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Fig. 1. A: Distribution of major Iranian ophiolites: Neyriz (NY), Esfandagheh (ES), Sabzevar (SB), Naien (NA), Baft
(BF), Kermanshah (KR), East of Iran (TK-IR)(Ghorbani, 2008), and B: Location of Kochuk chromite ore field in the

Khoy ophiolite
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Table 1. Representative chemical analysis data of chromite ores from Kochuk area (in wt.%)

Sample D-01 CB- B> Bl- Bl BS CA- CB- CA- DY- CB
23 08 09 11 12 14 35 39 23 25
Wt.%
Si0, 222 1455 859 663 616 831 7.6 11.65 12.64 7.59 13.02
TiO: 0.502 0.140 0252 0257 0289 0233 0.160 0313 0314 0.055 0.135
ALOs 1566 1262 1261 13.69 13.85 1236 1390 534 568 619 1435
FeO. 22.68 11.67 13.66 14.81 13.52 1452 1551 2429 2028 1636 12.53
MnO 0271 0256 0249 0245 0247 0305 0288 0279 0270 0444 0.232
MgO 17.26 20.50 2048 20.66 20.75 21.86 19.22 20.05 21.50 1822 21.41
CaO 006 138 062 138 172 041 157 083 050 1.86 045
Na;O 0.02 001 003 002 003 002 00l 002 004 002 006
K:0 0.2 001 0.07 002 002 002 002 002 00l 003 052
Cr0;  40.52 3498 41.01 4031 42.63 3828 4556 33.73 34.83 4331 32.84
P,0s  0.019 0.007 0.002 0.032 0.036 0.029 0.023 0.029 0.004 0.029 0.015
LOI 039 356 213 1.75 034 327 044 299 346 558 4.02
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Fig. 2. Geological map (1:20000) of Kochuk area (west of the Khoy city) and location of chromite bearing zones
(Imamalipour and Masoudi, 2012)
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Fig. 3. A: Tabular form of B2 chromite ore body within serpentinized harzburgite, B: sharp contact between chromite
ore body and host rock, C, E and F: outcrop of chromite bearing dunite and lack of vegetable cover in the chromite
bearing zone, and D: dunitic envelope around C2 chromite ore body; From Kochuk chromite ore field in the Khoy
ophiolite, (Hz: Serpentinized harzburgite, Cr: chromite, Du: dunite)

&dﬂcﬁ);esjj“;ﬁ\w‘é 4 e Slaes g i Sﬁ;dﬁﬁ)awj;@-wéucbﬁ OL—’J:‘A&

Lgl.&b‘»k:-) J)fuﬁ r‘@@ﬁ@j}l?ébé&‘b%)ﬁjlf BE R %L_Jw)eu&bhﬁ C,g‘j)y))l.h GC,:J): quit



Yao w5 Sl oy S glaating psx g O (eelidime; Glagis, 08

OYAA L) ¥ o)less V) ol

Cbu"«.s-"'ﬂ)-’--’))-"'wr‘e-q&ﬂubif bl iy
S5 Lot 5 el e 4 LS S sl S
03303 i LT )3 o SIS S gt ey S
Sl 5 s S a5 53 S s 51 Sl sk g
Dl by 3l BT Ll 15 el (sla SaSs

)bkﬁjédwjbbﬁy uij_:)‘tgud\f.ubua b

Llodd s 5l e 4 10 2l

OLijen S 5 (5593 i Lol ed 4l ol (e S
o1 O st e a3 B s (50l
e 3y U b s ) b1
(ol SLS b 51 (A-F S ) a0l
odeas 5 pba) el Gla SLS 51 0L e slacs 5y 0500
3 S 5 sdS (S0l Sk 5 S s 1 (ol 2l
oS 5 slay sk sl (B-F SK2) Wleds a5 Cony S

Orsll slaalls )0 35290 slao) )05, «SezsS Al Sl (Sies S 005 S (g Sindsy A (XPL) (55508 55 (2559 See pslal F Kb
ol (Jlpe el pad il y Jdoar cgell ((Siaeg S 0355 o jglme Sufygle By wload 5 e el ©jgor el e by
5ls,las] podle il ;o SIP ¢S g 055, FOPX cag S (Chr c gl 01 o ls 5525 4] 10 £,8 SIS & j50a Cang S 5 d03 oo

el 00 4ulz8l (Whitney and Evans, 2010) j5lsl 5 g

Fig. 4. Transmitted-light microphotographs (XPL), A: a dunitic envelope of a chromite ore body from Kochuk area, the
microfractures in olivine grains have been filled by serpentine as mesh structure, and B: harzburgite adjacent a chromite
ore body, olivine shows mesh texture due serpentinization and chromite are seen as a minor mineral. Ol: olivine, Chr:
chromite, Opx: orthopyroxene, Srp: serpentine. Abbreviations after Whitney and Evans (2010)
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Fig. 5. Structure and textures of chromite deposits from Kochuk area. A and B: disseminated grains of chromites in
dunite (dunite envelope of chromite ore body, C and D: banded texture in peripheral and uppermost parts of chromite

ore bodies, E: massive texture, and F: nodular texture
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Fig. 6. A and B: Bl and C2 chromite outcrops are seen as chromite ledges among host rock (because of their higher
resistance to erosion), C and D: poor vegetation cover on the Chromite bearing zones (Kochuk area)
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Fig. 7. Grade-tonnage diagram of the podiform chromite deposits (United States Geological Survey, 2012) and amounts
of maximum, average and minimum reserves of ore bodies in the Kochuk area
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Table 2. Amounts of proved reserves of chromite ore in the Kochuk mine area (Imamalipour and Masoudi 2012)

Orebody  Thicknass Length  Area DRI AVCRREOTC iy YOI e
(m) (m) m( Wt.%)  ton/m’( ™ (ton)
B1 7 118 826 20 35.55 3.78 16520 56201
B2 35 25 87.5 50 3291 3.78 5375 16537
B3 2 80 160 15 33.71 3.78 2400 9072
B4 5.8 44 2552 15 32.26 3.78 1914 72349
c1 4.7 74 3478 25 42.55 3.89 8695  33677.2
C2 5 27 135 15 4155 3.89 2025 52515
c3 4 50 200 10 38.11 3.89 2000 7780
DI 35 20 70 10 40.50 3.90 700 2730
D2 1.8 05 765 10 38.25 3.90 765 29835
D3 2 20 40 10 35.00 3.90 400 1560
El 1.8 20 36 5 38.24 3.85 180 693
2 2 10 20 5 38.75 3.85 100 385
Al 7 67.6 4735 235 30.90 393 158995 43702.5
A2 1.5 50 75 125 31.66 3.83 1875 3590
A3 1.4 337 4718 165 33.00 372 795 29573
A4 25 292 73 14.6 30.67 372 1065.8  3965.8
AS 5 16 90 8 32.02 3.85 720 2772
A6 4 15 60 7.5 38.08 3.85 450 1732.5
Sum of
Proved 202826

Reserves
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Introduction

Podiform chromite deposits are small magmatic
chromite bodies formed in the lower section of an
ophiolite complex. Podiform chromite mines have
produced 57.4 percent of the world’s total
chromite production. Most ore bodies are
irregularly dispersed and relatively small, between
0.0004 and 1 Mt, averaging 0.011 Mt (United
States Geological Survey, 2012), and reserves
greater than 1Mt are most uncommon (Evans,
1998).

The Khoy ophiolite covers an extensive area in
the northwest of Iran along the Iran-Turkey
border. This ophiolite zone comprises one of the
most promising areas for prospecting of chromite
deposits as a result of extensive outcrops of
ultramafic rocks. The Kochuk area is located in
the western domain of the Khoy ophiolite (Fig. 1).
Some geological and geochemical investigations
have been carried out for recognition of chromite
deposits in this area by the authors during the last
15 years. The geological criteria of prospecting
for chromite deposits from the Khoy ophiolite are
discussed in this study.

Materials and methods

In this research, geological methods were used to
identify chromite deposits in the Khoy ophiolite.
Geological surveys at scale of 1:20000 were
implemented in an area of about 70 km’
Lithogeochemical sampling (eighty five samples),
petrography (five samples), ore microscopy
(eighteen  samples) and  sampling  for
determination of specific gravity of ore (eleven
samples) were performed in these study.

Testing of bedrock mineralization was performed
in a relatively straightforward manner by
sampling of outcrops in areas where chromite
orebodies cropped out or were underlain below a
thin soil cover. In contrast, chromite
mineralization prospecting in locations with thick
cover were carried out by pitting and trenching.
Chemical analysis of the samples was carried out
by the XRF method in the Kansaran Binaloud
laboratory.

Results

In this study, geological mapping allows
discrimination of ophiolite lithologies (ultramafic
rocks, chromitite, basaltic pillow lava, gabbro-
diorite, ophiolite mélange, listwaenite and other
associated rocks). Ultramafic rocks are important
in prospecting for chromite mineralization.
Geological prospecting led to the identification of
a chromite ore field with a remarkable potential
since more than 20 chromite orebodies were
recognized. Five mineralized zones called A, B,
C, D, E and 13 chromite indices were recognized
in the Kochuk chromite field.

The A zone is located almost in the central part of
the study area. Four ore bodies have been
recognized in this zone. The Al orebody extended
by 68 meters in length and 6-9 m in thickness.
This subzone is characterized by a lenticular
shape with an east-west-trending strike (N115S)
and a 60° dipping toward THE south. The B zone
is located at ~2.9 km west of the A zone. The Bl
orebody consists of the largest known chromite
orebody in this area which comprises N120S-
trending and 50 NW dipping lenticular geometry
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extended by 118 meters in length. The thickness
of the B1 orebody varies between 6 and 12 meters
averaging around seven meters. There are three
chromite orebodies recognized as C1, C2, and C3
subzones in the C zone. The C1 orebody is
composed of 74 meter-long lens with variable
thickness between 3.5 and 9 meters. It has a
N40E-trending strike, which dips 45-50 degrees to
the west. In the D zone, three small chromite
orebodies have been identified. The D1 orebody
consists of a 20 meter-long lens ranging from 1 to
5 (avg. 3.5) meters in thickness. This orebody is
oriented by a N160S in strike and a 50 NE in dip.
The chromitite occurrences have lenticular,
tubular and vein-like shapes host by hurzburgite.
Rocks of the upper mantle-lower crust transition
zone and probably the associated chromite
deposits have not been recognized yet in this area
(Imamalipour, 2011). The typical ore textures
consist of disseminated, nodular, massive, banded
and cataclastic.

Discussion

Exploration of podiform chromite deposits has
been a challenge due to their unpredictable
occurrence, the small size of most orebodies and
the intensive tectonic dislocations (United States
Geological Survey, 2012). Moreover, the absence
of primary geochemical halos and associated
alteration are matters that have led to difficulties
in prospecting for podiform chromites. Chromite
as an accessory mineral is associated with
harzburgite host rocks. This mineral is released
during the weathering process and is accumulated
within the stream sediment heavy minerals.
Therefore, application of the stream sediment
geochemistry method may not necessarily result
in useful information for determining the location
of chromite outcrops. In this study, geological
methods were used for podiform chromites

prospecting which culminated valuable results.
The Kochuk chromite-bearing area  was
recognized as a chromite ore field in the western
city of Khoy.

The most important geological criteria of
prospecting for chromite deposits from the Khoy
ophiolite are: 1) chromite bodies are surrounded
by dunite envelopes with variable thickness; 2)
the recognized chromite-rich zones are mainly
located near gabbroic intrusions; 3) most chromite
lenses are oriented along an east—west trend; 4)
the existence of chromite fragments on stream
beds can be considered to be a suitable sign to
define the entry of these anomalous rocks to the
stream sediment; 5) morphologically, chromite
outcrops often occur protruding from the host
rock because of their higher resistance to erosion.
This can facilitate the recognition of their
outcrops; 6) chromite bearing zones usually do
not have or exhibit thin vegetation cover despite
the high rate of annual rainfall; 7) outcrops of
disseminated ores can indicate the presence of
high grade chromite ore in the sub surface parts;
8) the main oxide contents of chromite ores vary
from an individual ore body to another one.
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