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Variofractal Analysis of Geo-Electric Profiles , Kushke Bahram Copper Deposit
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Fig. 1. Flowchart of vario fractal analysis of geoelectric surface sections in Kushk-e-Bahram Cu deposit
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Fig. 2. The location of the Kushk-e-Bahram Cu deposit and other Cu and Fe deposits within simplified regional geologic

map of NE Saveh (Amidi et al., 2006)
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Fig. 3. Microphotographs of primary and secondary ore minerals in the Kushk-e-Bahram Cu deposit (XPL), A:
chalcopyrite vein, B: anhedral to subhedral pyrite, C: fine-grained bornite and chalcopyrite crystals with chalcocite, and
D: Bornite crystals. Abbreviations after Whitney and Evans (2010) (Bn: Bornite, Py: pyrite, Ccp: Chalcopyrite, Cct:

Chalcocite).
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Fig. 4. Profiles location on geological map of Kushk-e-Bahram Cu deposit
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Table 1. Databases of profiles in the Kushk-e-Bahram Cu Deposit

Profile Profile Number of EI_e ctrode Step length
name length measuring points distance (m)
(m) (m)
Pl 1000 1105 10 10
P2 1000 305 10 10
P3 370 213 10 10

Mandelbrot, 1983; Afzal et al., 2018, Afzal et ) .
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Table 2. Variance-Distance function quantities in exchange for induced polarization along P1 and P2 profiles in the

Kushk-e-Bahram Cu deposit

Area IP IP Log Log Differential ~ Popular

NO m2y v "V it (var)  (Dist) FD Fp  Remarks
1 241000 409 156894 26727 3.0 2.43 3.88 388  Stochastic
2 214700 843 124350 25171  3.09 2.40 0.63

3 98500 12.67 96294 16734  2.98 2.2 0.87

4 37800 1788 66644 10972  2.82 2.04 0.66 077  Pre Linear
5 15900 2235 45556 6139 266 1.79 0.94

6 6100 2745 26386 3430 242 1.54 1.02

7 2200 3246 12625 1670  2.10 1.22 1.38

148 Post

8 800 3803 3215  6.19 1.51 0.79 1.90 Linear
9 300 4370 0.00 0.00 0.00 0.00 nd nd nd
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Table 3. Variance-Distance function quantities in exchange for induced polarization along P3 profile in the Kushk-e-
Bahram Cu deposit

Area IP IP IP Log Log Differential Popular
NO 'm2) (mv) var. Dist  (var)  (Dist) FD FD Remarks
1 21125 223 24412 69.09 2.39 1.84 39.51
2 20825 464 17451 6851 2.4 1.84 6.08 9.66 Chaotic
319325 632 133.07 6552 2.12 1.82 276
4 16925 799 97.19  73.42 1.99 1.87 1.08 1.08 Linear
5 12625 979 6495 5048 1.81 1.70 2.06
2.06 Brownian
6 8425 11.69 3792 3887 1.58 1.59 1.32
7 4525 1325 2117 25.03 1.33 1.40 1.47
147 Post
8 1725 1542 590  10.51 0.77 1.02 1.40 Linear
9 525 17.85 000  0.00 0.00 0.00 nd
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Fig. 8. A: Variance — Distance diagram in exchange for induced polarization changes along the profiles land 2 in the

Kushk-e-Bahram Cu deposit, and B: Variance — Distance diagram in exchange for induced polarization changes along
the profile 3 in the Kushk-e-Bahram Cu deposit
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Table 4. Variance-Distance function quantities in exchange for electrical resistivity changes along P1 and P2 profiles in

the Kushk-e-Bahram Cu deposit

Area RS RS

Log

Log Differential Popular

NO m2)  (ohmm) RSV it (var) (Dist) FD Fp  Remarks
1 241200 48.7387 43910728 265.87  5.64 2.42 0.48
2 98300 119.3400 350523.68 165.65  5.54 2.22 0.36
0.48
3 24200 196.8957 264704.80 76.50  5.42 1.88 0.78 Pre
Linear
4 7300 2814316 18486457 4822 527 1.68 0.71
5 4600 3612331 122610.13 2699  5.09 1.43 1.17 0.89
6 2600  439.4802 7393516 1749 487 1.24 2.87
2.87 Brownian
7 1800  540.5623 2918224  12.66  4.47 1.10 1.82
8 1000 617.5112  8813.30 6.56  3.95 0.82 4.83 1.82 Post
Linear
9 400  711.3904 0.00 0.00  0.00 0.00 nd
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Table 5. Variance-Distance function quantities in exchange for electrical resistivity changes along P3 profile in the

Kushk-e-Bahram Cu deposit

Area RS RS Log Log Differential Popular
NO m2)  (ohmm) RSV8 it (var)  (Dist) FD o Remarks
1 21100 2411 1095032 67.04  4.04 1.83 5.50
2 19500  37.16 8389.15 6387  3.92 1.81 2.69 337  Stochastic
3 16200 5034 614890 5690  3.79 1.76 21.90
4 9900 60.90 4604.12 5615  3.66 1.75 0.40 040  Pre Linear
5 4300 72.41 3175.13 2207 3.50 1.34 1.51
6 2900 85.68 1855.09 1546  3.27 1.19 2.02 1.79 Near
Brownian
7 2000  100.17 817.25 1031 291 1.01 1.22
8 1200 11126 306.04 462 249 0.66 3.74 1.22 Linear
9 700 128.76 0.00 0.00  0.00 0.00 nd
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Fig. 9. A: Variance — Distance diagram in exchange for electrical resistivity changes along the profiles land 2 in the
Kushk-e-Bahram Cu deposit, and B: Variance — Distance diagram in exchange for electrical resistivity changes along the

profile 3 in the Kushk-e-Bahram Cu deposit
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Table 6. Variance-Distance function quantities in exchange for electrical self-potential changes along P1 and P2 profiles

in the Kushk-e-Bahram Cu deposit

NO '(A‘n:ezf)i SP(mv) SPVar. Dsi;_ (\';;’?_) (éi‘;%_) D'fff:rg”“a' Pogg'ar Remarks
1 238800 -482.98 88388522 263.15 595 242 40.29

2 235900 -369.21 68291333 26147 583 242 33.47 36.07  Chaotic
3 231800 -251.39 502058.97 259.08 570 2.4l -20.59

4 218800 -127.32 34163826 26397 553 242 272 272 Brownian
5 176000 -10.87 219067.71 224.13 534 235 1.38 ,

6 88600  93.58 13220140 15536 512 2.19 1.10 L1 Linear
7 25700 208.64 61771.04 7785 479  1.89 1.71 . Near
8 7100 331.89 1569598 3493 420  1.54 272 ‘ Brownian
9 500  457.18 0.00 0.00 000 0.0 nd
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Fig. 10. Electrical self- potential changes along P1 and P2 profiles in the Kushk-e-Bahram Cu deposit
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Fig. 11. Exploratory priorities along P1 and P2 profiles in the Kushk-e-Bahram Cu deposit, Based on the Brownian

distribution surface of geoelectric data (Resistivity has a Brownian distribution, self- potential has a near distribution to
Brownian surface and inductive polarization has a linear distribution).
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Fig. 12. Exploratory priorities in P3 profile in the Kushk-e-Bahram Cu deposit, based on the Brownian distribution surface
of geoelectric data (Inductive polarization has a Brownian distribution and Resistivity has has a near distribution to

Brownian surface).
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Introduction

The Kushk-e-Bahram Manto type copper deposit is
located in the central Iran zone and is Uremia-
Dokhtar Magmatic Arc (UDMA) belt which
includes copper porphyry deposits and related
mineralization types, including the Manto type
copper deposits (Jebeli et al., 2018a, b). Based on
the type of mineralization and the presence of
sulfides, high electrical conductivity (low electrical
resistivity) can be detect in this deposit such as the
Manto type deposits (Mehrnia, 2013., Mehrnia,
2016., Teymoorian Motlagh et al., 2012). On the
other hand, Induced Polarization (1P) and electrical
resistivity (RS) were used in the Kushk-e-Bahram
deposit.

Material and Methods

The relationship between geoelectrical parameters
and the mineralization process were recognized in
geophysical assessments of the Kushk-e-Bahram
de posit. It is necessary to obtain information about
the shape and distribution of the orebody.
According to exploratory data of the Kushk-e-
Bahram deposit (Jebeli et al., 2018a, b), Cu
mineralization has been extended. Therefore, the
location and number of geoelectrical profiles were
selected, based on previous studies which was
generated in the ArcGI S software. The exchanges
inthe RS and I P values were measured, along three
profiles (P1, P2, P3) and Dipole-Dipole
arrangement with electrode distance of 10 meters.
The device type used is WDJD-3 and 1620 harvest
pointswere surveyed. | P-RS profiles with azimuth

30 to 40 degrees were used in order to identify
mineralization areas based on the highest
variability of conductivity and load-bearing
properties. Moreover, they were designed and
surveyed perpendicular to the mineralization
process of the area. Considerations were taken into
account based on the location of trenches and the
mineralization sequence of thisarea. The P1 and P2
profiles with an approximate length of one
kilometer and P3 profile with an approximate
length of 370 m were designed and harvested under
a 30 degree azimuth.

Results and Discussion

In this research study, a number of geoelectrical
sections were selected and their surface changesin
a two-dimensional environment were refined and
internalized by the algorithm used in the
diffraction-distance distribution function.
According to the position of P1 and P2 profiles, all
three quantities of RS, IP and self-Potential have
been interpolated to match the alteration zones and
faults of the study area in the P3. The quantity of
Spontaneous Potential (SP) is not measured and it
just suffices to internalize specific electrica
changes and IP and their conformity with the
effects of alteration and faults in the region.
Interpolation of geo-electrical data by the inverse
distance weighting estimation method and nearest
neighborhood algorithms were carried out
(Mehrnia, 2016; Teymoorian Motlagh et a., 2012).
Based on thefractal dimension, four targets around
the P1 and P2 profiles and eight priorities have
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been identified around the P3 profile. Based on the
results, geo-electrical data distribution pattern was
obtained using diffraction-distance model and
changes in the fractal dimension of electrical
resistivity, induced polarization and self-
generating electric potential according to the
differences of thefractal dimensionsfor IP, RSand
SP in the Kushk-e-Bahram deposit. It is necessary
to interpret geo-electrical sections based on fractal
dimension exchanges to avoid the oblique error
caused by the fitting of disproportionate quantities
as much as possible. Consequently, exchanges in
the level of electrical resistivity and induced
polarization were calculated. There is no
corresponding trend along P1 and P2 profiles.
Thus, the results of the diffraction-distance model
were correlated with mineralization potential in the
depth of the deposit. Continuation of exploration
activities (detailed phase) aong the P1, P2 and P3
profiles are suggested. Based on inferring from the
Brownian mechanism distribution of electrical
resistivity quantities and inductive polarization,
priority of P1 and P2 profiles with vein and
disseminated mineraization in P3 profile is
obtained.
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