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and is covered by Miocene limestones. Based on XRD analysis,
mineralogy of the lateritic zone includes dolomite, quartz, smectite, and
serpentine. The ratio of La/Y changes indicates that the studied laterites
were formed in alkaline pH. According to the discrimination diagrams
of the source rock, the studied laterites are karst bauxites with ultrabasic
origin.
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EXTENDED ABSTRACT

Introduction

Laterites are formed in areas with long tectonic
stability and low erosion rates (Brand et al., 1998).
Usually, the source rock of these laterites is
serpentinites. Nickel is washed from the profile
upper parts and concentrates in the lower parts,
causing the enrichment and formation of nickel-
bearing laterites. Most nickel-bearing laterite
profiles have two ore types, an oxide component and
a hydrous silicate or clay silicate component (Brand
et al., 1998). The richest deposits of nickel-bearing
laterite are formed where oxide-rich regoliths rise
and nickel is washed down to the new silicates in
saprolite (absolute accumulation) to be concentrated
(Butt & Cluzel, 2013).

This study tried to investigate the field geology,
mineralogy, lateritization process, and geochemistry
of Noorabad laterites (northwest of Lorestan
province, Iran).

Materials and methods

The field operations were carried out in several
rounds and led to the collection of 30 samples from
serpentines and laterites of the studied area. Then, by
preparing 25 thin and polished sections, the
geological characteristics of ores, especially their
texture and associated minerals, were discussed.
Then three soil laterite samples, for mineralogical
study by XRD method were sent to the central lab of
Lorestan University and 10 rock and soil samples
from the laterites of the studied area were sent to the
Canadian SGS laboratory for determining the
amount of major and minor elements by ICP-MS
method.

Results

The peridotite rocks of Noorabad ophiolite complex
in the northwest of Lorestan province include dunite,
harzburgite, and lherzolite, which have been strongly
affected by alteration. The tectonic activities have
caused crushing in these rocks in a way that has
facilitated their alteration process and created laterite
areas. As a result of different alteration processes
such as serpentinization, carbonation, hematitization,
and silicification, primary minerals such as olivine,
pyroxene, and spinel have been altered and
secondary minerals such as serpentine, dolomite,
quartz, hematite, and smectite have been formed. The

laterite zone is a layered red horizon and in some
areas is lenticular, which is located on peridotite
rocks. In some areas it is covered by Miocene
limestones. In some areas, the secondary fractures of
laterites formed by tectonic and diagenesis activities
are filled by dolomite and silica. According to XRD
analysis, there are dolomite, quartz, hematite,
smectite and serpentine group minerals in the laterite
section. The chemical analysis of the studied samples
shows the nickel content of 381-2660 ppm for
Noorabad laterites. According to the discrimination
diagrams of source rock, the studied laterites are
derived from ultramafic rocks. Moreover, the
investigations carried out on the La/Y ratio showed
that the formation environment for the studied
laterite samples is alkaline.

Discussion

The peridotite rocks of Kermanshah ophiolite are
related to suprasubduction ophiolites (Kiani, 2011).
Due to the multi-stage replacement mechanism,
these types of peridotites undergo the most
serpentine alteration, so that their severe crushing
during replacement and their migration on the
margins of the continents facilitate the intensity of
the altered. The peridotites of northwestern of
Lorestan province were altered into serpentine
during these alterations in the initial stages, and then
underwent carbonate, hematite, and silicification
alterations. During these changes, the primary
minerals of these peridotites, such as olivine,
pyroxene, and spinel, have become secondary
minerals.

The serpentine minerals are the first group of
secondary minerals that were formed. Then, the
secondary minerals of the second stage replaced the
serpentines in such a way that the minerals of the
smectite group can directly replace the serpentine
(Dixon, 1989; Nahon et al., 1989; Gaudin et al.,
2005). Other minerals are formed by substitution and
saturation of other elements and form minerals with
simple chemical formula such as quartz, dolomite,
and hematite. During the first stages of alteration of
peridotite rocks, the main elements Si, Mg, Ca, Fe,
and Al were washed from the rock and caused the
formation of secondary minerals in the lateritic zone.
A significant amount of silica is included in the
structure of silicate minerals such as serpentine and
smectite, and the rest is filled in fractures in the form
of chert and chalcedony. During the weathering
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process, magnesium-bearing minerals are destroyed
and Mg?* is removed from them, so that some of the
magnesium in the serpentine mineral are replaced by
Ni?* (Sagapoa et al., 2011) and nickel-bearing
serpentine minerals. The Ca element is removed
from the pyroxene group minerals during alteration
and enters the structure of smectite minerals or forms

dolomite mineral. The Ni element has a positive
correlation with the Co, Mg, Cr, and Fe elements,
and this correlation can be due to the substitution of
nickel instead of these elements in the crystal
network of secondary minerals or due to the surface
absorption of the mentioned elements by the
hematite mineral.
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Fig. 2. The field images of the Noorabad area, A: The strongly serpentinized peridotites, B: Lateritic zones that are located
on serpentinized peridotites and are covered by Miocene limestones, C: Lens laterites in the south Ghazi Khani village,

D: Nodules with spongy texture whose cavities are filled by silica, hematite, and limonite, E: Asbestos veins that filled
fractures in laterite zones, F: Filling of a fracture by dolomite.
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-II\_/IaSbl\(jl 1.hTI&e results of chemical analysis of the nickel lateritic unite in the northwest of Noorabad, Lourestan with ICP-
ethod.

Rock type |Latrite Latrite Latrite Latrite Latrite Latrite Latrite Latrite Latrite Latrite
= ech)aleS L21 L22 L23 L3 L33 L4 L4l L42 L43 L.6
SiO; 57.9 55.3 45.3 31.9 48.3 29.7 36.2 38.1 34.1 59.9
TiO; 0.43 0.38 0.18 0.06 0.56 0.24 0.08 0.39 0.92 0.5
Al;O3 4.94 4.64 2.42 211 5.49 3.7 1.67 3.62 5.68 4,74
Fe,Os 4.4 4.67 6.81 8.93 4.77 6.72 7.11 8.2 6.86 5.67
MnO 0.14 0.14 0.11 0.15 0.17 0.12 0.08 0.09 0.13 0.12
MgO 3.88 6.36 20.9 11.7 3.27 458 27 21.4 7.22 7.99
CaO 12.7 12.6 7.69 18 18.7 28.4 8.07 9.91 22 7.63
Na,O 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
K20 1.03 0.87 0.35 0.02 1.13 0.31 0.03 0.22 1 0.77
P,0s 0.1 0.09 0.01 0.02 0.1 0.5 0.01 0.1 0.15 0.08
Sum 8590 85.30 8390 73.00 82.60 7440 80.35 8213 78.16 87.50
LOI 14.4 14.9 15.7 22.6 19.2 27.5 21 19.4 23.1 13.1
Vv 58 61 73 49 61 61 62 74 59 72
Co 27.3 35 84.1 147 29.1 69.4 75.7 74 40.9 445
Ni 398 561 1610 2660 381 1230 1810 1670 530 688
Cu 39 37 20 5 35 18 18 23 44 103
Zn 44 44 30 49 49 37 36 50 59 46
Ga 8 7 4 2 8 5 2 5 8 7
Rb 315 26.4 11.9 1.1 35.1 11.2 11 7 25.8 235
Sr 150 140 80 60 110 180 80 70 70 110
Y 11.7 10.1 45 1.7 12.7 75 2 5.8 12.8 10.9
Zr 70.3 73.7 29.6 6 79 60.1 11.6 43.9 96.8 67.5
Nb 9 8 4 1 12 7 1 8 19 11
Cs 2 1.7 0.7 0.1 2.4 0.9 0.1 0.6 2.4 1.8
Ba 120 110 60 60 170 60 20 40 100 100
Th 3.1 2.7 1.2 0.2 3.3 1.7 0.4 1.3 2.8 2.4
Cr 975 957 1915 3352 615 1710 2470 2461 1168 1160
La 16 13.8 6.2 0.8 17.3 9.6 2.9 8.7 21.2 15.5
Ce 28.9 25.2 11.2 1.2 31.8 19.8 49 16 36.7 28.4
Pr 3.44 3.1 1.35 0.11 3.85 2.29 0.54 2.05 4.75 3.57
Nd 13.1 11.4 4.9 0.5 14.2 8.7 2.2 8 18.1 13.6
Sm 25 2.3 11 0.1 2.8 19 0.5 1.6 3.3 2.5
Eu 0.65 0.56 0.24 0.05 0.74 0.39 0.1 0.47 1.02 0.7
Gd 2.36 2.06 0.9 0.13 2.57 1.64 0.32 1.38 3.13 2.41
Tb 0.37 0.33 0.14 0.05 0.42 0.28 0.06 0.21 0.44 0.4
Dy 2.19 1.96 0.87 0.24 2.35 1.66 0.38 1.23 2.54 2.26
Ho 0.44 0.39 0.16 0.05 0.5 0.31 0.08 0.23 0.53 0.44
Er 1.2 1.03 0.48 0.17 1.26 0.91 0.24 0.59 1.34 1.11
Tm 0.15 0.13 0.05 0.05 0.16 0.11 0.05 0.07 0.17 0.14
Yb 1.1 0.9 0.3 2.2 1.2 0.7 0.2 0.5 1.1 1
Lu 0.16 0.12 0.05 0.05 0.15 0.11 0.05 0.07 0.15 0.12
Hf 2 2 1 1 2 1 1 1 2 2
Ta 0.7 0.6 0.5 0.5 0.9 0.7 0.5 0.6 1.4 0.8
W 1 1 1 1 1 1 1 1 1 1
Tl 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Mo 2 2 2 2 2 2 2 2 2 2
Th 3.1 2.7 1.2 0.2 3.3 1.7 0.4 1.3 2.8 2.4
U 0.4 0.42 0.61 0.05 0.53 0.48 0.73 0.33 0.38 0.4
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Fig. 3. Different horizons of laterites in the Noorabad area, Lourestan province
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Fig. 4. X-ray diffractometry (XRD) diagrams of laterite zones in the Noorabad area.
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Fig. 5. The alteration process of peridotites to serpentinein in the Noorabad area (XPL), A,B,C: Sieved texture in dunites
and their alteration into serpentine and lddingsite, D: Chrysotile veinlets in serpentinized harzburgite; Symbols from

Kretz (1983) (Ol= Olivine, Cr-Spi= Chrome — Spinel).
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Fe oxide minerals in breccia texture (XPL); Symbols from Kretz (1983) (Fe- Ox = Fe- oxide, Q= Quartz).
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Fig. 8. A: The filling of breccia fractures by quartz and the formation of fissure-filling textures in the Noorabad area
(XPL), B: Filling of dissolution cavities by quartz, XPL); Symbols from Kretz (1983) (Fe- Ox = Fe- oxide, Q= Quartz).
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Fig. 9. A: The mesh texture in serpentinized harzburgites and olivine remnants among serpentine networks in the
Noorabad area(XPL); B: The elongation of orthopyroxene crystal with sinusoidal margin in harzburgite (XPL); C: The
elongation in olivine crystals with mesh texture in harzburgites (XPL); D: The serpentinization in harzburgites and the
growth of lizardite minerals in olivine fractures and the growth of chrysotile in the form of streaks on the serpentinite
background (PPL); E: The presence of olivine crystals inside the orthopyroxene crystal in Iherzolite (XPL); F: The growth
of antigorite veins in serpentinized dunites(XPL). Symbols from Kretz (1983) (Opx= Orthopyroxene, Cpx=
Clinopyroxene, Srp= Serpentine, Ol= Olivine, Lz= Lizardite, Ctl= Chrysotile).
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Fig. 10. Abundance histogram of some major and minor elements from nickel-bearing laterites in the Noorabad area.
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Fig. 11. Correlation diagrams of Ni versus oxide of major elements from nickel-bearing laterites in the Noorabad area.
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Fig. 12. Correlation diagrams of Ni versus trace elements from nickel-bearing laterites in the Noorabad area.
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samples on it. Ultramafic rocks data from Kiani (2011).
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Table 2. Calculated data related to the intensity of weathering of Noorabad nickel-bearing laterites and comparison with
Bavanat nickel-bearing laterites (Rajabzadeh and Hedayati, 2019; Rasti et al., 2022)

rmulas | o CIA cIw cIw RW RW Al/Na Al/Na
Sampid (Noorabad) (Bavanat) (Noorabad) (Bavanat) (Noorabad) (Bavanat) (Noorabad) (Bavanat)
26.32 75.32 27.85 77.42 6.20 1.31 494 25.33
25.34 76.33 26.61 78.41 5.94 1.12 23.2 26.13
22.92 73.72 23.70 73.72 4.91 1.24 24.2 20.66
10.43 35.19 10.44 35.34 2.89 2.80 21.1 21.86
21.60 50.55 22.60 52.9 2.89 2.26 54.9 23.06
11.38 54.47 11.49 58.77 2.85 4.09 37 6.80
16.92 40.09 16.97 53.46 4.12 4.83 16.7 5.46
26.14 43.93 26.56 50.87 3.22 4.63 36.2 2.93
19.74 43.91 20.45 50.07 2.72 4.77 56.8 2.26
35.80 38.01 5.75 47.4
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Fig. 15. Al/Na vs. CIA diagram (Selvaraj and Chen, 2006) for Noorabad laterites for determining weathering degree and
comparison with Bavanat nickel-bearing laterites (Rajabzadeh and Hedayati, 2019; Rasti et al., 2022)
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Kiani (2011).
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