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1-Introduction

The Sanandaj-Sirjan zone is the most active zone in Iran from the tectonic point of view. The most crucial
deformation and transformation event that affected Sanandaj-Sirjan is related to the closing of the Neotethys
Ocean and related orogenic processes, which took place during the Mesozoic era. The studies and
examination of the structures in this region have a particular complexity, indicating several ductile and
brittle-ductile metamorphic phases (Mohajjel et al., 2003). During orogenic processes, orogenic gold

deposits are formed, an essential and economical type of gold mineralization (Groves et al., 2003). These
deposits occur in metamorphic belts (Bierlein and Growe, 2000; Grow, 2000; Goldfarb et al., 2001).
Considering the geodynamic tectonic position of the active continental margin of the Sanandaj-Sirjan zone,
it can be expected that gold mineralization of the orogenic type occurred in most parts of this zone (Aliyari
et al., 2012; Niromand et al., 2011). Several orogenic gold deposits have been introduced in this area
(Rashidnejad-Omran et al., 2001; Kouhestani et al., 2006; Abdollahi et al., 2009; Asadi et al., 2018).

Essential geological units from old to new include black slates, phyllites, mica schists, and
metamorphosed greywacke sandstones with shale and talc schist interlayers. On the other hand, there are
limited outcrops of dolomite limestone in the vicinity of the mineralized zone in the southwest. The outcrop
rock units in the area, which are medium to low metamorphosed greenschist facies, include a collection of
calc schist, phyllite, schist, metamorphic sandstone, and sometimes metamorphosed volcanic rocks. The
age of these units is attributed to the Late Paleozoic to Jurassic periods. An essential mineralized silica zone
is located in the west and southwest of the Hassan Abad area. In the range of stone sequences, under the
influence of several metamorphic phases, they lose their original order and show new fabrics. The type and
intensity of deformation are not the same, but different types of deformations are observed in the region as
shear zones, from ductile to brittle to brittle. Gold and tungsten mineralized during the transition from
ductile to brittle and brittle shear zones. Gold mineralization in the transition zones from malleable to brittle
has a lens-shaped geometry in the direction of slope and extension. The empty spaces that were formed
during the deformation and mylonitization process along with the foliation, as well as the micro-fractures
in the porphyroclasts that were created during the cataclastic flow of the crystals, both by quartz and sulfide
minerals of the hydrothermal stage. They are filled at the same time.

The interesting point is that gold grade changes are closely related to metamorphosis. This relationship
is determined by the results of the chemical analysis of the samples taken from the trenches and surface
samples that were dug perpendicular to the trend of the rock units so that the high grades of gold are strongly
deformed into siliceous and sulfide parts. (mylonite and cataclasite) belong. The mineralogy of the mineral
includes pyrite, arsenopyrite, galena, sphalerite, chalcopyrite, and pyrrhotite. Based on the studies, the
fabrics determining the cutting direction in this range include sigma-type porphyroclasts and Z-shaped
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folds. The Z-shaped porphyroclasts observed in the ore units have a core zone of quartz or orthoclase, are
well visible on a macroscopic scale, and represent a left-handed shear movement.

2-Material and methods

The presence of sulfide minerals with low specific resistance and high electrical chargeability next to the
siliceous areas associated with gold and silver mineralization, which have high specific resistance and lower
electrical chargeability, provides enough contrast to using specific resistance and induced polarization (IP)
methods. In the last few decades, extensive studies have been conducted on geophysical methods
(magnetometry, specific electrical resistance, and IP) in the search for gold deposits.

3-Results and discussions

The present study investigates the geophysical data collected in the Hasan Abad gold field. This study aims
to identify areas with mineral potential with the help of the results obtained from geophysical data and to
determine the points related to mineralization using two-dimensional and three-dimensional inverse
modeling of geophysical data. In this regard, after the inversion of magnetic data, specific resistance, and
induced polarization, the spatial relationship between gold mineralization and changes in magnetic
susceptibility, specific resistance, and electrical chargeability is investigated. Then, the spatial relationship
between gold mineralization and changes in the mentioned geophysical quantities is shown by comparing
the mentioned models with the geological information and the results of geochemical analysis of the
boreholes in the area. To cover the Hassan Abad area, 66 profiles with northeast-southwest direction (N39E)
with a data collection grid of 25 x 50 meters were selected as identification, and the extension of profiles
was selected as northeast-southwest and all measurements It has been taken on profiles in this direction. At
the time of harvesting, the intensity of the reference magnetic field (IGRF) in the studied area is 47386
nanotesla. Figure 4(a,b) shows the magnetic field intensity map of the region before and after applying
daily corrections and removing the geomagnetic reference field. In addition to the magnetometer survey,
the IP/RS survey was conducted in the Hasanabad area of 5 profiles. The samples were taken with a polar-
dipole array for one profile with an electrode distance of 20 meters to a depth of 50 meters and a bipolar-
dipole array for four profiles with electrode distances of 10 and 20 meters to a depth of about 40 meters.
Although by applying the usual processing on the magnetic data, it is possible to find out the location of
the magnetic masses or roughly estimate the depth of the magnetic sources with Euler's mixing method, the
precise determination of the shape and depth of the magnetic self-susceptibility masses The above requires
doing inverse modeling of the data. In other geophysical methods, such as electrical resistivity and induced
polarization, determining inhomogeneity shape and depth is only possible by performing inverse data
modeling. In order to invert the magnetic data, Mag3D 4.0 software was used. Lee and Aldenberg provide
the inverse modeling method used in this software. In this modeling, the model range is divided into m
grids (mesh) of rectangular cubes, then the constant magnetization value is calculated for each grid. Because
the measured data usually has some noise, the primary purpose of data inversion is to obtain a suitable
model using this noise data. In order to invert the data using this algorithm, it is first necessary to introduce
the estimated amount of noise in the data to the software.

For this purpose, it is assumed that the variance in the data has a Gaussian distribution. The possible
error of each data is determined according to the standard deviation of Gaussian distribution. In the
inversion of magnetic data in the Hasan Abad area, the Gaussian coefficient equal to the standard deviation
of one percent (1%) plus one nanotesla was allocated. Then, the modeling area was divided into grids with
dimensions of 15x30x30 meters and a maximum magnetization value of 0.003, and the minimum value of
zero was added to the model as a constraint. It should be noted that the maximum magnetization value of
the range of anomalies SI 0.004 has been obtained, but for better representation in the modeling, the
maximum value SI 0.03 has been considered. Then, three-dimensional inversion was performed on the
magnetic data of the Hassan Abad area. According to the maximum value of magnetization obtained in
modeling and comparison with the geological map and the value of schist magnetization, the detected
anomaly may be due to the presence of schists in the study area.
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4-Conclusion

By comparing the results of the vertical sections of the inverse modeling of the magnetic data with the
vertical sections of the inverse modeling of the specific resistance and induced polarization along 5 IP/RS
profiles, the border of extreme changes in magnetic susceptibility was associated with low specific
resistance and high chargeability. It makes mineralization possible in these areas. The comparison of the
results of the inversion modeling of the magnetic data with the geochemical analyses of the exploratory
boreholes dug in the region showed that during the changes in the magnetic susceptibility, the gold and
copper grades increased strongly, generally according to the raw data of the harvest. The load capacity in
the Hasan Abad area is high and has reached a maximum of about 80 mV/V. Therefore, the probability of
sulfide mineralization percentage in the Hassan Abad area will be very high. In the modeled sections, the
specific resistance has been recognized, as well as the faults, and since the mineralization in these areas is
veined and located in the fault zone, most of the anomalies located in the fault zone have been noticed in
the excavations. Some of the anomalies are located in areas with high specific resistance, some of which
are related to the formation effect, and some of which are seen as dykes in the sections and may be related
to silica veins in which there is a possibility of gold mineralization. Some of the anomalies that show a
large extent in the sections are also probably related to the construction effect.
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Fig 5. Location map and interpretation of the position of profiles, measurement points and the results of the
interpretations, including the ranges of anomalies, hembries, faults and the location of the proposed exploratory

excavations
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Fig 6. (a) The map of changes in the field intensity of the entire Hassan Abad area, and (b) The map of the magnetic field
intensity of the entire Hassan Abad area after applying daily corrections and removing IGRF.
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Fig 7. Regional magnetic field intensity map by continuing beyond to a height of (a) fifty meters, (b) hundred meters, (c)
one hundred and fifty meters, (d) map of return to the pole (RTP), and (e) Depth estimation map of spherical magnetic
sources using Euler integration on the displayed data.
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Table 1. Characteristics of profiles collected in Hassan Abad area

Profile name Azimuth (degrees) Length (m) Coordinates (UTM)
First The end
HAO01 38 540 415285- 3694371 415626- 3694791
HAO05 221 300 414048- 3693090 414248- 3693312
HAQ06 225 300 413894- 3693232 414109- 3693439
HAOQ7 229 300 413798- 3693525 414023- 3693713
HAOQ8 223 300 413488- 3693675 413699- 3693893
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Table 2. Number of points collected in Hassan Abad area.

profile number array Harvest

Electrode spacing

of data retrieved The number

HAO01 bipolar - Polar 20

HAOQ5 bipolar - bipolar 10-20
HAO06 bipolar - bipolar 10-20
HAQ7 bipolar - bipolar 10-20
HAO08 bipolar - bipolar 10-20

total
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Fig 8. Location of IP/RS stations (red circles) of Hassan abad area on the satellite image.
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Fig 9. Trade-off curve; It shows the relationship between the model and the error length (Oldenburg and Pratt, 2007)
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Fig 10. (a) A view of the condition of drilled boreholes in the data mine environment, and (b,c) 3D model of Hassan

Abad gold mine with kriging estimation.
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Table 3. Evaluation of reserve zone number 1 in the definite category by Kriging method.

Limit value (ppb) 500 (ppb) 1000(ppb)
Average rate (ppb) 1644/031 2267/384
Tonnage (ton) 2,696,595 1,887,696
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Fig 11. Modeling sections on the residual field intensity map.
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Fig 12. The upper level of modeling at heights of (a) 2800 meters, (b) 2750 meters, (c) 2700 meters, and (d) 2600 meters.
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Fig 13. (a) A vertical section of the modeling along the AA profile, looking north, (b) A vertical section of the modeling

along the BB profile, looking north, (c) A vertical section of the modeling along the CC profile, looking north, and (d) A
vertical section of the modeling along the DD profile, looking north.
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Fig 14. (a) A view of the combined RC and core drilling in the Hassan Abad range (view to the south), and (b) The
location of the core drilling points on the mineralized zones of the western part of the Hassan Abad range (view towards

the southwest).
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Fig 15. (a) Models resulting from two-dimensional inversion of specific resistance data (top) and inducedpolarization
(bottom) with topographical correction applied on HAOL profile, and (b) Models resulting from two-dimensional
inversion of specific resistance data (top) and induced polarization (bottom) with topographical correction applied on
HAO5 profile.
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Fig 16. (a) Models resulting from two-dimensional inversion of specific resistance data (top) and induced polarization
(bottom) with topographical correction applied on HA05 and HAO6 profiles, and (b) Models resulting from two

dimensional inversion of specific resistance data (top) and induced polarization (bottom) with topographical correction
applied on HA07 and HAO8 profiles.
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