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1-Introduction

The Akhtachi iron ore deposit is located west of the Hamadan, in the northwest part of the Sanandaj-Sirjan
metamorphic zone. This zone was a main continental arc during the Mesozoic subduction of the Neo-Tethyan
Ocean beneath the Iranian plateau, and some vital iron mineralization was formed in the NW part of this zone
during the subduction phase (Ghalamghash et al., 2009, Mohajjel and Fergusson, 2014). Generally, primary iron
mineralization in the northwest part of the Sanandaj-Sirjan zone is divided into four classes including the
Triassic-Lower Jurassic deposits in the Sanandaj-Sirjan zone and Central Iranian microcontinent, Cretaceous
skarn and hydrothermal type deposits in the Hamedan region, Cretaceous Fe-Mn volcano-sedimentary deposits
with low Mn grade (38 wt%) and intermediary Fe grade (2050 wt%) and Fe-Mn ores related to Cretaceous
ophiolitic melange related to the Cretaceous ophiolitic melange at the southern edge of the Central Iranian
microcontinent (Nabatian et al., 2015). The proposed evolution model of iron mineralization in the Hamedan
region indicates the formation of iron ore minerals in the Jurassic rift basin, folding and metamorphism, the
intrusion of Eocene volcanism causing contact metamorphism and skarn-type mineralization in adjacent
carbonate rocks and finally development of shear zones and concentration of iron within this shear zone
(Nabatian et al., 2015). So, structural features as the shear zones and related fractures and fault structures have
the leading role in the concentration of iron in the Hamedan region. However, some researchers believe that
there is no relationship between the skarn-type mineralization and tectonics in the Hamedan region. This study
investigates the relationship between the mineralization and tectonics in the Akhtachi deposit using the
interpretation of satellite images with high spatial resolution, field observations, and magnetometric methods.

2-Methodology

In this study field observations, the magnetometric method (Karimpour et al., 2012; Kaviani Sadr et al., 2013)
and remote sensing have used to structural analysis, the relationship between the mineralization and tectonic and
role of structural elements in the mineral concentration of the Akhtachi deposit. Firstly, the Gaofen-2 satellite
images with 80 cm (panchromatic band) and 2.3 (multispectral bands) spatial resolutions were used to extract
lineaments. Then, strike and dip of the fault structures and fractures have been measured in field surveys.
Finally, according to the remote sensing and field studies, a network for the magnetometric surveys in the 1461
points of the study area was prepared, and magnetometric interpretation was combined with the results of
remote sensing analysis and field studies.

3- Results and discussion

By applying pan-sharp and high-pass filters on the panchromatic band of the Gaofen-2 satellite images and
integration with multispectral bands, Lineaments of the study area were carefully extracted. Results indicate that
there are two sets of linear structures with the NE-SW and NW-SE trends in the study area. Filed studies
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indicate that the NE-SW linear structures are consistent with the major fault, and NW-SE lineaments indicate
the same tend with the minor fault of the study area. Given the importance of magnetometric studies in the
identification of ore deposits (Butler and Sinha, 2012), a network for the magnetometric surveys were prepared
based on iron mineralization outcrops and fault density map after identifying the fault trends in the field
observation and remote sensing studies. Then, the total magnetic field intensity, residual field, the vertical
derivative of the magnetic field, upward extension at different elevations, rotate to pole maps were plotted on
the fault map of the study area. The dimensions and direction of the iron mineralization have been determined
with reversing modeling and construction of seven profiles on the residual magnetic field map. These profiles
indicate that iron vein-type mineralization has formed in some parts of the study area. Generally, these vein-type
iron mineralization in the Akhtachi deposit indicates the same trend as the study area's fractures. It seems that
mineralization is formed along with the existing fractures because of the linear trends evidence of mineralization
in magnetometric studies. In fact, by identifying fault structures in the study area and mapping the iron
mineralization, it was concluded that the iron ore had been concentrated in fault zones. So, it seems that after the
intrusion of the Eocene rocks and formation of the skarn-type iron mineralization in the adjacent carbonate
rocks, deformation pattern and major structures affecting the iron mineralization in the study area developed as
a shear zone and NW-SE and NE-SW trending faults. The minor NW-SE trending faults have the primary role
in the control and concentration of the iron mineralization in the study area. Field observation indicates that
these fault structures formed in the altered dioritic and meta-quartz rocks and N30W is the primary trend of
these minor faults.

4-Conclusion

Interpretation of high-resolution satellite images (Gaofen-2) and extraction of the lineaments indicate two sets
of NW-SW and NE-SW trend structures in the study area. Results of the magnetometric surveys and
construction of profiles on the residual magnetic field map indicate the formation of the vein-type iron
mineralization in the study area. The strike of these vein-type iron mineralization is entirely consistent with the
minor NW-SE trending faults of the study area. So, it seems fault structures have controlled iron mineralization
or concentration of iron ore.
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Fig. 6. The rotate to pole map of magnetic data.
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Fig. 7. Reverse modeling on profiles; (a) Al and (b) A2.
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Fig. 11. (a) The F1 fault in metamorphic diorite rocks, (b) The fault zone in the metamorphic diorite units and (c) The F1 and F2 fault with

NE-SW trend.

YAN



N

Y ojleds v 090 A9 ol 8ty GO b ey T 20,

| i [ S5
i 3,15 e slacSiw ;o FID o3 oS () w0asysF 5o slaca 900 ,0 Fla Jus @) -\Y Js
Fig. 12. (a) The F1a fault in metamorphic diorite rocks, (b) The F1b minor Fault in the metaquartz cinitis rocks.

Gl sl SiSs b, o i Gle sl &5 s, L 4 &S i
S S pslosiz - b led ol b ddlaie 1o 39250 (loolglas)
Sy dilaie o (ojlghs 3 Juf) bo Snsis oLl b &dly s .cuu
oles a5 035 Jolo azis cnl ol Jleyy LU (9)91,5 a2 4y 5 aslllas
IS 53 slaiel 5 55 ate HLslS LS slaaigy o ool le, bl
Wyl cdllae SLls NW-SE slaal slls (s ksle lo s L

Sy gl jole il g clogw; b ohals bls)ljshie 4

9 rmblise by, alme Slallbs Sl Aeghy oal S0 (Same eole
b el aius g0 lojlgale yglar asllas 1 g colatwl i )eo
0 NW-SE 3 NE-SW sl b (6 ksl sla Sl 3 o Jud)
g ey aSll S e 0,8 glulis adlas 950 0gusre
IS embline lae Gud sbhacdi ¢ Sl oriw jublice Olalllas
Olels)] ;o Vb 4 (A0S ombline lare @ Slitise woailedl Glawe
b LS a3 aslllae 3550 oogume gl b @y ol 5 5 il
slasl g ol oS siledoe 5 b Jlesl s, » Jeden ol
NW-SE slael b oz & j90 4 2l5 55 A, 5 ool slassgame
i ebline Sllllas 13 il IS (s slavis, & a5l o asia

g ools lis o9 4 |y La:é.......i..; ol s gl slacils p faizen
cloome) b bLs | o anllae 8,90 dibaie j3 (3lo Sl a5 WS o 0l

ol e unj PSSl (SR M sloagy, Jslas b oog
ol ALl ol s — oo a5l isu

P

Aghanabati, A., 1998. Major sedimentary and structural units of Iran (map). Geosciences 7, 29-30.

Aghanabati, A., 2005. Geology of Iran. Geological Survey of Iran (Persian book), Tehran, Iran, p. 538.

Alavi, M., 1991. Sedimentary and structural characteristics of the Paleo-Tethys remnants in northeastern Iran. Geological
Society of America Bulletin 103, 983-992.

Alipoor, R., 2009. Structural analysis and Structural and seismotectonic analysis of the main recent fault zone and its effect on
the Rudbar Lorestan dam site. MSc Thesis, University of Shahid Beheshti, Tehran.

Alipoor, R., Sadr, A.H., Amini, P., 2017. The analysis of the dynamics tectonic the Morvarid fault at main recent Fault using
remote sensing data and fractal analysis. Journal of New Finding in Applied Geololgy 11 (20), 125-138.

Bellott, A., Corpel, J., Million, R., 1991. Contribution of magnetic modelling to the discoveryof hidden massive sulfide body at
Hajar, Morocco. Geophysics 56(7), 983-991.

Billings, S.D., Pasion, C., Walker, S., 2006. Magnetic models of unexploded ordinance. IEEE Transactions on Geoscience and
Remote Sensing 44(8), 2115-2124.

Butler, S.L., Sinha, G., 2012. Forward modeling of applied geophysics methods using Comsol and comparison with analytical
and laboratory analog models. Computer and Geoscience 42, 168-176.

Carbone, D., Current, G., Del Negro, C., Ganci, G., Napoli, R., 2006. Inverse modeling in geophysical applications, VIlII
Conference SIMAI (Italian Society of Mathematics Applied to Industry), Baia Samuele (Ragusa), 22-26.

Daliran, F., Stosch, H.G., Williams, P., 2007. Multistage metasomatism and mineralization at hydrothermal Fe
oxideREEapatite deposits and ‘apatitites’ of the Bafq district, central-east Iran. In: Stanely C. J. eds. Digging Deeper,
15011504. Proceedings 9th Biennial SGA Meeting Dublin, Ireland.

Daliran, F., Stosch, H.G., Williams, P., 2010. Lower Cambrian iron oxideapatiteREE (U) deposits of the Bafq district, east -
Central Iran. In: Corriveau, L., Mumin, A.H. eds. exploring for iron oxide coppergold deposits. Canada and global
analogues, p. 147159. Geological Society of Canada Short Course Notes 20. St. John’s, Newfoundland Canada.

Eshragi, S.A., 2001. Geological map of tuyserkan sheet, scale (1/100.000). Geological survey of Iran.

Fatehi, M., Norouzi, G.H., Asghari, O., Hajiei, F., 2013. The 3D modeling of magnetic anomaly of Morvarid Zanjan deposit
and method validation by using drilling data. Iranian Journal of Geophysics 8(2), 56-69.

Ghasemi, A., Talbot, C.J., 2006. A new tectonic scenario for the Sanandaj—Sirjan Zone, Iran. Journal of Asian Earth Sciences
26, 683-693.

YAY



N

Y oo,led Ve oyg0 A olials Wi @3 )5 (olid ey T s
[V

Ghiasvand, A.R., Karimpour, M.H., Haydarian Shahri, M.R., Malekzadeh Shafaroudi, A., 2016. The mineralization and
terrestrial magnetometry, in order to explore mineral deposits and determination of deep mineralization expansion in the
Nishapur mines of turquoise (Neyshabur) area, Khorasan Razavi Province. Journal of Advanced Applied Geology,
Shahid Chamran university of Ahvaz 20, 86-103.

Ghorbani, M., 1993. Metallogeny of Iran iron deposits. Unpublished Internal Report, Shahid Beheshty University, Tehran,
Iran.

Guo, 2.Y., Liu, D.J., Chen, Z., 2012. Modeling on ground magnetic anomaly detection of underground ferromagnetic metal
pipeline. International Conference on Pipelines and Trenchless Technology, China, Beijing, p.1011-1024.

Hashim, M., Ahmad, S., Md Johari, M. A., Beiravand Pour, A., 2013. Automatic lineament extraction in a heavily vegetated
region using Landsat Enhanced Thematic Mapper (ETM+) imagery: Advances in Space Research 51, 874-890.

Izadi kiyan, L., 2004. Structural and pertrophabric analysis of the Almabolagh region (west of Hamedan). MSc Thesis,
University of Tarbiat Modares, Tehran.

Kar, A., 1994. Lineament control on channel behavior during the 1990 flood in the south- eastern Thar Desert. International
Journal of Remote Sensing 15, 2521-2530.

Karimpour, M., 1989. Applied Economic Geology. Javid Publication, Mashhad, Iran, p. 404.

Kavyani sadr, K.H., Khatib, M.M., Zarrinkoub. M.H., 2013. The relationship of structural status with mineralization based on
aeromagnetic data, Satellite and field studies of Cheshmeh Khouri Mining Area (NW of Birjand). Journal of Advanced
Applied Geology 3(9), 54-62.

Kearey, P., Brooks, M., Hill, 1., 2002. An Introduction to Geophysical Exploration, 3rd Edition, Blackwell Science Ltd.

Maanijou, M., 2002. Proterozoic metallogeny of Iran. In: International Symposium of Metallogeny of Precambrian Shields, p.
2.13. Kyiv, Ukraine.

Marghany, M., Hashim, M., 2010. Lineament mapping using multispectral remote sensing satellite data. International Journal
of the Physical Sciences 5 (10), 1501-1507.

Masoud, A., Koike, K., 2006. Tectonic architecture through Landsat-7 ETM+/SRTM DEM-derived lineaments and
relationship to the hydrogeologic setting in Siwa region, NW Egypt. Journal of African Earth Science 45, 467-477.

Masoumi, A., Ansari, H., Aslani, E., 2017. A study on inverse modelling of magnetic data for Korkora 1, Shahrak iron mine in
Kurdistan Province. Journal of Mineral Resources Engineering 2(1), 37-47.

Mazaheri, S.A., Andrew, A.S., Chenhall, B.E. 1994. Petrological studies of Sangan iron ore deposit. Center for isotope studies,
Research Report, Sydney, Australia 48-52.

Mohajjel, M., Fergusson, C.L., 2000. Dextral transpression in Late Cretaceous continental collision, Sanandaj—Sirjan Zone,
western Iran. Journal of Structural Geology 22, 1125-1139.

Mohajjel, M., Fergusson, C. L., 2014. Jurassic to Cenozoic tectonics of the zagros orogen in northwestern Iran. International
Geology Review 56 (3), 263-287.

Nabatian, G.h., Rastad, E., Neubauer, M., Honarmand, M., Ghaderi, M., 2015. Iron and Fe - Mn mineralization in Iran:
implication for Tethyan metallogeny. Australian Jurnal of Earth Sciences 62, 211-241.

Namaki, L., Gholami, A., Hafizi, M.A., 2011. Edge-preserved 2-D inversion of magnetic data: an application to the Makran
arc-trench complex. Geophysical Journal International 184, 1058-1068.

Parker, R.L., Huestis, S.P., 1974. The inversion of magnetic anomalies in the presence of topography. Journal of Geophysical
Research 79, 1587-1593.

Paterson, N.R., Reeves, C.V., 1985. Applications of gravity and magnetic surveys: The state-of-the-art in 1985. Geophysics 50,
2558 2594.

Philip, G., 1996. Landsat Thematic Mapper data analysis for Quaternary tectonics in parts of the Doon Valley, NW Himalaya,
India: International Journal of Remote Sensing 17, 143-153.

Rolet, J., Ye’sou, H., Besnus, Y., 1995. Satellite image analysis of circular anomalies and fracturing networks in the
Armorican Massif, France. Mapping Science and Remote Sensing 32, 21-43.

Sabins, F.F., 1999. Remote sensing for mineral exploration. Ore Geology Reviews 14, 157-183.

Safaei, S., Farahmandian, M., Afshari, S., Kianporian, S., 2016. Exploration of Songhor iron ore deposit using satellite and
magnetometric data, the 34th National and the 2nd International Geosciences Congress, Tehran, Iran.

Sarkarinejad, K., Godin, L., Faghih, A., 2009. Kinematic vorticity flow analysis and 40Ar/39Ar geochronology related to
inclined extrusion of the HP—LT meta-morphic rocks along the Zagros accretionary prism, Iran. Journal of Structural
Geology 31, 691-706.

Scales, J.A., Snieder, R., 2000. The anatomy of inverse problems. Journal of Geophysics 65(6), 1708 -1710.

Sharma, P.V., 1997. Environmental and Engineering Geophysics, Cambridge University Press.

Shupe, S.M., Akhavi, M.S., 1989. Integration of remotely sensed and GIS data for mineral exploration: Halifax Pluton area,
Nova Scotia, Canada. Geocarto International 4-3, 49-54.

Sirvastav, S.K., Bhattacharya, A., Kamaraju, M.V.V., Sreenivasa Reddy, G., Shrimal, A.K., Mehta, D.S., List, F.K., Burger,
H., 2000. Remote sensing and GIS for locating favourable zones of lead-zinc-copper mineralization in Rajpura-Dariba
area, Rajasthan, India. International Journal of Remote sensing 21(17), 3253-3267.

Tibaldi, A., Ferrari, L., 1991. Multisource remotely sensed data, field checks and seismicity for the definition of active
tectonics in Ecuadorian Andes. International Journal of Remote Sensing 12, 2343-2358.

© 2020 Shahid Chamran University of Ahvaz, Ahvaz, Iran. This article is an open access article distributed under the terms and
conditions of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).



