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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


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

[ Downloaded from gnf.khu.ac.ir on 2025-02-19 ]

[ DOI: 10.22034/KJES.2023.9.1.101355 ]

Tale Fazel

llvaite trace mineral chemistry as a thermodynamic ...

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.
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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.

Lyl i b e G opl JSis o)ls 0525 (1994
sl 03l o glo)S sl le T b olsilessy
@lolid o (a3l S5 S5 plsieay ool nl a8
Sgme )8l pBS 53 edig ey Sl S £9y0
pld 0 cuskl (Graser et al, 2008) sgi o

elgil 15 Cusll MNO o FEO (slgimme 4 JS& 4o

4y el bl e oad ssls lis o Sl calisee
Boas) baly,S o olzdl b gl oo sl &0
3 S leeds g (Misra, 2000) (Sol Ko

Barton and Bergen, 1984; Wang, ) Sdle (glocow


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

[ Downloaded from gnf.khu.ac.ir on 2025-02-19 ]

[ DOI: 10.22034/KJES.2023.9.1.101355 ]

v bl d sanS el laie 4 Cushl GleeST SIS cends

Jols b

Gl o gl S cdale dulio
(3992, 0 5 i) YUMNO (glgimo b o pm s,
Loy Coshl ol a4 a5 0 0 ateine
(Bonev et al., 2005) sgi oo Ml Cosblells
oS 5Fhe Glgime (gl D gAY S8
oo Joa, NS S8y So Sl Caghl
onl 45 005 ol (slag, Kl 4y Cos 55 ol a8
93 @59y Slag Sl o el (S SO
:Groundhog LS ,.ls) ool Distal b slice
Nakano, ) g5t o, oldlas (Meinert, 1987
2 YU Mn/Fe? cos oS amo e olis (1998
Lyl o0iiS oSiaie 25 o YL FEP o Sy
ol 9y SOl 3l (B ST
OS] Slaldlo g 0)lges S £33 4 azgi L
e L LW [P PVC -
odds il MN? Jlade Lol 60isS J yuS ouy oo
ot 4 il le)S Jle S 5 FE? ol o
20 s § 53800 polic (ol ()5l B8 o Lo
S 58 e L5 TS b opSnn by yshl SIS
Slgome (C-) 0 JS) el golo obledle Ll 4o
Slyiome b S glh Sl 5o skl 53550 o
Ol o S5 5 (63985 c0g8 ;o MNO 0L
(Kwak, 1983) sl gLkl oy

plo Cosbl b olend oS5 ka5l el o ISl
Slae SN g Pb-Zn ([Fe-Pb-Zn Au sla Sl
yolis pgas )0 ohsds (oS 5 DS ol .l
SF 3k s porasl] 5 Aol e suie 550 (2]
S pgas ;0 SSE 4 delsl ;5 a9 1> Sga
el o0y Eow Ll
& slagy Sl jo skl u-“T cdile du lio
o 50l b & Conns FE™ (slgimo (o a8 (sl o
5 895 SOl O o1 U ool lyims 5 00
s (SHBE Sysn Sl s 13 el
Sl 5l 23U ol 5 o slagy Sl o Cogll
rl podle il oloS Jlw (ieaST anllSsd
-€ ol (Meinert, 1998) & e Glilllae 5.l
5 S SIS L Fe? Y lyima by S
oS o] b 4 el gy ol glag, Sl
€ )5 5 FEH | (2 eSTg g (gsl sl S
il T Sl 3 e sl axies Fe¥*
oyt b5 ciiSe 5 Jsewhol Go S b lojen
—st wye & WS oo 03 el 5l (8 Sl S g
595 SOl 4 Cd (6 5L ol (Glgiome 09
Slgme FE¥ gl 8 L ales jo e i oy
a4 Cows Fe g AU glog Kl o cogb! Fe*
el Jedoa) ol i s slag S
Cogbl FE¥ glgime o piman (FEF oS> o M
@bl balpd Jdody (nSii-als oISl p55 59
yaS Fe g AU o) Sl pB3 L aslin o pl53 oyl

(d-1 JSKo) cadl


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

[ Downloaded from gnf.khu.ac.ir on 2025-02-19 ]

[ DOI: 10.22034/KJES.2023.9.1.101355 ]

e Ll eaiiS el st & Cusll ClaS SIS sond

Jols b

55

50

FeOtotal
D
T

I I I
0.7 0.8 0.9 1.0
FeototaI/FeOtotaI+M nO

0 T T T | T T
0 2 4 6 8 10 12 14
MnO (wt%)

¢ D Pb-Zn skarn

Sn skarn

. Fe-CuxAu skarn
{_ W-Mo skarn

2.4

*1 O g

AlLO; (Wt%)

© Gholamabad 1.2 \
0.8
— | T 0.4 | ] —
3 4 5 6 7 8 0 0.3 0.6 0.9 1.2 1.5
Fe3+

hlie jo FEOT Jlogas @ UM ool Ll ,5 cushl sl ol pobie ciline slacas bss sloyloges -4 JS5
Jages FE Llie ,o FE? Jlsges (d ALO3 Llis ;8 MNO lsges (€ MNO Llis ;o CaO lsses (b FeO/(FeOr + MnO)

Jiang etal., 2020) |,Kep 3 Sl 5l 0L

Fig. 9. Binary plots of different major element ratios for ilvaite from the Gholamabad Fe deposit. a) FeOr vs. FeO/(FeOr
+ MnO) diagram. b) CaO vs. MnO diagram. ¢) MnO vs. Al,Os diagram. d) Fe?* vs. Fe®* diagram. Diagrams adopted

from Jiang et al. (2020).

az 51 el ol (gl Sl b anylio LB L5 0l
35S s Db sl ISl s MO glgiome
lsie 4y a5 Lol el ol sl IS
slacashl 53 (Gi9ne,s V5l 2e5) MO0 oy
Sl o M aiedy )l 38 slas, Jlexst sbledle Lusls

Cns ] 5] 90 Lusls

5 5 55 MO (slsizms o uvo CALE dunn o

b opieie sloolilas 4z Gl el ol
MQ?* o ol5T a5 048 co (uall 00g s Sl 5o
B 5 7)ol Jld 5 FO TC o) sles o
Sl A USS loges b ozl e i) (ISl
el Bl Coshl sl ade> b (lasee Ll
Ol 25 50 ughl (9 SIS 5 5 5o anlie
MO (slymo (392 s 5 2l (po52 Vb 51 (S DM

aS 0099 & (59 (_gl.bu)&m‘ A S JJL‘>Q u." 5


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

[ Downloaded from gnf.khu.ac.ir on 2025-02-19 ]

[ DOI: 10.22034/KJES.2023.9.1.101355 ]

SiO, (wt%)

v bl d sanS el laie 4 Cushl GleeST SIS cends Jobs s
3+
Fe 50
[b]
[a]
Mangan-
(b) ilvaite ¢---------------- 1 ------------
80
Mn Fe2+ Mn Fe2+
3 _ O Gholamabad
g _
S 24
% _
=~ &
0 | |
25 30 35 40

Si0z-MnO bgs jloges (€ Mn—Fe?*—Fe3* _lbaw Jloges (0 ga oblode ool JLsls [0 coghl cuS 5 (cuyp Ve U0

(Bonev etal., 2005) |,Sen 5 5igs 5l a0l Jloge03

Fig. 10. Composition of ilvaite from the Gholamabad Fe deposit. a and b) ternary plot of Mn—Fe*—Fe®*. c)
binary plot of SiO.—MnO. Diagrams adopted from Bonev et al. (2005).

bls) 2 55l Vb b (555155 251 (Foit, 1977
Gosbas @inlds L 5b ol wsle Blbl jole wgn
€ Sashl 6ok i3l y0 Wl s i poriagll 45
SN g T Al jobie rzmen 358 30l )5l
V| ns-als o) lKul 5153 Cushl |5 35290
2 loas S5 ol e el glacols Sl
o2l U5 4 SN 5 T Al ole ggame 45 ()90
Jol> polie wigd adlol cusbl slowd oS5

5> okl pgringll 9 pouilod CAild dulio

TiO2 3l (oS polie glyls Zn 5 Au Fe slagy, Sl
SN-W-F oy Kl 5o Cogbl b anslie 0 AlOs 4
alayly cosbl SIS ALO3 4 TIO2 slgize .ol (BE)
ladeds slaodgi ;o yolie (nl Glyime b woSrs
LSyL.’ Al,O3 Lg‘j.’;.?m (Meinert, 1995) o)lo ,b.ufc
Jedoay Vlazs! K- als gl ISul 45 Cushl
e e B T R

Rosenberg and ) cusé ¢ S,55, F-Fe ol


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

[ Downloaded from gnf.khu.ac.ir on 2025-02-19 ]

[ DOI: 10.22034/KJES.2023.9.1.101355 ]

e Ll eaiiS el st & Cusll ClaS SIS sond

Jols b

Lol B o Ol o)l 0,33 Gy imen g
£ b oSs L) 5 ja olE aye i

ol ansls a0 yge oSl

oo Fe g AU sl 5l 1o cosbl ool JS @ as
Dgl
MgO L) cosll cuS 5 0 Ko yole plo

Ol 00, S o 1) egite &l o5 (Ca0 4 SIO,

Mn x 10

J Pb-Zn skarn [b]
) Sn skarn

. Fe-Pb-Zn skarn

© Gholamabad

7
Mgx10 20

/
Feiorss Mgx10 20

7 / / 7 /

40 60 80 Fe3*/Fe?*

Increasing /0,

2ba jloges @ .0y )00l calisee -3 b avolie 10 sbTede ool JLlS jo colshl SgSl olS 5, 4558 obaw Jloges -V JS&
(Miao et al., 2019) |, IKen § gbos 3l ab (slaloges FE2/FE**—MN-Mg*10 _baw lsges (b Fewr—Mn*10-Mg*10

Fig. 11. Ternary plot of microprobe analyses of ilvaite from the Gholamabad Fe deposit compared to various
skarn deposits. a) ternary plot of Fe—Mn*10-Mg*10. b) ternary plot of Fe?*/Fe3*~Mn—Mg*10. Diagrams

adopted from Miao et al. (2019).
YL lgome .o lo alis 3.0 Mb (glagy Sl jo o gbl

WYL G 5 ((Sygde,e QYD) Lawgie) FEO
slacashl cuS 5y (VA lawge) Fet?Fet
oS T02 5 ol (YL el slireas SLlpdle LS
Obe (63985 (slaodgs asline Hai ol 5l aS o0gs Jlew
ool sl AU s Fe slagy ISul o Cysbl ol o
Sl Sl 5> Cashl 4 S (57005 580 g i
LSas YL FO, b dayl 5 o Ylezsl 4 el Zn-Pb
55800 xS (o SN gl ISl 45 sl ilonss
YL polde opl pogdle .l IS0l glgil oy Fe*

Sn 9 F GCJS }@L;.c. 3629 (e g Ti02 9 A|203

S e .1

oS S5 S CaFe?'Fe®*(Si207)O(0OH)
Ol 55 5 E555 5 oz S8 Lol w055 0 Diguas
ly vy @londighy a3l So ) GI
4 (Fne plaS (Seeliadge i g (S basmme (e
Ol gl (nl @l S oo oo Loy Sl 059
S5y gl Soletinn Olyss 020 o0
Coslsl Byl vezg o Kul alize slros, ool
2 skl alie oS5 sl obledle LS

oS5 4 ok ogam b esg ol sl IS


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

[ Downloaded from gnf.khu.ac.ir on 2025-02-19 ]

[ DOI: 10.22034/KJES.2023.9.1.101355 ]

v bl d sanS el laie 4 Cushl GleeST SIS cends

Jols b

—oolel (gl SGLYL o8zsls ;I Jose Manuel :S's
Sy e o058 alees XRD abwl 5 (o5l
LS enlem e pole 485 Blhghs 5l (izen

Syl ly S

References

Aghanabati, A., 1998. Major sedimentary and structural
units of Iran (map). Geosciences. 7 (1), 29-30.

Atkinson, W.W., Einaudi, M.T., 1978. Skarn formation
and mineralization in the contact Aureole at Carr
Fork, Bingham, Utah. Economic Geology. 73 (7),
1326-1365.

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.

Azizi, H., Nouri, F.,, Stern R. J,, Azizi, M., Lucci, F,
Asahara, Y., Zarinkoub, M.H., Chung, S. L., 2020.
New evidence for Jurassic continental rifting in the
northern Sanandaj Sirjan Zone, western Iran: the
Ghalaylan  seamount,  southwest  Ghorveh.
International Geology Review. 62 (4), 1-23.

Barton, M., Bergen, M.J., 1984. Secondary ilvaite in a
dolerite dyke from Rogaland, SW Norway.
Mineralogical Magazine. 48 (348), 449-456.

Berberian, F., Berberian, M., 1981. Tectono-plutonic
episodes in Iran, In: Zagros, Hindukush, Himalaya
Geodynamic Evolution, Eds. Gupta, H.K., Delany,
F.M., AGU, 5-32.

Berman, R.G, 1988. Internally-consistent
thermodynamic data for minerals in the system
Na,0-K;0-Ca0-MgO-FeO-Fe;03-Al,03-SiO,-
TiO2-H>0-CO,. Journal of Petrology. 29 (2), 445-
522.

Bonev, LK., Vassileva, R.D., Zotov, N., Kouzmanov,
K., 2005. Manganilvaite, CaFe*Fe*(Mn,
Fe?*)(Si207)O(OH), a new mineral of the ilvaite
group from Pb-Zn skarn deposits in the Rhodope
Moutntains. Bulgaria. Canadian Mineralogist. 43
(5), 1027-1042.

Chukhrov, F.V., ed. 1979. llvaite. In Minerals Handbook
I11-1. Nauka, Moscow, Russia 692-709.

J.’-L“’ )" ‘) éla Q)Li”" J.’.B“S Tyo9 ‘ﬁ".’.BJ‘.’.l S 5 5o
Alei o ploie )l 553
Sl yad

5 oheei Siglee bawgi el (Jlo ol
S5 il oals alowl L e gy ol8iils (5 ,5L3

Einaudi, M.T., Meinert, L.D., Newberry, RJ., 1981.
Skarn  deposits.  Economic  Geology ~ 75th
anniversary, 317-391.

Finger, L., Hazen, R.M., Hughes, J.M., 1982. Crystal
structure of monoclinic ilvaite: Carnegie Institution
of Washington Yearbook. 81 (3), 386-388.

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

Gaines, R.V., Skinner, H.C.V., Foord, E.E., Mason, B.
Rosenzweig, A. 1997. Dana’s New Mineralogy (8th
ed.). Wiley, New York, N.Y.

Ghose, S., Hewat, AW., Marezio, M., 1984. A neutron
powder diffraction study of the crystal and magnetic
structures of ilvaite from 305 to 5K—a mixed
valence iron silicate with an electronic transition:
Physics and Chemistry of Minerals. 11 (6), 67-74.

Ghose, S., Sen Gupta, P.K., Schlemper, E.O., 1985.
Electron ordering in ilvaite, a mixed-valence iron
silicate: Crystal structure refinement at 138K.
American Mineralogist. 70 (6), 1248-1252.

Graser, G., Markl, G., 2008. Ca-rich ilvaite—epidote—
hydrogarnet endoskarns: A record of late magmatic
fluid influx into the persodic llimaussaq complex,
South Greenland. Journal of Petrology. 49 (4), 239-
265.

Gustafson, W.I., 1974. The stability of andradite,
hedenbergite, and related minerals in the system Ca-
Fe-Si-O-H. Journal of Petrology. 15 (4), 455-496.

Jiang, J.,, Gao, S., Zheng, Y., Lentz, D.R., Huang, J., Liu,
J, Tian, K, lJiang, X., 2020. Geological,
Geochemical, and Mineralogical Constraints on the
Genesis of the Polymetallic Pb-Zn-Rich Nuocang
Skarn Deposit, Western Gangdese,
Tibet. Minerals. 10 (10), 839.

Kwak, T.P., 1983. The geology and geochemistry of the
zoned, Sn-W-F-Be skarns at Mt. Lindsay, Tasmania,
Australia. Economic Geology. 78 (3), 1440-1465.


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

[ Downloaded from gnf.khu.ac.ir on 2025-02-19 ]

[ DOI: 10.22034/KJES.2023.9.1.101355 ]

v bl d sanS el laie 4 Cushl GleeST SIS cends

Jols b

Larsen, A.O., Dahlgren, S., 2002. llvaite from the Oslo
Graben, Norway. Neues Jahrb. Mineral., Monatsh.,
169-181.

Martin, J., and Delgado, A., 2010. llvaite stability in
skarns from the northern contact of the Maladeta
batholith, Central Pyrenees (Spain). European
Journal of Mineralogy. 22 (3), 363-380.

Meinert, L., Hedenquist, J.W., Satoh, H., Matsuhisa, Y.,
2003. Formation of anhydrous versus hydrous skarn
in Cu-Au ore deposits by magmatic fluids.
Economic Geology. 98 (7), 147-156.

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.

Meinert, L.D., 1998. A review of skarns that contain
gold, in Lentz, D.R., ed., Mineralized intrusion-
related skarn systems: Mineralogical Association of
Canada Short Course Series, 26 (5), 359-414.

Miao, Y., DICK, J.M,, Jing-wen, M., Cheng-you, F.,
Bin, L., An-huai, L., Yong-feng, Z., Jian-ging, L.
2019. llvaite 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.

Misra, K.C., 2000. Understanding mineral deposits.
Netherlands: Springer, 857p.

Mohajjel, M., Fergusson, C.L., 2014. Jurassic to
Cenozoic tectonics of the Zagros Orogen in
northwestern Iran. International Geology Reviews.
56 (3), 263-287.

Nakano, T., 1998. Pyroxene geochemistry as an
indicator for skarn metallogenesis in Japan, in Lentz,
D.R., ed., Mineralized intrusion-related skarn
systems: Mineralogical Association of Canada Short
Course Series. 26 (3), 147-167.

Rosenberg, P.E., Foit, F.F., 1977. Fe**-F avoidance in
silicates. Geochemica et Cosmochimica Acta, 41
(11), 345-346.

Sarjoughian, F., Pourkarim, S., Esmaeili, R., Ao, S.,
Xiao W., Lentz D.R., 2022. Bulk chemistry and Hf
isotope ratios of the Almogholagh intrusive
complex, western Iran: a consequence of an
extensional tectonic regime in the Late Jurassic.
International Geology Review. 65 (11), 1878-1899.

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

Sepehr Sanat Asia., 2020. Report of exploration
operations during exploitation in the Gholamabad
iron mine. 148p. (in Persian)

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

Warr, L.N., 2021. IMA-CNMNC approved mineral
symbols. Mineralogical Magazine. 85, 291-320.
Yajam, S., Ghalamghash, J., 2019. A-type Granites of
North Sanandaj-Sirjan zone, new observation, hew
classification. ~Scientific Quarterly Journal of

Geosciences. 24 (8), 221-230. (in Persian)

Zahedi, H., 1994. Geology Map of Sanandaj. Scale

1/250000. Geology Survey of Iran, Iran.


https://www.gsjournal.ir/?_action=article&au=394116&_au=Sanaz++Yajam&lang=en
https://www.gsjournal.ir/?_action=article&au=255615&_au=jalil++Ghalamghash&lang=en
http://dx.doi.org/10.22034/KJES.2023.9.1.101355
https://gnf.khu.ac.ir/article-1-2885-en.html
http://www.tcpdf.org

