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Fig. 1. Main sedimentary- structural zones of Iran (Aghanabati, 2005). The study area (Roshtkhar Iron) is located in the

Northeast of Lut block (yellow circle).

sxbaoaS ol b ST L o elS , Jland
sl (5 055) (g g 2550 aie B s ab S 55 5 suoms
(Ancelin et al., 45,05 5305 - (4iis oS 055 Hols 5
5 SlaanT glac&in Lol gl Kiw glads15.1983)
S PRGNS QO e SUNENY EJ% SRR Y Hb.
- Al Wy (slls 4 din 5 oS 5 oy b
slacKen (Ancelin et al., 1983) wxws 5,50 4

dalin (0gos (gl o)
(Ancelin i g, 1:100000 ol 5 (sbraids ol
(Danesfaleh and  sL.18°1:250000 ,et al., 1983)
Jols aibie K w glad>1y 2 2o Sajedi, 1983)
Sl gy B 5 s 5 5 S35 03T SaeSen
GLacSaT Kiw « Kiw sladsly o e 15.(2 J5)
o b glacd 5 SO ske (sladsly cods 8 8



95

o, o el LlalS oliuls 5 Sl Fo ¢ alii S

(1396 JL) 1 o jles 9 al>

3y adbie s 5 (Ancelin et al., 1983) 5,5 s
&;g;q‘ﬁptﬁbﬂsu&wbjl%)ﬁ&ﬁ
i L0l Sl pLaaY 0L L o 4 blo (g ST
5B s = ot s Sliul) 53 (Sloggd 5 (6 STl
ssban doly onl slaazigs (ls 3305 4953 o8 b pwen
5455 Gl G S 01,0 )88 saaig s b
23 Sl ol okl gy Sl Olsny L a5 by
JS 5 Sl 31 o dsly o slaaig aibaie 51 ol i5v

.-U‘Q-UT)D&:?J.:LLG-L;JJ?'-Q)}«@Q&))D

B a5 s s Fse oS 5 LI 63585 o 53T
SLASS 55 i g5 o o3 gy (6 iS5 U (6 2SI
SLadiig 5 dS)ls Sy oo o s hS'2D 350 s 50
s o Sy Gt 5 Ao 57 a1y o i1 SL2REST
&1 sl el g gy slatl5 . (Ancelin et al., 1983)
b (glo s <555 & ol oSS oty s Sianls 5 s
Gls e w20 B jme e 2 o510t sladils 5 0 3
sy KoLy ot Slicsn s Sass 8
53,03 51,3 0T 3 e d 5 5 o 3l g5y (Slad>l5 595
B e S sla b 5 e s 4y (2 p6 ) sbay

LEGEND N .
AEATERURY Recent alluvium I g
i = -

; - Conglomerate -

s | Sandstone & Conglomerate

g - Monzonite

- Conglomerate {1}
Z Andedidclufl & Agglomerate
§ - Porphyritice andesite

[ Andesite & Rhyolite
M- Metamorphice limestone
i3 Dyke

—— Fault

34O580"N

z
“
-
-

350N

=
,,,,,,,
"E  S9P56M"F.  S®RNF < GIPZ'O' -4
4 2 0 4
?h

(Ancelin et al., 1983) 45,15 5 oblcdgs wblys «)lgs ,1:100000 slaasss 5l oo FMlol) o) dilaie  owlidpe) aiiis .2 JSuid
Fig. 2. Geological map of Rhostkhar area (Modified from Roshtkhar, Khaf, Dolatabad and Karizno map, 1/100000)

(Ancelin et al., 1983).
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Fig. 3. Local geological map of Iron mineralization in Rhostkhar
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Fig. 4. A: Andesitic outcrops in contact with dioritic unit in the south of A orebody, Roshtkhar Iron (34° 59' 10.3" N ,

59° 54' 49.5"E) and B: View of Tuff and Basaltic outcrops in Northeast of A ore body, Roshtkhar Iron (34° 59'34.8" N,
59° 54' 49.5"E)
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Fig. 5. A: View of monzosyenitic units that are host rock of the B orebody, Roshtkhar Iron (34° 59' 39.2" N, 59° 55'
1.9" E) and B: view of syenitic and syenit porphyry units, Roshtkhar Iron (34° 59' 35" N, 59° 55' 04" E)

o=ledizla LgL.au.,Lfa_L.:-)l O"SJJ’.‘.'QJ a.l:...if)b&}ﬁ.i A e 03 55 JL«_& Cammd y3 Al u-.’.‘gé'”}"d. a9
.C,.wlAc‘.iLw c‘i..;) Ls‘)"’ ul'_.wé 4__1}44 )J.(B'4 JL.&) .3)‘.3 .5)'0})_.:

j%&.ﬂ\f}f‘{&y)du&ﬂ:dr)gsuﬁw Gl S 5 I s (6 by gy Sl g0, (5 S



05 8 Sl S5 shyls Ladsly ol )ls sy ik (AT ) o w3l o )3T (sladonly HUS 55 asetie
S n &Syl oy e 1 ey SET 5 50yl Sl 5K anle s 0)le slacKin Jols gguy slad1s
ol a5 g 03 (63585 gladsly 3 ST lawYole aws s S DN I E RS SUNE-PUPL GG O < 4
S op 51 3348 5155505 5 B Sdre 035 (3,5 5 lads1y 9t Ol aibie o O g 5 g A 3. dledd

(B -7 JSKa) Wlois (6 jo 0 (355 (sladoly L Sy wliin o 20 La03) 5L 5l Cutlies 4 SKiwanls

Diorite porphyry

1B 5 (34° 59 10.3" N, 59° 54' 49.5"E) 60,55 S (652551 o youd 0y 51 50 (s, ) A e 0055 31 les 1A 6 JSd
(34° 59' 37.8" N, 59° 54' 47.2" E) NISW olaciel L (jls5is, (,) items cslodly ;5 2,300 (glacSls 35
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Fig. 7. A: Photograph of the Igneous rocks in contact with the sedimentary rocks, Roshtkhar Iron (34° 59' 14.8" N, 59°

55' 1.3" E) and B: View of the marble in contact with the intrusive rocks, Roshtkhar Iron (34° 59' 23.7" N, 59° 55' 36.9"
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Fig. 9. A: Complete alteration of plagioclase to sericite, and growth of opaque minerals in fractures of chloritized
olivine in the monzosyenite, B: Syenitic unit shows granular texture and consist of alkali feldspar. Open spaces in this
rock filled by quartz and calcite, C: Open spaces in basaltic rocks filled by calcite showing amygdaloidal texture,
Alteration effect and opaque minerals growth observes around of chlorite in porphyritic basalt unit, and D: Plagioclase
phenocrystals were altered to sericitie and associated with calcite and silicic veinlets in porphyritic andesite. (Src=
Sericite, Opg= Opaque minerals, Chl= Chlorite, Kfs= alkali feldspar, Qtz= quartz, Cal= calcite, PI= plagioclase), (All of
pictures prepared in crossed polarized light with 40X, (Whitney and Evans, 2010)
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Fig. 10. A: Presence of quartz, siltstone and mudstone in conglomerate and B: Siltstone units in the study area
(Roshtkhar Iron) are fined- grain in texture. (Qtz= quartz, Ss= siltstone, Ms= mudstone) (Crossed polarized light with

40X, Abbreviation from Whitney and Evans, 2010)
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Fig. 11. Alteration map in the study area(Roshtkhar Iron)
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Fig. 12. Syenitic units that altered to propylitic alteration associated with mineralized vines in Roshtkhar iron and B:

Syenitic units that altered to propylitic alteration associated with calcite, sericite and opaque minerals. (Cal= calcite,
Src= sericite, Opg= opaque minerals) (Crossed polarized light with 40X, (Whitney and Evans, 2010).
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Sericitic-propylitic alteration
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Fig. 13. A: Sericitic-propylitic alteration in dioritic unit, Roshtkhar iron (34° 59' 23.8" N, 59° 55' 33.6"E) and B:
Sericitization of plagioclase and chlorite distribution in dioritic rocks. (Chl= chlorite, Src= sericite) (Crossed polarized
light with 40X, Abbreviation from Whitney and Evans, 2010)
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Fig. 14. A: Propylitic and argillic alteration in contact with silicic breccia units, Northeast of A orebody, Roshtkhar iron
(59' 25.5" N, 59° 55' 9.9" E) and B: Silicic alteration as silicic breccia include volcanic debris in Roshtkhar iron (VIb=
volcanic debris) (Crossed polarized light with 40X, (Whitney and Evans, 2010)

N 0S5l st ) aS 6 olie Uledd sl
St S i oy Gl B> (b S s (5 ol S
DLy bl s 3a obie bayls sas ol bl . tileile
a3 cdims o 0L Gl £ bass 534S Sland 55
S pta b polie 5ol o ol i B polis 05 S 55

-Lc}.&ua M" 3

5L 0 8 dals 5 b ge w43 juole S ol s
22 a8 omlh s Chle s bt 6y 5o b cchaleen L YL
L YU 348 g ole 5,8 o )l 3OS 55l s )
o Sle S b aS dmas g polie S 15 e
,|Jj¢_wrﬁbsﬁj,>66,pujx\a¢&éulw
s 3 Gl B3 Jl o b o dizn (5 polis 5,8 s



@olaidl ulilpw dloe oS g 0,500y 104

rt molie pls s (G39 2oy e ol polie) (g, o) (o2 9550 dilais (sladigad ICP s XRF ST I Jol> b 1 Jgur
(PPM e

Table 1. Analysis of samples collected from the study area (Roshtkhar iron) by XRF and ICP (Major elements are in
terms of weight percent and other elements are in terms of ppm)

Ser-Prop A

Sample Alt Diorite  seynite seynite seynite  Diorite  Diorit

Mass

STS7 STS ST9 ST3 ST11 ST10 ST4 ST79
SiO, 53.32 36.1 56 61.59 59.19 55.63 55.63 58.1

TiO, 0.12 0.12 0.12 0.21 0.1 0.13 0.13 0.12
Al,O; 15.57 2.45 14.9 12.91 18.81 14.72 14.9 15.89
TFeO 9.12 >40 7.71 2.67 4.56 7.65 4.84 2.81
MnO 1.25 0.06 0.98 0.76 0.58 0.95 5.21 17.77
MgO 6.32 10.7 5.57 14.15 4.66 5.21 5.45 55
Cao 4.99 10.8 4.3 0.33 1.32 4.84 6.52 5.05
Na20 14 0.11 2.42 0.84 3.47 1.94 0.49 0.33
K20 2.7 0.16 5.38 4.6 6.33 6.52 4.6 2.4
P205 0.28 0.05 0.54 0.43 0.45 0.49 0.48 0.5
LOI 1.97 0 1.8 0.5 0.4 0.9 1.01 1.08
Total 97.00 100.55  99.72 98.99 99.96 98.98 99.26 99.55
Ba 38.9 499 250 54.8 3194 393.8 0.95 1.33
Ni 17.9 7.8 19.4 7.8 13.9 16 17.3 18.5
Sc 4 0.4 4.2 4.6 4.5 4.6 59.2 61.6
\Y 172 11.9 159 99.9 51.5 145.3 35 3.8
Cr 157.8 19.6 68.8 200.1 0.8 59.2 55.63 58.1
Co 2.2 102 3.7 10.9 8.6 3.5 14.72 15.89
Cu 43.2 35 31.5 191.9 289.3 64.5 9.7 103.3
Zn 86.1 11.3 70.2 80.2 45.2 55.4 61.4 53.8
Ga 16 17.1 21.4 20.3 2.8 4 17.4 20.2
Rb 98.8 61.8 115 206.9 153.6 214.6 140.3 105.8
Sr 201.7 17.6 680 538.4 1114.5 491.2 673 316.4
Zr 146.6 0.2 209.4 361 189.8 242.8 187.5 207
Ser-Prop A Diorite seynite seynite  seynite  Diorite  Diorit
Sample Alt Mass
STS7 STS ST9 ST3 ST11 ST10 ST4 ST79
Nb 22.8 22.8 17.1 48.1 22.1 32.8 25.4 22.5
Mo 1.7 1.7 154 15.2 4.2 12.6 10.1 14.3
Sn 2.5 2.5 13 0.4 8 11 11 3.3
Cs 135 135 10.6 8.8 4.5 7.2 15 9.8
La 28 28 1.2 64.8 28.1 42 419.9 100
Ce 4.9 4.9 2.8 19.2 42.9 36.1 42 31.9
Nd 6.4 6.4 2.7 17.7 3.9 2.3 36.7 4.8
Sm 0.2 0.2 3.5 0 0.1 2.4 7.1 18.8
Eu 3 3 27.7 3.1 3.1 3.2 1.3 15
Th 4.2 4.2 0.5 2 2.1 2.3 2.8 3
Yb 2.1 2.1 4.7 15 14 2 3.5 3.5
Hf 3.9 3.9 4.7 6.2 15.9 3.8 2.1 2.2
Ta 5.1 5.1 50.8 2.3 0.7 3.8 1.6 5.9
Pb 53.6 53.6 17.5 59.1 1215 131.6 4.8 3.9
Th 14 14 24.6 31.6 17 28 49.9 48.9
S 124.8 1248 24.6 51.4 44.7 167.9 18.1 21
Cl 12.2 12.2 0.4 67.2 11.8 45.4 125 93.6
As 0.4 0.4 0.9 0.4 0.4 0.4 8.5 21.5
Sb 0.9 0.9 91.5 0.9 0.9 0.9 0.4 0.4
Dy 12 12 17 4.5 5 6.1 0.9 0.9
Ho 0.9 0.9 21.2 0.8 0.2 0.1 9.1 9.4
Er 3.6 3.6 28.3 1.9 2 2.2 0.7 0.7
Y 28.3 10.7 680 29.1 28.3 21.5 31.6 28.5

Zr 146.6 0.2 209.4 361 189.8 242.8 187.5 207




105 SgEidy 10 ool olails siwls ¢ e S ¢ pwlii S (1396 JL) 1 o)less 9 al>

AJL._MJ" )_.AL..C I m)l_> 4_)94) O gcj_';]" 4.)54” A ‘)S)"’"’ C ()|9M) u“’T) “r b)ﬁ.n adlais )b U?‘“‘“"‘J‘“ﬂ GL‘”uﬁ) 0955).)‘ J.Jlj 2 J’J}
ol

Table 2. Isocon analysis of alteration zones in the study area.(Roshtkhar iron) C: Concentration, A: Altered sample, O:
Fresh rocks, I: low threshold elements

Sample C ch co/C' co Scale/C*
ST9 STS7 Scale Orginal Altered
SiO, 55.98 53.32  0.714540907 40 38.09932119
TiO, 0.12 0.12 200 24 24
Al,O4 14.87 15.57 1.344989913 20 20.94149294
Fe,O3 7.71 9.12 2.075226978 16 18.92607004
MnO 0.98 1.22 4.081632653 4 4.979591837
MgO 5.57 6.32 2.154398564 12 13.61579892
CaO 4.3 4.99 1.860465116 8 9.28372093
Ba 250.3 38.9 0.151817819 38 5.905713144
Ni 194 17.9 1.546391753 30 27.68041237
Na,O 2.42 14 13.2231405 32 18.51239669
K,O 5.38 2.7 6.691449814 36 18.0669145
P,Os 0.54 0.28 51.85185185 28 14.51851852
Sr 679.6 201.7  0.058858152 40 11.87168923
S 507.6 124.8  0.076832151 39 9.588652482
Zr 209.4 146.6 0.17669532 37 25.90353391
\Y 158.7 172 0.075614367 12 13.00567108
Rb 115.1 98.8 0.312771503 36 30.9018245
Zn 70.2 86.1 0.156695157 11 13.49145299
Cr 68.8 157.8  0.145348837 10 22.93604651
Pb 55.2 53.6 0.634057971 35 33.98550725
Cu 315 43.2 0.285714286 9 12.34285714
Y 28.3 28.3 1.201413428 34 34
Ce 24.8 4.9 1.290322581 32 6.322580645
Ga 21.4 16 1.448598131 31 23.17757009
Th 16.5 14 1.757575758 29 24.60606061
La 14.3 28 0.559440559 8 15.66433566
Mo 10 1.7 2.8 28 21.56
Dy 94 12 0.744680851 7 8.936170213
Sn 9.2 2.5 2.826086957 26 7.065217391
Cs 6 135 1 6 135
Nd 5.2 6.4 4.807692308 25 30.76923077
Hf 4.5 3.9 5.333333333 24 20.8
Ta 4.3 5.1 5.348837209 23 27.27906977
Sc 4.2 4 5.238095238 22 20.95238095
Co 3.7 2.2 5.675675676 21 12.48648649
Tb 35 4.2 5.714285714 20 24
Er 3.2 3.6 5.9375 19 21.375
Eu 3 3 6 18 18
Yb 2.4 2.1 7.083333333 17 14.875
Sm 14 0.2 11.42857143 16 2.285714286
Sb 0.9 0.9 16.66666667 15 15
Cl 0.5 12.2 3 15 36.6
As 0.4 0.4 35 14 14
Ho 0.3 0.9 43.33333333 13 39

Nb 26.7 22.8 1.235955056 33 28.17977528
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Fig. 15. Isocon diagram for STS7 sample. A: Major elements and B: Trace elements
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Fig. 16. Isocon diagram on STS sample. A: Major elements and B: Trace elements
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Fig. 17. Different mineralization forms in the Rhoshtkhar iron mineralization, A: hydrothermal braccia, B: comb and

layered structure, C: stockworke and D: Cu-carbonate mineralization (Azorite and Malachite) associated with Iron
hydroxide mineralization
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Fig. 18. Different specularite (hematite) and magnetite textures, A: Network bladed hematite, B: Bladed hematite
associated with fine-grained magnetite , C and D: Bladed and equigranular hematite (reflected Light 100X)
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Fig. 19. A: The presence of anhedral magnetite (Mag) in mineralized rocks (reflected Light 100X), B: presence of

euhedral magnetite in silicic breccia (reflected Light 50X). C and D: Mushketovitization of hematite to magnetite
(reflected Light 100X, Abbreviation from Whitney and Evans, 2010)
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Fig. 20. A: Thin sections of Chalcopyrite (Ccp) in silica veins that altered to Chalcocite (Cct), and B: The formation of
goethite (Geot) with concentric texture and the oxidized hematite in braccia silicate (reflected Light 100X, (Whitney

and Evans, 2010))
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Fig. 21. A: The presence of copper carbonates in as chloroform in Roshtkhar iron, and B: microphotographs of Cu-
veinlets in hematite (reflected Light 100X, (Whitney and Evans, 2010))
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Fig. 22. Log fO,-pH diagram in 350 centigrade and 500 bar showing mineralization trend from oxide stability field(I)
to sulfide stability field (11) for the Fe and Cu mineralization in Roshtkhar iron ( original diagram from Zhang et al.,

2011)

LSl e TL LS 5 5 Glasl 4 358 51 g 150 55T)
ISt 4 2 182 5 0581 (Vb 4l 5 sl 55 WL Lo
e (3w IS gl e 53 L8 5 o Y Sl SIS
L s 4o @Sl Gt e 53 0T 51 g sl 0l
4l il Jams 533,55 Slie (058 2l B ralS

ol 03,8 adbie ys S5 S 51018 e S (6,50 Sl
5 Gkl g Lg)'l_wujlfféls\?) (odrs 03 gdoes 934 el
Sl SLS ol Jle (i s a.\.l.sr_a)l.:f 3 S
Cooke and ) cul laee 5.8 8 5 05081 w0l 6 O ks
e e T il s 4S5, s bas (Simmons, 2000



113 JUCSO SRR hals sl 5 Slo)Fo (mlin X

(1396 JL) 1 o)l 9 al>

(22 JS5) (11 41 o) 515
3,5 Llsp e U150 23 S5 5 eiial walsd g a5
JS Gty 5 28T Loyl it )3 SLaslS” Jsloms &5
sl 5 e 55 el 03,8 Ty Ll e Lackdl o

el o |85 (2 g sSIS 5 S ) (s g slalST

g 38l S 55 Sy 5 Sy SIS (5L S
el o=l . (Kolb and Hagemann, 2009) <l «3 &
J‘:L‘ 9 Q)S)l_' .]a_w); JLOg foz-LOg sz )‘b}_«.} DL
L3, Ol § o sl i a5 (Barton and Skinner, 1979)

U':"'-'-L“" ‘))‘jﬁ.&) V.AT@JM ab}bu‘).ﬁjl.wmgd\:.w Jj>=‘v'

Log fS,

Hematite

1 |

42 40 38

-34 -32 -30 -28
Log 1O,

Nogas oll p dibaie o (1) souidgm 55l S @ (1) saunST L)y 51 65l SIS &g, cuuns g LOG fO,-LOG Sy lsges 23 S
(Whitney and (cwsie =Dg g <gsS ZCV «cy 1 TPY iy =BN 2w 10450 =Cp) .(Barton and Skinner, 1979) .Sl 5 ¢y95,b

Evans, 2010)

Fig. 23. Log Log fO,-Log fS, diagram and mineralization trend from oxide stability field (1) to sulfide stability field (I1)
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Introduction

Iron mineralization in Roshtkhar is located in 48
Km east of the city of Roshtkhar and south of the
Khorasan Razavi province. It is geologically
located in the north east of the Lut block and the
Khaf-Bardeskan volcano-plutonic belt. The Khaf-
Bardeskan belt is an important metallogenic
province since it is a host of valuable ore deposits
such as the Kuh-e-Zar Au-Spicularite, the
Tanourcheh and the Khaf Iron ore deposits
(Karimpour and Malekzadeh Shafaroudi, 2007).
Iron and Copper mineralization in this belt are
known as the hydrothermal, skarn and 10CG
types (Karimpour and Malekzadeh Shafaroudi,
2007). I0CG deposits are a new type of magmatic
to hydrothermal mineralization in the continental
crust (Hitzman et al., 1992). Precambrian marble,
Lower Paleozoic schist and metavolcanics are the
oldest rocks of the area. The younger units are
Oligocene conglomerate, shale and sandstone,
Miocene marl and Quaternary deposits. Iron
oxides and Cu sulfides are associated with
igneous rocks. Fe and Cu mineralization in
Roshtkhar has been subject of a few studies such
as Yousefi Surani (2006). This study describes the
petrography of the host rocks, ore paragenesis,
alteration types, geochemistry, genesis and other
features of the Fe and Cu mineralization in the
Roshtkhar iron.

Methods

After detailed field studies and sampling, 30 thin
sections and 20 polished sections that were
prepared from host rocks and ores were studied by
conventional petrographic and mineraloghraphic
methods in the geology department of the
University of Sistan and Baluchestan. 5 samples

from the alteration zones were examined by XRD
in the Yamagata University in Japan, and 8
samples from the less altered ones were analyzed
by XRF and ICP-OES in the Kharazmi University
and the Iranian mineral processing research center
(IMPRC) in Karaj, respectively. The XRF and
ICP-OES data are presented in Table 1.

Result and discussion

The host rocks of the Roshtkhar Iron deposit are
diorite, diorite porphyry, monzosyenitie porphyry,
andesite, basalt and lithic tuff in composition and
granular, porphyry, microlitic porphyry and
hyalomicrolitic in texture and they consist of
plagioclase, K-feldspar, amphibole and pyroxene
as main primary minerals. These minerals in
altered rocks were replaced by phylosilicates,
epidote, carbonates and opaque minerals. There
are the following alteration zones in the study
area: propylitic, sericitic-propylitic, argillic and
silicic. The propylitic alteration is characterized
by chlorite and calcite as the dominant
hydrothermal minerals and little quartz, sericite,
kaolinite, and biotite. Hematie and magnetite
occur as the main opaque mineral in this alteration
zone. Since the proportion of sericite is relatively
high in some parts of this zone, it can be named
the propylitic-sericitic alteration zone. The argillic
alteration zone occurs intensively in the syenite
and it is characterized by clay minerals. The
silicic alteration occurs as veinlets, silicic
breccias, and other open space fillings and it is
characterized by dominant quartz. In this study,
we use a simple variation of the Gresens method.
This method was redescribed by Grant (2005).
The samples that were analyzed are dioritic rocks
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as less altered rocks, altered rocks and
mineralized rocks. Samples from the propylitic-
sericitic alteration zone relative to less-altered
diorite show enrichment in CI, Ho, Cr, Nd, Ta,
Th, Er, La, Cs, Cu, Zn, Dy, and Fe and depletion
in Na,O, K,O, P,Os, Ba, S, Sr, Ce, Sn, Co, Sm,
Mo, Ga, Zr, Th, Ni, Nb, Rb, Yb.

Hypogene mineralization in Rhoshtkhar is of two
types, i.e. oxide and sulfide mineralization. Oxide
mineralization occurs as massive veins mainly in
the intrusive rocks and it has been controlled by a
fault between the dioritic unit and the diorite
porphyry —and monzosyenite, and it is
characterized by spicularitic hematite and
magnetite. The sulfide mineralization mainly
occurs as silicic veins and wveinlets and it is
characterized by pyrite and chalcopyrite. Both of
these two types were affected by supergene
processes and iron hydroxides (goethite and
limonite) and Cu carbonates (malachite and
azurite) were formed as a result. The gangue
minerals are mainly calcite, quartz and clay
minerals. The common textures of the hypogene
mineralization are mainly open space filling that
are characterized by crustification, layered, geode
and vug infill, cockade and comb structures. The
supergene mineralization is characterized by both
open space filling and replacement textures.
Based on ore microscopic studies, the iron oxide
minerals of hematite and magnetite were mainly
formed earlier than the sulfide minerals of
chalcopyrite and pyrite. The hypogene vein
deposits such as those of the city of Roshtkhar are
mainly formed by hydrothermal fluids. The ore
minerals in the veins and breccias are deposited as
a result of simple cooling, depressurization, fluid

mixing, boiling and chemical barriers. The Fe and
Cu mineralization in Roshtkhar is genetically
related to the hydrothermal fluids that were
derived from the magma during emplacement of
the intrusive rocks. It seems that the spicularitic
hematite is a hypogene early phase indicating the
oxygen fugacity of formation environment was
high. In the lower fO, magnetite was replaced by
hematite and chalcopyrite and pyrite were
probably deposited from hydrothermal fluids as a
result of a decrease in fO,, temperature or pH and
increase of fS,. The Cu carbonates, secondary
sulfides and iron hydroxides were formed by
oxidation of the primary sulfides and iron oxides
in supergene stage.
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