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Fig. 1. Location of Cheshmeh Rostami area on the geological map of Souryan. 1:100000 (after Oveisi, 2001)
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Fig. 2. Different horizons of Ni-bearing laterites in the Cheshmeh Rostami area, Bavanat, view to the north
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Table 1. pH and OM values in different horizons from Cheshmeh Rostami area, Bavanat region. Organic matter is in

weight percent.

Zone Sample pH oM
) R2-9 7.99 0.951
Oxide
R2-8 7.71 1.475
R2-7 7.69 0.741
R2-6 7.37 0.773
Transitional
R2-5 7.18 0.521
) R2-4 7.06 0.386
Saprolite
R2-3 7.27 0.317
R2-2 6.82 0.140
Protolith
R2-1 7.91 0.140
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Fig. 3. Variations of pH and OM in different horizons of laterites in Cheshmeh Rostami, Bavanat
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Zone Oxide Transitional Saprolite Protolith
Sample R2-9 R2-8 R2-7 R2-6 R2-5 R2-4  R2-3 R2-2 R2-1
Wt.%
SiO2 37.17 30.20 31.98 45.25 40.67 4525 46.60 47.30 41.17
Al2O3 2.50 2.58 2.04 2.58 2.28 0.67 0.54 0.29 0.32
Fe20s 25.75 24.25 23.62 13.55 1565 10.38 9.09 9.92 8.31
MnO 0.27 0.18 0.34 0.18 0.20 0.15 0.14 0.10 0.11
MgO 10.97 12.80 12.16 13.33 1359 16.87 17.65 18.23 18.45
ppm
Ni 6793 5775 4608 3208 3044 2549 2091 2275 1898
Zn 156 151 135 94 84 77 69 69 82
Cr 3985 2807 2391 1734 1802 721 454 131 589
Co 152 140 95 64 61 53 50 49 40
\Y 77 70 68 47 51 25 20 dl 17
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Table 3. Calculated data of weathering intensity in Cheshmeh Rostami area, Bavanat
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Fig. 9. Location of the laterite samples from Cheshmeh Rostami area, Bavanat on the weathering diagram (after

Selvaraj and Chen, 2006).
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Introduction

The Ni-laterites were mostly derived from
ultramafic rocks in ophiolite complexes during
weathering in tropical climate. Lateritization
processes result in leaching of some major
elements (Si and Mg) from the source rocks and
concentration of some others (Ni, Fe, Cr and Co)
in the residual soils. The Ni-bearing laterites are
divided into three major subgroups including
oxides, silicates and clay types (Berger et al.,
2011). Hematite and goethite are the main
constituents of the oxides type, whereas garnierite
is the main carrier for Ni in silicates type. In the
clay laterite, saponite and smectite are the main
Ni-carriers.

The Bavanat region contains Ni-bearing laterites
as discontinuous outcrops which have formed on
ophiolite ultramafic rocks in the northeast Fars
province. These ultramafics are remnants of Neo-
Tethys oceanic lithosphere which have been
emplaced on continental margin along the Zagros
Suture Zone in the Late Cretaceous era
(Rajabzadeh, 1998). These laterites have recently
attracted some geologists to work on them (e.g.
Khademi and Hasheminassab, 2010; Rasti and
Rajabzadeh, 2017). The aim of this study is to
determine the effects of pH, organic matter (OM)
and weathering intensity on the geochemical and
mineralogical characteristics of Ni-laterites in the
Chesmeh Rostami area, Bavanat region.

Materials and methods
Sampling was carried out along three geological

cross sections on undisturbed laterite profiles. The
samples were studied using refracted and reflected
light microscopic methods. Nine of the
representative samples were analyzed using XRD
and ICP-MS methods at the Iran Minerals
Processing Research Center. PH and OM values
of the samples from different soil horizons were
determined using routine analytical methods.

Results

An undisturbed laterite profile consists of four
major horizons from base to top including
protolith, saprolite, transitional and oxide zones.
pH values vary in a narrow range through the soil
profiles. The minimum (6.82) and maximum
(7.99) values were determined just in the
weathering front at the top of the protolith and at
the top of oxide horizon, respectively. In the same
way, OM of the soils increases from protolith
(0.140 wt.%) to the oxide zone (1.475 wt.%).
Protolith is generally a decomposed harzburgite
that appears in dark green color. It mainly consists
of lizardite with relicts of olivine and
orthopyroxene and minor amounts of quartz,
clinochlore and hematite. Protolith traditionally
transforms to saprolite. The latter is easily
discriminated by its softness in field and its light
green to gray color. Lizardite and quartz are the
major minerals which are accompanied with
amorphous iron oxy-hydroxides and silica.
Transitional zone is located as a narrow zone
between saprolite below and oxide horizon above.
No relicts of the source rock are preserved here. It
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appears as a soil of yellow to orange in color.
XRD data from this horizon indicated that calcite
and hematite are present as major phases along
with minor lizardite and quartz. Oxide horizon is a
very soft and porous dark to light red soil that has
12m thickness. This horizon mainly consists of
hematite, goethite and clinochlore with variable
amounts of amorphous silica and iron oxides.
Geochemically, Fe,O; (8.31-25.75 wt.%), MnO
(0.11-0.27 wt.%), Ni (1898-6793 ppm), Co (40-
152 ppm) and Cr (131-3985 ppm) concentrations
increase continuously from base to top of the
laterites. There is good correlation between Ni
and Fe;Os. On the contrary, silica (41.17 to 37.17
wt.%) and MgO (18.45 to 10.97 wt.%) contents
decrease from base towards the top of laterites.
Chemical Index of Alteration (CIA), Chemical
Index of Weathering (CIW) and Rate Weathering
(RW) were used in determination of the
weathering  intensity  during lateralization
processes. The calculated data indicated that
weathering intensity is medium to weak in the
Bavanat region.

Discussion

Ni-bearing laterites in the Bavanat region were
formed during weathering of the ophiolite
ultramafic rocks at semi-tropical conditions. Four
major horizons were formed through vertical
profiles of the laterites. However, low
concentration of Ni in the source rock by one side
and medium to weak intensity of weathering by
other side result in production of low-grade Ni-
laterites. This is confirmed by pH values and
remnants of chromite grains in the protolith
horizon. However, weathering causes
decomposition of the source rocks resulting in
weak liberation of elements. Some elements such
as Si and Mg have leached away, but high values
of OM and pH at the top of the soils helped Fe
fixation (Kabata- Pendias and Pendias, 1999;
Thorne et al., 2009). Good correlation between Fe
and Ni indicates that iron oxides and hydroxides
play the role of scavenger for Ni. Mobility of Ni
decreases in the presence of OM and high pH. It

thus adsorbs on the Fe compounds. The Ni-
laterites in the Bavanat are classified in oxide type
clan.
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