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1. Electron probe micro - analysis
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Fig. 1. Geological map of Shahrak area (Pournik, 2007)
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4: (M1) Marmorized limestone

9: Rhyolite lava

1: (Qal) Alluvium  2: (lo) Iron ore, mainly magnetite; (Skt) Skamizéd tuff
3: (Sk1) Brown, slightly skarn and limestone

6: (Tb) Lithic Tuff
8: Fault

5: (Fg1) Fossiliferous gray limestone
7: (Qp) Rhyolite ; (CS) Calc Silicate
10:Geological contact  11: Section line
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Fig. 3. The locations of sampling points of Korkora-1 iron deposit in 1:5,000 geological map (Pournik, 2007) (red

squares are locations of boreholes that have been sampled. The numbered black circles are locations of selected surface
samples of ore and rock units around it. Geological sections 57 and D-D that selected along the deposit are shown).
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Fig. 4. Photographs of field and hand specimens of Korkora-1 deposit (Pl: plagioclase, Amp: amphibole, Srp:
serpentine). Abbreviations of minerals from Whitney and Evans (2010). A: Overview of Korkora-1 mine being
exploited. Altered volcanic rocks associated with mineralization are seen in the picture (looking to the north), B:
Entering of mineralizing fluids into the limestone rocks of the area. The margin of limestones, does not change showing
low temperature solutions (looking to the East), C: Volcanic rocks (dacite) with intensive cracking up and propylitic
alteration, shows prismatic structure in the east of Korkora-1 deposit (looking to the east), D: the presence of
plagioclase, amphibole and secondary calcite with granular texture in the diorite rocks in south of Korkora-1. Sphene is
the minor mineral in this rock (sample in the AA,; borehole at the depth of 13m), E: The image of core sample that
show the boundary between marmarized limestone and mineralization in carbonates (sample from 39.5 m depth of Ns,
borehole), F: The image of core sample with calc-silicates made by metamorphism in carbonate rocks and observation
of the magnetite mineralization at them (sample from Ns; borehole at the depth of 36m), G: Tectonic activities and
creation of breccia texture in the carbonate that exist under the Korkora-1 deposit, filled by veinlets of calcite (sample
from Js; borehole at the depth of 18m), H: The fractures of the host rock (volcanic rock) are filled by solution with red
iron oxide.
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Fig. 5. Two geology sections of the Korkora-1 deposit showing their position in geological map in Fig. 3.
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Fig. 6. The images of hand sample and microscopic sections of Korkora-1 deposit. (Mag: magnetite, Py: pyrite, Cal:
calcite, Hem: hematite, Gth: goethite) Abbreviations of minerals from Whitney and Evans (2010). A: Banded texture of
magnetite in host rock. This rock is a volcanic rock, but due to the extreme alteration, distinguishing of it is difficult.
The tectonic influence has created micro-fracture in it. The green minerals maybe talc or serpentine that are the
alteration products of volcanic host rocks, B: Copper mineralization and the presence of malachite and azurite along
with limonite in Korkora-1, probably the product of chalcopyrite alteration, C: The grain texture in euhedral magnetite
within calcite matrix, shows the zoning due to converting to hematite, D: The specular texture in hematite. Hematite is
altered to goethite, E: The colloform texture in goethites that are products of the altered of magnetites, F: Secondary
calcite veins that have cut magnetite ore and are altered to limonite. The third generations of pyrite have grown into
veins. This pyrite has cut previous generations of pyrite that is in the ore matrix (sample from borehole Js; at the depth
of 9m).


www.SID.ir

ol 5 9> gl Ysy

u_..vjfﬁl.@ 9 kLHJ Su.».AJL').uJ ‘JM—‘ ‘w)lf w‘ o\.x,'.o)f
Sl ol 5 el 155 16 Kl alboly (gleslS Lo
S KA RT = BT ISR PSP RGP Ly P Y
5 g5 0 ,Slae (BoY S sl 0 SIG g eyl o
2 S5 Glojen by 5 iy s ool sbml sledas

Soanil8 JaSd o i 653 3 Ly
obis ) Gl @l Jole (S 33 ples 0 Cu
4 :YW s’ (Marschik and Spikings, 2008) aas
AL Gl GhSimw )0 ComdS 5 5155 5l (pleasS,
B slalad s a5 el olo)F Jlow colled UL al>
aile ool lesls Sojlsn Jyame Vo one CdsS
slasl o, Sloe 51 0 aS el oy g CuiiRe wy ydumw
IRERRUN X PV CNCTLPRON VY IR ST EX WA e
o2l slanS g 0 STy ewssS wouslen Jaus L aileas
SlaallBl 5 ST olge cush ) PH dlos a atasly 50085 &
(Murray, 1979; Barton and Johnson, ¢ uliog >ge

1996; Barton and Johnson, 2000; Ray and
(Guilbert and Park, o, 4 ;5,5 . Lefebure, 1999)

PH o als 1) e jo e L aslen 92> 1986)
l, of ,Lzé 5 Leo (Geijer, 1931) o g SliS .0ils o
Ot 1 o0 5005 @ ol slaaisS el Lo Lol Jale
Ol 4250 oleSle STy (o sleel 345
a3 Ve gl S A aS Sl g aidl pals olSle o
U 5| B DV-JP-J K W PP U] PR VSRR JL g+ W
Csilon i 5 (s Cesl 0ad 0l EoS6S (55l edgaos
b LS plye 4 ESS 5 oad bl py STy (b o
Sl 00l jolls adlaie yo o
Fe,O5 + H,O = 2FeO.OH
@ (Clen) ool oS Jos ibie Gl pH 4 ax45 L

Ll 4288 & g0 oS e s pHRS (o 58
J> 05 sl 5o eaST Sloiz (ol 5l (s laie (reizean
e oolo oyl Al o 4 S wllead 7,5 lae 5l
ST Sl & ced 2T (208 Glies Syl (S
SRS SRS U USRS

Gl als 2ol b USs alad sloshy o s ol Sliogas |
JS5) Wlos S ol aS ) o 1) sl Oleass a5 wiws
Sl S g el Wl SLlS s ol o 55k sl e (C-Y
S oadyy el ol 5l Aiged Sy BAY S5 o el sns
0aisS p b b o s CodS 5 35,155 iR oy
el ol ool uLwa L;b slas

Cr L 5500 cyiachen /Y B /Y ol b g oSy Sire
JSb 0 adgsS a4 o sSIET (Sab bad 0gd e 0o
o) lls melans lgand s e ond sl oLis D-Y
eSS sl 5 ces Ve alam 5l s e sleilS & SIS
D g0

slaiss 1 (FeO.0H) (Jgo,d JLsle b Cuiss :iuseS (O
sl 5 1-1s S 108 LS s a5 el ol glaansT loc]
003 5g8g 4 SiwdlS (Gl Sl jo S gl ydme sloodgs
58, 553 S blio )5 o 3515 il L s 85 oe
L cosss anbioo alS Sad 4y Gas Gl b g 050 o0
lines L g ogd o SCS& codlan 0,5 K5y opdls
i S s S o o amoige |y cilon oS85 (0
) Ciife § CmagSle o asly o Ly (YFeO.OH)
(Deer etal., 1992) sas o JoSis

Al albl bl (@
adlS o oo b ol yan o] 6lSilons (cleuilS 51 S
sbaysh )0 (Sigw slaysh ©)goh &5 Sl Edgiss]
eolie 3 oK dls Il (oL gilS 5 e
Sl 50 e giiSTog b oo 0ad (oSg S
5 oS 1 Lo o5 55k & ool 0 ool (' 2
5 s sl 00le 3l ablis 3l Ll 5y 45 by oy
Oleme an |y cdgnast S5 (Deer et al., 1992) ) Ken
Uig S i 5 Sl ] gl LS’ o Lol IS S
5 SIS, ©jgot Gljee Sl )3 45 WS o (e
JodS St Uy logas 5] o, 5 e plice slaoss
Sl albl gLgdls 50 5l oS ol 4285 & 50
b oSmgSom ablie )0 foids +/V (5 ok slal b a5 o
L ysh s Setligme il L s aigai 55 el ¥
JoSis et S S am (o5 g w85 18 i


www.SID.ir

Yoy (D15 3,5) V=155 565 ool JLuils Lie 5 cuife pond o oliis SIS OYAY L) ¥ ol & ol

ol LS plfim sloails eVl ol les 5 a5l Ly s g -lysS 168 SLdlS 5l o dngd xSy ,Sen
ol 0583 SLL Jmlhe 5 S a8 aias s ol |y o35l il

L X . e N g g mion oy =Y
CV ods Cal ooy Py (oiiSe :Mag) V=165 565 Sails [0 gslS o (8L Lalyy 5 coiiSo Sl 5l Sy S pglas ¥ JSCs
(Whitney and ;| LyslS g Lais! odle (S5l (slgusls :0pq cpmmsly jlawald Kfd (I Tl g IS «Chl «g 10 oIS Cep cd oS
ol oy SIS @ ol bas o LSS oo 5l 4 a5l dio 0 0aiSTyy ails 28l b pgo Jus sl 1o tA Evans, 2010)
IS ples sl o b pgas Jus sloo o il (astie pgd 3 Jol Jous ConndS (1 50 a5 00l )l S )b S 5l (5,la> 03me pguas 1B
521 65l S5 1C (550 YEIV Gas 5l LOY ol 10 diged) ol 00,5 5 1) SilS (slouSinslts «(5,bl ails il b (sloogs & y90 a5 (S0 g
55) sl oo ol cotiSa b lajer (53le SIS adsl Ul e 10 S 098 00 0090 CondS 0 (Salige 8L oad el wily 5 S o
iy gl ol (B (cm SIS Sl 5o Jamame) cdgsS 3y sboyel g 0ads o 5 sbbcninXe LS 0 pgo Jud sl 0 D (XPL
S9385 3 Shos (F ((XPL [5) el (aseion MalS IS 5 SIB (slas; sl yoh ol lu 5 (ybee Slaass] sl de) o cutiSe

w.u‘ oo)_{)_:‘) L&b)jl;u.uél.aj u.i:‘ Lgl.%.:lfw‘ ol uL})M U.J)QT LgLQiM.:)O w)lful.a).o.b M)9u‘“>)'>w°"\““’ él:u‘ LgLe"““"9
(XPL )

Fig. 7. Photomicrographs of texture in magnetite and relationships between minerals in Korkora-1 ore (Mag: magnetite,
Py: pyrite, Cal: calcite, Cv: covellite, Ccp: chalcopyrite, Chl: chlorite, Tlc: tale, Kfd: potassium feldspar, Opq: opaque
minerals). Abbreviations of minerals from Whitney and Evans (2010). A: The second generation of pyrite with disperse
texture in silicate matrix that is changing to chalcopyrite along fractures, B: Image of core sample of altered host rock in
which the first and second generations of calcite can be seen. The third generations of pyrite are euhedral crystals and
some of them have the pomegranate seed texture, filled fractures (sample from borehole Ls; at the depth of 26.7m), C:
Iron mineralization in crystalline carbonate rock. Mosaic texture can be seen in calcite. Pyrite appears with magnetite in
the early stages of mineralization (XPL), D: The second generations of pyrite beside carcked magnetite and covellite
crystals (alteration product of chalcopyrite), E: Coarse-grained magnetite in the altered host volcanic rocks matrix. Talc
and chlorite crystals are clear (XPL), F: The tectonic activities and related stresses caused the rotation and simultaneous
growth of chlorite in igneous host rocks. Opaque minerals fill the spaces between the crystals (XPL).
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Fig. 9. A: Intensive sericitic alteration of plagioclase and corrosion texturein quartz in dacitic rocks in the Korkora
deposit. Iron oxides can be seen in background (XPL), B: Silicate gangue minerals in the ore composed of amphibole
and altered chlorite, secondary calcite beside magnetite and pyrite (XPL). (Mag: magnetite, Cal: calcite, Qz: quartz, Pl:
plagioclase, Amp: amphibole, Opq: opaque minerals). Abbreviations from Whitney and Evans (2010).
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Fig. 10. Photomicrographic images from the texture of magnetite and hematite in Korkora-1 deposit (Mag: magnetite,
Hem: hematite, Gth: goethite). Abbreviations from Whitney and Evans (2010). (Numbers in the square are the numbers
of probed points and the results of the analysis in these points presented at the table 2). All images are in the reflected
light. A: Magnetite crystals with massive texture in which silicate gangue minerals can be seen in the margin (sample
from borehole Fs; at the depth of 5m), B: Conversion of magnetite to goethite and hematite at the weakness surfaces
and fractures. Honeycomb texture is created by goethite (sample from borehole Fs; at the depth of 5m), C: Colloform
texture in the goethites that created by alteration in magnetite, are clear in the margins of magnetites (sample from
borehole Ds; at the depth of 8m), D: Cataclastic texture in the first generation of magnetite, showing tectonic activities
after mineralization. The new generation of fresh magnetite can be seen in the left corner of the image (sample from
borehole Ns; at the depth of 42m), E: Conversion of the primary hematite with specular texture to goethite (surface
sample), F: Primary hematites that shows the tectonic rotation, have been stressed (sample surface), G: The newest
generation of the magnetite crystals with euhedral shape are in the matrix of calcite and chlorite minerals, which are
fresher of other generations (sample from borehole Ns; at the depth of 48m).
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Fig. 11. Correlation between the major and minor oxides with iron oxide in microprobed samples of magnetite and
hematite in Korkora-1 deposit (R2 is regression in the graphs and y is the equation line in black)
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Fig. 12. A and B: Discrimination diagrams origin of iron deposits of Beaudoin et al. (2007), on the basis of EPMA
analysis of iron oxides (hematite and magnetite). According to these diagrams, samples of Korkora-1 iron plot within
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Fig. 13. A: Spider diagram for the different types of iron deposits on the basis of major and minor element
concentrations in the magnetite and hematite minerals (from Beaudoin et al., 2007), B: Spider diagram of microprobe

analyzed samples of magnetite and hematite from Korkora-1 deposit, showing highest adaptation with skarn type
deposit.
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Fig. 15. Comparison of Korkora-1 iron deposit with several states in Senegal based on magnetite chemistry. A: plots of
V against Cr in magnetites of Karakanh, Boboty, Goto and Goborya deposits by Schwartz and Melcher (2004). The

samples of Korkora-1 deposit with a low value of Cr and V are located near the Goto and Karakanh skarn deposits, B:
V against Ti diagram in magnetite from Schwartz and Melcher (2004). Samples of Korkora-1 deposit are placed near

the Goto exoskarn samples.
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Table 1. The maximum, minimum and average of the elements in the magnetite ore in different types of iron deposits
and chemical comparison of magnetite in Korkora-1 deposit with other iron deposits studied by Beaudoin et al. (2007).

*NA = Not analyzed

Deposit Si Al Mg Ti Mn Ca K Cr Zn Cu i \

Type Wt% Wt% Wt% Wt% Wt% Wt% Wt% Wt% Wt% Wt% Wit% Wt%
10CG Meap 0.163 0.109 0.171 0.042 0.045 0.025 0.009 0.013 0.043 0.044 0.025 0.039
(n=11) Min 0.008 0.025 0.007 0.003 0.01 0.004 0.002 0.005 0.033 0.024 0.018  0.008
Max 0.555 0.247 1.175 0.131 0.128 0.119 0.028 0.077 0.054 0.093 0.031 0.116

Kiruna Mean 0.047 0.053° 0.057° 0.154 0.037 0.014 0.005 0.012 0.047 0.034 0.048 0.238
(n=7) Min 0.01 0.018 0.005 0.009 0.014 0.011 0.002 0.008 0.04 0.023  0.02 0.062
Max 0.119 0.1 0.191 0431 0.101 0.022 0.01 0.018 0.065 0.064 0.116 0.479

BIF Mean 0.138 0.036 0.013 0.014 0.018 0.009 0.003 0.021 0.061 0.031 0.029 0.015
(n=4) Min 0.02 < 0.014 0.007 0.009 0.015 0.003 0.002 0.014 0.034 0.024  0.025 0.011
Max 0.296 0.056 0.018 0.022 0.022 0.015 0.005 0.041 0.084 0.047 0.039 0.022

Skarn Mean 0.2 0.18 0431 0.035 0.149 0.061 0.008 0.03 0.064  0.058 0.028 0.06
(n=15) Min 0.009 0.025 0.005 0.003 0.0l 0.004 0.003 0.004 0.042 0.034 0.021 0.008
Max 0.638 0.692 2.623 0.171 0.445 0.308 0.033 0367 0.112 0335 0.069  0.708

Korkor Mean 0.023 532 0.023 0.0049 0.013 0.0094 NA* 0.0002 0.0006 0.0002 0.0004 0.002
a-liron  Min 0.001 321 0.001 0.0002 0.001 0.004 NA* 0.0001 0.0001 0.0001 0.0001 0.0002
deposit  Max 0.11 591 046 0.011 0.02 0.025 NA* 0.0001 0.003 0.001 0.002 0.0044
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Table 2. The results of microprobe analysis of oxide minerals (magnetite, hematite, goethite) in Korkora-1 iron deposit
(Mag: magnetite, Hem: hematite, Gth: goethite). Abbreviations of minerals from Deer et al. (1992). All the oxides are in

wt%.

Point  Mineral Si0, TiO, Al,O; FeO MnO MgO CaO P,Os V.03 Cr,0; NiO CuO Zn0O
1 Gth 247 0 0 78.84 0.04 043 032 0.105 0.014 0 0.115 0 0
2 Gth 2.34 0 044 7777 0.04 044 038 0.202 0.01 0 0.012 0 0
3 Mag 098 0.043 041 92.64 0 0.09 047 0 0.023 0 0 0 0.039
4 Hem 0.64 0.03 031 92.02 0.02 0.06 0.33 0 0.029 0.004 0.025 0 0
6 Hem 0.89 0.04 035 9252 001 0.05 037 0 0.03 0.004 0 0.005 0.034
7 Hem 0 0.042 026 92.12. 0.01 0.05 0.25 0 0.029  0.003 0 0 0
9 Mag 0.04 0.068 0.99 91 0.4 326 0.26 0 0.064 0 0 0.006 0
10 Mag 0.08 0.09 0.43  89.82 038 3.03 0.3 0 0.063 0 0.001 0 0
11 Mag 0.05 0.298 0.53 88.26 0.63 356 0.14 0 0.101  0.031 0 0 0
12 Mag 0.36 0398 0.0 9263 0.03 0.01 024 0.006 0.049 0 0 0 0
13 Mag 0.09 0.297 0.7 88 0.52 328 0.15 0 0.087 0.008 0 0.018 0
14 Mag 0.12 0209 048 8826 057 321 0.13 0 0.101 0.009 0.015 0 0.003
15 Mag 0.12 0315 122 8739 049 343 0.14 0.007 0.098 0.007 0.002 0.015 0.01
16 Mag 0.07 - 0.183 0.53 88.07 0.56 33 0.09 0 0.099 0.009 0 0 0.012
18 Mag 0.25 0.251 0.73 90.65 022 1.75 0.19 0 0.073  0.002 0 0.031 0
19 Mag 0.01 0.19 2.12 8586 039 568 024 0 0.069 0.005 0.011 0.024 0.05
22 Mag 0.01 0.305 245 8382 0.56 6.67 0.12 0 0.061 0.006 0.017 0 0.089
23 Mag 001 0279 3.12 8432 059 651 0.1 0 0065 0036 0 0 0.002
24 Mag 0.03 0378 0.66 8563 069 6.12 0.12 0 0.069 0.005 0.037 0.007 0.026
25 Mag 048 0227 039 9198 0.02 023 0.24 0 0.069 0.004 0.031 0 0.039
26 Mag 0.05 0.024 0.9 86.64 0.62 5.7 0.11 0 0.04 0.002  0.007 0 0.027
27 Mag 0.06 0.018 1.34 86.17 053 588 0.12 0 0.069 0 0.022 0.023  0.059
28 Mag 0.06 0.011 1.31 86.07 054 589 0.09 0 0.065 0.051 0 0 0
29 Gth 4013 0.013 138 75.11 0.28 0.1 0.17 0 0.019 0 0 0.008 0.001
30 Mag 0.03 0.006 1.21 8559 053 591 0.12 0 0.069 0 0.014 0.018 0.003
31 Mag 0.04 0.012 0.79 86.06 0.52 545 0.15 0 0.054  0.006 0 0.013  0.032
33 Gth 4.32 0 0.09 80.66 001 0.09 0.63 0.168 0.043 0.003 0.023 0 0
34 Mag 0.03 0.031 1.57 8824 0.67 333 0.08 0 0.062 0.002 0.038 0 0.034
35 Mag 0 0.025 0.62 88.7 0.63 34 0.08 0 0.112 0.001 0.017 0 0
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