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1. Introduction

Magnetite crystallization generally occurs in the form of
disseminated, semi-massive, massive, vein-like string-like and
pod-like bodies, ranging in size from a few centimeters to hundreds

of meters (Rossetti et al., 2009). Several studies have discussed

ABSTRACT

The Nehbandan ophiolite complex crops out in the Sistan suture zone, which marks the boundary
between the Lut and Afghan continental blocks in the east Iran. In the Late Cretaceous ophiolitic
mélange, serpentinized peridotite hosts magnetite mineralization. In this study, magnetite
mineralization and its host peridotites are investigated with respect to their genesis, petrology,
geochemistry, and geophysics. Olivine, orthopyroxene, clinopyroxene and spinel are rock forming
minerals mantle peridotite. Tectonic environment discrimination diagrams for the harzburgites
shows abyssal environment. Given their potential as sources of iron, especially in the serpentinized
peridotite, magnetic data used for this study. Magnetic survey is one of the effective geophysical
methods for exploration and prospecting of ore deposits along with magnetic minerals particularly
magnetite. Correct analysis of magnetic data can identify the location, extension, and the relative
depth of ore zones along with magnetic minerals. Considering the presence of magnetic along with
mineralization in peridotite rocks and the absence of it in the phyllites in the study area, magnetic
survey is the most suitable method for this area. Total Magnetic Intensity (TMI) at 7338 points in a
grid of 20*20 and 15*15 were measured. In the study of geophysical, the observed magnetic piles in
the area have been investigated by using of the maps of rotation to pole, analytical signal and upwards

continuation on the map of the total magnetic intensity.

the origin of magnetite orebodies in various environments, i.e.,
metamorphic, magmatic, magmatic-hydrothermal and sedimentary
basins (e.g., Eslami et al., 2018). However, the origin of magnetite

in ophiolites is still not fully understood (e.g., Eslami et al.,
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2018). A few studies described magnetite-vein deposits within
serpentinized ultramafic rocks. Magnetite occurs as a secondary ore
in serpentinites, where it crystallizes in the serpentine mesh rims due
to oxidation and releasing of Fe from the precursor olivine during
low-temperature serpentinization processes (Syverson et al., 2017).
The generation of magnetite during the serpentinization is not only
important as an economic potential for iron, but also for the rock
magnetic properties, which constrains the possible contribution of
serpentinites to the oceanic magnetic anomalies (Bach et al., 2006).
Geotectonically, ophiolite complexes form in different setting,
i.e., extensional environments above the subduction zones, back-
arc spreading centers, and mid-ocean ridges. In order to determine
the geotectonic setting of ophiolite complexes and their associated
mineralization, this is very important to study the geological
characteristics of these rocks, as well as the mineralogical and
petrological data of mantle peridotites (Adelpour and Zarasvandi,
2022). Magnetic data interpretation is a useful and common
method in exploration of many deposits. This is used as a main
geophysical method and a secondary method in the iron and copper
explorations, respectively. Magnetic survey is the best geophysical
method for iron exploration (i.e., hematite and magnetite).
Given the significant expansion of ophiolite and serpentinized
peridotite complexes in Iran, various events of iron and base metal
mineralization have occurred at different times, especially in the
Cretaceous (Mousivand et al., 2018). Therefore, this study attempts
to determine the origin and tectonic environment of these units to
provide insights into the mode of iron mineralization by examining
the geological, geochemical, and geophysical properties of mantle
peridotite rocks with magnetite mineralization in the studied
ophiolites.

The Nehbandan ophiolite complex crops out in the Sistan Suture
Zone (SSZ), which marks the boundary between the Lut and Afghan
continental blocks in the east Iran (Figure 1). Various ophiolitic
complexes along the SSZ form a discontinuous N-S trending belt
from Birjand to Zahedan, e.g., Birjand, Nehbandan and Chehel
Kureh ophiolites. According to Tirrul et al. (1983), the SSZ can
be divided in two main units: the Sistan ocean zone or Sefidabeh
fore-arc basin to the east and the Neh-Ratuk complex (accretionary
wedge “melange”) to the west. Its tectonic evolution was dominated
by the emplacement of the Cretaceous ophiolites and ophiolitic
melanges, followed by deposition of Upper Cretaceous-Eocene
flysch (Rad et al., 2009).

The Nah-Retuk complex, in which the study area is located, is an
accretionary prism that overlaps the Sefidabeh basin (Mohammadi
etal., 2016). The Neh-Ratuk ophiolites comprise a mantle sequence
and crustal units, including ultramafic cumulates (i.e., troctolite,
dunite, and wehrlite), gabbronorites, cumulate gabbros, high-

level gabbros with plagiogranitic dikes and basalt-spilitic basalt

(Shafaii Moghadam and Stern, 2015). The study area is dominated
by ophiolitic complex units of Late Cretaceous (e.g., harzburgite,
lherzolite, gabbro, gabbronorite, sheeted dikes, pillow lava, and
Listwanite) and Paleocene-Eocene phyllites with small amounts of

the schist and weakly metamorphosed sandstone.

2. Research methodology

In this study, 21 thin sections were prepared for petrological
studies. Additionally, 17 thin-polished sections of the ore-bearing
facies were prepared to mineralogical, texture, and paragenesis
studies of the minerals. 10 samples of the least altered peridotites
were analyzed to determine the main oxides of the host rock using
the XRF method. Considering the importance of ophiolitic units as
the potential of iron exploration, especially in the ultrabasic rocks,
magnetic data of this units were also involved in the interpretations.
Magnetic survey is one of the effective geophysical methods for
the exploration and prospecting of ore deposits, especially those
of magnetite-bearing deposits. Correct analysis of magnetic data
can identify the location, extension, and the relative depth of ore
zones along with magnetic minerals. Considering the presence of
magnetic along with mineralization in the peridotite rocks and the
absence of it in the phyllites in the study area, magnetic survey
seems to be the most suitable method for this area. Total Magnetic
Intensity (TMI) at 7338 points in a grid of 20¥20 and 15*15 were
measured. In the geophysical study, the observed magnetic piles in
the area have been investigated by using of the maps of rotation to
pole, analytical signal and upwards continuation on the map of the
total magnetic intensity. The data was obtained along E-W profiles.
After performing the Reduction Pole (RTP) filtering operation on
the gridded data for this work, it was apparent that the contour shows
a change on comparison to the unfiltered contoured map which is
a combined signals of regional. RTP map is smoother capable of
defining the high and low centers better than the total intensity map.
The upward continuation process was applied on magnetic data of
study area at 10, 30, 70, 100, 150, 2000 and 300 m.

3. Results and discussions

In the study area, the mantle peridotite contains harzburgite, which is
located adjacent to phyllites. These rocks, at the hand sample scale,
have a granular texture with relatively coarse olivine and pyroxene
minerals in dark green to greenish-black color. The textures in the
hand specimens include mesh, protogranular, porphyroclastic, and
transitional.

In mantle tectonites, the total olivine content is between 65
and 85 vol.%, orthopyroxene 10 to 30 vol.%, and clinopyroxene
less than 1 to 5 vol.%. Cr-spinel is a minor phase present in most
samples, and its volume content is usually less than 1 vol.%. In

the analyzed mantle peridotite samples, the L.O.I. is relatively

80



Investigation of magnetite mineralization with peridotite-hosted .../ Mansour Adelpour and Mohsen Rezaei/ G.S.J. 2025, 35 (3): 79-96

high; it varies from 3.92 to 5.24% vol.% in the samples. This is due
to the serpentinization process in mantle peridotites (Malvoisin,
2015); which is caused by the circulate of fluids through fractures
in the peridotites (Esmaili et al., 2015). In addition, the peridotite
dehydration process leads to the production of serpentinite
and magnetite (Frost and Beard, 2007). On the other hand, the
serpentinization of olivine alone would result in the production of
talc and magnetite (Bashir et al., 2012).

Based on the analysis performed on the basis of whole rock
in mantle peridotite samples, the MgO content shows a negative
correlation with the content of AlZOS, CaO and TiOz. Tectonic
environment discrimination diagrams for the harzburgites shows
abyssal environment. Considering the potential of serpentinized
peridotite as the sources of iron, magnetic data used for this study.
After collecting the magnetic data, relevant corrections were made
and a colored map of the total magnetic field intensity was prepared.
Based on Total Magnetic Intensity (TMI) map, two anomaly zones
with medium to high response intensity were identified in the study
area. The first anomaly zone is located in the western part of the
area and is known as the main anomaly zone. The relatively high
magnetic response measured in this anomalous zone indicates the
occurrence of more magnetite-type mineralization in this part of
the area. The magnetic response measured in anomaly zone 2 is

much lower than in anomaly zone 1, which could be due to the
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influence of the much more magnetic material cap rock in this part

of the area.

5. Conclusion

According to field surveys, microscopic studies, chemical analysis
and magnetometry, the study area is mainly composed of ophiolitic
rocks in the tectonic setting of mid-ocean ridges, including mantle
peridotites. Olivine, orthopyroxene, clinopyroxene and spinel
minerals are the main constituents of mantle peridotites and
according to the tectonic environment separation diagrams for
harzburgites, they show the characteristics of abyssal peridotites.
In the study area, considering the potential of ophiolitic complexes
in containing minerals such as iron, especially in serpentinized
peridotites, the magnetic method was used. The reduction to pole
processing of magnetic data over study area defines the locations
of sources better than the contour of the unfiltered total intensity
magnetic data of the study area. The upward continuation process
shows clearly the attenuation of anomalies with respect to the
increase in observation to the source distance. The reduction to pole
and upward continuation process therefore serve as an effective
data enhancement procedure and aids these interpretations of the
anomaly sources. According to the study conducted, two anomaly
zones with medium to high intensity in the study area were

identified.
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Figure 2. Geological map of the ophiolite unit outcrop in the study area, scale 1:1000 (Hoseini et al., 2015).
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number WHB-9 in the study area (view: Northeast), ¢) View of an old working with magnetite mineralization in the serpentinized harzburgite
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Marti: Martitization. Mineral abbreviations are taken from (Whitney and Evans, 2010).
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Table 1. Results of chemical analysis of major elements in harzburgite samples from the study area.

Sample No. HA-23 HA-14 HA-05 HA-09 HA-12 HA-07 HA-02 HA-17 HA-20 HA-19
SiO, 42.97 42.81 43.01 42.95 43.2 43.21 42.79 42.99 42.94 43.09
TiO, 0.02 0.02 0.01 0.03 0.03 0.03 0.2 0.01 0.03 0.02
ALO, 2.02 2.14 1.83 2.23 2.01 1.95 1.89 2.01 1.98 2.07
FeO 6.42 7.61 6.45 6.84 6.81 6.63 7.05 6.83 7.02 6.79
MnO 0.09 0.1 0.08 0.15 0.16 0.11 0.09 0.11 0.12 0.14
MgO 40.99 40.87 41.69 40.75 41.34 40.88 40.96 41.07 41.31 41.27
CaO 1.76 1.94 1.81 2.11 2.09 1.82 2.03 1.94 1.84 2.02
Na,O 0.05 0.05 0.06 0.03 0.08 0.04 0.05 0.05 0.04 0.06
K,0 0.03 0.04 0.06 0.01 0.05 0.06 0.07 0.05 0.03 0.02
PO, b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
L.O.I. 5.24 4.69 522 4.98 5.14 4.88 5.02 5.1 432 3.92
Total 99.59 100.27 100.22 100.1 100.9 99.61 100.15 100.2 99.63 99.4

b.d= below detect



95V :(I) PO 1 FolF (o pole/2lidy (o 9 jgasle jgaio/.... ol siugh idgudl 6egazo 43 Lixigdop O juao Siuw b CariiSo ol joolS g

orst sl Sl B dalssh 5 ALO, & Cd ol ols sl
4> ((Bodinier and Godard, 2005) <l Al 4 i Na 5 Ca vf.,\.:v_@
(PM) alsl 2t § S5 L5 ol a0 4 Ca0 Ll 53 ALO, Sl i d-0 S
G 505 0355 oo oaliun 457 4 S Oles .ol 0ld 0315 L5 (Hofmann, 1988)
gl a8 Lay b plis Cuwity Ca0 5 ALO, Ol adlllas 5,40 aibaie
Ly ol o & ALOSIO, & s MEO/SIO, o ol i ks oo 0L
s Byl 0 e3y5T 60 S5 3 s opl lite Sl i (o
(s23uesd) SGLSL s 6 Ly, @ls 5> (Hart and Zindler, 1986)
Sk gy oo & +/) 35k MO/SIO, s b sl 23 8 S5 oSS
el Jino 330 ALO/SIO, 5V/) 350 MgO/SIO, b odkd g5 Skbas
bl (gla s s slaesls el o o305 Oliie-d i 53 457 45 Olos
Goate 5 (53100 Ly 5 5 s i DL (35 (SuSTy ISl )3 aalllan 55
G35 b Sl S 0l e ki &S T 1 s (e Ly
Conw a4 Baigal S glral il ails 30 b sed MgO Ol 3,
Vf uf‘u"gséj Lyl ;}‘J Jdsa o358 eoys Jﬁ.z 534S ol MgO/SiO,

YA (asal ) A3y or ook 25l o (sla 5k 5 MO

Slea S oy Ghasm 53 K JS eds el GIT bl

Glp S as o Ol e b5, TIO, 5 ALO CaO Olje L MgO Ol oo
4w lis (Liu et al., 2016) Slale 5 Olas coliile S7 (glacd 55l b 2i duwlia
A BESL 3 s e Jeol jele w3 @0 JKE) Sl eds
Cwl Ca 5 Al Llie glaed § Kow Sai g Ol Sys gl L5856
GLCSsk, 53 AL, L Jol jole bl Slaxs ((VFAF (el )
Slp gros i 0 L Ol s oSl 0dd 0ls OLi addlas 350
Gl old 03,87 JlT 5 adodl (olpsS S Jol s,
Ol bl Ji.z I BE) L YR ;qués Ol jae (Laouar et al., 2017)
3w 3y Gk ses (Sl als ot S 65 Ol 5 A3L s ALO,
S e 4 5 L 0-0 JS08) S e (5 Il T (sla sy Ly
3 OS5l g WS LIS e d S i 03 5l ey e le L
oSle ysba bk sal (ol 48,5 &40 (Parkinson and Pearce, 1998)
2 03810, I3 505 4 4 5 b Llodd Jamie |y idu g3 o3 Vv 5sd>
Sl Sas g Olpe b 5 adls FuS1, 0T 5558 glagsel ALO,
S8, s (e-d JK8) ol sl i § alie 5 das i O Sl

PO
[ a) b) — : 55 k C)
I~ 0.08 —_ L4 a Abyssal peridotite
[ — Myanmar 3 ~| sof '3
5| }s RIS g NP = s
S o o
Elfz ™ | “F 7
Kermanshah Abyssal peridotite 35 Orogenic perkdolite
~ 0.02 - G
L Oman harzburgite 30 Ophiolitic peridotite
[ B B 1 M Mariana forearc peridotite 25
3 38 40 42 44 46 48 50 62 1 2 3 4 0 1 2 3 a4 5 6
o,
MgO (wt.%) CaO(wt.%) ALO(W.%)
13 d) 1.2
W 4
ar L°p /4__,.7"
,/’\ | oos =
ak SWIR ) WAO ;
H A
2 | \ pry . - A
2 = N |BMy — 2
- - 2 % - 3
EPR 2 0.04 | \\,( WAO TR o
g =
i g EPR
y
— OMAN . o
) IBM Cao(wt.%) A|203ISI02(Wt- %)
0 1 2 3 4 G 0 0.02 0.04 0.06 0.08 0.10

Jlasai(c g&\m}f&bq;.\{ﬂ).sCaOJJ.lJ{).sAIZO} Qlj::jj(b gTiOszlj);MgO)l}.J(a:A.-JUa.n;)}na.s}AmJA\qu)ﬁ)')Landi'm%.:fj—bJﬁ.&

33 MgO/SiO, o .4 (e .(Hofmann, 1988) sl o (a5l 2 8 £5,) PM ¢glans £ glocs s 53 CaO L1, 55 ALO, ol uss (d ALO, i, 55 SiO,

aiy b og T s s, SWIR .ol by o (Hart and Zindler, 1986) Ju; 5 Sojls a5 swej L, (las 8 slcss 53 ALOJSIO, L,

lmsS scds; ) s ke ssl :'WAO «Niu and Hekinian, 1997) VIJT oWl ST, JlnT slecw s, :EPR «(Snow and Dick, 1995) s

(Parkinson and Pearce, 1998) Ll )l 3 sk slacs st , IBM ¢Rampone et al., 1995) _IT ==L

Figure 5. Whole-rock composition of harzburgites in the study area: a) MgO vs. TiO, plot, b) AL,O, vs. CaO variations in

mantle peridotites, ¢) SiO, vs. AL O, plot, d) AL,O, vs. CaO variations in mantle peridotites; P.M (Primary Mantle trend)

(Hofmann, 1988). €) MgO/SiO, vs. Al,O,/SiO, variations in mantle peridotites, terrestrial arrey is related to (Hart and Zindler,
1986). SWIR: Abyssal peridotites of the southwest Indian Ridge (Snow and Dick, 1995); EPR: East Pacific Rise abyssal

peridotites from (Niu and Hekinian, 1997); WAO: Western Alpine Orogenic ophiolites and Lherzolites lherzolites (Rampone
et al, 1995); IBM: Mariana fore-arc peridotites (Parkinson and Pearce, 1998).
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meters (blue area) and 15 x 15 meters (yellow area) on the surface of the area, c) Map of the total magnetic field intensity in the study area.
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Figure 7- a) Map of the total magnetic field intensity with a 10-meter upwards continuation; b) Map of the total
magnetic field intensity with a 30-meter upwards continuation; ¢) Map of the total magnetic field intensity
with a 50-meter upwards continuation; d) Map of the total magnetic field intensity with a 70-meter upwards
continuation; e) Map of the total magnetic field intensity with a 100-meter upwards continuation; f) Map of
the total magnetic field intensity with a 150-meter upwards continuation; g) Map of the total magnetic field
intensity with a 200-meter upwards continuation; h) Map of the total magnetic field intensity with a 300-meter

upwards continuation in the study area.
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Figure 8-a) Map of rotation to pole magnetic; b) Map of rotation to pole with a 10-meter upwards continuation; ¢) Map of rotation to pole with

a 30-meter upwards continuation, d) Analytical signal map of the study area.
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