Vein-veinlet, comb, )
bladed, replacement, ) o veinlet, cockade, vug
. crustiform, vug infill, o )
colloform, crustiform infill, brecciated,
cockade

brecciated comb, replacement

Au, Ag, Cu, As, Sb

Metal Pb, Zn, Cu (Ag, As, Au, Ag (Zn, Pb, Cu,  Au, Ag, Pb, Zn, Cu (Mo, ]
o (Zn, Pb, Bi, W, Mo,
associations Sh) Mo, As, Sh, Hg) As, Sh)
Sn, Hg)
White and Hedenquist (1990); Cooke and Simmons (2000); Hedenquist et
Eyvazi (2026), This al. (2000); Albinson et al. (2001); Sillitoe and Hedenquist (2005);
References

study

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, Chl chlorite; Clt: celestine, Cv: covellite, Dg: digenite, Eng: enargite, Fl: fluorite, Fmt: famatinite, Gn:
galena, Lzn: luzonite, Prg: pyrargyrite, Py: pyrite, Qz: quartz, Sp: sphalerite, Stb: stibnite, Tnt: tennantite, Ttr: tetrahedrite.
Abbreviations after Whitney and Evans (2010).
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Fig. 15. Schematic representation of mineralization evolution stages at Agjeh Qaleh deposit. A: Formation of Eocene
volcanic and volcaniclastic units, B: Folding of Eocene rock units during Pyrenean orogeny (late Eocene) and intrusion
of gabbro to pyroxene quartz monzonite porphyry bodies within rock strata. Intrusion of these plutons caused circulation
of meteoric waters and formation of mineralized quartz-sulfide veins within volcanic and volcaniclastic units in the area,
and C: Regional exhumation and development of weathering and erosion processes
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