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Volcanic and sedimentary rocks (Cenozoic)
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Sandstone, shales, Limestone (Mesozoic)

Limestone, dolomite, shales, sandstone (Paleozoic)

Dark to green coloured, phillites- slates, shales, tuffs,
metamorphosed andesitic lavas and rarely dolomites (Kahar
Formation- Pre- Cambrian)

Yellow to light brown, thick bedded to massive dolomites
including dolomitic- limestone intercalations, and grey to
green laminated shales at the base (Chopoghlu shale
equivalent), (Soltaniyeh Formation- Lower Cambrian)
Dark to green coloured, phillites- slates, shales, tuffs,
metamorphosed andesitic lavas and rarely dolomites
(Kahar Formation- Pre- Cambrian)

Dark to grey monotonous lepidoblastic mica- quartz schist,
partly interchanged to kyanite- garnet schist (Precambrian)
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¥ % % % mylonitic fabrics in places (Pre- Cambrian)

Intrusive rocks

" Light grey, porphyroblastic biotite gneiss showing

- Pinkish white, granodiorite to quartz- monzonite porphyry

36° 55 2.8”

Red, mirmekitic alkali- granite

White to light grey, hypidiomorphic granular anatectic
alkali granite, gneiss, schist and amphibolite
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mineralizations are shown in the map.
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Legend
- Grey marl with some sandstone and gypsum

- Colored marl with some sandstone layers

- Sandstone with some red marl layers

Upper Red Formation
(Mlolcene)

of predominant rock- units

Green marls and marly sandstone with thin bedded of

limestone (Qom Formation- Miocene)

‘o =" o] Alternation of brown and green marls in which brown layers

t rock unit (Lower Red Formation- Oligocene)

Dark grey, thin bedded, plant- fossils bearing sandstones and shales
including lenticular beds of coals in places (Shemshak Formation- Jurassic)
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Alternation of thin to laminated marls and sandstones

Alternation of brown and green marls in which brown layers
with tuffaceous layers are predominant rock unit
% Alternation of green and brown marls which green layers are

I:I Young terraces (Quaternary)

- tuffs (Pliocene)

Brick- red conglomerates and

Conglomerate, with some marl, clay and
fresh water limestone (Pliocene)

Symbols
—:=—-=—- Road

River

Fault

v  Ortasu deposit
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andesitic lavas and rarely dolomites (Kahar Formation- Precambrian)
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Fig. 3. Outcrop of rock units in the study area. A: Alternation of sandstone, shale and colorful marl layers in the Ortasu
area (looking to the north- northwest), and B: Close view of fining upgrowing in the Ortasu area
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Fig. 4. Stratigraphic column of Upper Red Formation in the Ortasu deposit. A: Regional Stratigraphic column, B:
Stratigraphic column of studied area, and C: Rock variation related to the ore-bearing section
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Fig. 5. A: Plant traces within the reduced sandstones in the Ortasu area, and B: Clastic particles (siltstone) within the
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Table 1. Modal composition of sandstone samples in the Ortasu area which obtained by the point counting.

Quartz % Feldspar %
Sample . Particle
Number thhOIOgy Size Mono Poly
C Total  Microcline  Orthoclase Plagioclases Total
rystal  Crystal
2 Sandstone  medium 18 2 20 0 5 5
5 Sandstone  medium 15 3 18 0 7 10
7 Sandstone  medium 21 0 21 0 7 7
8 Sandstone  medium 21 0 21 0 7 8
15  Sandstone medium g 2 18 0 3 3
to coarse
medium
20 Sandstone  to very 21 4 24 0 7 7
coarse
23 Sandstone coarse 16 3 19 0 3 4
24 Sandstone coarse 12 5 17 0 3 6
25 Sandstone  medium o, 5 25 0 5 7
to coarse
26 Sandstone coarse 20 4 24 1 4 7
Groundmass %
Sample Sedimentary o
Number Volcanic Total FLllthlc/ Matrix Carbonz:te Empty
Fossil and eldspar cemen space
Chert li Sandstone
imestone
2 0 20 14 0 52 10.4 0 7 5
5 0 8 5 0 31 3.1 0 6 20
7 0 15 3 0 39 5.57 0 6 10
8 0 15 7 0 44 5.5 0 5 7
15 2 13 4 0 29 9.66 0 0 22
20 0 14 7 0 36 5.14 8 7 7
23 0 18 3 0 28 7 0 0 18
24 2 18 6 0 38 6.33 0 8 18
25 1 15 7 0 33 4.71 0 0 6
26 0 17 6 0 33 4.71 0 0 6
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Table 1 (continued). Modal composition of sandstone samples in the Ortasu area which obtained by the point counting.

Minor Sedimentology factors
Sample constituent Opaque Sortin Carbonate Sandstone
p (Mica, Iron Minerals g Roundness of . . alteration name (Folk,
Number . . o of . Orientation o
chlorite and  oxide %0 . particles %0 1980)
epidote) particles

Litharenite

2 9 0 2 poor angular - - (Sedarenite

phillarenite)

aneular to Litharenite

5 6 0 9 medium sub-gan lar - - (Sedarenite

g phillarenite)

Litharenite

7 4 2 11 poor angular weak - (Sedarenite

phillarenite)

oot to Litharenite

8 5 0 10 poor angular oriented - (Sedarenite
medium . .

phillarenite)

It Litharenite

15 6 0 9 poorto angular - 13 (Sedarenite
medium . .

phillarenite)

Litharenite

20 2 1 8 poor angular weak - (Sedarenite

phillarenite)

It Litharenite

23 4 0 2 poorto very angular - 25 (Sedarenite
medium ) .

phillarenite)

Litharenite

24 2 5 6 medium angular - - (Sedarenite

g

phillarenite)

Litharenite

25 5 1 4 poor angular weak 19 (Sedarenite

phillarenite)

I to Litharenite

26 5 2 8 poor angular weak 15 (Sedarenite
medium . .

phillarenite)
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Fig. 6. Microscopic images (cross- polarized transmitted light, XPL) of sandstones in the Ortasu area. A: Mono
crystalline quartz, B: Poly crystalline quartz, C: Orthoclase mineral which has been partly altered, D: Metamorphic rock
fragment within the sandstones, E: Large crystal of chert within the sandstones in the study area, and F: Fossil fragment
of redalgea. Mineral observation from Whitney and Evans (2010) (Qzn: Mono crystalline quartz, Qz,: Poly crystalline
quartz, Or: Orthoclase, Ly,: metamorphic rock fragment, Ls: chert).
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Table 2. Geochemical data of sandstones in the Ortasou area. Major elements to percent and trace and rare earth

elements to ppm.

Element OR-5 OR-7 OR-8§ OR-20 OR-24 OR-26
SiO2 60.03 64.54 56.86 5331 58.83  62.81
TiO2 0.47 0.38 0.38 0.30 0.33 0.45
ALO; 9.76 9.35 9.18 7.63 9.90 9.48
Fe203 3.40 2.72 2.52 1.99 3.12 2.92
MnO 0.05 0.03 0.05 0.23 0.01 0.01
MgO 1.53 1.29 1.43 1.08 1.08 1.46
CaO 7.04 5.72 7.85 12.03 6.58 5.21
BaO 0.02 0.02 0.02 0.02 0.02 0.02
Na.O 2.15 2.08 1.96 1.72 2.17 2.06
K>O 1.89 2.14 1.90 1.69 1.86 2.06
P20s 0.09 0.07 0.07 0.07 0.07 0.09
LOI 8.03 6.60 8.45 11.67 7.26 6.63

Ag 18 6.5 10 11 33 43
As 5.9 1.5 4.6 10.5 43 3.2
Ba 267 283 256 225 271 271
Be 1.0 0.9 0.9 0.7 0.8 1.0
Bi 0.2 0.2 0.3 0.2 0.2 0.2
Cd 8.04 2.70 30.5 20.6 13.1 2.28
Ce 35.0 31.4 31.5 323 29.9 35.2
Co 7.1 5.1 6.4 6.0 7.3 5.8
Cr 180 163 144 104 71 210
Cs 2.0 1.9 1.9 1.4 2.0 2.0
Cu 2111 68.1  217.1 87.3 24.6 157.4
Dy 241 2.10 2.05 2.22 1.77 2.48
Er 1.39 1.22 1.21 1.23 1.03 1.48
Eu 0.71 0.58 0.58 0.63 0.54 0.66
Ga 10.6 10.3 9.97 8.23 10.1 10.8
Gd 2.66 2.43 2.37 2.50 2.19 2.66
Ge 0.91 0.83 0.80 0.74 1.04 0.95
Hf 1.34 1.13 1.14 1.02 1.05 1.51
Hg 0.10 <0.05 0.05 028 <0.05 0.06
Ho 0.47 0.40 0.39 0.41 0.37 0.51
In 0.03 0.03 0.03 0.03 0.03 0.03
La 19.9 17.7 17.8 18.4 17.1 20.2
Li 24.7 24.7 23.5 18.6 26.1 21.8
Lu 0.19 0.15 0.14 0.14 0.13 0.19
Mn 679 548 621 1640 577 389
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Table 2 (Continued). Geochemical data of sandstones in the Ortasou area. Major elements to percent and trace and rare
earth elements to ppm.

Element OR-5 OR-7 OR-8§ OR-20 OR-24 OR-26

Mo 0.8 0.7 0.5 0.6 0.6 0.6
Nb 6.8 3.8 3.7 3.0 3.0 7.0
Nd 15.8 14.2 14.4 14.8 13.9 16.3
Ni 19 16 18 13 17 20
P 396 268 333 276 343 384

Pb 3.58% 5.67% 6.21%  5.38% 4.93%  5.07%
Pr 4.19 3.74 3.74 3.82 3.62 4.21
Rb 47.0 47.1 41.7 38.5 46.7 45.1
Re <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

S 1670 5100 6940 3620 2.10% 3780
Sb 1.3 1.3 1.1 0.8 0.4 0.7
Sc 8 7 7 6 7 8
Se 15.5 3.51 9.19 6.65 0.85 6.40
Sm 3.31 291 2.97 3.09 2.84 3.38
Sn 2.2 1.5 1.4 1.1 1.3 1.6
Sr 820 295 1030 702 260 730
Ta 1.07 <0.01 <0.01 <0.01 <0.01 0.43

Tb 0.40 0.36 0.35 0.37 0.31 0.43
Te <02 <02 <02 <0.2 <0.2 <0.2
Th 4.97 4.58 4.61 3.99 4.51 5.40
Ti 2600 1920 2000 1530 1730 2740

Tl 0.4 0.5 0.5 0.4 2.0 0.5
Tm 0.21 0.17 0.19 0.17 0.15 0.25
U 1.63 1.53 1.93 1.53 1.64 2.54
\% 61 53 55 42 52 64
W 0.8 0.4 0.3 0.3 0.3 0.7
Y 13.6 11.6 11.9 12.6 10.1 14.5
Yb 1.40 1.11 1.11 1.08 0.90 1.34
Zn 368 273 931 699 302 388
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Fig. 7. Classification of sandstones in the Ortasu region based on modal studies (Folk, 1980)
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Fig. 8. Classification of sandstones in the Ortasu region. A: Classification of sandstones based on Log (SiO2/Al,03)
versus Log (Na,O/K,0) according to Pettijohn et al. (1987) diagram, and B: Classification of sandstones based on Log

(S10,/Al,05) versus Log (Fe,03/K,0) according to Herron (1988) d

iagram
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Fig. 10. The location of Ortasou samples in the tectonic setting diagrams (Bhatia, 1983). As shown in the figures, the
samples are located in the active continental margin.
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Fig. 13. Field photograph shows the location of mineralized horizons and red oxidant, leached and mineralized zones
related to each other in the Ortasou area (looking to the southeast).
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Fig. 15. Photomicrographs of sphalerite and first generation of pyrite in the Ortasu deposit. A: Sphalerite associated
with chalcopyrite which formed as disseminated, and B: First generation of pyrite with framboidal texture in the
Ortasou deposit. Mineral observation from Whitney and Evans (2010) (Sph: sphalerite, Ccp: chalcopyrite, Py I: first

generation of pyrite).
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Fig. 16. Photomicrographs from primary and secondary minerals which formed in the Ortasu deposit. A: Second
generation of pyrite with disseminated textures associated with galena, B: Chalcopyrite replaced by chalcocite and
covellite, C: Pyrite which has fully converted to Fe-oxide (yellow color box) due to the weathering, and D: Galena
which is converting to cerussite due to weathering. Mineral observation from Whitney and Evans (2010) (Py II: Second
generation of pyrite, Gn: galena, Cpy: chalcopyrite, Cct: chalcocite, Cv: covellite, Cer: cerussite).
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Fig. 17. Paragenetic sequence of ores in the Ortasu Pb- Zn deposit
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Table 3. Comparison of Ortasu Pb- Zn deposit with Redbed type sedimentary copper and Laisvall type lead deposits

Ore deposit

Ortasu Pb- Zn deposit

Redbed- type Cu deposit

Sandstone lead deposits
(Laisvall)

Tectonic setting

Deposition setting

Host rock

Age

Geometry

Texture and
structure

Mineralogy

Dominant
alteration

Ore forming
factors

Reference

Foreland basins and active
continental margins with
salt domes

Coastal environment and
low depth areas (tidal)

Detrital sequence,
alternation of sandstone and
marl

Miocene

Startabound and concordant
with bedding

Cemented, disseminated,
solution seams, framboidal
pyrite and residual

Galena, sphalerite, pyrite,
chalcopyrite, chalcocite,
covellite, cerrusite

Bleaching

Pyrite, organic materials,
fluids, permeability of host
rock, faults and fractures,
salt domes

Haghighi, 2017; Haghighi et
al., 2016a; Haghighi et al.,
2016b

Rift and generally extensional
environment, forlands, areas with
salt domes

Coastal environment and low
depth areas

Redbed detrital sequence includes
sandstone, marl and conglomerate

Neoproterozoic- late Mesozoic-
early Cenozoic

Lenticular and concordant with
bedding

Disseminated, replacement,
solution seams, colloform,
cemented and residual

Chalcocite, covellite, bornite,
natural copper and silver, galena,
sphalerite

Bleaching

Permeability of sandstone layers
and existence of plant fossils
debris

Woodward et al., 1974; Flint,
1989; Cox et al., 2007; Thorson,
2005

Rift and generally extensional
environment

Fluvial to shallow marine or
tidal beach

Marine and/ ore fluvial grey or
white sandstone but never red
sandstone

Middle Proterozoic to
Cretaseous

Lenzoid to bedding

Disseminated, cemented and
spot

Galena, sphalerite, pyrite,
chalcopyrite

Lacking of alteration

Permeability of sandstone layers
and organic materials

Sangster, 1996
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Table 4. Comparison of Ortasu Pb- Zn deposit with Redbed type sedimentary copper deposits in Iran
Ore deposit Cherlangosh Chehregan Marksheh Chehrabad Ortasu
. Northwest of . Northwest of Northwest of Northwest of
Location . North of Tasouj . .
Zanjan Ravar Zanjan Zanjan
. . J ic- . .
Age Miocene Miocene HTassic Miocene Miocene
Cretaceous
Main
Cu-Pb-Zn Cu Cu-Ag Cu-Ag Pb-Zn+Cu
elements
. E ional . . . E ional
Tectonic xFensmna Extensional Extensional Extensional xFensmna
settin environment, environment? environment environment environment,
& Forland basin ’ Forland basin
Depos.ition Low d.epth and Low depth Tidal Low d.epth and Low d.epth and
setting tidal tidal tidal
Lenticular and Lenticular and Lenticular and Lenticular and Layered and
Geometry concordant with concordant with concordant with concordant concordant
bedding bedding bedding with bedding with bedding
Sandst d
Host rock Sandstone Sandstone andstone an Sandstone Sandstone
conglomerate
Chalcocite,
1li . .
co:leenlée, Chalcocite, Chalcocite, Galena,
spghalerit’e covellite, bornite, chalcopyrite, sphalerite,
. L . chalcopyrite, bornite, ite,
Ore deposit chalcopyrite, Chalcocite, Py . pyrite,
mineralo ite, cerucite,  covellite, malachite malachite, argentite, chalcopyrite,
gy pyrite, cer ’ > > azurite, tenorite, covellite, chalcocite,
anglesite, azurite . . .
) ) argentite, malachite, cerucite,
smitzonite, . . .
. chrysocolla azurite, tenorite covellite
malachite,
azurite
Replacement, Disseminated,
disseminated, Replacement, . . cemented,
. . Disseminated, .
cemented, disseminated, solution seam,
. Replacement, . cemented, .
texture and solution . . solution seam, . framboidal
. disseminated solution seam :
structure seam,¢lenticular, cemented and . pyrite,
. and lenticular
framboidal colloform replacement
pyrite, residual and residual
Alteration Bleaching Bleaching Bleaching Bleaching Bleaching
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Table 4 (Continued). Comparison of Ortasu Pb- Zn deposit with Redbed type sedimentary copper deposits in Iran

Ore deposit Cherlangosh Chehregan Marksheh Chehrabad Ortasu
Organic Organic Organic
) materials, . . Organic materials, materials,
Reducing . Organic materials, ; . .
residual plant . . . materials, and residual plant residual plant
agent and digenetic pyrite

and digenetic
pyrite

Existence of

digenetic pyrite

and digenetic
pyrite

and digenetic
pyrite

Existence of

reducing reducing
factors such as Existence of factors such as
pyrite and reducing agent, pyrite and
organic . host rock organic
; . Existence of . ;
. materials, host Existence of } permeability, materials, host
Ore forming . reducing agent,
rock reducing agent, host faults and rock
factors o - host rock .
permeability, rock permeability ermeabilit fractures, salt permeability,
faults and P y domes and faults and
fractures, salt evaporation fractures, salt
domes and layers domes and
evaporation evaporation
layers layers
M‘“:rt;gia“" Redbed SHC Redbed SHC Redbed SHC  Redbed SHC  Redbed SHC
Haghighi,
Jamalipour Mahdavi et al Bigdeli et al 2017;
Reference 2015 Panahzadeh, 2010 2007, 2010 2013 Haghighi et
al., 2016a,
2016b
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Introduction

According to Hitzman et al. (2005) and Hayes et
al. (2015), the sediment-hosted copper deposits
(SHC) are stratiform disseminated to veinlet
copper mineralization within the reduced black
shale, sandstone, and carbonate rocks. These
deposits have formed during the middle-late
Paleoproterozoic (e.g., Udokan, Russia: Volodin
et al. 1994, Yinmin, South China: Zhao et al.
2013) to Tertiary (e.g., Corocoro, Bolivia: Flint
1989). The SHC deposits, frequently labeled as
“stratiform” or “stratabound” and/or “diagenetic”
deposits have been subdivided into three types
(Cox 1986, Cox et al. 2003, Hitzman et al. 2005):
1- reduced-facies (RF), 2- Redbed (RB) and 3-
Revett (RV).

There are several SHC deposits in the Zanjan
region hosted by the Upper Red Formation. The
Chehrabad, Cherlangoush, Ghezeljeh, Halab,
Ortasou and Sarikand deposits are the most
important ones and are well-developed in this
district. These deposits consist predominantly of
bedding-parallel replacement and disseminated
Cu-Pb-Zn sulfides, roughly concordant with
stratification. The average Cu and Pb values of
these deposits are ~3 and 2 wt.%, respectively.
These deposits are small but they are actively
mined at present.

The aim of this work is to expand knowledge on
the geological framework, mineralization features,
geochemistry and genesis of the Ortasu Pb-Zn
deposit. The study of the Ortasu deposit can be
used as an exploration model for similar deposits

in the Zanjan district and other places.

Materials and methods

Detailed field studies have been done at different
scales in the Ortasou area. Polished thin and thin
sections from mineralized zones and host rocks
were studied by conventional petrographic and
mineralogic methods at the University of Zanjan.
Furthermore, a total of six samples from
mineralized host rocks were analyzed by ICP-MS
for major and trace elements and Rare Earth
Elements (REE) at Lab West Co., Australia.

Results and Discussion

The Ortasu Pb-Zn deposit is located in the
northwest of Zanjan and Central Iran zone. The
outcrop formations in this region involve Lower
Red, Qom and Upper Red Formations from which
the Upper Red Formation hosts the mineralized
zones. In this region, the Upper Red Formation
consists of alternation of red to brown and grey to
greenish marl associated with interbedded
sandstone sequences. Based on petrographic
studies, composition of the mineralized host rocks
are litharenite which consist of sedimentary,
metamorphic and igneous fragments, quartz and
feldspar. In the Ortasu Pb-Zn deposit,
mineralization has occurred within two horizons
of reduced-grey sandstone with about five to six
m thickness and about 100 m length. These
horizons contain both red oxidized zone and
bleached zone with a mineralized reduced

*Corresponding authors Email: gh.nabatian@znu.ac.ir

DOI: https://doi.org/10.22067/econg.v11i3.68921



Journal of Economic Geology

Haghighi Bardineh et al. 34

subzone which is located within the bleached
zone.

The red oxidized zone consists of red marl and
sandstone layers containing iron oxides which is
located adjacent to the reduced horizons. The red
color of this zone is caused by the presence of iron
oxides around the grains. The oxidized pyrite
crystals are the main important minerals in this
zone. The bleached zone is part of sandstone
sequences whose color has changed by the
alteration processes. Grey and green colors in the
bleached zone have occurred due to the presence
of organic materials and diagenetic pyrites. The
mineralization subzone has occurred within the
organic materials-bearing bleached zones. Plant
debris, plant fossils, diagenetic pyrites and
permeability of host rock have the main important
role for Pb-Zn mineralization.

Galena, sphalerite, pyrite and chalcopyrite are the
main important minerals in the Ortasu Pb-Zn
deposit in some parts. They have been replaced
by secondary minerals such as cerussite,
chalcocite, covellite and iron oxides due to the
supergene and weathering processes. The most
important textures in this deposit are disseminated
and cemented textures. It should be mentioned
that the laminated-like, framboidal pyrite,
replacement and relict textures are also observed
in this deposit.

The presence of fining-upward sequences is due
to the sediment cycles of channels, layered
structures, abundant organic materials in
paleochannels and debris of plant fossil all of
which indicate that the Ortasu Pb-Zn deposit is
formed in a continental to tidal environment.
Geochemical studies show that the sandstones
were deposited in an active continental margin.
These sandstones originated from felsic magmatic
rock and were deposited in an arid climate
condition.

According to host rock, geometry, structure and
texture, and mineralogy it can be concluded that
the Ortasu Pb-Zn deposit has more similarity with
the distal parts of Redbed type of sediment-hosted
copper deposits.
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