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1- Introduction

One of the importance problem in mining engineering especially for mine planning is modeling of ore and gangue
grades in different ore deposits. Elemental modeling is important based on different elements in a case study based
on ore deposit type. Sulfur and phosphorous are essential for iron mines' planning because these are dangerous for
environment and steel production. Based on this issue, high grades of these elements are penalty for iron
concentration production (Zahedi and Afzal, 2018; Yasrebi and Hezarkhani, 2019; Wu et al., 2016). Fractal
modeling is proper approach for detection of zones and populations in geosciences and mining engineering
especially elemental zones (Mandelbrot, 1983; Bolviken et al., 1992; Li et al., 2003). Fractal methods are
independent from data distribution and related to geometrical spaces of different variables. Main fractal models are
concentration-area (C-A; Cheng et al., 1994), concentration-distance (C-D; Li et al., 2003) and concentration-
volume (C-V; Afzal et al., 2011). The C-V model is used for delineation of mineralized zones in various ore
deposits. In this study, main aim is modeling of sulfur and phosphorous zones based on the C-V fractal model in
Jalal Abad iron ore deposit, NE Iran. The main mineral of Jalal Abad iron ore | and Il is magnetite and hematite is a
secondary mineral and is often found in the surface parts of the deposit and is insignificant in the deep parts and its
amount is less than magnetite. Sulfide minerals of Jalal Abad | include marcasite, covellite and bornite
(Khosrovanjam and Shahabpour 1998).

2- Materials and methods

The C-V fractal model is introduced for detection of mineralized zones in different ore deposits by Afzal et al.
(2011) as follows:

VEp)p-D (1)

In this formula, V, p and D are occupied volume of ore grades equal and more than p and D fractal dimension,
respectively (Daneshvar Saein, 2017; Yasrebi and Hezarkhani, 2019).

3- Discussion

In this study, 2929 samples from 72 boreholes were collected and analyzed by XRF method. Based on statistical
analysis, mean values are 36.18%, 1.087% and 0.1018% for Fe, S and P, respectively. Based on abnormal
distribution, their medians are thresholds for mineralized zones which are 53.55%, 2.585% and 0.1852% for Fe, S
and P, respectively.
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S and P 3D block models were created by Datamine.Studio.3.21.7164.0 using ordinary kriging estimation
method. These block models are input for fractal modeling. The log-log plots for Fe, P and S indicate
multifractal nature. High grade zones for Fe, P and S contain >57.54%, >7.76% and >2.95%, respectively.
These zones are located marginal parts especially in the eastern part of this deposit. There are five zones for this
deposit.

4- Discussion

Results obtained by this study represent that the main mineralized zones have a grading range as Fe > 51, S <0.7
and P <0.4%. The fourth and fifth populations obtained by the iron block model are related as the main ores.
Gangues and weakly mineralized zones also indicated at the first and second zones which are located in the
marginal parts of the Jalal Abad deposit. Consequently, optimal decisions can be made based on economic
changes related to time and market conditions for the third zone.
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Tablel. Classification of iron ore in Jalal Abad I and Il iron ore deposit.

. Possible reserve | Percentage of Phosphorus Sulfur
Type of iron ore -
(million tons) percentage percentage
High grade 91.6 53.47 0.08 1.18

magnetite iron ore

Oxidized high 20.6 55.70 0.05 0.15

grade iron ore

Low grade iron 88.2 23.57 0.08 117

ST Pl ore sl Siws )0 o4b] duo 0 dslie - Jga
Table 2. Comparison of iron content in Jalal Abad ore deposit.

Type of stone Average percentage of iron in stone units
Dolomite limestone 4.55
Diabase 9.63
Tal and chlorite schist 4.3
Silitic rocks 11.45
Quartz feldspathic sandstone 12
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Table 3. Calculated statistical parameters for elements of Jalal Abad mine.

Statistical components Fe (%) S (%) P (%)

Average 36.18 1.087 0.1018
Middle 36.59 0.58 0.07
Standard deviation 17.36 1.49 0.083
Variance 301.671 2.243 0.007

The maximum amount 61.37 10.313 2.986
The lowest amount 11.64 0 0.030
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Fig. 4. Histogram of distribution of studied elements in Jalal Abad mine.
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Fig. 5. Three-dimensional view of the final block model by conventional kriging method for Fe, P and S grades of
Jalal Abad iron ore deposit.
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Table 4. Threshold limits of Jalal Abad mine elements based on grade-volume fractal method.

Element | Threshold limit | Low grade zone limit | Medium grade zone limit | High grade zone limit
Fe 24.55 37.15 48.98 57.54
S 0.282 3.020 3.020 7.763
P 0.0603 0.468 0.468 1.230
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Fig. 7. Three-dimensional view of the final block model base on grade-volume fractal, with conventional kriging
method for Fe, P and S elements of Jalal Abad iron ore deposit.
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Fig. 8. Spatial position of Fe element zones in Jalal Abad iron ore deposit.
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Table 5. Communities obtained from Fe block model made for Fe, P and S grades of Jalal Abad iron ore deposit.

Community Fe grade range S grade range P grade range Fe Number of
name . — } — . — S averageP average| .
Maximum | Minimum | Maximum | Minimum | Maximum | Minimum | @verage microblocks
First 24.54 11.64 9.014 0 2.665 0.031 21.36 1.363 0.234 762
Second 37.15 24.55 10.313 0 2.910 0.025 31.58 1.568 0.276 3986
Third 48.97 37.16 10.310 0 2.986 0.025 41.76 1.398 0.306 2183
Fourth 56.77 49.02 6.816 0 2.813 0.034 51.06 0.69 0.6 501
The fifth 61.27 57.68 1.330 0.079 1.483 0.034 58.38 0.403 0.209 28
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Table 6. Log ratio matrix for calculation of correlation between fractal and conventional models in Jalal-Abad

deposit.

The fifth community based on fractal modeling

Outside the community

Within the community

20 8

Within the community High grade magnetite

8206 342

iron ore

Outside the community

The amount of overlap = 0.958

The fourth community based on fractal modeling

Outside the community

Within the community

397 104

Within the community High grade oxidized iron

7506 569

ore

Outside the community

The amount of overlap = 0.887
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