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Fig. 1. Location and road map of Kalateh Naser prospecting area
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Table 1. Properties of Proton Magnetometer using in magnetic survey in Kalateh Naser prospecting areca

Sensitivity <0.1nT@ 1Hz
Resolution 0.01InT
Absolute Accuracy InT
Dynamic range 10.000- 12000nT
Gradient Tolerance Over 7000nT/M
Sampling Rate Reading per 3 to 60 sec

Operating Temperature -40°C to +60°C
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Fig. 2. Variation of total magnetic intensity in the reference’s station in Kalateh Naser prospecting area
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Fig. 3. Geological map of Kalateh Naser prospecting area
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Fig. 4. Photomicrographs (XPL) of A and B: Crystalline limestone and marble, C: Hornblende quartz monzonite, D:
Hornblende biotite granodiorite, E: Basalt, and F: Andesite. (Hbl = Hornblende, Qtz=Quartz, Cal=Calcite,
Plag=Plagioclase, Ol=Olivine) (Abbreviations from Siivola and Schmid, 2007)
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Fig. 5. The Portrait of Kalateh Naser prospecting area showing different rock units outcrops (view to the east-

southeastward)
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Fig. 6. The Portraits of Iron mineralization in Kalateh Naser prospecting area (Top: view to the north-northeastward.

Down: view to the southeastward)
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Table 2. Major element concentrations (in wt. %) of ore samples from Kalateh Naser prospecting area

Oxide TiO, MnO P,0s Fe,O; SO;  Oxide TiO, MnO P,0s Fe,0; SO;
SN-21 0.04 046 0.02 63.90 021 NA-B1202 0.10 027 0.15 8451 1.26
SN-24 0.02 050 0.03 46.70  3.58 NA-B1302 0.08 039 0.02 56.75 3.64
SN-4 0.04 0.14 0.002 96.01 0.10 NA-B202 0.54 039 028 32.85 4.96
SN-5 0.07 030 0.014 8435 0.01 NA-B302 047 047 025 4031 2.64
SN-6 0.05 0.10 0445 9352 044 NA-B3250 036 021  0.18 58.09 2.46
SN-7 0.03 0.18 0.002 96.02 0.002 NA-B502 039 0.16 020 3127 1.92
SN-8 032 0.16 0.001 9456 0.001 NA-B802 022 0.13 0.07 7920 2.12
NA-B10253 047 022 0.24 4726 2.5 NA-B902 0.16 0.08 0.13 71.04 4.86
NA-B1102 0.12 022 0.17 80.66  0.89 NA-B11022 0.20 0.12 0.25 62.53 8.21
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Table 3. Trace element concentrations (in ppm) of ore samples from Kalateh Naser prospecting area

Element Cu Fe Mn P S Ti V
SN-20 2369 157737 5 10 50 133 60
SN-21 1318 265693 2087 56 35637 199 210
SN-22 296 41364 3065 48 795 4744 112
SN-23 293 257347 2077 961 936 67 45
SN-24 1228 213059 1860 58 4150 202 95
SN-25 557 265997 3110 39 12913 682 74
SN-26 333 263613 1085 103 4301 89 55
SN-27 332 241070 1870 47 1399 186 86
SN-28 215 250695 1086 79 25796 166 47
SN-29 11 10247 949 61 11557 93 3
NA-B1402 7405 126032 4492 218 43697 2458 65
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Fig. 7. Geochemical distribution of A: Fe, and B: Cu in Kalateh Naser area
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Fig. 8. Geochemical distribution of A: Ti, and B: P in Kalateh Naser area
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Table 4. Magnetic susceptibility of different rocks from Kalateh Naser area

Rock Type Magnetic Susceptibility
Crystalline limestone 50%107

Marble 9%107

Fe Skarn 34000%10°
Biotite Granodiorite, 5
Hornblende quartz monzonite 900-1870%10
Diabase-Basalt 16200*10°

Diorite-Gabbro

3000-4400%107
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1. First Vertical Derivative Map

A: Reduced to pole magnetic map of Kalateh Naser area, and B: Analytic signal map of Kalateh Naser area.
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Fig. 12. A: First vertical derivative map, and B: Ten meter upward continuation map of Kalateh Naser area

1. Upward Continuation Map
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Introduction

Ground magnetometer surveys is one of the oldest
geophysical exploration methods used in
identifying ~ iron  reserves.  The  correct
interpretation of ground magnetic surveys, along
with geological and geochemical data will not
only reduce costs but also to indicate the location,
depth and dimensions of the hidden reserves of
iron (Robinson and Coruh, 2005; Calagari, 1992).
Kalateh Naser prospecting area is located at 33°
19 to 33° 19 42" latitude and 60° 0' to 60° 9 35"
longitude in the western side of the central
Ahangaran mountain range, eastern Iran (Fig.1).
Based on primary field evidences, limited
outcrops of magnetite mineralization were
observed and upon conducting ground magnetic
survey, evidence for large Iron ore deposits were
detected (Saadat, 2014). This paper presents the
geological and geochemical studies and the results
of magnetic measurements in the area of interest
and its applicability in exploration of other
potential Iron deposits in the neighboring areas.

Materials and methods

To better understand the geological units of the
area, samples were taken and thin sections were
studied. Geochemical studies were conducted
through XRF and ICP-Ms and wet chemistry
analysis. The ground magnetic survey was
designed to take measurements from grids of 20
meter apart lines and 10 meter apart points along
the north-south trend. 2000 points were measured
during a 6-day field work by expert geophysicists.
Records were made by Canadian manufactured
product Magnetometer Proton GSM19T (Fig. 2).
Properties of Proton Magnetometer using in
magnetic survey in Kalateh Naser prospecting

area is shown in Table 1. Total magnetic intensity
map, reduced to pole magnetic map, analytic
single map, first vertical derivative map and
upward continuation map have been prepared for
this area.

Results

The most significant rock units in the area are
cretaceous carbonate rocks (Fig. 3). The unit turns
to shale and thin bedded limestone in the central
part and into red and white crystalline limestone
towards the west, which sometimes can be
referred as marble and skarn (Figs. 4, 5 and 6;
Saadat, 2014). Iron mineralization is mostly
observed in these units. Acidic to intermediate
intrusive bodies consisting hornblende quartz
monzonite, biotite granodiorite, pyroxene quartz
diorite have outcrops in the north and
northwestern part of the area (Fig. 3). Outcrops
from andesite to dacite volcanic rocks in
combination with ultra-mafic rocks can be seen in
the southern part of the region.

The geochemical results indicated F,O; value
range of %31 to %96. P,0s of maximum %0.45
was observed and TiO, varied from %0.02 to
%0.54 (Tables 2 and 3 and Figs 7, 8 and 9). The
highest values of iron and copper are found in the
northern part, titanium and phosphorus are located
in the southern part and manganese and vanadium
are placed in the central sector. According to the
obtained  results, the  highest = magnetic
susceptibility was associated with the skarn units
and was measured at 34000*10° SI which is
related to the mineralization of Iron in the area.
Magnetic susceptibility of limestone crystalline
units were close to 50*10° SI and marble was less
than 10* 10®° SI which highlights the influence of
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iron mineralization in the carbonates rocks. This
value was around 80*10° SI for intrusive rocks
such as hornblende quartz monzonite in the area
(Table 4). Ground magnetic studies suggest
minimum of 40000 nT and maximum of 70000
nT total magnetic intensity in the area (Fig. 10-A,;
Ryahei, 2013). Utilizing the Reduced to Pole
Magnetic Filter is to locate the anomalies in the
study area (Fig. 11-A). Since magnetic declination
causes a degree of deviation between the source
and magnetic anomalies, the said filter is applied
to magnetic data and ultimately, analysis is done
based on the magnetic data transferred to the pole
(Nakatsuka and Okuma, 2006; Clark, 1997). The
results of reduce to pole magnetic map for this
area Yielded three large and two small magnetic
anomalies (Figs 12-A and 12-B). The upward
continuation maps were taken with 5m, 10m,
20m, 30m, 40m, and 50m. Smaller anomalies tend
to disappear more comparing the 5m to 20m
continuation  maps  respectively, and a
homogenous large anomaly starts to form in the
50m map (Fig. 13). Large and clear anomalies
continue to be present in the 50m continuation
map and only two smaller anomalies are
disappeared from the west of the area (Ryahei,
2013).

Discussion
The results of geological, geochemical and
magnetic susceptibility measurements indicate

that magnetic anomalies in the Kalate-Naser area
is related to the iron mineralization in this area.
Lower amount of magnetic susceptibility in
intrusive mass outcrops also indicate that these
intrusive rocks did not play the main role in iron
mineralization and were in fact have been weakly
altered. It can only be concluded that the intrusive
mass that led to mineralization sits beneath, at a
higher depth.

The initial geophysical survey results are closely
comparable to the powder drilling trials that
confirm magnetite mineralization to the named

depth (Saadat, 2014). Thus far, 1.5 Million ton of
Iron ore deposits have been confirmed in the area
and exploration continues during production. The
obtained results once again highlight the
importance of ground magnetic surveys that
combined with other exploration methods can
reduce costs, increase efficiency and simplify the
exploration process. Methodology and results of
the magnetic measurements conducted in Kalateh
Naser can help to better understand the magnetite
bodies in the neighboring areas.
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