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Keywords Abstract

Detection of mineralized zones based on ores and gangues is important for mine

Ore

planning and excavation operation. Timajor goal of this research work was to

determine the zones based on ores and gangues by a combination of fractal and

Gangue

factor analysis in the Chah Gaz iron ore (Central Iran). The Concervvatiome

(C-V) fractal method was carried out for Fe, P and Sclvimdicated that the main

ConcentratioaVolume
(C-V) fractal model

mineralized zones consisted of the Fe, S, and P values
respectively. Factor analysis categorized variables in two groups including factor 1

” DQG ”

(F1) and factor 2 (F2) for ore and gangue, respectively. Fdr@ctal modeling

Factor analysis

on the derived factors showed four zones for F1 and F2. Based on the correlation

among the results of fractal modeling on the elements and factors, the first and

Chah Gaz

second zones of F1 were proper for exploitation. Furthermore, the lafitsind

zones of F1 and F2 could be assumed as the main waste for mining excavation.

1. Introduction

One of themain issue for mine planning and
design isto provide aproper zoning for a deposit
based on ore grades. In additidetectionof zones
based onthe toxic and harmful elements in
different ore deposits is essential foan
exploitation operation. Grades of ores and
gangue/waste elements are essential for mining
exploitation planning especilly for economical
calculations [17]. Iron ore mines, specitadly
openpit mines, asthe main source of steel
production have produced high amounts of ore
minerals among all mining sectiof§, 8]. High
grades of sulfur anghosphorusn iron ores are
harmful in steel industries, health and
environments. Moreovesulfur weathering in iron
ore and waste tailingbas produced acid mine
drainages (AMDs)which are dangerous for sails,
surface watets and mining equipment [6].
Consequently, high amounts of these harmful
elements are negative scefer an extracted blk

in an iron mine.

E Corresponding authomp_afzal@azad.ac.ifP. Afza).

Different methods have been introduced and
developed fordetection of zone# different ore
deposits [9]. Mandelbrot (1983) [10] has
established fractal modeling for detection of
different populations for natural features. Different
models have been developed in various branches of
geosciences e.g. concentratiorerea (C-A) by
Chenget al (1994) [11], concentratiordistance
(C-D) by Li et al (2003) [12], concentration
volume (C-V) by Afzal et al. (2011) [13], and
mapping of geochemical indicators by Ghezelbash
et al (2019) [14] The GV fractal modeling is used
to detect mineralized zones in various ere
Furthermore, th GV modelhasbeen utilized for
different populations’ categorization of other
regionalzed variables such as rock characteristics,
environmentgland economic parametd#s 6, and
15.

Factor analysis ishe main multivariate analysis
technique that is utilized for description of
exploratoryinformation[16-22]. Thebasicaim of
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this analysis is toexplain the differencesin a
multivariate dataset by a few groufd$]. Factors
can show the mineralization and geochemical
processesthat generate the correlations among
variableq22-25].

The main purpose of thisvork was toseparat
different zones based ¢imeiron ore characteristics
(Fe%, FeO% and density of org)and harmful
compounds including sulfur and phosphorus by the
factor and GV fractal modelingin the Chah Gaz
iron deposit, Bafq, Central Iran.

2. Methods

2.1.C-V fractal model

Afzal et al (2011)[13] haveintendel the GV
fractalmethod, whicthas beemnitilizedto delineate
the threshold values of mineralized zon&he
formulais in thefollowing form:

V(! ~
where !

1D

1
D G+ !) indicate the volumes with

FRQFHQWUDWLRQ YDOXHV JUHD

the elemental concentration and D is the fractal
dimension.The geochemicaldata is used after a
geostatistical simulation or estimatioim this
formula[7, 26-28].

2. Factor analysis

The factor analysis is a multivariate analysis
method based otfe factor analysis forextraction

of significant multielement anomalous signatures.
In this approach, to recognizenulti-element
associations in a geochemical datasleg non
indicaor (noisy) elements are progressively
recognized and extracted from the analysis until a
satisfactory significant mulielement signature is
obtained[16-19]. First, classical PCA was utilized
for extracting the common factors. Thehe
varimax methodised for rotation and factors with
eigenvalues of 3 wasretained for interpretation
[16]. Eigenvalues > 1 are important for
determination of optimum of factor number in a
factor analysid16-18]. In addition,the threshold
value of 0.30.6 for loadingsn factor analysis was
considered to extraetsignificant multielemental
signature of the orgype sought Ke in this
scenario). These loading values are proper criteria
for separation of factors and their components with
lower noises in a factor analyqisb, 1820, and
29].

3. Geological setting
The Chah Gaz irordepositis located in the Bafq
district (central Iran Figurel). The Bafcregionis
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situatedin an Iranian metallogenic region with
different depositsninessuch agChadormalu (iron
and apatite), Koushk (lead and zind&sfordi
(phosphatenagnetite) and Choghart (iron)
Furthermore there are Precambrian complexes
with Ti, V, Mn, Ba, apatiteradioactive elements,
Rare Earth Elements (REE PbZn massive
suffide deposits, and different Fe ore
mineralization types [30-34]. The Chah Gaz
deposit is airon and apatit®xide ore and of the
same type as the Gazestan and Zaghia and Lakeh
Siah iron ore435-36]. There isa prominent Fe
oxide—rich core and an overlying body of
metasomatite and brecciwith hematite and
magnetiteThe bw-grademagnetitealbite oreand

to a lesser extent, magnetigieapolite ore are
widespread. There are high values of sodic
alterationand minor calcic alteration zonesith
iron ores The postmineralization alteration zones
include silicic, chlorite sericite, epidote and

R B RN Wbt PO L rRR

rocks leadso deep, relatively extensive sodand
sodiccalcic alterationand the formation of albite
and scapolite. In the next stage, -@eh fluids
caused calcic alteration, marked initially by
formation of diopside and actinolite, and later, via
fluids enriched in iron and phosphorus, the
formaion of magnetiteapatite ores, with several
generations of magnetiapatite oreformationin
the Chah Gaz deposit [37].

4. Discussion

In this work, 3865 core samples eh2length were
collected from 24 drilled boreholes in this deposit.
The collectedsampleswere analyzed bthe XRF
method for Fe, S, Pand FeO. Furthermordhe
density values ofores were measuredfor 400
samplesThe mean and median density values were
equal tod.0706kg/nT and4.41kg/n?, respectively.
The gatistical results indimte thatheFe, S, Pand
FeO mean values are 53.79%, 0.06%, 0.2&84d
17.7119%, respectively (Table 1). Their
distributions are not normalFigure 2). If the
median values are assumedto be the threshold
values, then the thresholds are 62.39%, 1.139%,
0.829% and 23.22% for Fe, S,,RPand FeO,
respectively (Table 1)The elementaBD models
were generatedby the ordinary kriging method
using the Datamine.Studio.21.7164.0 software
package (Figur8).
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Table 1. Raw datastatistical parameters.

Statistical parameter Fe (%) S (%) P (%) FeO (%) Density (Kg/n?)
Mean 53.79 0.60 0.28 17.71 4.07
Median 55.44 0.43 0.12 17.59 4.11
SD 8.601 0.53 0.54 5.511 0.33
SV 73.98 0.29 0.29 30.37 0.11
Maximunr 72.81 3.26 6.57 28.60 4.73
Minimum 22.04 0.04 0.00 0.00 2.68

SD: standard deviation; SV: sample variance.
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Figure 1. Chah Gaz deposit (red rectangle) and other iron ore locatisrin the Bafq region[37].

455



Mirzaeiet al./ Journal of Mining & Environment/ol. 11, No. 2, 2020

Chah Gaz Area Chah Gaz Area
Fe (%) Distribution S (%) Distribution
M-38D 10-25D 118D Mean 14+18D 1+25D 18D Wean M+SD 1+28D 1+38D
(27.98) [3659) 45,19) 53.79) (6239) (70,98) 0061 08 .19 ) 22
F70
Fso
Fs0
Fao
F10
F20
Fio
| ) 00
420 500 ‘_ . ) L 15 20 . 30
Chah Gaz Area Chah Gaz Area
P (%) Distribution Feo (%) Distribution
Mean M+1SD M+250 M+3SD M-33D M-230 W-18D Mean M+30 M+28D
0.288) (0829) (1.371) (1913 (1.18) (6:69) (132 (1771 [23:22) {2873)
409 k40
200 F200
35 ka5
175 F175
30 Fa0
150 F150
25 k25
125 F125
100 b | | 2] 20
75 s | [ 15 (e
50 Fs0 10 (1o
25 k25 05 fos
00 e iy Ly el o o —l00 u‘ol. . Log
00 10 20 30 40 50 50 00 50
Chah Gaz Area
Density (kg/m3) Distribution
M-33D M-25D M-15D Mezn M+18D
(3.063) 13.392) {a731) 1471 (441)
504 k50
4.0 1 40
304 F3.0
204 F2.0
1.04 H0
0.0 A T 0.0
265 29 315 34 365 39 415 44 465

Figure 2. The Fe, S, P, FeQand density histograms.
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Figure 3. The Fe, S, P, FeO, and density distribution maps of the Chah Gaz deposit.
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Figure 3. Continuation

4.1. Application of factor analysis in Chah Gaz
deposit

The factor analysiswas used for extraction of
factors based deFe, FeO, S, Rind density data,
and also the varimax rotation of factors was applied
using the SPSS software. Moreovethe factor
analysisgeneratedwo rotated components with
eigenvalues greater thar{Table 2):

(1) Fe, FeQand density

(2) Sand P

The first groupthatis important for mineralization
includes the Fe and ore parameters without
gangues.The factor plots in rotated space are
indicatedfor a better presentation dle extracted
factors(Figure4). The condfactor representhe
gangue minerals for sulfur and phosphorus.

4.2. Application of C-V fractal model

TheC-V log-og plots were created for Fe, FeO, S,
P, and density based on the ssdrface data
(Figure 5). The keak points ofthe straightline
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segments in the le¢pg plots indicatehethreshold
values discriminatingthe concentration volume
populations which demonstratethe geological
differencesBased on these ldgg plots, there are
three populations for density and figepulations
for Fe, S, Pand FeO (Figur&). TheFe threshold
of the main mineralized zonevas about 57%
(Figure5). Moreover, a major Fe enrichment zone
occurred at 67.6073%. In additiothe first and
extreme S thresholds fdhe sulfidic zonewere
0.1513 and 2.1135 %, respectively. The first and
last P thresholdsvere 0.0456% and 2.9512 %,
respectively the P enribment commences at
2.9512% (Figuré). The kackground of S and P
werelower than 0.4% and 0.3%, respectively. The
first and high intensity meralized thresholds for
FeOwere3.57488% and 25.0241%, respectively.
Moreover,thefirst and highlyintensity thresholds
for density were 3.6307 and 4.2658kg/nT,
respectively, as depicted in Figlse
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Table 2. Rotated component matrix in one step:
loadings in boldshowthe selected factorswith the
threshold of 0.6.

Component A

Elements F1 F2

Fe .89C .08¢

S -.32¢ -.66E

P -.25¢ .78z

FeC .844 -.19¢

Density 872 131
Eiger-value 2.44( 1.11¢
Variance (% 48.80° 22.38¢
Cumulative variance (9 48.80" 71.19¢

Component 2

Component Plot in Rotated Space
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Figure 4. Component plot in rotated space.
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Based on thdractal modelingresults the F1 and
F2 distribution 3D models werebuilt up, as
depicted in Figuré. The main mineralized zone of
Feincludes 22 blocks in the Chah Gaz depoSihe
majorzones of S, P, Fe@nd density included 145,
126, 253 and 1366 blocks inthis deposit,
respectively (Figuré).

Additionally, the GV log-Hog graphs were

producedfor F1 and F2which had a multi-fractal

nature, as shown in FigureFactor populations are
demonstrated in these ldgg plots and also there
are four populations fdboth of them, depicted in

S (%)

@ [0,0.1513]
@ [0.1514,0.4265)
@ [0.4266,1.0232)
O 11.0233,2.1134)
B 2.11353.5]
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Figure 6. Fe, S, P, FeO, and density population distribution models due to the-Z method.

Figure7. The F1 first and high intensive thresholds
of mineralized zoneswere 0.16981 and 1.02,
respectively which indicated that a major F1
enrichment zone occurred at 1.02. Furthermare
highly F2 threshold fothe main mineralized zone
commencd from 1.90548, as depicted in Figuré
The main mineralized zones of F1 (Fe, Fe@hd
density) consist of 716 blocks in the deposit.
However, high-intensity zones of F2 (S and P)
include 101 blocks in the ChaBaz deposit, as
depicted in Figuré.
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Figure 6. Continuation
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Figure 8. F1 and F2 3D model®n the basis ofC—-V process

4 3. Correlation between mondmultivariate
fractal modeling

In this section, a comparison was carried out

betweerthefactor zonesthestatistical parameters

andthe C-V models of all variables (Tables 3 and
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4). These statistical parametesgre the mean,
maximum and minimum of Fe, FeO, S, Bnd
density. Zones of factor 1 can revéda ore zones
of this deposit for mine planning@he frst zone of
F1 (>1.02) can behe main zone for exploitatign
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which contais thehigh-grade Fe mineralized zone
and low-grade sulfur and phosphorous zgnes
depicted in Table 3The averagesof Fe, S and P
were 63%, 0.4% and 0.18%, respectively. This
zonewascorrelated witlthemain zones of Fe and
background populations of S an@étording tdahe
C-V fractal modeling.The £cond zonef F1 had
factorscores between 0.5 and 1.0&ich couldbe
determinél as a mineable zone basedlo@ore and
gangue grade§.heFe, S and P meanwere59%,
0.46% and 0.2%, respectivelyhe ironore grades
wereproper in this zone btihegangue valuesere

higher tharihefirst zone (Table 3)The tird (0.1 7
0.5) zone of Filhad a suitable Fe content (Fe
averagewas 57%) but this zoneontaired high
values of P and S with means of 0.25% and 0.47%,
as depicted in Table 3. Finalthhe F1 fourth or last
zone onsists of background zones for Fe aight
intensive zones for S and P. Consequerithg
average valuefor Fe, B and Swere48%, 0.35%
and 0.73%, respectively. On the other hate,
third and fourth zonesvere not a priority for
exploitation.

Table 3. F1 (Fe, FeQand density) zone®btained bythe C-V fractal analysisin comparison with the statistical
parameters of Fe, Sand P.

Block MeanP MeanS MeanFe P (%) S (%) Fe (%) F1 Zone
No. (%) (%) (%) Min. Max. Min. Max. Min. Max. Min. Max. hame
71€ 0.18¢ 0.4 63.3¢ 0.02¢ 0.74¢ 0.05¢ 1.t 57.21 72.8: 1.02 1.9131 1
58t 0.z 0.4¢€ 59.3¢ 0.00¢ 1.14 0.061 1.5¢ 52.8  66.27: 0.E 1.01¢ 2
48¢ 0.24% 0.47¢ 57.0: 0.00¢ 1.62¢ 0.05: 1.627 48.4C 67.0. 0.1698. 0.499¢ 3
2075 0.35 0.73 48.14 0.003 6.573 0.044 3.26 22.042 65.20 -3.29 0.16981 4

TheF2 zonesouldbe showras thegangue zones
of this deposit for mine planning and desigihe
first zone of F2 (>1.9) could be assuntasthe
main waste zonéhat contaired low Fe grade (Fe
average 8 42%) and high-grade sulfur and
phosphorous zones with averages of 0.45% and
3.01%, respectivelyas depicted in Table 4.
Averages of Fe, Sand Pwere 63%, 0.4% and
0.18%, respectively. This zom&ascorrelated with
the main zones of S and P and background
populations of Fe based on the-\C fractal

modeling.The nain mineralized zones for Fe with
low values of S and Was the fourth zone.The
mean values for Fe, 8nd Pwereequal to 56.3%,
0.086% and 0.11%, respectively. Furthermaies
third zonecontaired proper values of Fe,, @&nd P
based on mining excavation. Averagd Fe, S
and Pwere56%, 0.28%and 0.23%, respectively
(Table 4). On the other hanthe third and fourth
zones of F2were a priority for exploitation and
thesewere correlated withthe first and second
zones of F1.

Table 4. F1 (S and P) zonesbtained by the GV fractal analysisin comparison with the statistical parameters of

Fe, Sand P.

Block Mean Mean Mean P (% S (%, Fe (% F2 Zone
No. P@®) S((%) Fe (%) Min Max. Min. Max. Min. Max. Min. Max. name
101 3.01 0.4£ 42.1¢  1.101 6.57¢ 0.131 1.64: 26.36¢ 67.0: 1.90546( 8.5343: 1
14k 1.0€ 0.3¢ 51.0¢ 0.58 1.95¢ 0.07 1.56: 28.73¢ 64.3¢ 0.97723°  1.9054! 2
153¢ 0.23¢ 0.27¢ 56.81 0.011 1.02¢ 0.04¢ 1.53: 22.0¢ 72.81 0.0794.  0.9750: 3
208( 0.11 0.08¢ 56.2 0.00: 1.07¢ 0.057 3.2¢ 25.2: 68.11: -3.2642: 0.0794. 4

5. Conclusiors

Utilizing both the GV fractal and factor analysis
couldimprove explanation dhe subsurface data
in adetailed explorationlhe resultsobtainedrom
this work show thata combination ofthe factor
analysis and fractal modeling is suitable
methodology for determination tfeproper zones
for planningthe exploitation. This method is based
on the ore and gangue minerals simultaneously.
The factoranalysis separatdthe ore and gangue
variables ito two group. However, the main
minaalized zones conta@d Fe « 57%, S” 0.4%
and P” 0.3% which werecorrelated withthe first
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and second zones of F1theore factor.The major
waste populationsvere thefirst and fourth zones
of F2 and F1, respectively. Consequently, this
methodologycould be used for other iron ores in
the Bafg region and other countries with similar
mineralization characteristics.
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