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epithermal malachite, and covellite are formed by supergene processes. Tl
$§Eé§?:§hmeh minerals formed as disseminated, veginlets, brecciated, coml

crustiform, colloform, plumose, dnvug infill textures. Six stages ¢
mineralization can be distinguished at Kourcheshmeh, wheznfu

mineralization occurred as quafiyrite-chalcopyritegalenasphalerite
+ tennantitetetrahedrite veins and breccias in the second stage- '
rock aleration comprises silicification, intermediate argillic, carbon
and propylitic alteration. Chondritaormalized trace elements and RI
patterns of ore samples, pyroxene quartz monzodiorite body, and
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EXTENDED ABSTRACT base and precious metal deposits in Medabad
Bouinzahra volcanic belt and other parts of the
Introduction UrumiehDokhtar magmatic arc

The UrumiekRDokhtar magmatic arc is a significant _

metalliferous province in Iran that hosts numerous'\/'a'[_erlt’:IIS and Methods

Cu-Mo (Au) porphyry deposits (i.e., Sar Cheshmeh,During  the fieldwork conducted on the
Meiduk, DarreRZar, ChahkFirouzeh, Sarkuh, lju, Kourcheshmeh deposit, the following activities were
Aliabad, Kahang, and Dallivicinnes et al., 2003 carried out

Zarasvandi et al., 200%aghipour et al., 20Q®\yati - Preparation of a geological map, scale 1:5000, of
et al., 2013Mirnejad et al., 2013Aghazadeh et al., the Kourcheshmeh depasit

2015 Alirezaei et al., 201;/Mohammaddoost et al., - Collect approximately fifty samples from rock
2017 Golestani et al., 2018Aliyari et al., 2020 units, ore veins, and breccias

Shafiei Bafti et al., 202 Mohammaddoost et al., - Examination of seven thin sections and eighteen

2023 and epithermal precious and base metal (e.gpolished thin sections using a transmitted and
Sari Gunay, Touzlar, Chah Zard, Ay Qalasi,reflected polarized light microscope in the
Milajerd, ChahMesi, and Govin;Richards et al., University of Zanjan, Zanjan, Irataboratory.

2006 Kouhestani et al., 201 Heidari et al.,, 2015 - Analysis of the chemical composition afre
Kouhestani et al., 2013vlohammadi Niaei et al., samples (n = 28) and fresh and barren host rocks (n
2015 Kouhestani et al., 201 Alipour-Asll, 2019 = 2) at the Zarazma Analytical Laboratories, Tehran,
Zamanian et al., 2020Altenberge et al., 2022 Iran, using XRF and IOMS methods.

deposits. The Mardabdgiouinzahra volcanic belt is

located on the northern margin tie Urumieh Results and Discussion

Dokhtar magmatic arcThis volcanic belthosts The rock units outcropped in the Kourcheshmeh
several Mantdype Cu, and epithermal Au and-Pb deposit comprise the  Fajan Formation
Zn-Cu polymetallic deposits/occurrences like as(conglomerate), Zyarat Formation (nummulitic
Atash-Anbar, Lak, DekBala, Ipak, Kuke Jarou, limestone), Eocene volcanic (basalt, andesitic basalt,
Rudak, Ghomoshlou, Ghomoshdash, Qé&dahad, basaltic andesite, and megaporphyritic andesite) and
Bidestan, AfshaAbad, Boujafar, GuilasDarreh, volcaniclastic (intermediate crystal lithic tuff, and
Ramam, Hajib, Chalambar, and Kourcheshmeh acidic crystal to lithic crystal tuf8trata, and Eocene
(Habibi, 2007 Goodarzi, 2012 Ebrahimi, 2016  Oligocene (dacite, rhyodacite, rhyolite, and acidic
Yousefi et al., 2017Tale Fazel et al., 2022dale  tuff) sequence. The intrusive rock in the
Fazel et al., 2022 Khanahmadlou, 2033 Eocene Kourcheshmeh area includes the middle Eocene
volcanic and volcaniclastic rocks generally host(Kazemi et al., 2022pyroxene quartz monzodiorite
these deposits and are temporally/spatiallythat cut the Eocene volcanic sequences.
associated with middle Eocene intrusiokaZemi et  Mineralization atkourcheshmeh occurred as-Bb-

al., 2023. Cubearing quartz veins within tieocene tuff and
Kourcheshmeh REn-Cu deposit is 40 km lava sequence and @®vered by a 3 m thickness of
southwest of Takestan, Qazvin province, and part ointermediate argillic alteration. The main ore vein
the MardabaeBouinzahra volcanic belDespite the has an N100OE/Z80NE trend70 o 200meters long,
presence of ancient and new mining activities in theand 0.5 to 2 meters thick. Hydrothermal alteration
Kourcheshmeh area, no comprehensive studies hawecludes = silicification, intermediate  argillic,
been condued on the geology, mineralogy, carbonate, and propylitic alteration; the first three are
geochemistry, and genesis of the Kourcheshmedlirectly linked to base metal mineralization. Pyrite,
deposit. In this contribution, we investigate thechalcopyrite, galena, splesite, tennantite
detailed geology, mineralogy, structure and texturetetrahedrite, minor pyrolusite, and psilomelane, are
geochemistry, and alteration styles of thethe main ore minerals at Kourcheshmeh. Quartz,
Kourcheshmeh deposit to constrdis ore genesis calcite, siderite, barite, and serieilite are gangue
and mineralization evolution. These outcomes mighiminerals. Goethite, cerussite, smithsonite, malachite,
be useful for the regional exploration of epithermaland covellite are formedaly supergene processes. The

Journal of Economic Geologg2024 Vol. 16, No.2 DOI: 10.22067/econg.2024.1087


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

Khanahmadloet al Intermediatesulfidation epithermal base metal mineralization in the Kourcheshmeh déposit

ore minerals formed as disseminated, wadinlets, Stage 5: Barren posire stage represented by calcite
brecciated, comb, crustiform, colloform, plumose,vein-veinlets.

and vuginfill textures.The mineralization processes Stage 6: Supergene processes

at the Kourcheshmeh deposit can be divided into siXxhe Chondriténormalized trace elements and REE

stages, as follows: patterns of ore samples, pyroxene quartz
Stage 1: Silicification of host rocks with negligible monzodiorite body, and fresh host acidic crystal tuff
disseminated pyrite. are comparable and show that host rocks are possibly

Stage 2: Quartz veineinlets and breccias that engaged in mineralizatiohese patterns are almost
comprise mutable volumes of disseminated pyritesimilar for different ore samples, which can indicate
chalcopyrite, galena, sphalerite, and minorthe same mineralization system formed them.
tennantitetetrahedrite. This stagewsere PeZzn-Cu  Characteristics of the Kourcheshmeh -AbBCu
mineralization occurs. deposit are similar to the intermediatafidation
Stage 3: Barite veineinlets. type of epithermal deposits.

Stage 4: Carbonate (calcite and siderite) and minor

manganese ores (psilomelane, pyrolusite, braunite)

as veinlets and vuonfill.
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EO-OLL - EO?: Alternation of dacite, rhyodacite and rhyolite lava flows and acidic tuffs

E

E O CEN

- qmz: Pyroxene quartz monzodiorite (middle Eocene)

E*': Basalt, andesitic basalt and basaltic andesite with intercalation of basic to intermediate tuffs

E™: Megaporphyritic andesite

E®R: Grey, medium-bedded lithic to sandy tuff

Esh: Dark grey to violet shale

E'': Green tuff, tuffite, tuffaceous rocks and shale with intercalation of limestone and intermediate lavas
EZ: Light brown medium- to thick-bedded nummulitic limestone (Zyarat Fm.)

Ef: Red, thick-bedded conglomerate (Fajan Fm.)

Fault ~es—— Quartz-sulfide veins
Road | | Village

Syncline axis

twbzv | Coé®nAE?! Yy AyMALL B BEAMNA RN Ut WAREY Sw CleLTEREAA B

Yy #¢Av

Fig. 2. Simplified geologic map of the KourcheshmehZPbCu deposit (The dimensiaf the pyroxene quartz monzodiorite
body was exaggerated to better show its position).

DOI: 10.22067/econg.2024.1087

-awdBE %y ¥.dr wi @ éu g

acE

CAv


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

YIBGE " BAT BwaEjwi % - GAREYEGAACAVC CadAA UAYy 6wWEHBEL Wy

y ¢ BLCAQAUIEEDE L AEBA BvisA v WhH 36 CLE §y A§d: AFWBE ¢ §a A
¢y Y% %z AL\ il B AOCH+ wiske AQ 43l LLAMDPNCE A j v aQuale Al & e o Giew
y@ELE VAL LY A Uy JBPLE RS BNCE ¢ %od Fivw - IAGCHR) B4 CLWA -
UEv CuAlyz & mENNEBOCLEAY GOAGAA d E¢ dwxl LJvN Q- -whaz Yt
CHW#H(. 671 LEAVEASGLYEGRY yw A \A@OOHYLAEE PvyE v £ @LVLAPLYA Y 12
€ O0G O 1ICe AT 106 T LAAWABaA v) © b o(CEEt wWE€Y WCAAL VAE eviCQid A
& L 16 A Yo ACUYORAEES LD NGB LA %A Lv %M i WENIWL & YLwe o 8 v i ERLIBI véyy 14
¢ WG YLV T LAY ILYEB ERAEAE ~ WzOUL L &2 C LOL3EVAY- s@L L AAML LY B L
i LL CALLE %A ILE Wi Banp | IRGAIEBN. ~ 2BAYy A¢ dCh £& AG WAL ARz CA
C& oty v ot/ n &7 PipkLESHRY: | Co LL AE PG LaLOSwAC86zAVEE & YAk & Ay :
cwi i kB b BE@LVCBRsNE 5& wivay F Yaw LLLA° 64 @pwiLdajd Weli .
O/ 8 pLEED B | FAG By BNEA  aColEWMOTE AGwa PN CLEY EEY WB A wi
Yod ACYGAGATZAERE6ERMAAIWEZD vVEMWME® IO CT LLEE ¢CLLAAHBOEVC TV W 2
ULAGPE; EAEwaCIABRPA LBV § L wbzv § ! ABRAG o3 AL A 2z
OL AwipoL3XwWaEAEHA 6 8TFVECA E£ Ap « Alvb §éL 6iadyv OHBEL Ve YWV 13 oY
yavesy 6 @LARO & we E AE 1088w x vPip o BEW I (A WVEy @l i L AWM £y 1A
CCLA@ABAALEE Gwnly vij EABAEA L AQEPARA Ay LCi AEA wey WISPAEEY ¢
WALRARO p € WALLAsB ¢ oRILpeUBL AACE&LLE °y 9 &7 E L4V E %A LARPW E
) © Y.GEMOWE wlyzAREVAZ A&d wEEv ) ¢ LA v WwIClzBaalt B L
[%o+it § © L3 ¢ LOAviLe LEDAL RIP g LeAvAié iR @A pARMW 26 w LAY w- 0 Y1
Cicanm{upocv aLlwTih ABMWIEEyLudiw e G Y2 ¢ & @&as viyaul Avize Oy
VAL EiABRLP TLAVIILEY ¥ 6y Y% avawad B Ca Bei i3 &£ QA AP EC LL E A
¢ » Aaef) #atHA £ L IVBA%we AllxnAapiiwy LAKEZOp U ¢ AT %0 E, z %!
0%+ Tt wlLbzv wlLz Ammz RiL3 &% & wv-a% 3 elic Cid G4FA CJzEIE) ¥ LOEY W Vs
AGLE™ %Ai EAg Opal L AukdNia v, dHivad ¢ © Wa BE.v SiubwviaveN v A G p
oL3vy Coé¢o Lyaje veLLaiv (Ol Qu-1Ar icusE# 1 6N yAREEACL LA V6, SO%+LWHC &
¢WaL LA L A% LA Agt ac@wiwli L Hu (EBABRAEEE W P2A 6
€AY Ay NELAGRYICY: HE al Af (RCAYESGrONRELIAAY BO@b Ey Ok AA f
oV O TGV ARRAY MEYANLYZY 1 A LA L AIC B P Fow i BAEA CYAE DL AL AAE
1y SAE WA IALIQ % VB E A\ Ew & GAALOLZE Yt Wi/ B1 & BEIuutvaonzi E £

Yow Q6 AEdlal- ey Sl A G LI, A ¢Ldvewblz §y Co@egVERLS €W v

DOI: 10.22067/econg.2024.1087 -ahwadBE Y%y H.4r wl @éug CAv


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

YIBGE ™ BAT BwaEywi % - GAREYEGAACAVC Cad AA UAYy 6wWEHBEL Wy

A é A fCzowan b E A6Gua © POrpe@e wi€ o WA W/ 658 L Lo v ¥ p8 3
A2 + VA& WaCLLAERAV Wi © p o LGEAAMA & e iEALCWALST W iAd aka3T:2° Awdyaw L i
Ci %3 oylt/EfwzCveeQvalLYEl LE Y UBAALEV ! Y yUBA @3
10 € Wil o NEsgive Aanivasey W uiCe@ CawidaLE AGLEL BRI Y AeDpweo 1
Kewic A&OpvvER: | AAEALAT wheé §p ip 6 Euv 55T w ) exUADhw ¢ € ¢
¥ Av owwmE ¢ B®AvAByz ONEDREL,1C v {Edblimivard Mosawarig ¢ AT 0 JAYCE-€6 é
ULAAG &1 B %y CECwi WA 0 8% L

E#° st JOLL AAEC Y & w3 waze OWERANBRAC R wiyoss 6w Ed ow BEsA H 1 LLGEA A
EY °# AUAWEGORAK: PR VY S 0CLEE Y ¢ChESwA |ICaNESC CARALCECLE A ~
cawdv © gm - @d ¢ WAE L Y Ay AU A IyeEBAewi I i AT LEsdC 2Asza 1P &F &e Gik &

H witEl A #2390 WOANVHRLS ¢ widt ¢ wz w

Fig. 3.A: A view of the alternation of the tuff, tuffite, and shale layer$ ({&it) covered by the basic to acidic lavas and

intermediate tuffs (E unit), looking southwesB: A view of alternation of the tuff, tuffite, and shale layer§ (mit),

lithic tuff and sandy tuff (2 unit), and andesite lavas®Hinit), looking northeastandC: A view of the location of the
pyroxene quartz monzodiorite intrusion (qmz) within the basic to acidic lavas and intermediate'tuffi)(Booking b

the north
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Fig. 4. Photomicrographs (transmittenlossedpolarized 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 caloite matrix

the acidic cryl tuff to lithic crystal tuff unitB: Plagioclase phenocrysts along with vugs infilled by chlorite and quartz form

an amygdaloidal texture in the andesite la@<Chloritized clinopyroxene phenocryst within the fgrained matrix in the

basaltic andesite lavd3 and E: Porphyry texture comprises plagioclase and clinopyroxene phenocrysts withingeariea:

matrix in the andesitic basalt lay&s Porphyntexture composed of clinopyroxene and plagioclase phenocrysts within the fine

grained matrix in the basalt lava&: Lava fragments along with plagioclase phenocrysts within the calcitic argrdined

matrix in the intermediate crystal lithic tuffd: Chloritized clinopyroxene phenocryst within the pyroxene quartz monzodiorite

body, andl: Quartz, alkali feldspar, and plagioclase phenocrysts within the pyroxene quartz monzodioriébboeliations

afterWhitney and Evans (B10) (Afs: alkali feldspar, Cal: calcite, Chl: chlorite, Cpx: clinopyroxene, L: rock fragments, Opq:
opaque mineral, PI: plagioclase, Qz: quartz)
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