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Fig. 1. Map showing the roads for access to stratigraphic sections of Abarsej, Simehkuh and Dehmola areas (Modified

from Ghobadi Pour et al. 2011a)
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Tablel. Mineralogy of oolitic iron samples from Abarsej, Simehkuh and Dehmola areas based on XRD results

Section  Sampl

area e No. XRD Mineralogy

SFO-1 Hematite > Quartz > Hydroxylapatite > Chamosite > Muscovite > Montmorillonite >
- Geothite
S SFO-2 Calcite > Hematite > Quartz > Muscovite
é SFO-3 Hematite > Quartz > Chamosite > Montmorillonite > Muscovite
g SFO-4 Hematite > Quartz > Glauconite > Greenalite > Fluorapatite > Calcite > Muscovite >
73} Montmorillonite
SFO-5 Hematite > Quartz > Glauconite > Chamosite > Montmorillonite > Illite
AFO-1 Calcite > Hematite > Quartz > Chamosite > Muscovite
% AFO-2 Calcite > Quartz > Hematite > Clinochlore > Calcite > Anatase > Albite
g AFO-3 Calcite > Hematite > Quartz > Chamosite > Muscovite
< AFO-4 Calcite > Hematite > Quartz > Chamosite > Montmorillonite > Rutile > Muscovite
AFO-5 Calcite > Hematite > Quartz > Albite > Illite > Chamosite
© DFO-1 Calcite > Hematite > Quartz > Anatase > Rutile
S DFO-2 Calcite > Hematite > Quartz > Anatase
é DFO-3 Calcite > Hematite > Quartz > Anatase > Muscovite > AlIO10(OH),
A DFO-4 Calcite > Hematite > Anatase > Quartz > Glauconite
DFO-5 Calcite > Hematite > Anatase > Quartz > Muscovite
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Table 2. Concentration of major (wt.%) and trace elements (ppm) in oolitic iron samples from Abarsej, Simehkuh and
Dehmola areas

Section

area Abarsej Simeh kuh Dehmulla
Sa,\’}:)p'e AFO-1 AFO-2 AFO-3 AFO-4 AFO-5 SFO-1 SFO-2 DFO-1 DFO-2 DFO-3 DFO-4

SiO, 1442 16.67 142 1521 10.75 16.81 1466 13.09 1085 26.47 125
TiO, 0.62 056 054 057 045 218 173 1.48 146 2.21 1.65
Al,O3 104 10.89 10.12 1042 888 1343 1143 11.63 108 1473 11.63
TFeO 11.21  8.85 10 11.84 10.21 2556 4149 2599 23,57 4812 23.68
MnO 0.4 023 036 032 0.3 0.08 0.07 0.1 0.1 0.03 0.1

MgO 0.88 09 083 09 082 064 0.53 0.62 0.6 0.7 0.62
CaO 33.77 3345 345 3299 3722 28.88 21.61 30.43 334 171 22.26
Na,O 0.14 019 022 017 0.13 - - 0.08 - 0.27 -

K;0 1.23 1.18 107 113 0826 234 174 1.8 1.72 2.01 1.84
P,Os 0.15 019 019 017 011 012 0.13 0.15 0.18 0.45 0.01

Pb 11 9 12 12 12 68 28 26 43 25 27
Cu 34 21 17 17 16 5 2 2 2 3 3
Ni 33 42 45 53 21 109 14 14 12 15 16
Co 9 10 9 10 7 42 10 9 11 9 9
Cr 144 90 102 114 103 436 42 64 63 64 44
\ 148 123 150 163 93 364 162 297 286 215 162
Sc 17.1 14.7 154 153 117 213 214 24.8 15 17.4 21.4
Y 36 26 31 28 30 44 31 42 33 38 43
La 19 14 16 15 18 37 22 29 18 21 27
Ce 49 49 49 44 46 84 22 26 22 30 31

Yb 4.2 3.4 4.1 4.1 3.8 7.7 4.7 5.5 5.3 5.1 5.2
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Table 3. Concentration of major elements (wt.%) using SEM in SFO-1 sample from Simehkuh section

Points TiO, AlLO; TFeO MnO CaO KO P,Os V,05 Cr0;
Line Spectrum(l) ~ 2.09 307 6617 008 1.8 13 124 014 002
Line Spectrum(2) 254 271 6975 014 164 128 065 011 001
Line Spectrum(3) 213 354 711 01 025 158 024 009 0.04
Line Spectrum(4) 263 286 7517 014 014 11 016 011 0.04
Line Spectrum(5) 296 205 7814 014 012 094 012 008 005
Line Spectrum(6) ~ 3.05 154 8164 018 013 062 015 009 005
Line Spectrum(7) ~ 2.06 079 6955 015 012 098 007 013 001
Line Spectrum(8)  0.72 1503 2593 014 065 397 032 001 0.03
Line Spectrum(®) 331 161 8457 017 009 054 012 009 005
Line Spectrum(10)  2.63 3.8 78 01 013 148 017 01  0.02
Line Spectrum(1l) 235 591 7168 012 022 231 036 015 -0.01
Line Spectrum(12)  1.64 11.21 4855 0.5 027 476 032 011 003
Line Spectrum(13)  3.02 402 7676 012 015 1.7 027 006 002
Line Spectrum(14)  3.06 977 5748 008 025 349 027 006 002
Line Spectrum(15) 111  1.69 2499 005 3456 063 1391 0  0.01
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Fig. 2. Images of oolitic iron horizons in three stratigraphic sections from Abearsej (A-B; view to the northwestward),
Dehmola (C-D; view to the northward) and Simehkuh(E-F; view to the northeastward)
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Fig. 3. Textural characteristics of ooide iron horizons, A: Hand-specimen of oolitic ironstone from sample of Dehmola

section, B: Ellipsoidal ooides of sample from Simehkuh section (Transmitted light, XPL), C: Hematitic core in sample
from Abarsej section (Reflected light, PPL), D: Banding with central core and centered banding in sample from
Dehmola section, E: Pyrite particles in groundmass of oolitic ironstone from samples of Abarsej section (Reflected
light, PPL), F: Calcitic and shamositic groundmass in sample from Dehmola section (Transmitted light, XPL),
Abbreviations for minerals: Clc= Calcite, Hmt= Hematite, Py= Pyrite, Chm=Chamaosite
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Fig. 4. A: Calcitic oolite in sample of Abarsej section (Transmitted light, XPL), B: Glauconite in groundmass of sample
from Simehkuh section (Transmitted light, PPL), C: Shamositic ooide of sample from Simehkuh section (Transmitted
light, XPL), D-E-F: Fossil fragments and calcite as core of hemetitic ooide and fractures filled by calcite cutting ooide

in samples from Dehmola section (Transmitted light, PPL), G-H: Recognition of zircon and detrital quartz in SFO-1
from Simehkuh section using SEM. Abbreviations for minerals: Clc= Calcite, Glc= Glauconite, Chm=Chamosite
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Fig. 5. Concentration range of major elements in oolitic iron horizons of Abarsej, Dehmola and Simehkuh areas
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Fig. 6. Comparing the mean ratio of major elements concentrations in oolitic iron samples from Abarsej, Dehmola and

Simehkuh areas with common sedimentary and basaltic rocks in earth crust (Data of shale, sandstone, carbonates and
basalt derived from Mason and Moore, 1982)
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Table 4. Summary of comparison between oolitic iron horizons of Lashkarak and oolitic iron horizons of Clinton type
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Introduction

Oolitic iron formations are sedimentary rocks
with >5 vol.% oolites and >15 wt.% iron,
corresponding to 21.4 wt.% Fe,Os (Young, 1989;
Petranek and Van Houten, 1997; Mucke and
Farshad, 2005). In Iran, new iron oolite-bearing
members have been identified in the Lashkarak
Formation (lower-middle Ordovician) in the
Abarsej, Dehmola and Simehkuh sections, eastern
Alborz (Ghobadi Pour et al., 2011). At present,
the mineralogy and geochemistry of these
members are not known. Consequently, research
reported here was conducted to reveal the
mineralogical and geochemical characteristics of
Ordovician oolitic iron formationmembers and to
discuss their genesis and economic importance.

Materials and Analyses

Field geology and sampling was carried out to
collect 25 samples from the ooliticiron formation
members in the Abarsej, Dehmola and Simehkuh
section in eastern Alborz. Samples were prepared
for polished-thin sections (n=10), XRD analysis
(n=15). Whole-rock chemical analysis (n=15) by
XRF for major elements and by ICP-ES for trace
elements was performed by laboratories at the
SarCheshmeh copper mine complex, Kerman,
Iran. One sample was analyzed by SEM at the
Wales Museum, UK.

Results

Microscopic studies show that the oolitic iron
formation members are hosted by carbonate
argillite rocks. They are mainly composed of
oolites rather than pisoliths (small bodies
somewhat larger and more irregular than oolites),

*Corresponding authors Email: behnam.shafiei@gmail.com

whereas oolites have mainly ellipsoidal forms and
locally spherical shapes. Most (6) oolites show
banding with a central core. Simple oolites
without a core are scarce. Mineralogically, oolites
are mainly chamositic and hematitic in
composition; goethite, pyrite and glauconite occur
in traces and siderite is absent. Quartz, calcite and
zircon are accessory minerals which are present in
the groundmass. Geochemically, TFeO % of the
oolitic iron formation horizons ranges from 8 to
48 % with an average of 21%. The CaO content
ranges from 2 to 37% and SiO, from 11 to 37 %.
Based on TFeO % content, oolitic iron formation
horizons are divided into two geochemical
groups: 1. Low-grade iron formations ( the
Abarsej section) (8) with TFeO< 23%, high MgO
(0.82-0.96 %) and high CaO (32.99-37.22 %) and
low TiO, (0.45-0.62 %), and 2: High-grade iron
formations (the DehMola and Simehkuh sections)
with 23% <TFeO< 48%, low MgO (0.03-0.1 %)
and high TiO; (1.46-2.21 %).

Discussion

Mineralogical characteristics combined  with
geochemical data show that anomalous values of
Fe in studied carbonate argillite formations with
respect to common sedimentary rocks are related
to the abundance of iron-bearing oolites as oxides
such as hematite and goethite, and the clay
mineral chamosite. Based on Fe, Mg and Ca
concentrations, oolitic iron formations can be
divided into low-grade and high-grade iron
formations. The former is characterized by
chamosite and calcite, whereas the latter consists
ofhematite and calcite. This research, along with
available paleo-geographic and sedimentological
information suggests that the iron for the
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formation of iron oolites was available from
normal sea water and Fe could be carried as
clastic particles along with clays or coating of
clay particles derived from weathering and
erosion of shales from adjacent land. High
contents of K and Si in oolitic iron horizons, the
presence of detrital zircon, quartz and clay
minerals within oolites and also in the matrix of
these rocks confirm the proposed model and show
the important role of Fe-bearing clay minerals in
the genesis of the primary chamositic oolites in an
environment with pH=5-9 and medium-weak
redox conditions (Maynard, 1983; Maynard,
1986). The abundance of hematite relative to
goethite in the Fe-oolites, dense and elliptical
oolites as well as the frequent occurrence of
calcite wveinlets cutting oolite beds has been
attributed to diagenetic processes and the
modification of chamosite and goethite to
hematite. Our findings indicate that the studied
members can be classified as low-grade oolitic
iron formation (average 21 wt.% Fe) which do not
have economic importance at present.
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