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1. Mean+nStandard Deviation (Mean+nSTEV) 4. Concentration-Area (C-A)
2. Median Absulote Deviation (MAD) 5. Singularity Index (SI)
3. Concentration-Number (C-N) 6. Weight of Evidance (WofE)



sabazl ol s OSan 5 (g pin Z1Y

Sl a.l..i'aé‘_g Qbﬂ—cv\...w ‘Sﬁ;&'ﬂ:‘uﬁ): QW‘—JLMA 4o
e ol gn Ll VL5 S 5 53 Gae OV 5 Sl 5 23 s Ol b5y 5 2, S Y Sl i 0 STE
oS e Db gy e Joli dadbate cpl 4 5k 33350 YAD 3 9d Ols ol 53 457 il ov\—ijﬂjf ol !
ag opl.(Delavar et al., 2012) .l O.aT} U—:‘:L—f SWoy93 3¢ gu B ‘sl.adf;_w ey S s «SL‘”&'—-“‘
Ol 33 39 50 S35 5 2t A0S 5 St 3 25 sy S (Rajabi et al., 2012) Wloas JS i s
}‘;lficé:ﬁjjjésék-fdh&_w@ew)}bq)o\;q‘y Ol{ﬁﬁ&mgdjjjgﬂdu)ulfij}w;_&ﬁ
Momenzadeh et al., ) & 55 o 55dos  Kiwtuls o8 (O JS8) 53 a8 Wlesls gl 355 53 1) Oyl g5y
(1979 58 4 .S . (Momenzadeh, 1976) coul odi jasine
45°0'0"E 50°0'0“E 55°0'0"E 60°0'0"E
40°0°0" N
35°0'0" N
Legend A, A
Tabas-Posht ¢ Badam
Faults metallog elt
- Cenozoic
- Mesozoic T~ B
30201073 & =5 7 Malayer-Aligoudarz-Esfahan
. Mesozoic-Cenozoic melallogenic bell
. Paleozoic
- Paleozoic-Mesozoic
. Proterozoic
- Proterozoic-Paleozoic “- )
Persian Gulf
0 155 310 620 Kilometers
00N p————————+—+—
Olghob o agy ol 5 011 55 35 5 2 21567 (Slacky oS Conige ) KB
Fig. 1. Position of metallogenic belt of Pb and Zn in Iran and location of Malayer-Isfahan zone
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Fig. 2. A: 1:100000 sheets forming the Malayer-Isfahan zone. B: Position of the stream sediments in the Malayer-Isfahan

zone.
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Table 1. Major Cretaceous-hosted Zn—Pb deposits of Malayer-Isfahan Zone (Momenzadeh et al., 1979¢ Rajabi et al.,

2012).
eposits Irankuh
\Fe%z\ Ahangaran Emarat Mining district Muchan
) ) Carbonate rock )
Host rock Dolomite, Sandstone Limestone, Shale Limestone
Host rock age
Early cretaceous Early cretaceous Early cretaceous Early cretaceous
Alteration Dolomite, Silica Silica, Dolomite Dolomite, Silica Silica, Dolomite
Mineralization Galena, Pyrite, Sohalerite. Gal
(Main) Chalcopyrite, pha erlte., alena, Sphalerite, Galena, Sphalerite, Galena,
. Pyrite, . . . .
Pyrrhotite, . Pyrite, Marcasite Pyrite, Chalcopyrite
. Chalcopyrite
Hematite
Mineralization Sohaleri Calci Dolomite. Ankeri
(Secondary) pha er}te, Quartz, g cite, olomite, An erlte, Baryte, Calcite,
Marcasite, Dolomite, Quartz, Iron oxide Dolomite. Hematite
Chalcocite, Magnetite Hematite and manganese ’
Metal elements Pb, Zn, Ag, Fe Pb, Zn Pb, Zn, Ag, Fe Pb, Zn
Mineralization (Stratiform)
style Stratiform Stratiband Epigenetics, in faults Stratiband
Size (Mt) 1.52 10 20 0.1
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Fig. 4. Q-Q diagrams are geochemical raw data of Pb and Zn metals in Malayer-Isfahan zone representing several

geochemical populations.
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Table 2. Calculation of statistical parameters for Pb and Zn metals in the Malayer-Esfahan zone

Metals Min Max Mean

Median ¢? c

Pb (ppm) 0.62 8930  31.39
Zn(ppm) 0.66 36114  100.70

20 121.95 14874
80.23 352.73 124421.57
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Table 3. Geochemical communities divided by mean and standard deviation (classical statistics) for Pb and Zn metals in

the Malayer-Isfahan zone

Metal Background Threshold Possible anomaly Probable Definitive anomaly
anomaly
Min-Mean= Mean+SDEV= Meant2SDEV=  Mean+3SDEV=
>
Pb (ppm) 31.39 153.35 275.30 397.26 =397.26
Min-Mean= Mean+SDEV= Meant2SDEV=  Mean+3SDEV=
>
Zn (ppm) 100.70 435.44 806.176 1158.91 =1159.91

1. Inverse Distance Weighted (IDW)
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Fig. S. Distribution map of geochemical communities of Pb and Zn metals based on classical statistical method in the

Malayer-Isfahan zone
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Fig. 6. Distribution map of geochemical communities of Pb and Zn metals based on classical statistical method MAD in

the Malayer-Isfahan zone
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Table 4. Division of geochemical communities based on the MAD method in the Malayer-Isfahan zone

Metal Background

Threshold

Anomaly

Pb (ppm) MAD =53.83

Median + 2MAD = 127.66 Median + 3MAD = 181.49

Zn (ppm) MAD = 180.14 Median + 2MAD = 440.53 Median + 3MAD = 620.68
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Table 5. Separation of geochemical anomalies from background of Pb and Zn metals based on concentration-number (C-
N) fractal method in the Malayer-Isfahan zone

Metal Concentration range (C-N) Geochemical interpretation
25.11-79.43 Background

Pb (ppm) 223.87-562.34 Medium anomaly
562.34-891.25 High anomaly
891.25 > Strong anomaly
56.23-112.20 Background

Zn (ppm) 112.20-501.18 Medium anomaly
501.18-794.32 High anomaly
794.32 > Strong anomaly
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in the Malayer-Isfahan zone
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Table 6. Determination of the threshold of Pb and Zn metals based on concentration-number (C-A) fractal method in the

the Malayer-Isfahan zone

Metal Concentration range (C-A) Geochemical interpretation
25.11-50.11 Background
50.11-89.12 Medium anomaly

Pb (ppm)
89.12-141.25 High anomaly
141.25> Strong anomaly
63.09-177.82 Background
177.82-316.22 Medium anomaly

Zn (ppm)

316.22-446.68

446.68 >

High anomaly

Strong anomaly




olasl il e

OHSKan 5 (6

300000 400900 SWPD
£ -y — —-Ahangaran
z Kolahghaei
Emarat, Lekan,
Muchan
= — Shamsabad
~Khanabad
= Darrchnoghreh
E' SKalehpevghamhbar
"
Dardahaneh
Vejin
Anjireh-Tiran
2| Legend g
27 =T
| Zn-Ibdeposits gE
: 52
Faults g
PR J =
== Limestone, Cretacecus =
n
2| (C-4)
31 01 0.66-63.09
B0 63.09-177.82
[ 177.82-316.22
B 31622 - 446.68
B 446.68 - 36114
£ 0 30 60 120 Kilometers &
| S S e S e | :
SI'II'I.IIIII IDD'ﬂDn SI'II'I.I'IW ﬂl‘l‘l‘lﬂ

3810000

3a|9m

2630000

:m:lnom

3450000

3450000

3720000

3540000

354?060

aATI0000

300000
1

500000
1

Ahangaran

— Kolahghazi

Vishan, Tekiveh Emarat, Lekan,
Muchan

Shamsabad
Khanahad
Darrehnoghreh

3810000

3720000

Salehpeyghambar

&~ Dardahanch

Vejin

Anjireh-Tiran
Legend
® Zn-Pb deposits

Faults

== Limestone, {retaceons

Ph

(C-A)

) 0.62-2511

@ 25.11-50.11
50,11 -89.12

@ #9.02-141.25

W 141.25 - 8930

1S
Sty ynyue sy

ISP

o k]

3450000

¥ 1 T

g
300000 400000

UL@""’"‘_JiM"%JJ‘Z"L““_JL:‘;JSJSJZ})JL”‘J’G}JJUﬂo‘ﬁ&w‘;j C."’ G)}}'A.&j.l.\’ “}::J
Fig. 10. Distribution map of geochemical communities of Pb and Zn metals based on concentration-area (C-A) fractal in

the Malayer-Isfahan zone
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Table 7. Percentages of the known Zn-Pb deposits outside the anomalies determined by different methods in the Malayer-

Isfahan zone

Metal Mean+nc MAD C-N C-A SI
Threshold value 1532 (ppm) 127.6 (ppm) 223.8 (ppm)  89.1 (ppm) a2
Deposits ouside anomalies (Total 107
Zn-Pb deposits = 173) 128 140 138 79
Percentage of deposits outside
anomalies 62% 74% 81% 80% 45%
Deposits inside anomalies (Total 66
Pb Zn-Pb deposits = 173) 4 33 35 4
Percentage of deposits inside
anomalies 38% 26% 19% 20% 55%
Percentage of anomalies
16% 4% 3.06% 5.27% 70%
Percentage of background 84% 96% 96.94% 94.73% 30%
Threshold value 4354 (PPM) 440.5(PPM) 501.1 (PPM) 316.2(PPM) )o(2
Deposits ouside anomalies (Total
Zn-Pb deposits = 173) 110 160 167 159 ]1
Percentage of deposits outside 63%
anomalies ° 92% 96% 92% 47%
Deposits inside anomalies (Total
Zn Zn-Pb deposits = 173) 63 13 6 14 92
Percentage of deposits inside
anomalies 37% 8% 4% 8% 53%
Percentage of anomalies o o o o o
7% 2.7% 1.5% 3.1% 71%
Percentage of background 93% 97.3% 98.5% 96.9% 29%
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Introduction

Separation of geochemical anomalies from the
background has always been a magor concern of
exploration geochemistry. The search for methods
that can make this anaysis quantitative and
objective aims not only at the reduction of but also
at providing an automatic routine in exploration,
assisting the interpretation and production of
geochemical maps (Nazarpour et a., 2015). The
Malayer-Isfahan metallogenic belt with the north-
west-south-east trend is the largest and most
important Pb-Zn belt of MVT type in Iran (Rajabi
et a., 2012). In this study, separation of Pb and Zn
geochemical anomalies was performed using the
methods named further in the study area.

Materials and methods

1. Classical statistics

Various statistical methods have been used to
process geochemical data in order to determine
threshold values. Statistical quantities, such as the
mean, standard deviation (SDEV) and percentiles,
have been used to define thresholds for separating
anomalies form the background. For example,
geochemical anomalies have been defined as
values greater than athreshold value defined as the
75th or 85th percentile, and Mean+SDEV or
Mean+nSDEV (Nazarpour et al., 2015).

The boxplot and median+2MAD techniques of the
EDA approach have been widely used to separate
geochemical anomalies from the background. In
exploratory data analysis (EDA) of geochemical

exploration data, the median+t2MAD value was
originally used to identify extreme values and serve
as a threshold for further inspection of large data

sets (Carranza, 2009). The MAD ( [|Xi-—

median (Xi)|]) is the median of absolute
deviations of individual dataset values (Xi) from
the median of all dataset values (Tukey, 1977).

2. Multifractal models

Fractal and multifractal models have also been
applied to separate anomalies from background
values. These methods are gradually being adopted
as effective and efficient means to analyze spatial
structures in metallic geochemical systems (Cheng
et al., 1994). The concentration-number (C-N),
concentration-area (C-A) multifractal methods
have been used for delineation and description of
relations among mineralogical, geochemical and
geological features based on surface and
subsurface data (Nazarpour et a., 2015).
Fractal/multi-fractal models consist of frequency
distribution and spatial self-similar or self-affine
characteristics of geochemical variables. These
fractal/multifractal models have been
demonstrated to be effective tools for decomposing
geological complexes and mixed geochemical
populations and to recognize weak geochemical
anomalies hidden within strong geochemical
background (Cheng et al., 1994).

3. Singularity Index (SI)
The Singularity technique is another important
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process for fractal/multifractal modeling of
geochemical data (Zuo et al., 2015). Thistechnique
is defined as the characterization of the anomalous
behavior of singular physical processes that often
result in anomalous amounts of energy release or
material accumulation within a narrow spatial—
temporal interval. The Singularity can be estimated
from observed element concentration within small
neighborhoods based on the following equation
(Cheng, 2007):

(DX =c-e%E

The Singularity Index isa powerful tool to identify
weak anomalies, but it is influenced by the
selection of the window size. (Zuo et a., 2015).

Results and Discussion

In this study, atotal of 19946 stream sediment
geochemica samples were analyzed using the
ICP-MS and XRF methods. In the maps derived
from the Singularity Index (Sl) the higher
accuracy of this method compared to other
applied methods was employed. Therefore, the
hidden and weak anomalies are better represented,
and a better overlap with limestone as the major
host rock of Pb and Zn deposits (MVT type) in the
study area were observed. A comparison among
all of the applied methods indicates that the
concentration of Pb and Zn increased toward the
and south east and northwest parts, respectively.
In these regions there is a high potential for the
occurrence of promising mining areas. Moreover,
the obtained Pb and Zn anomalies have a good
correlation with the exposure of limestone in the
study area.
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