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Abstract

The Saheb skarn iron deposit is located about 16 km northwest of the Saheb district, in Sagez city,
Kurdistan Province. This area lies within the Sanandaj-Sirjan metamorphic-magmatic zone. The main
rock units in the study area include dolomitic rocks of the Soltanieh Formation, Permian and Cretaceous
limestones, shale and granitoid batholith. The Saheb batholith shows quartz monzodiorite, quartz
monzonite and granite in composition. This batholith has intruded into Permian and Cretaceous
sedimentary units during the Late Cretaceous-Early Palaeocene, causing contact metamorphism and
skarnification. The contact metamorphism zone in the area includes endoskarn and exoskarn zones and
garnet skarn, garnet pyroxene skarn, pyroxene skarn, epidote skarn, marble and mineralized
skarn subzones. The Saheb iron mineralization has vein and lenzoid-shape with a length of 20 to 100
m and a thickness of 3 to 10 m which formed within marble and hornfelsic units (exoskarn) and to
a lesser extent in the intrusive mass (endoskarn). The ore bodies occur as massive, brecciated, open
space filling, banded, vein-veinlet, disseminated and relict. Magnetite is the main ore mineral, which is
accompanied by pyrite, chalcopyrite, and secondary minerals such as hematite, goethite, azurite,
chalcocite, covellite and malachite. Garnet, pyroxene, epidote, actinolite, tremolite, calcite and quartz
are present as the gangue minerals. According to the field and microscopic studies, epidotization,
chloritization, sericitization, propylitization, and argillic alterations are the most extensive alterations in
the mineralized area, respectively. Based on remote sensing studies, it can be stated that carbonate,
sericitic and propylitic and gossan alterations are well developed in the region and in some cases, the
alteration zones in the study area overlap with together. Field studies, mineralogical and textural features
show that the Saheb iron mineralization is classified as a calcium-type skarn deposit.
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Introduction little studied and its accurate identification could help in the

The Saheb iron deposit is located in northwest of Iran
(Kurdistan Province). This deposit is situated approximately
16 km northeast of Sagez city and is a part of the Sanandaj-
Sirjan zone (SSZ) (Aghanabati, 2005). The SSZ is one of the
most important zones of Iran , containing many of the main
important types of metallic mineralization such as copper,
lead, zinc, manganese, gold and iron (Ghorbani, 2013). There
are several Au and Fe deposits reported from the northern
part of the SSZ. The Saheb Fe deposit which occurs in the
carbonate rock units adjacent to the intrusive bodies has been

exploration of further resources in the region. Thus, the
detailed investigation of geological, mineralization,
mineralogical , as well as the identification of different types
of alteration zones and line structures in the Saheb area by
remote sensing methods have the potential to facilitate
additional advancements in this field.

Material and Methods
During several field studies, more than 150 samples were
collected from granitoid intrusion, Permian and Cretaceous
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rock units, skarn rocks and iron ore body. A total of 53 thin-
polished, polished and thin sections were prepared to study
the host rock, ore body and skarn mineralogy, ore body
texture and paragenetic sequences of this deposit.
Furthermore, to identify alteration zones in the Saheb iron
deposit, we used the satellite images such as LANDSAT8
and ASTER imagery.

Geology of the study area

Based on geological map (Kholghi Khosragi, 2000), and
field studies in the Saheb deposit, the rock units at the Saheb
deposit consist of Soltaniyeh Formation, Permian limestone
(Ruteh Formation), Cretaceous limestones and shale units
and Late Cretaceous to Early Paleocene intrusive bodies with
composition of quartz monzonite to granite (Abdollahi et al.,
2019). During the Late Cretaceous to Early Paleocene these
intrusive bodies intruded within the Ruteh Formation and
Cretaceous limestones and shales, resulting in the
development of skarn haloes and mineralization within the
region. Mineralization in the Saheb iron deposit formed as
veins-veinlets and lenzoid within the Permian and
Cretaceous rocks. Magnetite is the most abundant iron ore
mineral in this deposit, which associated with pyrite,
chalcopyrite, hematite, goethite, malachite, azurite and
chalcocite.

Results and Discussion

According to field and zircon U-Pb data (Abdollahi et al.,
2019), the Saheb granitoid which crops out extensively over
an area of ¢. 200 km? intruded into the Permian and
Cretaceous sedimentary units during the Late Cretaceous-
Early Paleocene. The Saheb batholith ranges in composition
from quartz monzodiorite, quartz monzonite to granite.
Various contents of plagioclase, amphibole, quartz, biotite
and alkali-feldspar occurred in the igneous rocks of the Saheb
batholith. The accessory minerals include titanite, zircon,
apatite and opaque minerals. The intrusion of the Saheb
batholith into carbonate sequences led to contact
metamorphism and skarnification in the region, forming
skarn Fe-mineralization. The contact metamorphism in the
area is composed of endoskarn and exoskarn zones. Exoskarn
zone is the main skarn zone and consists of several subzones,

including garnet skarn, pyroxene skarn, garnet pyroxene
skarn, epidote skarn, hornfels and marble.

The Saheb iron mineralization exhibits both vein and
lenticular shapes, with lengths ranging from 20 to 100 meters
and thicknesses between 3 and 10 meters. The ore body is
characterized by various forms, including massive,
brecciated, open-space filling, banded, vein-veinlet
disseminated, and relict structures. Magnetite occurred as the
main ore mineral, typically found in association with pyrite,
chalcopyrite, and various secondary minerals, including
hematite, goethite, azurite, chalcocite, covellite, and
malachite. Additionally, the gangue minerals identified in
this context include garnet, pyroxene, epidote, actinolite,
tremolite, calcite, and quartz. The garnet crystal size is about
1to4 cm. In some cases, garnets are found within a magnetite
matrix and appear brecciated with the magnetite. Moreover,
magnetite is sometimes observed in association with garnet,
occurring in banded formations. The occurrence of malachite
and azurite in the region suggests the existence of copper
mineralization, predominantly found in locations
characterized by fractures. As a result of supergene and
weathering processes, magnetite has been transformed into
hematite and goethite along fractures and crystal margins.
Martitization is also visible in some magnetite crystals. The
additional supergene minerals include malachite, azurite,
chalcocite, covellite, and goethite resulted from pyrite and
chalcopyrite  weathering. Field and  microscopic
investigations indicate that epidotization, chloritization,
sericitization, propylitization, and argillic alteration represent
the most significant alteration observed in the mineralized
region, in that order. Generally, mineralization at the Saheb
Fe deposit has been carried out in several stages as follows:
a) contact metamorphism associated with formation of
garnet, pyroxene and marble in massive, banded and vein-
veinlets forms, b) prograde metasomatism occurred via
intrusion of magmatic fluids into the carbonate host fractures
resulting in the formation of tremolite, actinolite, epidote,
chlorite and magnetite, alongside garnet and pyroxene, in
associated with replacement, breccia, open-space filling,
banded, massive and vein-veinlets texture, ) retrograde
metasomatism accompanied with low-temperature fluids
activity and alteration of minerals formed in previous stage to
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the chlorite, epidote, calcite, quartz and clay minerals and
occurrence of main ore mineralization. This stage was
followed by sulfide mineralization and carbonate veins
cutting the Fe-ore minerals, d) Weathering and supergene
processes, as the final stage, occurred due to the infiltration
of meteoric fluids and formation of azurite, malachite,
chalcocite, covellite, hematite and goethite with replacement
and relict textures.

Remote sensing is considered as one of the emerging tools
in the geological studies where the development of spatial
imaging and its specific advantages has increased the usage
of these images in Earth studies. Based on remote sensing
studies, the carbonate, sericitic and propylitic and gossan
alterations are well developed in the region and in some cases
the alteration zones in the study area overlap with together.

Conclusions

Based on the mineralogic and textural studies it can be
state that the iron mineralization in the Saheb area occurred
during various stages including isochemical metamorphism,
prograde metasomatism, retrograde metasomatism and also
weathering. The current study shows that the Saheb deposit
was formed during the Late Cretaceous-Early Paleocene due
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to subduction of the Neotethys oceanic lithosphere beneath
the Sanandaj-Sirjan magmatic- metamorphic zone. Field
studies, mineralogical and textural features show that the
Saheb iron mineralization is classified as calcium-type skarn
deposit.
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Fig. 5. Microphotograph of the Saheb batholith. a) Granular texture in the quartz-monzodiorite body which consists of amphibole,

plagioclase and quartz b) Poikilitic and inequigranular textures in the quartz-monzonite which contains Alkali feldspar, plagioclase,
biotite, amphibole and quartz minrals ¢) Granular texture in the granite. (Alkali feldspar: Kf, plagioclase: PI, biotite: Bt, amphibole:
Amp, quartz: Qz). Minerals abbreviations are after Whitney and Evans (2010).

9 <8k oS o Lalg; g la Sy comlol rmod pdgdiools s (€ LS SisRe cslis gl adlas el

oud o3l edgh aalsl )5 lag] s anigd (SisSz 5 el Sons oole b g il anlllas ¢ ool SIS oy g eSS
el oo ol LS o8 Jgil 1o Gaseosle ol 20 e 0yl ol sl (Seihl Ly, (maiis
Jsb g e ¥ culd b S5 (cwse 5 glaxS) a5, &)50 5 heSis Lo 3,50 50 1, (oo Sl 6, KalS Slallae
S50 oo LS (S5 50 Glaw p3 e Vo) e 350 (Pirajno, 2009) 5,135 s Lo ,Lisl o Ll LoSes Layl o5
03¢5 o )"‘"°S )“'xa“’ o9 Ml"; W Qﬁf)f'> C"L’}“’) «(a-# L)'QT )L.....alf b.a‘)tbls ‘_,’.’J.C u*"-’ S ooy e Conwo O"‘ 39

\Y



OhSen 5 plllae

$3985 0358 B )3 i Gl S5 (nl i pw (Sl 5
Ol s 5o el ee cdnlie clo udedl S gl b
4 i3 jsb 4 el by colo Ll o ble S
Senl 58 LB @Y JSB) wlowd Jraw (o) S 9 S o
P Al Gy w4 g I B il Sy 4 Com o &S

g go 08y ddlaie oyl

- Uiu ail> 48 olg e ) Sle So ol iy 5T (Slw 50
30 0,5 oanlin g oo (63980 srody o g Jboals sl
ol Olel® D90 4 (lgios (2959 S g (il e Dlaalis
solra 53 i |y s, (ol 9ai s, |y sl 55 g
ol cole LS o 0,8 saslie da e SloSo L
Jyaze jobiy o) GLGE DI (g (55 Sl S0

.(b-v JS8) ail oo Sle S (pl ones

o LQGSL»;Q ool :o..\.&d.."'l}.g;g Gy ts“"'i”‘“' ‘s’l.w)fo
GlaxS ) -a5, Oyge 4 adhie cul )5 oAl bl >
g b los S akad 1) L3 >l y0 sl IS 5 wiloads JSCis
m0 Nlod,S alad ) sk sladS ) Ly )5 ladS aSST @
Soaxs, a5, 5l k3 5l sleas, a5 conls bl oy
5 oiml 3l R e GleySS leass LS5 Sl S
sl o) sbailils o Sla S gll oy gond aslis
4 et bt GlaSiw ;5 55 (ad Glu S g (oD (ouplew
J S Gladglne bawg SloS 5 e @5

'Y

s il cpl o ol ole Sl sals LSS 5345
A, a8, 5l Glasil 5 b buS J3Is jo glaS; )50 4
P JKe wae Sjge 4 i 00 g WS o Jolgd
o Ss g clye slayel LS cpl yo b-F IS cl
A S3slse 5 Gl S )*’l’ o a5 W lgiee |y 6,8
Al oo yioble F U Y sgu> o )5 sla sl slal ailazs 5
CiSe l Glawy yo b i Sy 0 s 5 (C-F )
CaSV 0929 (A-F JSo) Wiloads by o] awgs 9 0yl I8
e 3l I S97 g 5l (Sl aihae o (@-F JS5) o3l 5
lojyoas olo ise o i oayay (wlas cuol adhats ol jo
—a8, (-7 JS8) wigd o sdaliv wiius g5 LSS §
Wlod S alad 1) Jaxe oole la i (> 0 )0 65,155 sleaxS
JSK8) CO,B L (5)ls D yg0 4 (69550 50 oS (Q-F JSL)
S S
83 yinS s crlo ool LS jo Sl 5o ( IS jeb 4
00)5" 09}3 LY )LMJ[S L)"‘ )é ‘) ‘5)5L5...A ‘_ngdJLQ 9 005.3 &9.....9 9
s‘;?iwj)i,.n 9,99 )| T 5‘5").794 Sldlas u,oLw‘ » ]
S e S sl slele S

Ly o S oyt oo 8 4 S5yl g Sl g ¢ i oo

Ailoads 00ls 7 18 ety 4y dwlsl ;o aS Wyl olialS ddlais jo
— Sl 9 eSSt - Sge 5 slais &5 sl 55 LB

Teoy o ol 0 &S wtis Sl glaaig 95> (RS

slodds ool



e GBS g Ll 5 e S (sl e Ol 5 (sellloe

(300) 00 (135 50 Gl )S glaaxly jo (lazs, -5, &jp0 4 ol 2halS @ colo ool )l 08 Gisu o LA 5l (Glme pslas -7 IS4
WSVl aloz 5l 5pgw slals LSis €, ToowiKe 5l slae) j0 ool iy 25,5 sloysly (€, 0 .aul,S sloudii oo 1o ool 54 (B ey
il (N .08,5 oo oanlie 455 ] 10 Cay oSS iy dnkad ol 00,5 alad | CuiiKe S o0le 45 35,165 5| laxS, (@ oyl sloaenST 5 u o5
Whitney ) 5lsl 5 g 5l 43,5 5 la SIS (5 Lazs! odle (MIC :2uSYL Gt - JI8 Mt ieuiSe QZ 15,165) colo JLuils jo cuife § <65 5l
sl e (@nd Evans, 2010
Fig. 6. Field photos of the western part of the Saheb iron skarn deposit. a) Iron mineralization as vein-veinlets within the Permian
metamorphosed carbonate (marble) units. b) Iron mineralization in the Cretaceous hornfels. c, d) Bereciated garnet crystals within
the magnetite. e) Formation of supergene minerals such as malachite, azorite and iron oxides. g) Quartz vein that cuts off the magnetite
ore body. The chalcopyrite fragment is observed within the quartz vein. h) Banded texture of garnet and magnetite at the Saheb
deposit. (Magnetite: Mt, garnet: Grt, Quartz: Qz; malachite: Mic). Minerals abbreviations are after Whitney and Evans (2010).
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Fig. 7. Photomicrographs of different types of alterations in the Saheb deposit. a) Sericitic alteration occurred within the plagioclase
crystals. b) Argillic alteration which has been replaced plagioclase in the intrusive rock. c) Silicic alteration formed as quartz vein-
veinlets in the host rock. d) Carbonate alteration occurred as vein-veinlets within the host rock. (Epidote: Ep, chlorite: Chl, garnet:

Grt, actinolite: Act, pyroxene: Px, sericitic: Ser, plagioclase: P, quartz: Qz, carbonate: Cal). Minerals abbreviations are after Whitney
and Evans (2010).

2SS gl oo s raigas jo Ko g 5 o JSbaes oo oolo 8l g cSlw g (ol SIS
Spisn ok gy S B S K)o dblie ) s Glaghie ) (55 Ko o n 4l

—a5,) (@A S Glodgs ctiSe A5 28l @A ) GoeS] lrog 5 5l iy JLils cnl slaails ( Lio ~S50
285 Sl S5 R sl SBp g (D-A US) S, Ll il o S5alS Slalllae bl aiil e duilsw s
o 3l pleans ) -, hug coiiSe JB i (S Gty (09950 yyolie Ly a5 ol CopiSo aibaie 1l )0 Sgzge
5 S5 4SS b Ll Gal 5o el oud ol ailed lysS omsSIS (oSS Sy e 4 g
- Ol 0 (TSl 5 Gl T mas a8 bl s egilen ULl GladilS 0gd e calyan SV 5 o gl wiadsS
5 Oinge Slanld a5 oedpe swd el Yo b ] e IS eS| - tge 5 Sy )8 el
4 sl adle 5 la SuSis slatel jo coitiSe (Sojlse il e 55,188 s
2oy s S (Fn 5ol ond o e s ciben | e T Wl eSS a5 phailen eaniSe
O s le (C-A ) sl oamlice LB 58 ol s le

Slazel o cuiiKe ol 4o aS canl piil> saay 5l pol5 g4

Uy J.ASMJ |) UT N u.’).;u.u.\.’ 9 00 ;f}l.‘a Q)li..;‘

3ot U cdpo layely IS0 a4 v sladiges jo cuiiXe
Craig and ) i 0 il coslon Lawgs OVY) &) zsbaw

.(Vaughan, 1994

20 ol sleyels oslail cdél Lol .ogd co 0000 5 e il S5

GUSS Ojg0 4 CuiiSe slaygl allb e ye le O 0>

VO



OhSen 5 plllae

Sy 5| s 45 a3 ol 310 (N-A US5) sl o Jyos
0 69 omb Les SVl pozma b lojen 5 (63940 0395 (b
Cuslon 4 095 slao),0 g jledS slasel jo cuiXe 45w
(Haynes, 2000) Ko 5 (ool slizel 4 05 oo oo
5 Wibise 61979 9 p3Y OS] Hpam Cuilen LSS
a5 e 5o ()1 e G Gayb 5l (e aelS 98 WLy
“o0 857 Sl (St e (S Jeie a5 350 Vb
OLslS 03,55 S 5 oxbans > gi o a8 ol 55 L5 sl
ool 0als bow cudlen a4 cuiSe 3l sz BB e
ComgSI (Sojlse Jol> la S5 ol iamwgSIB 5 cdggs
CodgsS loads JSis )LuslS (pl 5o o Hlade 4y g widl e
Ao Gosk Al g b Sl I i CensSIS
Aload o pgSIE 3Rlr inew 5 Soilse slaanl
A JS8)

2 ()93 5 SaSVL) (e slatln S 15931 § oSV
5 w50 3l aS da g5 (pl &gl so onue GlaST (e
s SSS) b il 092y 4y o msSIST (semslaaS]
OlaeaST Glagizy )0 (Caye5D) oys2Y 2l 5 (CeSYL)
—a5 ) Sgo a4 Ca,gil g caSYle 30,5 e odalive Ll
B-F JS8) Wsd oo onalive Ll cnl yo (niiler 5 slaaS
Coife 5l e o |y S5Vl SIS g3 se blis oams o .(F
o8I Gl (S onl (il as j3 4575 S snalie
b o bl ol s S5 a8 jshlen ol onds S
Wload oy oI SIS il (5 n9m 9 (595192 Slaanl B
@bl hid &5 cul o 4 sy (S e Gl

el odile L_;’BL’ U—‘ )5).4) 5o u.:).uﬁﬂls

\F

Slald il S8 58 (8 slaise o a5 jshilen 1Cg g
S Sl o5 B colo L o sudlgn sla S
~alS 5 oad JoSid glans ) —a5 ;) O jao 4y jLulS ol o i
s SIS )€ 5 O-A JS) Sl 055 il 1) oo 5
A 4 i bl oo IS0 U b JShans sl sl Oy
adbie (pl )3 @ SLL Jo e o bodlge (nlaS w0
Coym boolpad 50 Coym oIS bl sam jo aleads LSCis
ol il LSis Sloged 5l plas opl a5 09d o sdmlive
slad casS g easSTpails Ojge 4 bl sax ;o ey o
A e G ol sl i o e ews JB
g adl> 5l ad S I8 Sojlse 5 ipse laanl
2 sl oad oo ol slaaST 5 cisS @ la Ssy
bowsgd oy (Ol slo Jsloe L3, 5 (F5lg0 0l as
(Thomas and Traiana, 2004) cwl sads w350l cusss
Oygo o8 g slans ) slacdl gl SIS (nl iy yuy oSIE
ol ol 53 558 a8 jshuilan (F-A JS5) canl S padlss
g 00l oSS Co ol jedy dihaio pl jo o5 ladeq 6;[5
35 S eSS G Q-A JS8) cenl oo S alad 5]y et
ol s b cou Ll ul e se>ge slaalS ple siles
oSVl @ o] a0 g i8S 18 Sojles g )5 pem
JS5) el oads hass S s 5 CudgsS wlemasSIS w55
il Gl ((Sojlen 5 i laauld S s (@-A

ailoas JSid ey ;o oSS 4o suilesl g
039 Uins 5 S lse slanld Jsame a5 Gl icailon
Dyge 4 Gl 592 Glac] by coiiSe o ST g

CuisS g Coilen Ao 3l gl Gl S5 4 JS L g S



w6l 5 oAl 90 (g T ol e Ol 5 (sellloe

ke (€ oglans, 2db b conifo (0 .gloogs il b coife S0 o sloysh @ lo Q.m'l SLslS [0 09250 ailS 3l 59y Ko yglar -A S
alad |y coie SIS lanS, ©)p0 @ 4T CapmsSI 5 Sy gD y00 € el 03,8 alab | coiSe (lanS) O go a5 Ca (0 opiSe SIS Gl
ool g bl s coiSe SIS (N .oy oIS S, Jasgs CoitiSe ol ahad (oo J31s 10 S 5 adlSs &g 4y oy oSS ST g (FLiilon S
b S5 g lazs! Wdle (Hem :oslan £CP iy 065 PY 1o 0 Mar ;o 05 ke MU i) sl oals bas cslen 4 (Fo5len g 45 ,00m

il e (Whitney and Evans, 2010) 5ilgl 5 g 5l 48,5
Fig. 8. Photomicrographs of minerals at the Saheb iron deposit. a) Xenomorph crystals of magnetite with massive texture. b)
Magnetite minerals which formed as vein texture. ¢) Martitization of magnetite. d) Vein-veinlets of pyrite that cut magnetite. e)
Coexisting of pyrite and chalcopyrite which cut the magnetite veins. f) The presence of chalcopyrite mineral as open space filling in
the magnetite mineral. g) Magnetite minerals are cut by chalcopyrite vein. h) Magnetite mineral which replaced by secondary hematite

due to the supergene and weathering processes. (Magnetite: Mt, martitization: Mar, pyrite: Py, chalcopyrite: Ccp, hematite: Hem).
Minerals abbreviations are after Whitney and Evans (2010).
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Fig 10. Photomicrograghs of gangue minerals in the Saheb iron deposit. a, b) Garnet and pyroxene minerals replaced by late-stage
calcite. ¢) Formation of pyroxene crystals in the pyroxene skarn zone. d, €) Pyroxene minerals which replaced by the elongated

crystals of tremolite and actinolite. f) Mosaic crystals of epidote cut by calcite veinlets. g) Chlorite alteration formed beside of the

garnet. h) Late-stage calcite vein which cut epidote vein. (Garnet: Grt, pyroxene: Px, tremolite: Tr actinolite: Act, calcite: Cal, epidote:

Ep). Minerals abbreviations are after Whitney and Evans (2010).
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Fig. 11-a) Magnetite ore which is cut by quartz vein. b) The ore body cut by the calcite and quartz veins. Carbonate veins also cut
the quartz veins. (Magnetite: Mt, quartz: Qz, calcite: Cal). Minerals abbreviations are after Whitney and Evans (2010).
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Fig. 12. Paragenetic sequence of minerals in the western anomaly of the Saheb iron deposit
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