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Abstract

The knownore deposi and mineralization trends are importantkey exploration criteria in mineral
exploration within a specific regiofrry analysishasconventionallybeenconsidered aa suitablemethodto
determinethe mineralizationtrends related to linear structureBasedupon literaturesources to date no
investigation has beenarried out that includethe Sensitivity Analysis of Featurés Number (SAFN)
Sensitivity Analysis ofWindow Size (SAWS) and Sensitivity Analysis o$patial Distribution (SASD) of
Fry analysigelatedto minerallocations.In this work, SAFN, SAWS and SASDare performedby moving
several different sulvindows among the main window orderto identify the main trends of mineralization
by Fry analysis irthe Bavanatregion of Iran, whichis qualified byits regional and local faudtpattern
Basedupon our investigation the effectiveness othe window size andthe number of featuresn Fry
analysisare 1530% The determined maitiends of sulwindows increasewvhereasts distribution function
of Fry outputds more similar tahe distribution functiorof Fry outputsof the main window.Moreover,the
directiors of rose diagrams could be changkek to theedge effects of marginal featur@sound the selected
window. However,by selecting an apppriate window,this problemcan besolved. Alditionally, by an
appropriatevindow selection, thenost suitableegionalsituationis an area that contains the largest number
of depositswith a similar metallogenetic originBasedupon our investigationthe distributionfunction of the
Fry outputsis the mainfactor that directlycontrolsthe identifiedmineralization patterrof the selected

windows

Keywords: Mineral Exploration byFry Analysis, Sensitivity Analysis, Mineralization Trend, Window Size,

Features Number.

1. Introduction

Mineral prospectivitymappingandthe evaluation
of undiscovered mineral deposits &wo major
aims of prospectingegions ofthe earthfor the
discovery of newnineral esource$l]. There are
different approaches available for mineral
potential classificationwhen the regional and
local geologyareknownandwhensystematic and
comprehensive exploratory data analyisisstill
missing[2]. It has beerproventhat certain types
of mineral depositare spatially associated with
certain curvy or linear geological controling
features[3]. For a more successful exploration,
investigation ofthe spatial distribution oknown

mineralization is generally accepted as an
effective method[4]. Analysis of the spatial
relationship betweenknown occurrences of
mineral deposits with certain types of geological
featuresis an empirical guide in weighing the
relative importance othe geological featuresn
separateevidence layershat control the location
of the mineral depositfor the prediction ohew
prospective ared$, §.

Both on a regional and districtscale, known
mineral deposits and occurrencesare always
plotted as point features [7)nvestigation of the
spatial distribution of various types of
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mineralization can be carried out by different
methods. The spatialistribution pattern of a set
of points can be investigated by point pattern
analysis 8, 9. There are several methods
availabe for such point pattern studs The X2
statistics plot (Morisita analysi$L(] is a simple
one of suchdiagnostic methaal Morisita has
utilized this methodo find point relations[10]. In
1983, Mandelbrot stated that the mineralization
distribution patterns may be fractalithin the
Earth[11, 12], a hypothesighatwassubsequently
accepted. Different methodls characterizéractal
geometry arethe box-counting, density, number
in-circle, and fixedmassones The boxcounting
method is more sensitive to the number of features
and changes significantly with scdlE3]. A more
sophisticatedbption is the Fry analysis plg6],
which was technically improvedby Crespiin
1986 [14]. It is the scatter plot of vector
differences xixj between all point pairs (Fige
1). Fry analysis is a visual methodsed to
determine a certain geometric trend for a group of

point data. This methoatasoriginally designed to
guantify the limited strairandit is basediponthe
2D analyses ofhe nearest neighbatistancefrom
areference centgroint. When a deposit is small,
Fry analysis provides interpretive result$5],
which is common in green field areas. Fry
analysis is used to studyhe mineralization
distribution of an area and its relationship with
linear structure$6]. In other words, application of
the Fry analysis method iappliedto study linear
and also oriented features. On a regional scale,
this method is capable of analysingthe
distribution patterns of mineralizatiomt the
deposit scale including the mineralization trend,
trend of high-grade zones, and grade distribution
[4]. Furthermore,it can be used to study the
anisotropy in the point feature distribution. From a
mathenatical viewpoint, a plot of Fry analysis is a
point patternof X as well as a plot from xi to xj
vectors to connect athe specified pair points of
the x vector space.

—

Figure 1. Plot of Fry analysis: (a) independent; (b) tustered; (c) regular or normal.

In 2003 Moghaddam analyzed the spatial
distribution of geothermal resources a regional
scale[16]. In 2015, Wang & Zhang uselde point
pattern statistics, fractal analysad Fry analysis

in support of a GIS to explore the spatial
distribution characteristics of Fe deposits and the
spatial relationships betwede mineralization
and geologicafeatures in the Fujian Provinge
China [17]. In the same year, Mehrabi et al.
applied point pattern and Fry analgsto known
occurrences antb the distribution of epithermal
mineral deposits within the Trou@hah Shirin
belt in Iran [18]. In 2015 Gorum & Carranza
examined the hypothesis that the spatial pattern of
earthquaketriggered landslides is influenced by
the style of faulting based onthe distance
distribution analysis and Fry analysis. By
combining thesenethod, they obtained higher
prediction accuracygf landslides compared to that
obtainedby using unclassified faulfd9].
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The dstribution ofknown ore deposits, fossils or
sedimentary lithotypeis usually random andon
clusteredbut igneous rocksnost commonly show
a clustered(clumps of crystalsHistribution [20,
21]. In 1979 Fry estimatedhe minimum number
of crystalsthat were necessary tonakea reliable
Fry plot around300 crystals He used 382 centers
in undeformedporphyritic andesitic lava for an
unstrained rock6]. In 1986 Crespidescribedhe
dependence between the degreaatclustering
of particles and the required minimum number of
them to take into consideratidi4]. He stated
that for a very strong nowlustered distribution,
100 particles would beufficient but this number
increases for a more randodistribution [22].
These authoraised the application @&atistics on
point distribution with the help of a Morishita
diagram and cumulative histogranof angles
between point tesis un-deformed and deformed
porphyritic granite to reveal thahe K-feldspar
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phenocryst®f such granitesan be used as strain
indicators with the Fry methodh 1983 Lacassin

& Van den Dresscheobtained a goodidaption
between the macroscopic deformation axes and
the ellipse axes inferred frothe Fry plots using
100-400 centers of blue quart23]. In 2002
Treagus & Treagussed just28 to 85 patrticles in
tillites and conglomeratefor acceptable results
[15]. This necessarynumber of particles used
seemdo decreasén younger studiedn 1999[4],
Vearncombe & Vearncombemphasizedhat Fry
analysis canproduce meaningfutesults witha
modest14 or more sampleslthoughthe larger
size datasetsan typically provide more reliable
results These authors emphasized thatthis
method provides acceptable results even when we
do not have large numiziof mineral deposit
points[4]. Despitethis large number of published
studies by Fry analysis, application of the
selection of an optimizedtudy window, which
can produce improvedresults, ha rarely been
consideredOur reviewof publishedliteratureon
this issueraised thequestion of what is the
minimum number of poinfeatures required in
this method to achieve acceptable resuitghe
exploration for mineral deposf€ther questions
are: Whatarethe effectivecriteria for selection of
thestudiedarea in Fry analysis? Hostrongis the
effect of the selected window on they resuls?
Are there any special factors or distribution
properties effective to achieve reliable results in
the analysis™ anattempt to aswer theserucial
guestionswe carried out this comparatiwstudy
Conventionally, Fry analysis is considered as a
usual methodo determire the main distribution
directiors (trend$ of ore depositshat arerelated

to linear controlling structures. In thiswork,
SAFN, SAWS and SASDwere applied and the
data obtained was analyzedto achieve reliable
results in mineral deposit point features. This

2. Geologicalsetting of Bavanatregion, Iran

The Bavanat (Jiyan) GiZn-Ag Besshi type
volcaric-hostedmassive sulfidVHMS) deposit

is located inthe souttern part of the Sanandaj
Sirjan Zone (SSZ)24]. The 156250 km wide
SSZin Iran extends over a distance of 1500 km
along strike, passing from the towns Sirjan and
Esfandagheh in th8E to Urumieh and Sanandaj
in theNW of Iran (Figure2). SSZ is characterized
by metamorphosed and deformed rocks that are
spatially associated witlhighly deformed and
nortdeformed plutons as well as widespread
Mesozoic volcanic rocks. Berberidmas stated
that SSZrepresents desozoic magmatiarc and

a Tertiary forearc[25]. Eftekharnejadhasdivided
SSZ into two suiparts[9]:

1 Southern Sanand§irjan Zone (SSSZ):
mainly consishg of Paleozoic and
Early-to-Middle Mesozoic volcanic and
intrusive rocks;

9 Northern Sanandirjan Zone (NSSZ):
mainly contaiimg Middle-to-Late
Mesozoic volcanic and intrusive rocks.

Within the Bavanat areaa Mesozoicsulmarine
volcanic district in SSZ is associated withe
VHMS  mineralization but also includes
dominantly the Triassic and Jurassic volcanic
rockswithin SSSZ26] (Figure2).

For the first stage of our investigation of the
studied area, we selected just the Bavanat region
VHMS deposits (see small window in Eig 8).

The Fry plot of points was prepared accordiag
the VHMS deposits and mineral indicators of the
Bavanat region. The results of this stage of the Fry
analysis were nearly identical to the real
distribution patterns of the deposits but the trends
were not exactly the same as the major trends of
the fauts that play the most important role for the
mineralization. In a second stage of our research
work in the studied area, we selected all the

paper discusses the crucial assumptions necessary VHMS deposits as well as all the mineral

to apply the Fry methodby increasing the
reliability of the Fry methodn prospectingareas;
the main contribution of this paper e address
and solvahefollowing problems
I How to selecta suitable population of
mines or mine indicatoPs(by choosinga
suitable window?}
1 How to doo® the suitable number of
center®
1 How to select thatudiedarea regardinthe
spatial distribution ofry outputs?
f How to avoid the effect
phenomenoin Fry plats.

of edge
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indicators that were located within SSSZ.

After creating the Fry plot, wemphasized that all
the major extracted trends were exactly coinciding
with the major trends of faults that played a major
role controlling the distribution of the
mineralization. This work demonstrated that the
appropriate window must be adjusted to aewi
size that has the same mineralization type of
mines and mineral indicators. The mine and
mineral indicator data, which was used for the
second test, is shown in Table 1. Specifications
and results of the research tests of SSSZ are
presented in Figureés6 and Table 2.
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Figure 2. Geological map 1: 250,000scale of Bavanat regionand its situationwithin larger structural map of
Iran, extracted from geologicalmap of Eqlid [27].

A Fry plot of SSSZis shown in Figire 3. The
probability density ofthe Fry analysis ofthe
output dataseis shown in Figre 4. Figure 5

shows the rose diagram of the main mineralization
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trends, which have been indicatedtire dataset
specification table.The rose diagram results
indicate that the spatiaistribution ofthe VHMS
depositsand mineral indicatorsavea lineartrend
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with a strike 0f300to 310degres azimuthin this

There are many software packages specialized in

region.Figure 6 shows the normalized probability creating rose diagrams but in our study, the ESRI

density curve ofthe Fry outputs and its mo
similar distribution function curve.

Table 1 Southern Sanandaj Sirja

st extension Polar Plots were used for the
visualization of Fry pointsZg].

n VHMS depositsand mineral indicators.

No. Mineralization type Name of deposit or mine Commodity
1 VHMS JiyanMine Cu-Zn-Ag
2 VHMS Jafarieh(Chir) Cu
3 VHMS Mazayjan(Kourehmesi) Cu
4 VHMS South of Monj1 Cu
5 VHMS South of Monj2 Cu
6 VHMS Jashnyan Cu
7 VHMS ChahgazMine Pb-Zn-Cu

Table 2. Specifications of VHMS ofSouthern SanandajSirjan. (Expon. = Exponential distribution; Weibull =
Weibull distribution; ExtValue = Extreme Value distribution; LogLogistic = Log-Logistic distribution; Normal =

Normal distribution; InvGau

ss = Inverse Gaussian distribution).

VHMS Number of  Number of Chi Best Fitted Uniformity . Number
. - Square O ——  Main trends,
Sanandaf Original Fry Plot Distribution Critical of
Sir Poi Boi Test Functi (Critica Trends Trend
irjan oints oints Score unctions value = 123) rends
N58W, N62W,
Weibull, . N67W, N17E,
N 6 36 127.333 LogLogistic Not Uniform N67E. N70E. 7
N87E
) LogLogistic, . N58W, N62W,
N-NW 5 25 135 Weibull Not Uniform N67W, N87E 4
Expon, .
NW 2 4 98 ExtValue Uniform N62W 1
Weibull, . N67E, N70E,
S 3 9 97 Normal Uniform NS7E 3
ExtValue, . N58W, N62W,
SSE 3 9 163.667 InvGauss Not Uniform NS7E 3
N58W, N62W,
LogLogistic, . N67W, N17E,
Total 7 49 207.286 Weibull Not Uniform N67E. N70E. 7
N87E
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Figure 3. Fry plot of Bavanat region.

Figure 4. Best fitted curve ofFry data from Bavanat
region.

199



Ghasemet al./ Journal of Mining & EnvironmenY/ol.9, Nol, 2018

Rose diagram of trends of all pairs
of Fry points for the VMS deposits
occurrences, Bavanat area

N=128

180°
Figure 5. Rose diagram of Fry data

3. Methodology
A generalapproacthof the study is as followssée
alsothechartin Figure?):

9 Gathering data of depositghines and
mineral indicators.
Producing subwindows from the main
window with different sizes and feature
numbersmoving among the main window
(Figure 8). It is clear that with this
subwindow motion, the specifications of
points such as the number of pointsgan,
standard deviation, uniformitydistribution
function, distribution function of Fry

T

Figure 6. Probability density graph of Fry data.

analysis outputs ah linear trends will
changeaccordingly

1 Carrying out the Fry analysis and
prepaation ofFry plot

9 Plotting a Fry analysis rose diagram

1 Determination of the major and minor
mineralization trends

9 Calculatbn ofthemean, standard deviation,
Chi square analysignduniformity.

1 Fitting the best distribution curve to each
datasef29].

9 Compargson of characteristics of the

produced subwindows with the main
window.

Producing different random
datasets with different distribution
or making use of five real test

daasts

Producing suiwindows from the
main one with differensize and
feature numbers of it

Determining major and minor

Preparing Fry analysis Rose

Carrying out Fry analysis and preparin|

[

mineralization trends diagram Fry plot
Calculating mean and standard deviation, Chi square analysis,| Fitting the best distribution curve to
uniformity eachtestdataset
Identification of main trends ahineralization by Fry Comparingspecificationof produced windows with the]
analysis inSSSZaccording taheresults main one
> End

Figure 7. Work flowchart.
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