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Fig. 1. Geological units and location of Tekieh ore deposit (according to the geological map of Khomein-Shazand)
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Fig. 2. Vein type ore formation in the crossed faulted structures (Stockwork texture)
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Fig. 3. In the mineralized host units, the brownish colors indicate to interactions between ore-bearing solutions and non-
mineralized carbonate formations (white gray) in west of Tekieh ore deposit.
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Fig. 4. Faults, host unit occurrences and sampling locations in the west (Target 1) and east (Target 2) of Tekieh ore
deposit (according to geophysical exploration report of Haft-Emarat, Jafari, 2007)
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Fig. 5. A: Pb frequency histograms in the west of Tekieh (Target 1), B: Zn frequency histograms in the west of Tekieh
(Target 1), C: Pb frequency histograms in the east of Tekieh (Target 2) and D: Zn frequency histograms in the east of

Tekieh (Target 2)
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Table. 1. Linear Distribution parameters for geophysical and geochemical databases in the western (Target 1) and
eastern (Target 2) regions of Tekieh ore deposit (IP=Induced Polarization, Res=Resistivity)

Targets Variables Pierson Skewness Kurtosis
Pb 0.413 1.763 8.434
Zn -0.508 2.692 0.414
! 1P 0.235 8.942 17.781
Res 0.335 5.551 14.859
Pb 0.971 2.71 12.15
Zn 0.498 2.671 11.12
2 P 0.069 0.57 1.7
Res. 0.588 1.13 1.15
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Fig.6. A: Correlation between Resistivity contours and Pb variations in the west of Tekieh ore deposit (Target 1), B:
Correlation between Resistivity contours and Zn variations in the west of Tekieh ore deposit (Target 1), C: Correlation
between Induced Polarization contours and Pb variations in the west of Tekieh ore deposit (Target 1) and D:

Correlation between Induced Polarization contours and Zn variations in the west of Tekieh ore deposit (Target 1) (IP=
Induced Polarization and Res= Resistivity)

18001 - 26000 44 -64

ot St cens p |y Colie -l dslee ) ala, (JUS 8 9)) ksl o (s pé @595 (o)
Mandelbrot, ) cuwlesls lis ((ygumiloss) JuS,6 las = 0 A4S s ol mlgr A S S 8 Yol

2005 Llg, B o Gl o)ee aSas LB adgr g Wosls ol
Log (A) = FD Log () Vbl e i Ul e s i wile) b

Mandelbrot, ) aigis o 1,3l (o y bslas jsaxe
L dolee a4y oled @lgs Jows YU oy ulal 52005
ol g0 ) laBrs oliws 1 oolaiwl wisjls (JUS )8

Log (C) sLog (A) sleiwsS 5l jotoie catdaly -0l jo
S e 9 oy gsbs Sl Jeol 02,8 i ey
L= w)_.a)| solauwl b aS Cowl sauinals C5.L:...a b cenlite



¥y . 9 Oy )L..;lS ‘S)L..o.:.wgs) —‘sil).djj) ‘5&0«)‘0 J.J?o BN Jl;S,e 05’3) oﬁ)lf

Y0 L) ¥ o)los A ol

A5C slgie s alal, oy los adobas o5
JUS 3 doles s (g &y 09 oo oolizl (Valaly)
fl R0 S 31 blite slgiaaS (sl a5l s
2 g yesd FD Gz (e Sl 4 oS5 ok
osls (gaisaskad b aS” 0yl oo 95254y Culiiunlen bl g,
.(Mandelbrot, 2005) culol,en Jus,8 J&> &b o
LU gl a5 ol glaslElaz L aolas aljie 4 axksd o
Gl ool 555 o558 oo S Ly canlii il

adolee oyl .l ool lo Jsl az 0 doles & jg0a FD
izl Gl Gl 2 ) e o olsr SSE oS
JUS 8 ol adae alais jo Lyl il s g bl
sleig, LS . (Mandelbrot, 2005) a_S' o ool
(lmpg 5 albinl i) Gliee JUS B S (S5
ol ey bl 5 e 5 (s ol slgasls apaline o0y
LU s bl slaossay (3Lien) il sleeoli
dmlons 5l e gy ol 3 0 RS (o0 D)ge (Culitalpa

.(Mandelbrot, 2005) Sekieds sl & Slaizs jlogoi y zokaw (orezs Slsl,8
49°38' 10" 49°38" 13" 49° 38' 16" 49°38' 10" 49°38' 13" 49° 38" 16"

33°51'23"
L£T.16 €€

=
2] w
~ &
- |«
w =
b <
(]
) g
=
w
Y &
i
A w
@ bt
o
o ~
L] w

49°38" 10" 49°38" 13" 4 49°38' 10" 49°38 49° 38" 16"
0.02 o 0.02 0.04 0.06 Kilometers 0.02 1] 002 004 006 Kilometers
e e — e —

Pb - T2 (ppm) Zn-T2 (ppm)

[ o03s-2003 [ 0.52 - 10.597

Res. - T2 (Ohm/m) IP-T2 (mv)

200 - 1866 1.2 -2.533
[ 2.003-3627 10.597 - 20.673 1867 - 3533 2533 -3 867
I 3627-525 [ 20673-30.75 3534 - 5200 3.867 - 5.2

oimy sl slaayy (33l B Y anml) 4SS LS 5,5 50 e Jlee Sl b (oSl oy Caeglie laany (55l ALY KB
oSSl 3y 0 o e Slieii b Sl (tedad slans G531 10 (Y am) 4SS Ll 5,5 50 59, sle Dl b (S5 S
02y Ceoslio = Res 5 il iaksd = IP) (¥ apob) a5 )Ll 3,5 55 (g5, ke Slyaeis b il ik sloaiyy (o5l 1D 5 (¥ 4>l

(e

Fig.7. A: Correlation between Resistivity contours and Pb variations in the east of Tekich ore deposit (Target2), B:
Correlation between Resistivity contours and Zn variations in the east of Tekieh ore deposit (Target 2), C: Correlation
between Induced Polarization contours and Pb variations in the east of Tekieh ore deposit (Target 2) and D: Correlation
between Induced Polarization contours and Zn variations in the east of Tekieh ore deposit (Target 2) (IP= Induced
Polarization and Res= Resistivity)
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Table. 2. Linear regression of geophysical and geochemical databases in the western (Target 1) and eastern (Target 2)
regions of Tekieh ore deposit (IP=Induced Polarization, Res=Resistivity and CV= Correlation Variation)

Targets Variables . Statistics
Independent  Dependent Regression Coef. Slope CV
Pb 1P 0.009 0.322 0.095
Pb Res -0.018 -261.411  -0.136
1 Pb Zn 0 0.011 0.005
Zn 1P 0.008 0.012 0.092
Zn Res -0.078 -190.081  -0.281
Zn Pb 0 0.001 0.005
Pb 1P 0.005 0.071 0.071
Pb Res -0.083 -527.694  -0.29
2 Pb Zn 0.005 0.512 0.074
Zn 1P 0.12 0.051 0.351
Zn Res -0.139 -98.061 -0.373
Zn Pb 0.005 0.101 0.074
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Table. 3. Non-linear regression calculation for geophysical and geochemical databases in the western (Target 1) and
eastern (Target 2) regions of Tekieh ore deposit (IP=Induced Polarization, Res=Resistivity and CV=Correlation

Variation)
Variables Statistics
Targets Independent Dependent Regression Coef. Slope CVv
Pb 1P 0.99 0.59 0.99
Pb Res -0.82 -67.8 -0.91
1 Pb Zn -0.93 -0.2 -0.96
/n 1P 0 0 0.011
Zn Res -0.69 -59.77  -0.832
Zn Pb -0.86 -0.062  -0.925
Pb 1P 0.94 0.36 0.972
Pb Res 0.631 29.792  0.793
2 Pb 7n -0.81 -0.46  -0.904
Zn 1P 0.92 0.033 0.96
/n Res -0.49 -36.84 -0.701
Zn Pb -0.57 -0.038  -0.75
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Fig. 8. A: Area-Concentration density function for separating Pb anomalies in the west of Tekieh (Target 1), B: Area-
Concentration density function for separating Zn anomalies in the west of Tekieh (Target 1), C: Area-Concentration
density function for separating Pb anomalies in the east of Tekieh (Target 2) and D: Area-Concentration density
function for separating Zn anomalies in the east of Tekieh (Target 2) (Background, Th=Threshold and An=Anomaly)
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Fig. 9. A: Area-Concentration density function for separating Resistivity anomalies in the west of Tekieh (Target 1), B:
Area-Concentration density function for separating Induced Polarization anomalies in the west of Tekieh (Target 1), C:
Area-Concentration density function for separating Resistivity anomalies in the east of Tekieh (Target 2) and D: Area-

Concentration density function for separating Induced Polarization anomalies in the east of Tekieh (Target 2)
(Background, Th=Threshold, An=Anomaly , Res.=Resistivity and I[P=Induced Polarization)
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Fig. 10. Tekieh Pb-Zn contoured maps by using Krigging method under an isometric cell size value (100 square meter)
A: Tekieh Pb distribution pattern for separating background, threshold and anomalous populations by fractals, and B:
Tekieh Zn distribution pattern for separating background, threshold and anomalous populations by fractals (Target 1=
western target and Target 2= eastern target)
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Fig. 11. Mine Samples Micrographs from west of Tekieh ore deposit. A: Paragenesis of Galena ,Pyrite & Sphalerite

(PRL, 100x) and B: Oxidized carbonate facies within dolomite-quartzitic host unit (PPL, 100x). (Pyr = Pyrite, Gal =
Galena, Sph = Sphalerite and Qtz = Quartz)
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Fig. 12. Mine Samples Micrographs from east of Tekieh ore deposit. A: Zinc-carbonate mineralization (Smithsonite)
nearby coloform calcite (PRL, 100x) and B: Silicified carbonate facies rich of Fe-Oxides and crystalline Quartz in host
unit of basic metalls (PPL, 100x). (Sm = Smithsonite, FeO-OH = Iron Hydroxides and Qtz = Quartz)
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Introduction

Tekieh Lead-Zinc ore deposit that is located in the
Sanandaj-Sirjan  structural zone has been
recognized as one of the most important
mineralized  regions  in Malayer-Isfahan
metallogenic sub-state, south east of Arak
(Momenzadeh and Ziseman, 1981). Carbonate
host units have been developed along (or across)
the Vishan-Tekieh anticline as the main structure
extended in NW-SE trends (Annells et al, 1985).
According to geochemical investigations (Salehi,
2004), the element content of the mineralized
regions has originated from Alpine post-
volcanisms and subsequently it has migrated
toward early Cretaceous formations (dolomitic
limestones) among several hypogenic stages
(Torkashvand et al., 2009). Also echelon type
structures consisting of folded systems and
inversed faulting of structures are the most
common features in western and eastern parts of
ore deposit regions (Annells et al, 1985).
Syngenetic enrichments beside limited (rarely
developed) epigenetic mineralization have been
known as two main phases which are closely
relevant to ore forming processes in the massive
lenses and vein type occurrences, respectively
(Momenzadeh and Ziseman, 1981).

Material and Methods

In this research, two statistical techniques that
consist of classical and fractal equations
(Mandelbrot, 2005) were applied in geochemical
(Torkashvand et al., 2009) and geophysical
(Jafari, 2007) databases for obtaining the linear
and nonlinear distributions of geochemical

elements (Tekieh Pb-Zn content) in association
with  resistivity  variations and induction
polarization measurements (Calagari, 2010).
According to linear statistical techniques
(Torkashvand et al., 2009), the main central
parameters such as mean, median and mode in
addition to variances and standard deviations as
distribution tendencies could be wused for
obtaining the regression coefficients of the
databases. However, in fractal statistics, a reliable
regression between geoelectrical - geochemical
anomalies should be calculated based on
measuring the fractal dimensional variations in
the recursive patterns (Mehrnia, 2013). In
practice, the Area-Concentration equations
(Mandelbrot, 2005) were applied in resistivity,
induction polarization, Pb and Zn datasets for
achieving the nonlinear relationships in
anomalous regions which were characterized by
increasing in regression coefficients with more
spatial correlation of the variable than linear
statistics (Mehrnia, 2013).

Results and Discussion

This research showed that both linear and
nonlinear statistics are able to estimate the spatial
association of geochemical anomalies with
geophysical variables. A meaningful increase in
the regression coefficient was also revealed after
measuring the self-similar peculiarities of
concentration values on gridded plots (Salehi,
2004; Torkashvand et al., 2009). From the fractal
point of view, Pb ore-minerals have been
deposited in the western sub-region, while Zn
mineralization seems to be extended in the depth
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of eastern alterations. Also a predictable
geochemical zonation can be considered in the
western target (meaningful Pb anomalies) that is
more patterned than the eastern halos according to
geological observations (Momenzadeh and
Ziseman, 1981) and mineralogical evidences
(Salehi, 2004). An increase in Supra ore/Sub ore
proportional content was measured in the western
sub-region which indicated more reliable potential
of Pb mineralization (Galena as a particular
indication of sulfide-rich minerals) than the same
phases of ore forming processes in the eastern
sub-region, although the content of Pb-ores
rapidly decreases in the eastern target and is
replaced by Zn minerals (Sphalerite as particular
indication of sulfide-rich mineralization). Because
power law relationships are significant in both
geochemical and  geophysical  anomalies
(Mehrnia, 2013) a detailed program including
borehole geophysics and litho-geochemical land-
surveys should be considered in the prospected
regions. Therefore, upcoming phases should
emphasize on self-organized distribution of Pb-Zn
anomalies to introduce a new set of nonlinear
distributions in order to find the confidence
regression coefficients between the variables. As
the final results, fractal analysis of available
databases represented new target areas with better
mineralization aggregations than linear analysis of
the anomalous regions according to micrographs.
It means that surficial mineralization processes
could be extended in depth and enriched next to
altered host units because of a nonlinear but self-
organized distribution of  geochemical-
geophysical anomalies in Tekieh ore deposit
region.
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