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Abstract

Pb-Zn deposits in the Kurdistan Region, northern Iraq, have occurred mainly as a stratabound and
openspace filling ore bodies. They are hosted by dolostone and doldimiéstone of platform
carbonates. The ore deposits at the studied Dure and Lefanaseceespectively hosted by Kurra

Chine (upper Triassic) and Bekhme (upper Cretaceous) formations. Pyrite, sphalerite and galena are
the major sulfides minerals, but the mineral paragenesis and relative proportions of these sulfides
vary from deposit to ther. They have commonly been deposited through dissolution/replacement
process and/or through void infilling. Homogenization temperatures of primary and secondary fluid
inclusions in Dure and Lefan deposits range from°@5to 183°C and from 68C to 284°C,
respectively. The salinity is ranging from 13.93 wt% NaCl equiv. to >23 wt% NaCl equiv. in Dure
deposit, and from 3.06 wt% NaCl equiv. to 14.57 wt% NaCl equiv. in Lefan deposit. The average
#'Sa val ue s mihasals (pyrite) sphalerite and gah) of the Durand Lefan deposits are
-0.8amd 1.8 a, respectively. Sulfur isotope an
originated from a mi xtCr ea A®fvaliids of darbanaienhbst rechsu r ¢
fall in the rang@ of marine carbonates. Petrographic evidence and stable isotope data with fluid
inclusions suggest that im mineralization was caused by deeply circulating high temperature
mineralizing fluids (brines) within the source basin or by tectonic proceshes$ possibly leached

metals from either the diagenesis of host rocks and/or the dewatering of deeper buried siliciclastic
beds. The studied carbondttested P¥n deposits share many similarities with the Mississippi
Valley Type (MVT) deposit.

Keywords: Carbonate rocks, Pbn deposit, Fluid inclusions t&ble isotopes, Iraq

1i Introduction

Since the fifties of the last century, many studieseveral occurrences of sulfide with minor barite
have been carried out in the Kurdistan Regiomineralization. The most imp@ant of these

northern Iraq for studying the mineral depositdeposits are the Berzanik, Alanish, Patruma,
(Jassim and Goff, 2006). Pn deposits in the Marssis, Lefan, Banik and Shiranish Islam of
Northern Thrust Zone in the Kurdistan Regionvhich the present study focused on the Lefan
of Iraq occur manly in two districts (Vanecek, area. In the eastern district, the largest known
1972); (i) the western district northeast of Zakhsulfide deposits of the Northern Thrust Zone are
and (ii) the eastern district to the north oin the Duri Serguza, which was named by Dure
Amadiyah (Fig. 1). The western district includesection in the present study according to the
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current name of this village. However, twagneous rocks. Carbonate host rocks in this
sections of carbonateosted Pin sulphide Zone consist of dolostone to dolomitic
have been chosen in this study; the Dure (Duimestone with brecciated zones (Jassim and
Serguza) in the east and the Lefanhe tvest Goff, 2006). Thereis a little information
(Fig. 1). Mineralization of the Northern Thrustavailable to explain the role of carbonate host
Zone is characterized by simple mineralogy (i.€ocks on the genesis of m deposits in the
pyrite, sphalerite and galena) distributedNorthern Thrust Zone in the Kurdistan Region,
essentially  within  Mesozoic  carbonatdraq. Therefore, this study aims to understand
sedimentary rocks. Although this sedimentarthe role of carbonatbost rocks on the geries
succession is associateglith tectonic zones of PbZn deposits based on petrographic and
especially a regional thrust fault, it is nogeochemical characteristics such as fluid
association with any intrusive or extrusivenclusions, sulfur, oxygen and carbon isotopes.
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Figure 1)Geological map of the Northern Thrust Zone (modified from Sissakiafl) 826ws the location of
the studied sections.

2i Geological Setting and the individual tectonic units of Iraq are the
results of a londasting and very complex

The geologic evolution of the Kurdistan Regiorgvolution starting with the Precambrian
is strongly affected by the structural position oprogenies and ending with the latest phases of
Iraq within the main geostructural units of théhe Alpine Orogeny (Buday and Jassim, 1987).
Middle East; Arabian part of the AfricanGeology and mineralization of the study area
platform and the Asian branches of the Alpin@re strongly influenced by the location of the
geosyncline; as well algy the structure of the two Phanerozoic geotectonic units (Arabian part
country itself. The presemtay structural pattern of the African platform and the Asian branches
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of the Alpine geosyncli&) and the opening andcharactede the studied areas. All these
closing of the Paledethys and Nedethys. structural features led to distortion in the
From Late Permian to mi@retaceous time, the stratigraphic succession of the area.
northeastern Arabian Plate was a gradually

subsiding passive margin bordering the Neg! Stratigraphy and Depositional
Tethys Ocean (Alsharhan and Nairn, 199F&nvironments

Sharlandet al, 2001). The Northern Thrust

Zone represents a ridge that developed at thée area which includes the Dure section is
plate margin whereas the Zagros Suture formégilt of Middle and Upper Triassic limestones
within the NeeTethyan oceanic domain.and ddostones thrusted over Tertiary mudstones
Moreover, the Arabian Plate basin wa&nd siltstones. The Triassic rocks consist of
asymmetric with a gentle slope to the east anchard,  brecciated  clidforming  dolomitic
maximum deth reached in a foredeep setting itimestones of the Geli Khana Formation (middle
front of the Zagros collision zone. No obvioudriassic) and hard, dark gray dolomitic
foredeep is developed along the northern plaligestones of the Kurra Chine Formati@rpper
boundary, reflecting the escape tectonics of tHdiassic). The Tertiary succession is weathered
Anatolian Plate (Turkey). However, the studynd consists of interbedded red and olive green
area is a part of the Northeffaurus Foldi Sandstones and mudstones of the Gercus
Thrust Belt, which is developed from collidingFormation (Miocene) (Fig. 2). Triassic rocks
of Arabian and Eurasian Plates and sedimentdgfm the high mountains and cliffs in the area;
fills of the NeoTethys basin. The Northernwhereas the Tertiampcks form the lower plains
Thrust Zone, which includes the studie@nd valleys. The sulfide ore body is hosted
sections, is wide in the west with asymmetricavithin the upper Triassic rocks of the Kurra
domal culminatios toward the south andChine Formation near the tectonic contact
occasionally the southern limbs are overturndeetween the Tertiary and Triassic rock units.
(Fig. 1). The northern limbs of the structure§acies analysis shows that the sediments of the
have lower dips and are cut by reverse fault§urra Chine Formation in the Dure section were
Thrusting fault formation is thought to be thedeposited in a peritidal environment under
last stage of the tectonic movements, bug thevaporitic conditions, similar to the carbonate
suggestion was later criticized by Akef (1972¢vaporite sequence described by Wilson (1975)
who proved the presence of many crush zongdth modifications of Fliigel (2004). This
cutting the thrust and probably they are young@nvironment included tidal flatsrestricted
than the major thrust. Following this stage th&goons, sand shoal and shallow shelf. Agrawi
whole area was uplifted to form the present higét al (2010) suggested that the Kurra Chine
mountains in thearea. In the study area,Formation was probably deposited on an epeiric
mineralization zone extends parallel to th@latform, dominated by subtidal to supratidal
bedding plane and exposed on the southern liraicles with local development of sabkhas.
of anticlines, striking EW. Additionally, Furthermore, AlAmeri et al (2009) revealed
numerous normal and reverse faults ari®at the Kurra Chine Formation was probably
secondary folds within the existing formationgleposited in a restricted lagoonal environment
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Figure 2) Stratigraphic column of the Kurra Chine Formatishowing position of sulfide mineralization in
the Dure section. DK: the Dure KurraChine Fm. (Host rock sample), DO: the Dures@ides (Ore
sample)

In the Lefan section, the formations which aral., (1959) and Buday (1980); the Qamchuqga
cropping out in the area are Qamchuqa, Merdgtormation (middle Cretaceous) consists of
Bekhme andShiranish. According to Belleat massive, argillaceous dolomitic limestone; the
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Mergi Formation (middle Cretaceous) iqupper CampaniaiMaastrichtian) is composed
composed of massive, thiddedded limestone; of blue marl in its upper part and of thin bedded
the B&hme Ilimestone Formation (uppemarly limestone in the lower part. The sdéf
Campanian) consists of bituminous massivere body is hosted mainly within massive
dolomitic limestone. The Shiranish Formatiodimestones of the Bekhme Formation (Fig. 3).
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Figure 3) Stratigraphic column of the Bekhme Formation and lower part of the Shiranish Formation
showing position of sulfide ménalization in the Lefan section. LB: the Lefan Bekhme Fm. (Host rock
sample), LO: Lefan Orsulfide (Ore sample)

Taking the terms of facies analysis in td-ormation, they are: Lagoon/back reef, reef and
consideration, three main  depositionalorereef spreads distantly from the reef body
environments were identdd in the Bekhme into deep marine basin sediments (Marl
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lithofacies) in the contact with the ShiranistBekhme Formation comprises reef limestones,
Formation, in addition to the carbonateforereef and shoal limestones, Jassim and Goff
conglomerate facieat the base of the formation(2006) stated that the Bekhme Formation was
(Fig. 3). Bellenet al. (1959) revealed that thedeposited mostly in a reébrereef envirament.

Figure 4) Massive ore body occurrence in the Dure section. a) Sulfide assemblage seen in hand specimens
collected from massive ore body. Large, coarse aggregates of sphalerite (brown) are surrounded primarily
by pyrite (brassyellow). Galena (silvegray) is also pesent. Photomacrograph, hand sample, (DO 26). b)
Veins in massive pyrite (Py) are filled by sphalerite (Sp) and galena (G). Photomicrograph, reflected light,
scale bar is 1mm. (DO 10). c¢) Alternation of subllimeter to centimeter bands of pyrite (Py)dathin
sphalerite (Sp) with disseminated galena (G) shows a banded structure hosted by gray dolostone. Thin vein
filled by pyrobitumen (Pyb) and saddle dolomite (SD) are also present. Photomacrograph, hand sample (DO
11).

The ore body inthe Dure section occurs as a
stratabound demarcates the unconformity
between the upper Triassic dolostones of the

4i Pb-Zn Deposits
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Kurra Chine Formation and overlying Tertiarymeters. Coarse crystalline sphalerite and galena
rock units. The Dure ore deposits occur agccur as open space and fractfille
massive, banded and vdype style of mineralization within the main orstage
mineralization The ore body consists ofassemblages where they occur with euhedral
massive pyrite with small veins and patches alolomite and calcite (F& 6c¢,d). Barie was
sphalerite and galena (lBig4a,b), which are reported by Awadh (2006) to occur in
highly deformed, brecciated, and recrystallizecdssociation with ore and sometimes as an
The banded structure is characterized by amdependent mineral in veins, but in the present
alternation of sumillimeter (laminations)to study it has been observed only in small veins
centimeter bands (Fig. 4c). The matage of (Fig. 6b). Ore minerals in the Lefan section
mineralization involved the progressiveconsist, in decreasing order abundance, of
replacement of prexisting iron sulfides and the sphalerite, galena, and minor pyrite, goethite,
dolostone breccias, initially by replacement agmithsonite, and cerussite (Fig. 7).

the breccia matrix and ultimately by

replacement of clasts. The sdds are Of Methodology

intermixed with dolomite (Fig. 4c), whereas

calcite is more frequent in the oxidized zoné? total of 165 samples of the carbonatest
Petrographic observations of polished sectioigcks and 67 samples from sulfide ore bodies
and XRD indicate that ore minerals in the Durwere collected from the studied sections (Figs 2
section (Fig. 5) consist of pyrite, sphaleriteand 3). Carbonate samples were stained with
galena, goethbeé, smithsonite, cerussite andAlizarin red S following the technique of

anglesite Dickson (1965) to distinguish between calcite
1000 o and dolomite. AHthin sections were examined
BO& - s under an optical microscope. Fourteen polished
1 3: Galena (PbS) R .
4 Sihuonie 21C01) sections of ores were also premhfer mineral

identification and textural interpretation. The
mineralogy and textures of the samples were
. ‘ determined using reflected and transmitted light
l || microscopy. Representative samples were

Counts
o
3
3

; analyzed for their mineralogical composition by

250

l
3B 40 45

X-ray diffradion (XRD). X-ray
u ; JULM'W s diffractionanalyses were performed using a
el o = ©  Philips Xray diffractometer (PW3710) with
Figure 5) XRD pattern of bulre sample from the CUKa radiation and a scanning speed of 4° to
Dure section. 60U 2d at the depart men
Wollongong University, Australia and the Royal
PbZn deposit in the Lefan is strab@und dong Y Y
ifid hosted in the U Cret Holloway of Londn University, UK. Fluid
sufides —nosted ih - the - pper Lre aceoul?wclusmn data have been obtained from 8 double

dolomitic limestone of the Bekhme Formation
pollshedthln sections of orstage carbonates
and occurs mainly aspenspace fillings o

e . (dolomite and calcite) and sphalerite. The
lodes within fractures (Fg) 6a,b). They can b
microthermometric measurements were

described as tabular fracture fillings and

performed on a NIKON Labophdgiol
replagemgntype ores. These.vei]ype bodies microscope mounted witlLINKAM THMS -
vary in width from few centimeters up to 2

0 and TM$92 freezingheating stage and
meters. They are discontinuous along strike an(? J g g

extend into the country rock for several tens olé) ng distance LW40x objective, in the Mineral
untry rocessing Research Center (IMPRC), Iran and
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one sample was also carried out at th@umhuriyet University in Sivas,Tkey.
Geological Engineering  Department  of

Figure 6) Shape of sulfideore body at the Lefan area. a) Opspace fillings and lodes of sulfides within
fractures. Note the alteration of sulfides into goethite. Field photograph, geological hummer is &)cale.
Veintype sulfide bodies, the thin vein of barite (white arrows) cuts the sulfides (black arrows). Field
photograph, geological hummer is a scale. c) Early sphalerite (Sp) andriireed pyrite (yellow arrows)

filled the intergranular dolomite porasi (host rock). Sphalerite shows anhedral to subhedral crystals.
Photomicrograph, reflected light, scale bar is 1 mm. (LO 11). d) Open space within mastagee
assemblage is filled with coarggained galena (G) and sphalerite (Sp). Note how galenari®gnded by
sphalerite and how host rock (HR) replaced by sphalerite. Saddle dolomite (SD) and pyrite (Py) are also
present. Photomicrograph, reflected light, scale bar is 1mm. (DO 18).

Mineral separates for sulfur is@e analysis Community  Support Facility, @ SUERC,

were acquired by handpicking, checked foGlasgow, Scotland. A comprehensive sulfur
purity under a binocular microscope, and handsotopic study was conducted on 11 sulfide
ground in an agate mortar to homogenize thmineral separates from samples collected from
sampl e. Dat a -naortea t¥Sddpnotnét istudiedi deposits andoropared with 6
units of per mil ( a) sulfale miacrali sepasates (Bassamtethat, Vi e n
Canyon Diablo Troilite (V-CDT) standard. 1982). A Thermo delta V isotope ratio mass
Analyses were made in a NERC Isotopspectrometer (IRMS) interfaced to a Gas Bench
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II, Cornell Isotope Laboratory (COIL), CornellMost fluid inclusions chosen for analyses were
University, New York, USA has been used foconsidered as primary (contemporaneous with
oxygen and carboisotope analyses. Replicategheir host minerals) and closely related, spatially
analyses on the randomly selected samples giaed genetically, to the sulfide mineralization.
a me an devi ati on0 anfl THeése.indlGsidns &re generdlly small (about 5
N0 . 02 a®CfAd carbanate isotope data araim) and contain naaughter minerals (Fig. 8a,

reported in per mil |l by BYe to thd samall size oftthe inclisiens,Vi e
PDB (Pee Dee Belemnite) standard. accurate geothermometry is difficult to
1000 measured. In addition, some hydrocari@h
o 2 e () fluid inclusions are also found in gangue
- iy’ minerals. Fluid inclusions in the late barite

2 generationwithin the Bekhme Formation at the
Lefan PbZn deposit considered as a fingerprint
of hydrocarbon generation (Awaéh al, 2010.

The salinities of the fluid inclusions in the Dure
deposit range from 13.93 wt% NaCl equiv. to
Ll B O Ml S e AL >23 wit% NaCl equiv., whereas the Lefan

_ B 1A deposit, they range from 3.06 wt% NaCl equiv.
Figure 7) XRD pattern of bulore sample from the to 14.57 wt% NaCl equivalent (Table 1).
Lefan section.

61 Fluid Inclusion

Figure 8)Primary fluid inclusions from the Dure and the Lefan l&iat deposits. a) Primary-ghase fluid
inclusionswithin sphalerite (sample DO 35, the Dure section). b) Primary single phase vapour inclusions
within saddle dolomite (sample LO 15, the Lefan section).

The primary fluid inclusions in the Dure and
Lefan deposits yielded dmogenization

temperatures with an average value of
164.22°C, although values range from
approximately 60°C to 284°C
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Salinity vs. homogenization temperaturd abl e 2'S& Twhal ules of sul f
diagram of the fluid inclusions in the studiedsphalerite and galena) are within the range from
sections has not display limit relationship (Figg2 . 6 & t o +3.6 a (average

9). Dure, and fo m +0. 47 a t o +
(average=1.8 a, n= 4) fo
® Sphalerite -
" = Dolomie U34S values of the Dure
R that of Lef an *Y valagslofe 2)
o . . .
2004 . . = sulfides from Dure and Lefan deposits fall in a
“ narrow range (from2 . 6 a to H3. 6 a,
s 1501 " -2
& L] Y . .
: * = Table 1) Homogenization temperatures and
¢ 1007 salinities of fluid inclusions in sphalerite and
* » carbonate minerals from the Dure mple) an
T » bonat Is from the D B&ampl d
Lefan (LOsample) deposits.
5 p p
) 0 Samole T T,."C Salinity
0 5 10 15 20 25 \:mp ¢ ice melting homogenization Wi NaCl Origin Mineral
Salinity {in wt.% NaCi equivaient) TELPETANTE TEMIDETAnITe equivalent
DO3E 1 -14.1 174 17.79 Primary Sphalerite
Figure 9) Fluid inclusion salinities vs. s 1 1796 Pramary ‘;g_—:}iz
homogenization temperatures for the studie E 180 :mﬂr?‘ Spbalerie
- ) ) 5 177 econdary il erite
deposits (the Dure and the Lefan sections). Questi : 179 Secondary s;m]m
mark means the absolute value of salinity is nc 152 Soiny  Seoninin
. . DO 28 1 2291 144 23 Primary Saddle dolomite
determlned (I'e'1 >23) 2 232 147 3 Pr“:lar\. Saddle dolonute
3 -18.1 128 20.97 Primary 'S:ldd.lcdolcml::e
This scattered relationship betweenclusion | 1 Secondary - Saddle dolomite
o . ) § 11_.- Secondary Snddledolcm.!:e
salinities and homogenization temperatures mi ¢ 7 ey e
127 econdary  Saddle dolomite
i H . Lo1ls 1 =53 2 14 imary i
be due to a mixing of two solutions; one hot an*®* -3 - T e
saline, the other cooler with low salinity (e.g. | 3 o 105 Bomy  Seiisdsa
i i b -2 238 3.55 Primary Saddle dola
Taylor et al, 1983). Furthermore, invariant | 7; o 306 Timmy  Saldaddems
Nt H H H ) 7 193 Secondary  Saddle dolomite
salinities of inclusions are interpreted a ; e S e e
evidence of precipitation from a single fluid™"} 3] % UL e e
(Gratz and Misra, 1987). The homogenizato ; ** . R A
temperatures and salinites obtained fc ; - e
H H H : H 7 74 Secondary  Caleite vein
inclusions in the studied sections ar,,, . % 14 Pumay hl:j_.:,_.ﬂ__.
comparakg to those reported for the Mississipp | 1% e 1457 Py Cacheves
Valley-type (MVT) PbZn deposits (Leacht al : & P

2005, 2010). However, the compositional _ _
similarities between the MVT fluid incIusionsThe observed values of sulfur isotope Jn the

and oitlfield brines are well established anc}vDu re (aver .a ge=0. 8 a) and
have led to wide-spread acceptance dfasin a) can.not necessarily be explained by_ a
generated origin for the MVT fluids. The high™agmatic source of sulfur because the field
salinity of sedimentary basin brines is explaine‘(?ib_servatlons and ore mmroscppy p.rowde _no

by the dissolution of evaporites, incorporatioﬁv'oIences o_f magmatic  activity i their _

of connate bittern brines, or through infiltratio ormation. The negative

of evaporated surface waters (Hanor, 1979). can be explained as a resuIF of seavyabzrr
evaporates sulfates, or bacterial reduction. But,

7i Sulfur Isotopes this does not exclude the possibility that some
of the sulfur might have been derived through

The results of the 11 samples of sulfides with &€ dissolution and leaching of pegisting
from Al-Bassamet al (1982) are provided in SUlfidebearing igneous rocks
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The positive (%] valgek tif?FGSMON @B50%C carboate) = 0.99108 x
suggest that the sulfur was derived froni*?*OSMOW (CQ) - 8:92 (1

seawater or ancient evaporate and connate waﬁre SMOW values could be converted back to

that had undergone subsequent reduction %B values using the following equation
ferrous iron or organic compounds as indicated

by Schatfort (2001) in his study on the Sarq'moS MOW = ‘1 . 0°®RDB 6+ 30.86 U
Vicente leaezinc depositPerhaps seawater alsdffom Tucker and Wright, 1990) (2

became enriched in the light isotope by sulfutarbon and oxygeisotope values for analyzed
being leached from deeper lithologic unitgarbonate host rocks (unmineralized and

during its circulation, as indicated by Eldridgenineralized samples) are summarized in Table
et al (1993), Sherloclet al (1999) and Roth 3,

and Taylor (2000). The influence of theBarren (Unmineralized) host rock The

enrichment of light sulfur isotopes was mor :
o g P €7°CPDB values of carbonate host rocks in the
significant for the Dure deposit (average: 0. : <

ure section ragnge_from2 . 80a t o 0. 6

a t h f Lef : < : o
) an ofr eran (av(?néara]l—- . 93agfrom-0. 41a to 2. 2

Table 2)Sul f ur %S} walues pfehe ftudiedc mean = 1. 1584) for t he

lead-zinc deposits. Data of pyrite (n=2), sphaleritg, 5 ge 18BogMIOW tivalues for the Dure
(n=2) and galena (n=2) in Dre deposits from AL

) section sampl es i s bet
Bassam et al. (1982) were also displayed. 26.244 (mean = 22.964) a
Deposit  Sample Mineral 55 %a an d 2 6 . 9 8 é ( me an — 2 5 . 4 7
T o S (Table 3). The small diéirences in the values of
DOIS  Pyite 16 Present study carbon and oxygen isotope in each section can
?”:* Cﬁ ;tig“"i;‘:; probably be attributed to differences in the
v1te 2. rom Al-Bassam et al. {1982 .. .
DO Sphalerite - Presest study depositional environment and subsequent
DO30  Sphalerite 20 Present study diagenetic processes for each section (Veizer
Sphalerite 0.0 From Al-Bassam et al (1982) i .
Sphalente 04 From Al-Bassam et al (1982) and Hoefs’ 1976’ C0|Ombm al" 2013'
DO 28 Galenz 18 Present stady . .
0% Catens 08 FYEE:,__d;_ Mineralized tost rock T HGPDRivalues of
Galena 18 FomAlBzmetal(1982)  MiNeralized carbonate host rocks in the Dure
— ;"“ '3": ?“““‘BZ""‘””""" % sectionrangefror2 . 7738 to 1.-23a (
Lafan Lo vrite 3 vesent study o o o
Lol Sphalente 13 Present study O . 4 l a ) a-3] d 3 4 a o trno 1 . 6 1 a (
LO13 Galena 12 Present study O i 4 7 é ) f or t h e L e f an S e
LO18 Galena 047 Present study

UOSMOW values of the mineralized dolomite
and limestone for the Dure section is between
18.57a and 23.71a (mean

Bulk samples of dolostone (dolomite) ané) et ween _2 3.51a and 25.50:
limestone from unmineralized and mineralize&Or the Lefan section (Tablg.3

host rocks were analyzed for their carbon ardterpretation: *@i a % values for the

oxygen isotope composition. Tlearbon isotope carbonate host rocks in the studied sections vary
results were reported to be relative to theithin a narrow range and fall in the range of
standard PDB. The oxygen isotope results coufdarine carbonate reported by lde al (2009)

be reported to be relative to PDB, but usually Fi g . 10) . The narrow r e
they are reported to be relative to Standandhlues probably reflects the resistance of the
Mean Ocean Water (SMOW) according to the ar bonat e @ odspletiont duringt
formula di agenesis. A stosmwow dec
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values for the mineralized dolostone andiinerals to the pore water is common (Roherts
limestone with respect to unmineralized host973). Dolomitization of the studied carbonates
rocks in the studied sections (Table 3 and Figave occurred so that the released metals could
10) can be attributed to an isotopic exchandeve been retained ithe pore water, further
between the carbonate host rock and thecreasing the metal content of the basinal
mineralizing fluid brines. Therefore, it is quite possible that some

In the stal® oxygen isotope studies of ancienroportion of the metal lwas' dgrwed from
carbonate rocks such as the Kurra Chine aﬁarbonate host rocks duririheir widespread

Bekhme formations, the possibility of isotopicd()lom'tlz‘rjltlon Roberts (1973) and Fuchs
reequilibration occurred during diagenetic(1984) suggsted that carbonates themselves

processes, which are capable of altering tHuere the major source for metal ions and upon

original isotopic composition of carbomat mobilization become concentrated forming-Zn
should be considered. Nevertheless, the Ie'gg deposits. At the Pine Point (Kyle, 1981), the
depl e %6 d valugs might representcarbonate host rocks are the favored source

dolomitization under the influence of horizons. Another possible source of Znd

dominantly marine environment, whereas mor%lso Pb in the basin could be shale beds within
utto depletion demonstrates the meteoric Watg?e Kurra Chine ) Formation and  older
realm (Tucker and Wright, 1990). Duringet formations. Dewatering of shale_ has.been
stage o f mi ¥Ce rvalues zof {a\{orgq1 as g source for metadaring fluids

mineralization stage minerals , i.e. samples DQ\/Iacqueen, 1976; Coveney and Glascok, 1989,

58 and DK 65 from the Dure section, sample'siaghat et al, 2000; Paradiset al, 2007).

LB 28 and LB 53 from the Lefan section, tend%i‘”"gha‘tet al (2000) suggested that dewatering

to be light (Table 3). Light carbon isotopeéjf shales is a major source for metaaring

could have been added to thydrothermal fluids for the Kuhe-Surmeh P¥Zn deposit in

system from deepeated magmatic sources Orc,outhwgstern Iran..CIZIgynne.'raI maturation and
by oxidation of organic matter. A deepated dewaterlng of the siliciclastics (shale) _cgulq also
magmatic source of carbon is considered gave prowed Mg for the dolomitization

have a WH@+HarmCilark aas%ogatecli_.\yitp {‘nigefalization (e.g., Liagleat
1997) The “a afnmireralized al., 8000). Based on these assumptions, it seems

samples implies that itould not have been reasonable to assume that Zn and Pb were

precipitated from such a uniform source (Tablgenveq_ from the diagenesis of dolostones and
3). In addition such a source for the studiea()lom't'_C Ilme.s_tc.)nes_ or the late stagg
deposits is extremely unlikely because of thgewaterlng of siliciclastic beds or both. Thus, it
lack or absent of igneous activity in the aregPPears that sediments within the Northern
Therefore, it is suggested that oxidation offust Zone are capable of producing the

organic matter in marine sediments was activaecessary amount of metals.
during  mineralization.  Accordingly, the 10i Genesis of the P&Zn deposit
probable source of carbon has been established

as a mixture of the marine sediments plu

carbon dioxide formed by the oxidation oés assumed by the previous studies -(Al
: Qaraghuli and Lang, 1978; MAassamet al,
organic matter.

1982 and Awadh, 2006) and also by this study,
9i Source of Metals the studied PZn deposits are of sedimentary

origin and have been formed after the
During diagenesis a widespread dolomitizationithification of their host rocks (i.e. egenetic
release of metals from metastable carbonateposits.
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of oreforming fluids. Comparing with typical
basinal brines, some fluid inclusions in the
studied deposits ‘yided relatively lower
salinities (<10 wt.% NaCl equiv.). However, the
low-salinity of these fluid inclusions shows a
positive correlation with their Th values,
suggesting a possible mixing between meteoric
water and basinal brines

Table 3)Car bd®8)apid o xQ) satope( U
values of carbonate host rocks in the studied
sections. DK samples from Dure section and LB

. 13 -

Figure 10)P 1 o t “Co fv_% of carbonate host gympies from Lefan section. LSh 1 is one sample
rocks of the studied deposits in the Dure, Lefan a'?pom Shiranish Formation from Dure section.
Sinjar secti ofCs,arn®valies showi ng U

of the unmineralized and mineralized carbonate
rocks in the sections. The fieldscarbonatite, mafic
and ultramafic rocks, granite, marine carbonate,
and marine and nomarine sedimentary organisms
are plotted after He et al. (2009).

There are several lines of evidence to suggest

basinal brines as the source of -fwaming

fluids in the studied sections. Firstly, the fluid

inclusions of these deposits have salinities and

temperatures mainly within the range of fluids

from the MVT deposits (Leaclet al, 2005,

2010). The second is that the ore deposits

display, similar to most basinatines, low and

narrow vari at'oaues (Teble sul fi de U
2), probably indicating a single source of sulfur.

On account of the lack of magmatic activity, itrig study suggests that the-Bb deposits are

is realistic to view the rocks in the basin of thgyncentrated from basinal  brines (marine
studied sctions as the source of sulflinese \yaters), which travelled along deep cracks and
include evapd'sivdlues) the dd & the'bRginrthg of the orogeny event. At
strata enriched inorganic sulfur (slightlyyepth, the fluid heated up and dissolved metals
positive to'S waeshtand gom rdkks during itsascent, and when the
sedimentary rocks containing diagenetic pyritgyncentration of metal ions increased
Third, carbon and oxygen isotope values in thgfficiently then deposition occurred. This
carbonatehost rocks argenerally characterized yrocess and structural features such as faults and
by relati‘elyndl & efice ks, together with watbck permeability and
require involvement of marine carbonates an@activity would be the eventual controlling
organic matter in the basin to supply carbon aRgctors of mineralization, geometry of the ore
oxygen (Fig. 10). In addition, the fact thapggies and the alteration. According to Leach
hydrocarborrich fluid inclusions are founah 54 Sangster (1993), fluids migrating through
some gangue minerals, and a late generation ffen, nortions of the sedimentary basin become
barite (Awadhet al, 2010) also testifies the heated and dissolve rock components, and are
probability that basinal brines were the sourc@en forced upward toward basirargins due to



