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(EPMA), the crystallographic characteristics, crystal chemistry and thermodynamic
conditions of ilvaite have been investigated in the formation of skarn deposits. The
Gholamabad iron skarn deposit (1.3 Mt with an average grade of 37.2% FeOQ) is
located 30 km SW of Dehgolan, North Sanandaj-Sirjan Zone (N-SaSZ). Skarn
formation has occurred in this deposit at the contact of alkali granite porphyry (Upper
Jurassic) and tuffaceous siltstone sequence (Triassic-Jurassic), which was
accompanied by progressive alteration of brown andradite-hedenbergite near the
intrusive body and retrograde alteration of epidote-actinolite-calcite in the vicinity of
volcanic rocks. llvaite with empirical formula,
Cag.goFe?*1.83Fe3%0.08Al0.04MnN0.04MQ0.02Si2.140s(OH), formed from the reaction of
andradite, magnetite, and quartz minerals during retrograde alteration stage
(temperature 400 to 470 °C and AlogfO,(HM) between -4.2 and -4.0). Then, in the
final stage of retrograde alteration, with increasing Xcoz activity (0.05 to 0.005) and
decreasing oxygen content (AlogfO(HM) < -4.5), ilvaite has been decomposed to the
magnetite, calcite, and ferroactinolite assemblage at temperature 270 to 350 °C.
According to the results of EPMA, the high ratio of Fe?*/ Fe3* (avg.= 1.90) and low
content of Mn?* (<0.05 assumed six cation sum) in the ilvaite of Gholamabad deposit
indicates that it belongs to Fe skarn deposits, which is different from other skarn
systems. In general, although ilvaite is a trace mineral in most skarn systems, the
results of this approach show that the composition and thermodynamics of ilvaite can
be used to distinguish different types of skarn deposits and the evolution of
geochemical-skarnification processes.

[ DOI: 10.22034/KJES.2023.9.1.101355 ]

Introduction
llvaite—a mixed-valence calcium and iron

silicate  with a  general  formula
CaFe,*"Fe* (Si07)O(0OH) has previously
been described as a retrograde mineral in

several Zn-Pb and Fe skarn deposits as well as
in one Sn-W-F (Be) skarn (Einaudi et al.,
1981; Franchini et al., 2002). Trace element
composition of ilvaite is sensitive to
physicochemical parameters of magmas such
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as temperature, oxygen fugacity, water
content, and melt composition, and can
therefore be a robust tool in petrogenetic and
metallogenic  studies of skarn systems
(Meinert, 1987; 1992). The Mn-rich species
occur exclusively in marble hosted distal Zn-
(Pb) skarn deposits, whereas the Fe-rich
species occur in Fe, Au, Sn and W skarn
deposits (Pesquera and Velasco, 1986; Miao et
al., 2019; Wang et al., 2023). The Gholamabad
iron skarn deposit (1.3 Mt with an average
grade of 37.2% FeO) is located 30 km SW of
Dehgolan, North Sanandaj-Sirjan Zone (N-
SaSz).

This study documents the occurrence of
ilvaite from the Gholamabad Fe skarn deposit,
and elucidates the physicochemical conditions
of its formation and evolution. In this
contribution, by using microscopic evidence,
X-ray diffraction (XRD) and electron
microprobe analysis (EPMA), the
crystallographic ~ characteristics,  crystal
chemistry and thermodynamic conditions of
ilvaite have been investigated in the formation
of skarn deposits.

Materials and Methods

About 35 samples were collected from
different areas and subjected to petrographic
studies. Mineralogical studies of ilvaite were
first performed by ZEISS Axioplan 2
transmission-reflection  light  microscope.
Then, to ensure the presence of this mineral,
three samples were analyzed by X-ray
diffraction (XRD) and CuKos primary beam
(A=1.54059 A), 40 kV power and 35 mA
current in the Salamanca (Spain). In order to
identify the chemical composition and textural
characteristics, about 20 points of the ilvaite
mineral were subjected to electron
microanalysis (EPMA) along  with
backscattered electron images (BSE) at the
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Novosibirsk Institute of Geology and
Mineralogy (Russia). This analysis was
performed by Cameca SX100 -electron
microscope technology with a current of 34
nA, an accelerating voltage of 20 kV, an
electron beam diameter of of 5 microns, and a
counting time of 20 seconds.
Results and Discussion

Local geological findings revealed that the
Gholamabad iron deposit consists of three
main rock units: (1) limestone sequence with
volcanic interlayers known as tuffaceous
siltstone (Triassic-Jurassic), (2) leucogranite
mass (Upper Jurassic), and (3) magnetite
layers with calc-silicate skarn (Sartipi, 2005).
Granitoids of the area known as the
Bolbanabad granite consist of alkaline
leucogranites with pink color and porphyry-
granular texture along with limited outcrops of
mafic rocks (Azizi et al., 2011; Yajam and
Ghalamghash, 2019). The alkali granite and
syenogranite porphyry consist of quartz,
granophyric orthoclase and plagioclase with
rare minerals zircon, titanite, magnetite, and
ilmenite. Skarn formation has occurred in this
deposit at the contact of alkali granite
porphyry (Upper Jurassic) and tuffaceous
siltstone sequence (Triassic-Jurassic), which
was accompanied by progressive alteration of
brown andradite-hedenbergite near the
intrusive body and retrograde alteration of
epidote-actinolite-calcite in the vicinity of
volcanic rocks. llvaite with empirical formula,
Cao.goFe? 188Fe% 0.98Al0.04MnN0 04Mgo.02Si2.1408(
OH), formed from the reaction of andradite,
magnetite, and quartz minerals during the
retrograde alteration stage (temperature 400 to
470 °C and AlogfO,(HM) between -4.2 and -
4.0).
Conclusions
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Although ilvaite is a relatively rare mineral,
its complex formula and its compositional
variability make it a potentially valuable
indicator of the geochemical environment of
skarn systems. This contribution revealed that
there are systematic variations in ilvaite
composition among skarn affinities. Ilvaite
from the Gholamabad Fe skarn is similar in
composition to ilvaite from Au skarns and
suggests similar conditions of formation for
both skarn types. The high content of FeO
(avg.= 52.51 wt%) and high Fe*?/Fe*? ratio
(avg.= 1.90) in the composition of the
Gholamabad ilvaite implies high Fe activity
and low fO,, which is similar to associated
intrusive rocks. Ilvaite from Fe and Au skarns
also contains more Fe and less Mn than ilvaite
from Zn-Pb skarns, which probably formed
under higher fO, conditions. The higher
amounts of Al,Oz and TiO,, as well as the
presence of F and Sn, clearly distinguish
ilvaite from the Sn skarn from other skarn
systems.

References
Azizi, H., Asahara, Y., Mehrabi, B., Chung, S. L.,

2011. Geochronological and geochemical

constraints on the petrogenesis of high-K

granite from the Suffiabad area, Sanandaj-

Sirjan Zone, NW Iran. Chemie der Erde. 71 (6),

363-376.

Einaudi, M.T., Meinert, L.D., Newberry, R.J.,

1981. Skarn deposits. Economic Geology 75th

anniversary, 317-391.

CRediT authovship contribution statement

Franchini, M.B., Meinert, L.D., Valles, J.M., 2002.
First occurrence of ilvaite in a gold skarn
deposit. Economic Geology. 97 (5), 1119-1126.

Meinert, L.D., 1987. Skarn zonation and fluid
evolution in the Groundhog mine, Central
Mining district, New Mexico. Economic
Geology. 82 (6), 523-545.

Meinert, L.D., 1992. Skarns and skarn deposits.
Geoscience Canada. 19 (5), 145-162.

Miao, Y., Dick, J.M., Jing-wen, M., Cheng-you, F.,
Bin, L., An-huai, L., Yong-feng, Z., Jian-ging,
L. 2019. Ilvaite as a thermodynamic recorder of
multistage retrograde alteration in large
Galinge skarn Fe deposit, western China.
Journal of Central South University, 26 (12),
3534-3550.

Pesquera, A., Velasco, F, 1986. An occurrence of
ilvaite layers in the Cinco Villas metasomatic
rocks, Western Pyrenees (Spain).
Mineralogical Magazine. 50 (3), 653-656.

Sartipi, H., 2005. Geology Map of Sanandaj. Scale
1/100000. Geology Survey of Iran, Iran.

Wang, Y.S., 1994. Analysis on special case of
ilvaite enrichment in a certain iron deposit.
Qinghai Geology. 3 (2), 19-20.

Yajam, S., Ghalamghash, J., 2019. A-type Granites
of North Sanandaj-Sirjan  zone, new
observation, new classification. Scientific
Quarterly Journal of Geosciences, 24 (8), 221-
230. (in Persian)

Resources
Ebrahim Tale Fazel

Writing - Review & Editing, Conceptualization
Validation, Methodology, Investigation



http://dx.doi.org/10.22034/KJES.2023.9.1.101355
https://gnf.khu.ac.ir/article-1-2885-fa.html

[ Downloaded from gnf.khu.ac.ir on 2025-12-10 ]

[ DOI: 10.22034/KJES.2023.9.1.101355 ]

YAM AN Sy asIILls YAYA -FFAX gl LLs YoV U YAY asao A FV oLl g 5l o) o)lads 4 ol

gy Ao
AT (7] o pwd
03318 o) P ol dlxo
Joumnal homepage https://gnf.khu.ac.ir

9 odig (Sl 5o (Soluogoy bulpd ouidSead (lge & Cogll Clws JU couis

¥ ol &b !yl
Q‘)ﬂl ‘le Loew ‘_,’J.c}g olKzsls nf&}l& saSiisls “SM)L'.ML}.A.A) 05; Ulgpll.w‘ A

US> Ao wleMb|
Ol 58 0ig yun (Sls T8 alor pa 48 wpe laS” sla SIS 51 CaFe2? Fed*(Si207)O(0OH) oS 5 L cusby| Alio azsey U

S9rSUs 505 4525 s KRD) (S0l 950 (Bl 1295w Seon wlgd sllooliinl b gy (ol ) 09dion Cgmie VFY/2F/40 1l )
slS o 0985y Cushl ol (Saalnsge s Laulpd 5 joh (cond (oulidiyoh Sloogas ouyp 4 (BPMA) - VF-Y/ON- : hpdy

5o y3 TYIY Lagin s 5 5 pabeo VT (oala 0,53) SUTpDIE (0] o Sul JUuslS ol ot aislsy ol gl o 031
o3 opl 3o 2l ol 18 Jlads Gl e —zoicw digy 5 GMKRS gz (55l S Ve o (FEO ool oyl gl

a5 o0l (55, (Selyg5 b3 (B8 Srwilow JIg5 5 (@b Soly3) by oilF JUT Gules Yoo oAU, a5
gt sis ey SlaS 5 55 035 & 03 Cujan-slostd ool adigrin Slufs ol b ST TENR Sk

7 J308 L ollede JLuls jo gl ool w288 IS0 SlaatsT glacSin Spslome 55 Cashl -culgnss)
CC L Fe v slos) odigyun Sl 5o adgl Jolye L CaogoFe? 1.3Fe 0.98Al0.04MN0.04MQ0.02Si21408(OH)
S5l el 43,5 S 5,168 g iR wuol sl sla SIS STy 51 <F B -F/Y 0 AlogfO2(HM) 4 FV-

Glsims 2ol 5 (4100 b +/+0) Xeoz cudle (21531 L o(¥0+ °C LYY+ sles) Slo,Ss ol SLL Jolpe 4o

Sl 8 5 oS (i sla S aegerre 45 Zosbl (- ¥/0 51 1S AlOGIO2(HM) j0lie) laes ()5S
o0 5l 5eS) M ol slgime o (VA e lawgia) FEZ/FEY oYL cons EPMA mls gubs ol oo 4
S ol a5 eog ool lag Sl b o] bl | 5l (Sl obledle JLuils Cushl oS 5 53 (09515 7 ggame (558 b
5 Lol el o ISl 351 50 Lol SIS lgisas skl az ST gsame 5 loion rbote oSl 53 plo
955 g Oyl p1S Elgll ples sl Dl Sl Staliadge s 5 oS5 5 aS wed e GlaS Ghagh ol

28,5 0500 250,00l - olerd g slaas] b

doddio
b s a5 aib oo CaFeFe®* (Si07)O(OH) 5 oS SSLisg g SIS S (ilVaite) o sby!
el WL (Y o 1Va) Wl o 52 0 VAYY Lo o S S5 s belke cudl L ol

DOl http://doi.org/10.22034/KJES.2023.9.1.101355

e.talefazel @basu.ac.ir Job gl eeal )l 1) ghame oudums gisk

il s ls g onig (Sl S0 (Seeliyoge i fayl i oaiiS s laie a5 Coshl Gl SIS o (VE- V) Ll ol tadlio oy 4y olcew!
XV B YAY amin ) ojleds A alx . 0),le5 crej pole alze . Jled ol e zaiiw aigy 0 ol Ll 5l e 1 Sl plsd S o

@ ®® http://doi.org/10.22034/KJES.2023.9.1.101355



https://gnf.khu.ac.ir/article-1-2885-fa.html
http://dx.doi.org/10.22034/KJES.2023.9.1.101355
https://gnf.khu.ac.ir/article-1-2885-fa.html

[ Downloaded from gnf.khu.ac.ir on 2025-12-10 ]

[ DOI: 10.22034/KJES.2023.9.1.101355 ]

v bl d sanS el laie 4 Cushl GleeST SIS cends

Jols b

— U lasin juagh cpl cwl gzl Jb
P Cushl G et 5 ook LSl oulid
—a Caghl ams o oylis oblede al o ISl Luls
oo, ) ohg (Game plBd j0 o9 CleeS Lo
@l sz ol b sl a8 5 15 oy 0 )90 5iaS
Ol Gl oo Cagbl 3l a5 des e (a5 iy
Slogas a4 glows slp che Cls, S
S5 eolaal )l BB Sl olendss
2B ple b oCoghl oled oS5 (uien
LT a5 950 gusyp b 43S 8 auliie )50 ¢S
sl Janmme g 05l g5 4295 b ] oS 5
SVES PG RCINE DR K V% S OO
ol (a0

Gl (olidige) GG olas]
O i aigy 50 adllhae 8)50 dilaie ()l
gy ol (eSS Bl e 30955 o0 )18 Jlet
o9t g Giilys 8 (1) 00 0929 5 )L 90

Berberian ) 35 50 olpl 0)B 00,5 pj 4 aSon
and Berberian, 1981; Mohajjel and Fergusson,

o yg,0 S S 45 6,5 USS (Y) 4 (2014
Azizi etal., ) sgamme Jlaacs] slaculls of ena
S ez adk o adlas oy ashis (2020
a5, o (Zahedi, 1994) zocw V:VOe,e -
5 o)l 8 «Sartipi, 2005) gacie Voo,
Godgi I loyemis Ol pmmgaiin Jods (i
Gy iaghS A Cang b 55laiz S5 pe (53985
~ S (90 45 W1 gy ey Sl 95 e

5 by ead 85 Sleawl 5 osw, sl

YAY

—a o coghl (Gaines et al., 1997) coul oais
Ol 213 5l 65k 53 oo SloST SIS g
Ol sy (g2 LIl slaygiS PD-ZN 5 Zn Fe
Gainesetal., 1997; ) sl oo oluliss 55155 500
Larsen and Dahlgren, 2002; Chukhrov, 1979;
oSl pl33 5s T og>g Jg (Einaudietal., 1981
JIPC SR R ER N PRV AT [P d I
mtorS Vs 5 ST Slisee K iiSan
el sl oo ool g St oS
aegaze ) Mo g (53, woyw sme 2] gl
Ol 255 0 gl (s paie Sluogas 5 la S
LeSle pleard oS 5 aile ilieo Jalge ,3b o
45 0500 518 00,5 )0 Jama b o)lg0 S ¢ Jls
0,5 solal (ISl 33 gamses, o bl 5l g5 e
Otk Syl 5 sy )5 Sl SIS 4z 5]
2B (S Slogar gwyp O
Ol glgil sl (Meinert, 1992) ais Sl
ChaS GlllSilas 45 5 olord oS 5 ol>
@loled o st 8 Wlgiee Cushl by
sl el g3 ol Sleogas
WY ks 0,33) sblpdle ol o Sl Lusls
Yo 0 (FEO vo ) YVIY Lawgio e 5 05 oukeo
agy Job G g e C s 5 kS
LS ol () USE) Sy B el e i
e <8 20 bawg WA Lo o b sy
CBLasSl )50 (gegiRe Ghgya osST oL

S Az 90 0 yol> Jb o gaid S |5 S5 58e55


http://dx.doi.org/10.22034/KJES.2023.9.1.101355
https://gnf.khu.ac.ir/article-1-2885-fa.html

[ Downloaded from gnf.khu.ac.ir on 2025-12-10 ]

[ DOI: 10.22034/KJES.2023.9.1.101355 ]

v bl d sanS el laie 4 Cushl GleeST SIS cends

Jols b

LM ol JudlS gizr 15 Cay5299 05 b e
S TS it sy (Sl 5O IS (903
P S S cus .l dilaie (63985 glaoodgs o
ol Dsdice o ladis, plai yo SblaMe ddlaie
ol cels 0ogume jl soS slaend o da fuS
SIS b @ (s el RouSy 5l (Saw glaasls e
5SS 0 oot B edgaze ol o oS
Al oty (So5egld
ORI (M9

YO olawd (iogh cpl Blaal 4 olaws jglatea
5 00l (5 yslanz Gl il ladigy f disel
- Oldlas s 5 13 318, 2 Sladlas 5,90
Loyl cosbl G5 Slelbs 5wl
Je ZEISS  bil-Gises 609 poSwgSee
ol 9929 3l yliadol (gly a0 slxil AXiOplan2
oSl $ Gl 6psld g Aged Yoslaw (IS
CUKo &gl 6y 5 ek Xipert Jao (XRD)
L YO e 5 JsskS B s (A=1.54059 A)
LVl olKtils wlits G5 oliylesl o ol
b jao 5 laosls cd,8 15 Linles] 050 (Liluus)
L;)ﬂ@q- az 0 /Y pl5 ojluil b YO a0 Vo/-
5 @bt S5 bl @l uizen b
Gl ol O 3 alais Yo s o8l Sleogas
5 (BSE) (255 (S978Ul pslas b olpen Cuglh]
Novosibirsk  wliss S5 5 (cwlidsyeo) duwge
IR EPMAY g9zl 5, 525 890 cdmms)

=

RV

YAA

Loy o i ol ool G5 Selys
Gwl—w‘ U"‘ » Siloads O\-\.A.M}j.! Lg).:);‘gs Lng..\}‘j
g So Jlaassl glaay ol b aY s 55k
Selygir ol 5 o 4 Scwanle g coluol el
—or bl g b aadee VFA B VEE ) oYL
g (Azizietal., 2011 Ly S 55 U-Pb slo o
3585 g Slaans] slaiw wlas 3 S ddlate
Oy |y aslllas 850 009000 a3l coud 5l i
&l L (TR 0xlg) 895 Swdas g losls
S Seligs Gwog Goge S5 e WY
.)lj‘o)l.é )LMJLT )‘oo.({‘ slay ul.:)...a )
—odles g ol o a¥ (IS5 wg, s
a0 Y0 0900 bl o 3o (eS0leo 5 3,050
Sal S 5l sl lo ol Gy g Caons
ol o Vb Caglie Jdods a5 o ls 0939 TRS® 0y
ol S s S MBS il
S L ol e Sl S 1 Sl S 9ol
Sldlas ol o 2l polae g Condds I
Sl Djpot (Syglre (S5 50 89 (295w S
Al 1) CondS” (sla oy suzme jels g SCdlgil S
63585 S | g G 4 a0 T

9 62l S 9,500 b il 959 Jolls (@ axlg) (gon]


http://dx.doi.org/10.22034/KJES.2023.9.1.101355
https://gnf.khu.ac.ir/article-1-2885-fa.html

[ Downloaded from gnf.khu.ac.ir on 2025-12-10 ]

[ DOI: 10.22034/KJES.2023.9.1.101355 ]

bl 0aiS S lyie 4 Cashl a8 SIS e Sl ol

46°E  S0E _ B8E  B2E 66°E
40°N H v Azarba"jan ' ' ' NI ' ' e
il Caspian L
36°N L =36°N

N-SaSZ= North Sanandaj-Sirjan Zone :

= : oxps s 73
C-SaSZ=Central Sanandaj-Sirjan Zone Afghanistan + 32 N
S-SaSZ=South Sanandaj-Sirjan Zone

Pliocene -Quaternary calc-alkaline volcanic rocks;
Pliocene-Quaternary alkaline volcanic rocks
Mesozoic intrusive rocks
Mide-Cenozoic calc-alkaline rocks
Kopeh Dagh 1 ogen
Paleo-Tethys basin
Mesozoic ophiolite complexes(Neo-Tethys)
| ] Makran accretionary prism

Central domain

| Makran foreland basin
24°N

Central Lran and Lut blocks 1 ) + i t
lSanandaj-Sirjan metamorphic zone 35008,15"5,\?“!5 54°E 58°E 62°E 68"
L
l Zagros fold-and-thrust belt

[ Lake Urumieh

| Fault

47°11'20"

-*.*| Recent alluvium-Quaternary

Crystalline limestone and

meta-volcanic rocks-Triassic
Rhyolite, and tuffaceous

siltstone-middle Jurassic

- Leucogranite-upper Jurassic

Granodiorite- O Village
upper Jurassic

Limestone- N Fault
lower Cretaceous X Deposit

47°20'54"E

N
0as ool _owlidyae; aiis (D (Sarjoughian et al., 2022; Aghanabati, 1998) | sl oo solus  wlids yue; ais @ -) S

(Sartipi, 2005) zaziw 45 5 ;0 oblaMe ol LS Cobsae ;|
Fig. 1. a) Simplified geological map of Iran (modified after Aghanabati, 1988; Sarjoughian et al., 2022). b)
Location of Gholamabad Fe skarn deposit in the simplified geological map of Sanandaj (Sartipi, 2005).

aSG,b s cgglST Ve sasmoclis 5L (NA) 3903l plosl 5l o o gl (55, 0 Lialej] )

s plowl @l Ve o lad Gl 5 09,500 O (39 2SI I3 $9ld Lawg (pg il O cualies) ()8

Syle Ge S 5, 50 colaul 090 (slas lailil 2lg6 YF oL > L Cameca SX100 Jowo  Jg,:SJ!
YAQ


http://dx.doi.org/10.22034/KJES.2023.9.1.101355
https://gnf.khu.ac.ir/article-1-2885-fa.html

[ Downloaded from gnf.khu.ac.ir on 2025-12-10 ]

[ DOI: 10.22034/KJES.2023.9.1.101355 ]

v bl d sanS el laie 4 Cushl GleeST SIS cends

Jols b

Sl (S ) PheS Sla Gl ol ey S5 DL
laals g ozl lallas Gub ol Cotoly] § CuiSe
cusl,$ o=lg (Yajam and Ghalamghash, 2019)
I-type 5 A2-type cuilS cubyw g0 5l ol
o9 g shmgiiaol (Sasll 150 o5 ends LSt
b oSis jl Jolb S b Shay 25
SEFSS w5y Sl om oS Ayt Sl
o b ol a8, S ailte (Sl o
Sdls Oyglme o Sl S o0y Sy Olallas
VE+ o L HYPE oS slacdl S 5 5l LTodle
Yajam and ) cewl oo S Jlo Ggeko VFA L
(Ghalamghash, 2019
el oo jo ablede LS o ol
58 b Sl I3 5 6y <oilS JWI
S Y 5 oo walsd b (AT SE) Cal ab S
o ¥ BV o ol Sl sl daojie )5
sl alie o)y (LS e Ver Gee U
Meinert et al., 2003;) ol Kol o Ll
3 )5l (guiaiy, «(Atkinson and Einaudi, 1978
Gebo a5 05 392 52505,0 S 4y (53585 0395 Lo
Cajymo —sloged Coolail sy i Sl Ss o
oy g (Sl 53 5 b sy SedlT I e Suo
oS Syglns 5 Cyghl ~EdyiiS] Sga
—o ) el yee axly ol csalive Sy Siwido
~Sw wly S e Jab )0 dgaome Ojgon g

3,5 odlie (6,8 9 Cuil S g By S

Ya.

5 eelS (6l S o gl el ) oy
Sy Caros psriegdl (6ly CllS Gk
o oty (61 555 p2T gl bl oo
O aly e sl el 5 sl sl
g a2, OF B Fr o olfins (oSl gin (65503
el ol (B35 5 3 p 5V ¢l jeS a5 sl
20wl g (bl S
0dgazme ;O (e (pulidine sloclloy G
kol (Sw axlg aw @Y JSS) d[.g].b)'{.é Oafl HLls
laam ey e b Sal S JIg (1) Lol
Semilyg) m b5 G 4 (B Shnidin 4 pgge
@Yt Sewlygy (S sSe) eogs (V) W(0-Y SC)
SIS olpo 4 cuiXe gloasY () 9 (C-Y )
el o oumlie (0-Y USE) o))l SlSidons
slaSal s sloay )l St Sol Kiw o>y
L oS o3 08 GymSL US> o yshil
Jelay fle slhls e VO sgus gkls
slaaly, 5 5 Sy SleassT bSiy
Ol e o peiSl g (g g iz L Sl
Wamols Jolis (Mas gz 4l o S axly
sy 5 il S5 wals S5 ol Sl
adhio caSgdl,S 00y e gwndw g
slacil S559) 5l S sblpld codl S 4 poasge
Casl YIS —(5pdy90 28l g (Syge S5, b ST
oSSl oS jlgaze slaggeis, slils oS
Sl S gt 5 Zedl S I oS oS5 0l

9 S x35,5 D)l 5,leS Lol sla S5 L (5 8,9


http://dx.doi.org/10.22034/KJES.2023.9.1.101355
https://gnf.khu.ac.ir/article-1-2885-fa.html

[ Downloaded from gnf.khu.ac.ir on 2025-12-10 ]

[ DOI: 10.22034/KJES.2023.9.1.101355 ]

e Ll eaiiS el st & Cusll ClaS SIS sond

Jols

Gholamabad village

&

Leuoga te (upperJuraic)

axly (0 (ot Coos & W) Game Lol |15 a5l ol @

Fe-oxide ore

P Y L dd P
.ol.;].o)lé O,m] SLdls Glisee sl idy glyoro jiglas -V S

)5l Sl SIS e 58 0T KislS slaasly (@ . YU Sl g5 Sl F'5S'g) 0l (€ . Bg5 Siwscdns S
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calc-silicate skarn.
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Fig. 4. Various images from ilvaite mineralogy in the Gholamabad Fe deposit (except image a). a) ilvaite with
orthorhombic crystals with black gummy polish (adopted from mindat.org). b) photomicrograph of ilvaite
phenocryst within pyrrhotite. c¢) photomicrograph of ilvaite, hedenbergite, and pyrrhotite minerals. d)
photomicrograph of prismatic ilvaite accompanied with hedenbergite-actinolite and calcite. €) BSE image of
magnetite inclusions within ilvaite. f) BSE image of the prismatic ilvaite crystal in which fractures are enclosed
by the pyrrhotite and marcasite minerals. Abbreviations from Warr (2021) (Hd: hedenbergite, Act: actinolite,
Mag: magnetite, llv: ilvaite, Cal: calcite, Mrc: marcasite, Pyh: pyrrhotite).
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Table 1. Electron microprobe analysis of ilvaite from the retrograde alteration in Gholamabad deposit.
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Pt-01 Pt-02 Pt-03 Pt-04 Pt-05 Pt-06 Pt-07 Pt-08 Pt-09 Pt-10 Pt-11 Pt-12 Pt-13 Pt-14 Pt-15 Pt-16 Pt-17 Pt-18 Pt-19 Pt-20
Weight percent (wt%)
SiO2 29.84 30.06 29.57 29.74 30.19 29.14 29.07 29.76 29.87 29.22 28.65 28.72 29.46 29.45 29.57 28.88 28.81 295 29.63 29.5
TiO2 BDL BDL BDL BDL 0.03 0.02 0.02 0.02 002 BDL 002 BDL 0.03 BDL BDL 0.03 0.02 BDL BDL 0.02
Al203 164 138 07 072 089 022 087 041 025 043 035 045 065 038 076 032 045 035 0.23 0.26
'FeO 51.05 51.11 52.1 52.01 52.18 52.45 51.85 53.07 52.48 52.66 51.62 52.47 53.34 53.31 52.84 51.68 52.41 52.64 53.71 53.34
MnO 0.83 067 0.74 061 057 056 057 0.62 148 057 148 132 0.74 067 136 133 032 054 037 0.26
MgO 0.11 004 0.03 0.04 012 011 013 021 023 014 016 014 023 027 011 012 0.09 0.08 0.12 0.13
CaOo 1411 14.03 13.89 14.01 14.13 13.88 13.98 13.89 14.17 13.98 13.52 13.43 13.72 14.32 14.12 13.73 13.77 13.95 141 14.06
Total 97.58 97.29 97.03 97.13 98.11 96.38 96.49 97.98 98.50 97.00 95.80 96.53 98.17 98.40 98.76 96.09 95.87 97.06 98.16 97.57
Cations based on 9 oxygens
Si 226 224 224 198 218 187 189 183 206 195 194 207 208 236 224 217 261 243 23 217
Ti 0 0 0 0 0.001 0.001 0.001 0.001 0.001 0 0.001 0 0.001 0 0 0.001 0.001 O 0 0.001
Al 012 01 0.05 0.05 0.06 002 006 0.03 0.02 003 003 003 0.04 0.03 005 002 0.03 0.02 0.02 0.02
Fe?* 165 175 182 191 179 212 213 221 187 19 204 18 198 178 188 196 167 175 178 177
2Fedt 1.02 098 095 113 103 105 0.97 099 106 112 101 108 0.98 0.87 085 087 0.76 086 097 1.12
Mn 0.04 0.03 0.04 0.03 0.03 0.03 003 003 0.07 0.03 0.08 0.07 004 003 0.07 0.07 0.02 0.03 002 0.01
Mg 001 0 0 0 0.01 0.01 0.01 0.02 002 001 001 0.01 0.02 0.02 001 001 0.01 0.01 0.01 0.01
Ca 090 090 090 090 090 090 091 0.89 090 090 089 083 0.86 091 090 090 0.90 0.90 0.90 0.90
Total cations 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00
Fe?*/Fe%* 162 179 192 169 174 202 220 223 176 175 202 172 202 205 221 225 220 203 184 158
FeOyFeOt+MnO 098 0.99 0.99 099 099 099 099 099 097 099 097 098 099 0.99 097 097 099 099 0.9 1.00

BDL.: below detection limit; NA: not analysed.

1 Alliron as FeO

2 Calculated from structural formula based on Droop et al. (1987).
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Fig. 8. Temperatures—logfO, diagram for the Ca-Fe-Si-O-H-C system (Berman, 1988). The diagram is
constructed for unit activity of mineral phases for ilvaite (0.7), ferro-actinolite (0.8), and andradite (0.7). The
line for the reaction in which CO; is a reactant is drawn for three values of Xcoz. The outer top x-axis shows
the values of oxygen fugacity in the hematite-magnetite (HM) buffer; the fO. scale on the y-axis is hormalized
oxygen (AlogfO,) with respect to the HM buffer (Martin and Delgado, 2010). Reactions involving ilvaite are
shown in bold; dotted red lines correspond to the indicated mineral buffers (QFM: quartz-fayalite-magnetite;
NNO: nickel-nickel oxide). The blue arrow indicates the postulated trajectory of fO, during Gholamabad skarn
development. An empirical pressure of Pf=Ps=50 MPa is assumed for the thermodynamic model, which is
paralleled with that of most skarn systems.
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