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1- Introduction

The last decade has seen major progress in our understanding of the origin of iron ore deposits
worldwide. The majority of interpretations focused on the igneous iron oxide deposit either having
formed by magmatic liquid immiscibility or by hydrothermal alteration and replacement. The
hydrothermal iron deposits are generally found at many locations around the Pacific basin, Central
America, Australia, and Japan (Asadi and Rajabzadeh, 2014). Fluid inclusions (FIs) are small part of ore
bearing fluid in crystals that are trapped in crystal growth zones or inside any deficiencies which has
been created during crystal growth. Nowadays, one of the most important methods for acquiring
physiochemical characteristics of thermal ore fluids is employing different analysis and purposive
measurements of Fls that are trapped in ores with the basis of ore bearing fluids (Barnes, 1997).
Investigating fluid geochemistry and accurate composition of different ores such as apatite in the
Choghart iron ore deposit is very important for gaining appropriate understanding about primary
conditions of ore formation and regional geological events. On the basis of specific characteristics of
apatite in determination of ore bearing processes and ore formation conditions in the Choghart is
required. The goal of this study is investigating nature of ore forming fluid and chemical composition of
apatite in order to study temperature, pressure, and magma subtraction degree in the Choghart deposit.
Bafgh - Posht Badam district, in the center of Iran which is the home of Choghart iron ore deposit is
located in a northward-southward zone in the eastern margin of central Iran zone and west of Lut block.
This district extended with an area of 2500 km and more than 41 iron deposits and including about 2
billion tons of iron ore. From the tectonic point of view this area is a part of Lut block (small continental
East Central Iran) and is consisted of Precambrian continental basement that is covered by the sectors
related to Infra Cambrian to Triassic (Forster and Jafarzadeh, 1994). The evaluation of the area is a
consequence of relocation of large growth Gondwanaland and development of Lut block in the active
phase of Pan-African have been highly 600 million years ago (Samani, 1988). The Choghart iron ore
host rocks are consist of a collection of intermediate to acidic igneous rocks ones and mafic dykes which
in some areas are highly heterologous and are known as metasomatisms (Forster and Jafarzadeh, 1994).

2- Results and discussions

In order to achieve a better understanding of hydrothermal fluid in the Chogharat, and it’s relation to
hydrothermal and magmatic phenomena, the study of Fls on apatite mineral is done. In paragenetic
sequence apatite is seen in granular, veins and veinlet forms in the magnetite ore. According to the
microscopic studies fluid inclusions in the Choghart’s appetites are divided into 5 groups as follow: I-
three-phase solid-liquid-gas (L+V+S), II- two-phase Liquid - gas (liquid rich) L+V, I1I- two-phase gas -
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liquid (gas rich) V+L, 1V- single-phase liquid (L), and V-single-phase gas (V). The Fls of I, and 1I-
stages are mainly homogenized at temperatures of 310-450 °C, and 150-350 °C, with salinities of 19—
35, and 1-10 wt.% NaCl equivalent, respectively.

Based on microthermometric data, eutectic temperatures of aqueous inclusions range from —0.9 to —57.3
°C, indicating the presence of Na* K, Fe?*, Ca?*, and Mg?* cations in the FIs from | to Il-stages of
mineralization. These compositional systematics are typical of major ore fluid in many iron ore deposits
worldwide (Hitzman, 2000). The source of the fluids (magmatic or mixing origin) could not be
unequivocally determined from the available data; nevertheless, the distribution of Fls in (Tr)-salinity
diagram, with lines of constant fluid density imply cooling and increasing of pH, boiling, and fluid
mixing, may play an important role in the iron ore deposition in the area. Cooling and increasing of pH
are the main factors affecting precipitation of layered magnetite minerals. However, other processes
such as fluid mixing and boiling also seem to be effective on such a precipitation. The precipitation of
layered magnetite ores and actinolite was occurred by cooling and an increasing of pH. This
accorgnpaniment to cooling would result in production of a relatively high-density liquid phase (0.7 to 1.0
g/lcm?).

3- Conclusions

Field observations and fluid inclusions microthermometry in apatite indicates the ore forming fluids in
the Choghart are magmatic- hydrothermal mixed with brines. The temperatures during the both stages of
mineralization (I-11 stages) were between 150 and 450 °C. Increasing in pH is due to reaction of ore
fluids with igneous host rocks and effervescence can be effective mechanisms of iron ore precipitation.
In addition, mixing with cooler meteoric fluids had the effect of decreasing the salinity (1-10 wt.% NaCl
equivalent) and temperature (150-350°C) of the equilibrated magmatic fluid, making it more buoyant
and capable of moving out from the apophyses into the host rocks. This lead to metasomatic reactions
and precipitating high-grade magnetite ores from magmatic-hydrothermal fluids. Finally, Fls and
geochemistry of apatite minerals indicate that genesis of the mine is similar to iron-oxide copper gold
(10CG) deposits.
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Fig. 3. (a) Image of hand sample, high cutie magnetite mineralization, (b) Image of hand sample, low cutie magnetite ore, (c)
Microscopic image of Chalcopyrite, bornite and covellite. (d) Photomicrographs of pyrite fill with slit textur. Abbreviations; Cov:
Covellite, Cpy: Chalcopyrite, Bor: Bornite, Py: Pyrite.

a4



‘: O)LM sq 0)5.) 5‘1A QL‘A-AM)'

Primary
Supergene
Stage| Stage?2 Stage3

Stage
Mineralogy

Qrtze
Orthoclase

Albite

Amphibole o —

Epidote

Chlorite

Calcite

Magnetite

Chalcopyrite

Pyrite

Bornite

Covellite

Martite

Ol gaibie ;3 2l; 6 5 33LL Iy T Use
Fig. 4. Paragenesis of mineral association in the Choghart deposit.
S oS e a8 el gle Sl S 5l (SO ol el oy
dgai g ddlais o ‘:LMAMT Slles slsl Jolye 4 Glgs oo |y oauay oyl
O JSs) oly s HLilS ael . sloSis o Jlo il €l sla Jgloes
dilaie 10 Sgdnl 4 PSP has )l Yeis Had Senl SleSo.@

il 9,8 sy (o0 55 4 eeblie Sl (S rizes el 0ad Jol>
kS semss (DO JS8) el 039y gl b olpen ool g5l S
Vgons a5 wil oo anieis LB adlae 5,90 odgaome ;0 b b
@ Co UK whas s oS a4 e gl

2o I8 IChl cpsife IME Lgagl TEPT 5,155 QUZ cocds Cal sl lazs |, o IS Sl S (€ - d) « ggan! Glo 3o (D) omdn Slo S5 @) -0 S
Fig. 4. (a) Siliceous alteration, (b) epidote alteration, (c - d) chlorite alteration.
Abbreviations; Cal: calcite, Qtz: quartz, Epi: epidote, Mt: magnetite, Chl: chlorite.

¥5-



‘: °)L0-:) sq 0)5\) 5‘1A QL‘MM)'

N

i S oD ey T Y,

Ol 5o el oXes gles ol aid T o 1) Jlhew e a0 Ve 5l i
il jo (S31558s 5 ol Sl Sz 5 (59 o0 5 b o) Lile g5
W S D)z 50 0l 05 sla)lile ool olyen 515 56 LSS L
o ity £95 (CF JSB) W)ls (s min Syl wle 5l (8 65 9o Elgil
sloybibe 3 axtes @ £ Js2) (LHVAS) 55 - ml — wl> 36
Olalejl @ 4z b oyls sszs 55 Gl 5B L olpen mlo 5B g S
il Ol By 556 ol oS 5 e o0 Sl il () 2 iulep
sl s jpam ishoe dl Cill o 5y @ ey £ sl
ol sl plezs oy g5 Jlw il den K g5 Jloo
ol ools £, ailie o bogil] el sl i a5 cul
bbb ;o Hlad o oljg slosls s> (Simmons et al., 2000)
o215 sl ool s9zs 4 sledslne (39 (38 5 5 0k s Sike
sl ol 5l S asen s pal gla SIS wlie slajl i |5 el
00,5 oy il adel ol leSle 5 sbley cusl (Saw S5 0,0
S5 slalams ;8 agee sl K (Necking down) Sasc,b
BB 55 oty ol diges 0 o opl a5 (Bodnar et al., 1985) .
5 gl @dgl Jlw jliles 05,5 4w o (S0 bld 4 el cuslin

23,5 o0 0dalin adiges ;o LIS 4,6l

MslT ol JLuls sl S5 50 Jlow slalilie (098ug Ko gl -7 IS5
39 (C) 18 5l e s3lge (0) cmle 5366 ST 5 38 3l ST (A) o lix

G-l el (556 aw (d) wbe 5l ge slas

Fig. 6. Photomicrographs of fluid inclusions in apatite
mineralization of apatite-iron at Choghart deposit. (a) Only
vapor phase and only Liquid phase, (b) gas-rich fluid inclusion,
(c) liquid-rich fluid inclusion, (d) solid-bearing fluid inclusion.

oaseis ol F il gaz 0 FAL B V0. 5l Jlw jLile ¥1 gl (Th)
G4z, FO--Y0- sleo (sosgusme jo Jlsld i a5 ad ool
bbb (inle yu Olalllas plxl (gl @Y JS2) asl o ol 5 il

\ia

5 @bl oot 4 Jlw PH ol jhas Siw & Jlow cus o5 0]
(Lottermoser, 1992)acal olgl3 ole)S Jlw 10 s IS slanilsd
o VoSl LI L ey ko - (S 252 Sla Gl S0
@ Gree obo)T Jlow 59,0 5 56 Yol Sl S ol el ol o
Il L a5 il sez sl b Ll MBS 5 atgy jGas o zsha
Gl el bt Gl B (S @ Jlow sy STy S
+ 2o VeSoml 33k JIF s slp g sl olpom PH 20153l 5 Leo
£9 ol adlioe colin cutRe B Co IS + Dgal + 3 leSH oy
Ly glo)i anils S Jsb o (o3)Las bl & anly ool (el
L oGes jl canXe oS & anly slo Jlu S5 g 00g il b
asgezme 4 Vb Ceows 5 £9,0 (gorlS - poid b goade Gl S0
és.u & w—‘-” b«.:.:Lon LS"‘)AA[S l; ol).w L5““"L$“‘r<5:““"’1"‘" L_thbleLu)f\)
(Hitzman, 2000)
Jlw bbb (BI85 -Y-F

L) lobid a6 ks SISl sl jlilee (315792 Slalllas
(Van den ws s oz Slo S 5 Sl slajlile ol oz
2 ido 31550 cldlhas cuz opl 51 Kerkhof and Hein, 2001)
loylibe 285 plowl O jliz LS csll S Jlew slo)libe s,
Wl sszs el o ol slacaS 5 s @i b s Sold 4 (Sl
(O AAY) ROAdEr slo s ilhae imgdy ol 5 oo asllas sla,Lilee
lalilee ol sl (oo (89,0 wgl g4 5l sgazme sk 5 4l £95 3l
mo3lail (slylo il i Lol cunl e 19,500 Vo 1 (59,8000 iz 51 Jlows
9 I D90 4 adsl Jlow slajlolee aidlyon (99,50 Vo 5l 3825
Syga agl Jlw slo)libe oxiwn oasSTy bl aiw; ,o cby
@ 3 gl Jhw slo)libs wlaid 518 b Sinsd Joe o o
Wb oo oS (o Sy g 0y sl JSO

5 a4 bl G5 0 Jhw sla il sons osmlin sla St
ook B IS5 5 Sghan 15955 oty 0aedS ehanl Sygo 4 Sl
bl G50 v5zse adsl Sl slaylile (sotmnd Nisd oo o
w4 13l a5 233 el S35 655 ok el ek D)l
a3 18 s susw 8,40 Van den Kherkof and Hein (2001)
e & ond odalie slajls Lulul ot adlas sla,lilee canl o0t
Wb oo ol 09,5
wloads JS25 55 51 b aSansl oo baylils 51 025,8 {(V) sl 09,5
5 Col ond ol 51 Loles Jlow JLibis g9 ol (L) po 05,5.@F JS2)
oot oayd galisee JILHI 4y 5wl o o5 Slol3 by Lilee g5 c sl
658 ) amil e (S Soyb S Jol> Yl 45 (55,8 35T canl
Lol 5l 28 3bss lo,lile (LHV) pow 05,5 .@F JS2) (mle
35 ol ((VHL) plez 09,5 (DF JS2) axiliee ol bns Syl
oy y -Y-¥

asl 5 adsl Jlw JLile VA Togas (55, 5 (mimlosiy; wlalllas
ldlhas b .85 pbul ©)lia LilS bl S5 0 ssrge LI
SabNen sles (sovgame ¥ SE sl jloges 4y azgi b g iwles



f O)Loui) A 0)9«) AA uLA-A-M)‘

N

b pion (690,15 bl () g =

28,5 alxe (149¥) Bodnary and Vityk aloles 5 s,e8 jlade
Jobs 539 a0 YO L Yeg Ve U e Sloo aals 90 (pn (5550 ke
S8 Ty Slsl it YO I Y+ gosgame 4o a5 ail s plib Kol
GrSeill 5 Sl ol 09d sles rizmes addllae Gl o (P US2)
dol> B ol (Kan 00 BYer Slos aiels [0 £ S 5o a5 0o )5
bl e 3l

OFse b oRer oo 5 Jbew lo)lilee (5595 51 oolainl
Zang and Frantz., ) »5 acslos os5 b oy b 1) Jow JISx
p130s jo oS J&o e bghs i eolitwl b cdl> opl yo (Y Jsi) (1987
sl ey |y Jlow Sz Glses W)l 13 (Sad oSen slos —5 595
Ol 092y (JBs (gosguze 90 il oo amin VUSG5l AT jshiles
ol S RGN (I8 Loy omb b g 5595 Jol eogae
PNV B IV (S8 eogamme 5 Yl slod 5 (553 L 92 o350 5 cnSo
S s ol JISr ek WS ¥ S el 5
ol 00ls & ddlats jo SVl St 5 oljole laon]

4 JolS slazal 5l s g @0al 0y o8 Sl a0 -0 g0 B Jlew
AL 8 e (Tm) sk 3T g gloo wings S 08 (ol)]
2led (50,8 53 DY S Jloges 4 az g bl oo ol S il (5 4250
Vb 6)ps LS YA LD 5 (b slas od SLas O Br godgamme )
$odgame 98 0 SuiSSg sleo b (Te) o ysb sl w9 sled .l
) Slsl cm it o Sles 4z )3 —OVIY b -YA/F 4 —+/2 b -F/0 sles
2 e bbb SiSSe sles OV JSK3) wws oo i 095 |
JYe-tape @y JS&) ol Xl a0 -OF b -0 To5.x> b (o350
oSl b S Jlw s M@? 5 Na¥, K*, Fe?*,Ca?" slagyssls
wloluw y0 1) i (odatnn sbes 5 (Ya0 et al., 2001) s oLl
ol 5 4l aiS e agb H20-CaCl-KCl 4 H,O-NaCl-CaCl;
col i atees GO pils 4 s NBT (pils g0
ol les Jlew sla,Liles 5l s i slaws (Grandia et al., 2003)
oS Conl oads (g pSoslail ol F il ax o —OF odgame )0 Fu el gd

b Jlw sloylile ;0 gle CO2 56 o> oaims las

= a N9 —
n e
o[ -
18 = 1
5 e -z
: L 1z
g £
& I
12— —
w0 E
il —
ok ,
o —
A |
o
W0 10 200 250 300 350 400 450 Son 550
THomogenization temperature (°C)
PP T T T T T T T | —
c Nisz
| =
24 [— —
22 - 1
20— —
Fos | 1%
e s
g £
SRR A
12— —
pLN o |
s - —
. 4
Py - -
2 b 4
. L
70 60 50 40 <30 20 10 0O 10
Teut (°C)
26 T T T T T T T T T
Nao

g

T T T T T T T T
Nuas |

@ 5 0 15 0 25 30 35

Sallinity (Wt NaCl equiv.)

mojladl Jlews (sloylibeo yo ()55 (@) (T€) &yl dsl 03 slos ©) (Tm) 2 sk 038 5T sles (0) (Th) (S (Kow glos logas @) -V IS
(Zang and Frantz, o s ool JLsls cusbl o Jhw sla,lilee JEa coans Jloges (F) codld Cgd slos Jloges () «)liz el SIS 50 sads (6,5

(1987
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ey



f O)Loui) A 0)9«) AA uLA-A-M)‘

N

B & b
A .,rm&’u
(Ut

a8 iy (69,15 (ol (o)

Malekzadeh Shafaroudi and Karimpour, 2012; Latifi )
a5 aas e lad ¥V USS j0 ¥ oo leds s350e (Sagi et al., 2014
&) Oidez ety (b b sy Jl o Jlw Sl el ol5ails
Ll ool

SainRes b 4 5550 e obss Hloges 5l eslaul L
Lite Ll loogsn! 5l eolicwl fen oly oo (Beane, 1983)
VUSE o o pshilen o5 ot 1) Jle slojlile o Jlezo!
5 oSl Ol LMs odgume 10 Jlow slolils gom 59 o 0asd
el ools 5 (592>

Oyl cwili— oal Hluwils ol Kuwls—F—F
Sz Sl - ceniSe LS o Jlw (slajlibe adllas
o B 0y5e Ll BSas o Jhew £58 90 a5 was o0 lis
g0l 8 Ol az,0 FO- B YV o sl LT gg5 Jlow wailazsls
35,5 oo Latine plab Sad Jolae 539 2o, a YO UV (0 (5 00
Ol Gops 9 9,5 (Hle az o YO B0 Gles L g5 b
So BMes| pizran il oo plab Sos Jolro (Gig ao,0 Ve B
o S b i slod 5 6)9d b ool S Jo po oS b
1y By pls olials 2 (s (552 Yo a8 slos 5 5550 L
wibe I0CG Sl b pbB3 acgeme 5l Ol LS

Heating/ L
depressurization

Isothermal Isothermal
—| miing mixing
4
= -
Surface fluid Boiling
dilution -
Cooling/

pressurization

Salinity (wt% NaCl+CaCl, eq)

O T T T T T
10 20 30 40

Salinity (wt% NaCl+CacCl eq.)

5 Sheppered ;i (o 58 Lo Jloses 15 Jhos JolS5 Son slois, woliz Luils 15,0 eVl glsl (s (Fon slos Jlie 15 (5,5 loges - ASS
O3AD) o San

Fig. 8. Salinity vs. homogenization tempreture (°C) diagram of fluid inclusions in Choghart deposit. Evolution trends from
Sheppered et al. 1985.

60
50 x :
3 o
5, &
S R & ' emperature
=] : : H & ;
= Basinal . <¢ ' Secondary
® Brines P Magmatic
g ol ; Liquid
= e
g IRt EERIN
ﬁ 20 - h .
" et -
>, Metamorphic Fluid [
0}k e + Primary
’," Magmatic
B %7 Fluid
0 - N 1 L. apmmemTT "
0 100 200 300 400 500 600 700 800

Homogenization temperature (°c)

MVT s Gada L (VAAY) Beane 5l ab jloged .ojiz cuwll S5 50 Jhow slojlile (Sod (Ken slod g 5,98 SaSTy ol Sbo -4 JS&
(Wilkinson, 2001) Irish 4 Epithermal

Fig. 9. Salinity vs. homogenization temperature diagram of fluid inclusions in the apatite mineralization. Basal diagram
after Beane (1983) with type matching for MVT, Epithermal and Irish mineralization from Wilkinson (2001).

\rd



f O)Lo.:) A 0)9«) AA uLA-hA.A-ﬂO).

N

A iy (69,18 sl (yae) P

b b (el oy bl )3 a5 Ceal (s p g (omly (oS
el ol o 0l

b pon 50 (S oSl ohg ) iy Sl )50 4 e
IS g oS 5 oleSle slaan] alpen ol SdlS 5 oy
s Dlie Sl gl oo S e (oleSle slavl B ST s LS
piilogulio pl Sidls il 5 oS dbols sl o1 o 45 5 o0
9 S wsorniliy (oredS (oo g5l 00 S la lu S
ool Sadls’ JSas o N (Ll 0 oo (285,500 85T (0 (g
s
Jsle glos <sll (5 50 0920 Jlow slojlile sloools 4y 4z L
g w2 YO U - (6)908 bg o5 (o azye FA- BV Sl S
=03ld o 3 3 ol gl 4y sliwl b cpiores il oo plabs S Jolae
plSLs 59, » Olix bl G s serse Jhw slajlile sla
LU s ol a5 Yol Sus (Sen slos blis o (55 LSSl
b oot M w50 e lply il odg (oo S - aleSLe anl B L

R
sleanld o5 el ol 51 (Sl 380 dibie o olmo glo ),
e Spge g S 3] leesgs e I o sles xS Sla S
3 slos S gilw SIS el aS sl 0ol Fy i el H8 S0
sl dle JS25 5 S oleS polie gla G5 Sy g cwsl] - al
Glong aaled & jlha Lils [0 pioren ol onl 00iyS 0 S
5 2lo,S alole o Shee o] Jlis @ g olSle (loanTp 092y p (s
5 bogife pal Sl ol Jlews ez dgd o 0dd pilegulio
aox 5l ‘S:LJLQ oy scdl 5 cole g lol B sleog secilen
SUSU s i lospo b Glz 5 on slocdl 5 bl eanlis
5 ol 5l Sl K ogmg anled 5l s Kiw g SodlS
(2 95wg S sladised o ciily sl yuzes all o dilais
"SS5 prlegalie red S 5 Sl () sl e S92
he )T 00uF codled sams lid dadhais )0 oud cdaliv 05 uS sle

iy g bl S (lin S5 oS5 4 axg L oaslails Slials
Hilee sloesls wilais slacKin jo 595,50 BT evalive o] b1

ool 55 ol dilaie ;5 03 F latils 5 SleS slaan] s
2 o8l @hals 5o Gl 5 pleSle SVLw (85 5 (9% 9 Loo) Sl oo 5 v 4 i glesl 5l S lis LS s oas aslis

il o Ly plS 13 09,5 15 5 IOCG g4 51 Lils ol Yoo & i

References

Alavi, M., 1994. Tectonic of Zagros orogenic belt of Iran: new data and interpretations. Tectonophysics 229, 211-238.

Audetat, A., Guenther, D., Heinrich, C.A., 1998. Formation of a magmatic-hydrothermal ore deposit; insights with LA-
ICP-MS analysis of fluid inclusions. Science 279, 2091-2094.

Barton, M. D., Johnson, D. A., 2004. Footprints of Fe Oxide (-Cu-Au) Systems. Special Publication, University of Western
Australia, Crawley, Australia.

Beane, R.E., 1981. The magmatic-meteoric transition. Geothermal Resources Council 13, 245-253.

Berberian, M., King, G. C. P., 1981. Towards a paleogeography and tectonic evolution of Iran, Canadian journal of Earth
Science 18, 210-265.

Bodbar, R.j., Reynolds, T.J., Kuehn, C.A., 1985. Fluid inclusion systematics in epithermal in systems Reveiws of
Economic Geology 2, 73-97.

Bodnary, R.H., Vityk, M.O., 1994. Interpretation of microthermometric data for H,O-NaCl fluid inclusion, in De Vivo, B.,
and Frezootti, M.L., eds., Fluid inclusion in minerals: Methods and applications: International mineralogical
association, Short course of the working group, Inclusions in minerals 117-130.

Charlier, B., Namur, O., Bolle, O., Latypov, R., Duchesne J., 2015. Fe-Ti-V—P ore deposits associated with Proterozoic
massif-type anorthosites and related rocks. Earth-Science Reviews 141, 56-81.

Corriveau, k., 2007. Auditory Processing Skills and Specific Language Impairment: A new look at an old hypothesis.
Journal of Speech, Language, and Hearing Research 50, 647—-666.

Darvishzadeh, A., 1983. Investigation of Bafg-Esfordi phosphate, Journal of Sciences, Tehran University, 13(1-2) 2-24 (in
Persian).

Ebrahimi, F., Mokhtari, M., 2015. Vibration analysis of spinning exponentially functionally graded Timoshenko beams
based on differential transform method. Journal of Aerospace Engineering 229, 1-13.

Eslamizadeh, A., 2016. Geological setting of iron oxide-apatite deposits in the Bafq district, central Iran with an emphasis
on mineralogical, petrographic, and geochemical study of the Sechahun deposit. Iranian Journal of Earth Sciences 8,
147-163.

Foerster, H., Jafarzadeh, A., 1994. The Bafq mining district in central Iran; a highly mineralized Infracambrian volcanic fie.
Economic Geology 89 (8), 1697-1721.

Grandia F., Cardellach E., Canals A., Banks D.A., 2003. Geochemistry of the fluids related to epigenetic carbonate-hosted
zn-pb deposits in the Maestrat basin, Eastern Spain: fluid inclusion and isotope (Cl, C, O, S, Sr) evidence. Economic
Geology 98, 933-954.

Guilbert, J. M., Park, J. R. C. F., 1997. The geology of ore deposits, Freaman and company, New York, 985.

Haghipour, A., 1974. Etude geologique la region de Biabanak - Bafq (Centeral Iran); Petrologie et tectonique du socle
percamberien et sacouverture. Ph. D These, Universite Scientifique et Medicale de Grenobal, France.

\ai


javascript:;
javascript:;

N

f O)Lo.aii sﬁ 0)9«) ‘Q/\ ULH*HQ). ww 6«)).3)'.5 ‘;‘)LULJ Q—?A) ;l!’.'ldi,fw-":#?;h

Hitzman, M. W., Oreskes, N., 1992. Einaudi M. T., Geological characteristics and tectonic setting of Proterozoic iron oxide
(Cu-U-Au-REE) deposits. Precambrian Researchs 58, 241-287.

Hitzman, M.W., 2000. Iron oxide—Cu—Au deposits: what, where, when and why. In: Porter, T.M. (Ed.), Hydrothermal Iron
Oxide Copper—Gold and Related Deposits: A Global Perspective 2, Adelaide. Australian Mineral Foundation 9-25.

Karimpour, M. H, Mazloomi, A, 1997. Geochemistry, Origin and Potential of Gold Mining in Exploration Zone of Torbat
Heydariyeh koh zar. Journal of Earth Sciences 28-27, 13-2.

Karimpour, M. H, Mazloomi, A., 1997. Gold Discovery Report in the Torbat-e-Heydariyeh koh zar Area, Zarmahar Gold
Company Internal Report 31.

Karimpour, M. H., 2005. Comparison of Cu-Ag-Au Ghale zary deposit with other Iron Oxides Cu-Au (IOCG) deposits and
presenting new classification, crystallography and mineralogy of Iran 134-1677.

Latifi Saei, F., Mirnejad, H., Alipour Asl, M., Niroumand, S., 2014. Investigation of gold mineralization in thousands of
vein systems in the Paris region of Kerman province (with emphasis on studies of fluid shortages and sulfur isotopes.
Advanced Applied Geology 14, 65-75.

Lottermoser, B.G., 1992. Rare earth elements and hydrothermal ore formation processes. Ore Geology Reviews 7, 25-41.

Malekzadeh Shafaroodi, A., Karimpour, M. H., 2012. Geology, Mineralization and Fluid inclusions Studies of Pb-Zn-Cu
Hoze Reis Deposition, East Iran. Advanced Applied Geology 6, 63 — 73.

Moore, F., Modabberi, S., 2003. Origin of Choghart iron oxide deposit, Bafg mining district, Central Iran: new isotopic and
geochemical evidence. Journal of Science, Islamic Republic of Iran 14, 259-269.

Nystrom, J. O., Henriquwz, F., 1994. Magmatic features of iron ore of the Kiruna type in Chile and Sweden: ore textures
and magnetite geochemistry. Economic Geology 89, 820-839.

Paknejad, H., 1991. Complementary exploration of Esfordi deposit. Geological Survey of Iran, Tehran, Report 11, 89 (in
Persian).

Rahimi, A., 2015. Geochemical and Economic Geological Survey of Rare Elements in the Lake siysh Iron-Apatite
Deposition, Northeast Bafgh. M.Sc Thesis, Amirkabir University of Technology, Tehran, Iran.

Ramdohr, P., 1980. The Ore Minerals and their Intergrowths, Pergamon Press, New York, N.Y.

Rasti, S., Rajabzadeh M. A., 2017. Mineralogical and Geochemical Characteristics of Serpentinite-Derived Ni-Bearing
Laterites from Fars Province, Iran: Implications for the Lateritization Process and Classification of Ni-Laterites World
Academy of Science, Engineering and Technology. International Journal of Geological and Environmental
Engineering 117.

Roberts, D. E., Hudson, G. R. T., 1983. The Olympic Dam copper-uranium-gold deposit, Roxby Downs, South Australia.
Economic Geology 78 (5), 799-822.

Roedder, E., 1984. Fluid inclusions. Reviews in Mineralogy, 12 644p

Samani, B.A., 1988. Metallogeny of the Precambrian in Iran. Precambrian Research 39, 85-106.

Shepherd, T., Rankin, A. H., Alderton, D., 1985. A practical guide to fluid inclusions studies, Blackie, Glasgow, 239.

Sillitoe, R.M., 2003. Iron oxide-copper-gold deposits: an Andean view. Mineralium Deposita 38, 787-812.

Simmons, S.F., Simpson, M.P. Mauk, J., 2000.The mineral products of boiling in the golden cross epithermal deposit, New
Zealand Minerals and Mining Conference Proceedings, 209-216.

Stocklin, J., 1974. Possible ancient continental margins in Iran. In the geology of continental margins. Edited by C.A Burk
and C.L. Drake. Springer, New York, 333-353.

Torab, F.M, Lehmann, B., 2006. Magnetite-apatite deposits of the Bafq district, Central Iran: apatite geochemistry and
monazite geochronology. Mineralogical Magazine 71, 347-363.

Van den Kerkhof, A.M., Hein, U.F., 2001. Fluid inclusion petrography. Lithos 55, 1-4.

Wilkinson, J.J., 2001. Fluid inclusions in hydrothermal ore deposit. Lithos 55, 229-72.

Yao, Y., Murphy, P.J., Robb, L.J., 2001. Fluid characteristics of granitoid-hosted gold deposits in the birimianterrane of
Ghana: a fluid inclusion microthermometric and Raman spectroscopic study. Economic Geology 96, 1611-43.

Zhang, Y. G., Frantz, J. D., 1987. Determination of the homogenization temperatures and densities of supercritical fluids in
the system NaCl-KCI-CaCl,-H,0 using synthetic fluid inclusions. Chemical Geology 64, 335-350.

© 2020 Shahid Chamran University of Ahvaz, Ahvaz, Iran. This article is an open access article distributed under the terms and
conditions of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).


javascript:;
javascript:;
https://pubs.geoscienceworld.org/minmag/article-abstract/71/3/347/140364
https://pubs.geoscienceworld.org/minmag/article-abstract/71/3/347/140364

