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This study uses the C–V fractal model to separate mineralization zones especially enriched supergene and hy-
pogene protore in an Iranian Pb–Zn carbonate hosted deposit, based on subsurface data. The Tangedezan de-
posit is located in central Iran. In order to separate the twomajor mineralization zones in this deposit, log–log
plots of major elements are prepared, which are fitted straight lines that show C–V relationship for Pb, Zn, Ag
and Cd especially in NE of the area. Based on power–law relationship between elemental concentrations and
their host rock volume, the oxidation and sulfidation zones are separated. Log–log plots for the mentioned
elements show three mineralization zones including enriched supergene (oxidation), hypogene sulfide
protore and low mineralization zones. The obtained results were compared with geological zonation
model. This comparison shows that the interpreted zones by the C–V fractal model are in agreement with
the proposed geological model. The C–V log–log plot for Zn reveals that there is an enriched supergene
zone (oxidation), which separates out at the Zn grade of 13.8% in Tangedezan deposit. The high sulfide
zone (hypogene protore) interpreted to have 7.2% to 13.8% and the low mineralization zone, mainly
consisting of low sulfidation and to lesser extent low oxidation, has less than 7.2% of Zn grade in the deposit.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Separation of enriched supergene (oxidation) and hypogene
protore and low sulfidation is one of the main goals in exploration
of Pb–Zn carbonate hosted deposits (e.g., Reichert and Borg, 2008).
Different customized methods for zone detection and separation in
this type of deposits are usually based on geological parameters
such as mineralographical, petrographical, geological structures and
alterations, specifically in dolomitization and silicification types
(e.g., Bradley and Leach, 2003; Ghazban et al., 1994; Leach et al.,
2010; Meyer, 1981; Reichert and Borg, 2008; Sangameshwar and
Barnes, 1983; Takahashi, 1960). Historically, applicable models used
for recognition of different mineralization zones in Pb–Zn carbonate
hosted deposits have been based on understanding of the fundamen-
tal controls such as geochemical environments (Hutchinson, 1992;
Leach et al., 2001, 2010; Meyer, 1981; Sangster, 1990; Sawkins,
1984).

Several scientists focused on separation of different mineralization
zones in carbonate hosted Pb–Zn deposits and divided these deposits
to oxidation and sulfidation zones (Leach et al., 2001; Sangster, 1996;
Shelton and Hagni, 1993). Others worked on non-sulfide carbonate
hosted Pb–Zn and identified the emplacement of non-sulfide ore
generally subdivided into an ‘oxidation stage’ followed by a ‘post-
oxidation stage’ (Reichert and Borg, 2008).

One important and reliable data that helps to separate the miner-
alization zone is the borehole data especially if it has a logging infor-
mation including mineralographical information, alteration and host
rock changes. Different geological interpretations could be presented
for detecting zone boundaries, which may also lead to different re-
sults because the elemental grade distribution may not be taken
into consideration.

The fractal theory is one of the non-linear mathematics that was
established by Mandelbrot (1983) and widely applied by geoscien-
tists (e.g., Afzal et al., 2010, 2011; Agterberg et al., 1993; Ali et al.,
2007; Cheng et al., 1994; Goncalves et al., 2001; Li et al., 2003; Shen
and Zhao, 2002; Sim et al., 1999; Turcotte, 1986; Zuo et al., 2009).
Methods based on fractal geometry can investigate relationships be-
tween geological, geochemical and mineralogical settings with spatial
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information derived from data analysis (Afzal et al., 2011; Carranza,
2008, 2009).

As quantitative thresholds can be recognized and determined in
the plot's breaking points, various log–log plots in fractal methods
are suitable tools for separation of geological and geochemical
populations. These investigations proposed that fractal method can
be applied to investigate the separation within mineralization zones
in various types of deposits.

Based on the Zn, Pb, Ag and Cd grades, and using of concentration–
volume (C–V) fractal method, distinguishing the enriched supergene
(oxidation), hypogene sulfide protore and low mineralization (low
sulfidation and oxidation) zones, is the main aim of this research in
the Tangedezan Pb–Zn carbonate hosted deposit located in Central
Iran.

2. Concentration–volume fractal method

Afzal et al. (2011) proposed the fractal concentration–volume
(C–V) model for separating various mineralization zones in order to
characterize the distribution of major, minor and trace element con-
centrations in relation to the Iranian Cu porphyry deposits (Sungun
and Chah-Firuzeh). This model has the general form:

V ρ≤υð Þ∞ρ−a1
;V ρ≥υð Þ∞ρ−a2 ð1Þ

where, V(ρ≤υ) and V(ρ≥υ) denote volumes (V) with concentration
values (ρ) that are, respectively, smaller and greater than contour
values (υ), which define those volumes, and a1 and a2 are exponents.
In the log–log plots of concentration contours versus volumes, certain
concentration contours representing breakpoints in the plots are con-
sidered threshold values separating geochemical populations in the
data (Afzal et al., 2011). To calculate V(ρ≤υ) and V(ρ≥υ) enclosed
by a concentration contour in a 3D model, in this study, the original
borehole data of ore element concentrations were interpolated by
using the inverse distance weighted (IDW) method.

Breakpoints between straight-line segments in those log–log plots
represent threshold values separating populations of geochemical
concentration values representing mineralization zones according to
distinct geochemical processes. In the Pb–Zn carbonate hosted
deposits, zones of high Zn, Pb, Ag and Cd concentrations comprise
relatively few voxels in a 3D block model, whereas zones low of
these elemental concentrations comprise numerous voxels. Therefore
threshold values in this recognized by applying the fractal C–V meth-
od likely represent boundaries between different ore zones.

3. Geological setting of the case studies

High amounts of zinc and lead are produced from Pb–Zn carbon-
ate hosted in the world (Alldrick and Sangster, 2005). About 600
Zn–Pb deposits and occurrences are prospected in Iran by now

Fig. 1. Location of Tangedezan deposit in Sanandaj–Sirjan zone in structural map of Iran (Alavi, 1994).
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(Ehya et al., 2010; Ghorbani et al., 2000). The most important meta-
llogenic provinces for Pb–Zn mineralization are in Central Iran, the
Sanandaj–Sirjan Zone, and the Alborz region (Ghazanfari, 1999;
Meshkani et al., 2011), as depicted in Fig. 1. The ages of the miner-
alization events and host rocks range from the Upper Proterozoic
to Oligocene–Miocene; however, most of the host rocks are either
Paleozoic or Cretaceous carbonates (Ehya et al., 2010; Reichert, 2007).

The Pb–Zn deposits are common in the Sanandaj–Sirjan Zone by
1500 km long, up to 200 km wide, and extend from northwest to south-
east Iran, especially in its middle part, theMalayer–Esfahan belt, where it
is predominantly stratabound and restricted to Cretaceous limestones,
dolomites, shales, and occasionally sandstones, although some deposits
have pre-Cretaceous host rocks (Meshkani et al., 2011; Momenzadeh,
1976). Sulfidic mineralization and non-sulfide ores are dominant in this
belt. The proposed hypotheses for the origin of these deposits vary from
MVT to Sedex models (Ghorbani, 2002; Reichert, 2007). The subduction
of the Neo-Tethyan ocean floor beneath Iran sutured Iran to Arabia, e.g.,
Alavi (1994), and the subsequent continental convergence built the
Zagros orogenic belt including Sanandaj–Sirjan belt (Ghasemi and
Talbot, 2006; Sheikholeslami et al., 2003).

The Tangedezan deposit is situated about 160 km NW of Isfahan
city in the Malayer–Esfahan belt, as illustrated in Fig. 1. The sulfide
and non-sulfide ores of Tangedezan are hosted in Cretaceous carbonates
(Thiele et al., 1968). There is a stratabound deposit that concluded

oxidation zone in surface and sulfidation zone in depth. Geologic map of
the Tangedezan area (1:20,000 scale) is shown in Fig. 2. The host rock
dominantly thrust on adjacent units. Faults and other structural features
(fold and lamination) with dominant NW–SE trends parallel to the
Zagros orogen are the major structural features in the Tangedezan area.
The ore in the oxidation zone is mainly composed of hemimorphite,
smithsonite and cerussite and in the sulfidation zone sphalerite and
galena existed and pyrite, calcite, dolomite quartz and barite are gangue
minerals. The major wall-rock alteration observed in the deposit com-
prises dolomitization and silicification. Dolomitization has increased the
effective porosity and permeability for the precipitation ofmineralization.

4. C–V fractal model in the Tangedezan deposit

The Tangedezan deposit data were obtained from 17 drill cores
covering a total length of about 1100 m. Rock samples from the drill
cores were used to construct the zonation model based on geological
core logging and 330 lithogeochemical samples with 2 m interval
from drill cores in the this deposit were analyzed by ICP-OES for Zn,
Pb, Ag and Cd and 39 other elements. The Tangedezan deposit is
modeled with 433,980 voxels. Each voxel has a dimension of
2×2×2 m in the X, Y and Z directions. Zn, Pb, Ag and Cd distribution
block models were generated via inverse distance squared (IDS)
method using the RockWorks 15 software package (RockWare Co.,

Fig. 2. Geological map of Tangedezan deposit in1:20,000 scale (Parsgostaran Co., 2010).

100 S.T. Delavar et al. / Journal of Geochemical Exploration 118 (2012) 98–110



Author's personal copy

2010). To calculate V(ρ≤υ) and V(ρ≥υ) enclosed by a concentration
contour in a 3D model, in this study, the original drill core data of ore
element concentrations were interpolated by using the inverse dis-
tance squared (IDS) method. Volumes V(ρ≤υ) and V(ρ≥υ) are
equal to the unit volume of a voxel (or volume cell) multiplied by
the number of voxels with concentration values (ρ) that are, respec-
tively, smaller and greater than a certain concentration value (υ).

Elemental thresholds values were identified from log–log plot
(Fig. 3). It demonstrates a power–law relationship between Zn, Pb,
Ag and Cd concentrations and volumes occupied. Geochemical
populations for these elements are separated by different straight-
line segments in the log–log plots. The fitted lines were determined
by least squared law in Excel software. All elemental log–log plots
show three geochemical populations that occurred in this area.
There is a sudden change in the rate of decrease of the volume
enclosed by high values of Zn, Pb, Ag and Cd, as depicted in Fig. 3.
However, the slope of the segments is close to 90° that shows
enriched population in geochemical exploration (Cheng et al.,
1994). Based on the log–log plot, Zn concentrations in enriched su-
pergene zone are considered to range higher than 13.8%. Above 3%,
62 ppm and 407 ppm lies an enriched supergene zone based on Pb,
Ag and Cd log–log plots, respectively (Table 1).

The second populations of the mentioned elements can be inter-
preted as hypogene sulfide protore zone with a concentration range
between 7.2% and 13.8% for Zn and range between 1.66% and 3% for
Pb. Also, in hypogene sulfide protore zone of this deposit Ag and Cd
respectively range between 30 and 62 ppm and 52 and 407 ppm
(Table 1).

The first elemental geochemical populations could be described as
low mineralization zone. Based on geological observations most parts
of this mineralization zone show low sulfidation and less low oxida-
tion in this deposit. Lower than the first threshold from the left of
the graphs is about 7.2%, 1.66%, 30 ppm and 52 ppm respectively for
Zn, Pb, Ag and Cd which is interpreted to be the threshold of back-
ground for the ore element of this deposit.

The results of the C–V method for the mentioned elements have
been shown in Fig. 4. The third geochemical populations (enriched
supergene) in the log–log plot generated as 3D models of elemental
distribution in this deposit by using RockWorks 15 software package,
as presented in Fig. 4. All of the third geochemical populations of
these elements are situated in Eastern and NE part of this deposit, es-
pecially Zn and Pb. In addition, Ag higher than 62 ppm and Cd higher
than 407 ppm are extended in other parts of Tangdezan deposit
(Fig. 4). According to these models a high oxidation zone (enriched

Fig. 3. C–V log–log plots for Zn, Pb, Ag and Cd.
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supergene) is situated near the surface and it is located in the E–NE
part of the area.

The second geochemical populations of Zn, Pb, Ag and Cd are lo-
cated in the NE, northern and NW parts of this deposit, as presented
in Fig. 5. It is obvious that the mineralization zone occurred in
depth and shows that there are hypogene sulfide protore mineraliza-
tions for these elements since elemental grade ranges are proper and
economical. Ag between 30 and 62 ppm and Cd between 52 ppm and
407 ppm occurred in deeper parts of this deposit (Fig. 5). The geo-
chemical populations lower than the first elemental thresholds
could be interpreted as low mineralization zone in Fig. 6. The low
mineralization zone occurred in most parts of the deposit. Based on
3D models presented in Fig. 6, most parts of this zone concluded
low sulfidation mineralization. But there are low intensity oxidation
zones that can be interpreted as transition zone between oxidation
and sulfidation mineralization. Moreover, there are barren host
rocks, which show no obvious evidence of mineralization outside of
the low mineralization zone based on geological studies.

Comparison between geological data and results obtained from
C–V method were made by construction of zonation model of the
Tangdezan deposit base on geological logging from drilling data, as
depicted in Fig. 7. Enriched supergene zone resulting from the C–V
method is correlated with the E–NE part of the oxidation zone
obtained by geological zonation model. Additionally, the oxidation
zone derived by geological model in northern and NW parts of the
area is correlated with Ag and Cd enriched supergene zone in terms
of C–V fractal model. There are no sufficient drilling data and could

be interpreted that enriched supergene for Zn and Pb will be pro-
posed to be explored in future program. Hypogene sulfide protore
zone obtained from the C–V model is correlated with hypogene sul-
fide protore zone from the geological zonation model in eastern and
N–NW parts of the deposit especially in depth, as illustrated in
Fig. 7. There is a good correlation between low mineralization zone
from the C–V method and low sulfidation zone from the geological
zonation model, as depicted in Fig. 7. This shows that parts of the
lowmineralization zone obtained by C–Vmodel are correlated within
the oxidation zone derived via geological zonation model in north
part of the deposit. It can be interpreted that several parts of oxida-
tion zone from drilling data are transition zones between oxidation
and sulfidation mineralization.

5 . Conclusions

In this paper, concentration–volume (C–V) fractal method is ap-
plied for the separation of different mineralization zones in Pb–Zn

Table 1
Elemental ranges for resulting zones from C–V model.

Zone Range
(Zn%)

Range
(Pb%)

Range
(Ag ppm)

Range
(Cd ppm))

Low mineralization zone b7.2 b1.66 b30 b52
Hypogene protore zone 7.2–13.8 1.66–3 30–62 52–407
Enriched supergene zone >13.8 >3 >62 >407

Fig. 3 (continued).
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carbonate hosted in Tangedezan deposit, central Iran. Based on inter-
pretation of log–log plots of major and minor elements of this deposit
including Zn, Pb, Ag and Cd, there are three major mineralization

zones including enriched supergene, hypogene sulfide protore and
low mineralization zones. Low mineralization zones consist of high
amounts of low sulfidation zone and lower intensity oxidation and

Fig. 4. Enriched supergene zone based on C–V method.
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transition zone. Elemental ranges for this zone are lower than 7.2%,
1.66%, 30 ppm and 52 ppm for Zn, Pb, Ag and Cd, respectively. This
zone is correlated with low sulfidation zone resulting from geological

drilling data. Enriched supergene zone is demonstrated in eastern and
NE parts of the deposit including Zn, Pb, Ag and Cd grade ranges
above 13.8%, 3%, 62 ppm and 407 ppm. These elemental grades are

Fig. 4 (continued).
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Fig. 5. Hypogene sulfide protore based on C–V method.

105S.T. Delavar et al. / Journal of Geochemical Exploration 118 (2012) 98–110



Author's personal copy

Fig. 5 (continued).
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high for Pb–Zn carbonate hosted deposit and this zone is correlated
with the oxidation zone obtained from geological data. Hypogene sul-
fide protore zone resulting from the C–V method consists of Zn be-
tween 7.2% and 13.8%, Pb 1.66% and 3%, Ag 30 and 62 ppm and Cd
52 and 407 ppm. There is a noticeable correlation between this zone

and the core data, specifically in the eastern and NW parts of the deposit.
This means that results obtained from the C–Vmethod are confirmed by
geological data, especially core drilling data.

After usage of the C–V fractal method for separation of different min-
eralization zones in porphyry Cu deposit, based on this research, the C–V

Fig. 6. Low mineralization zone based on C–V model for Zn (a), Pb (b), Ag (c) and Cd (d).
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Fig. 7. Zonation model of Tangdezan deposit based on geological logging drilling data.
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method could be applied for separation of mineralization zone in Pb–Zn
carbonate hosted deposit.
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