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Table 1. The censored elements and their alternative values in the geochemical database of the calamine mine (ppm)

Element Discrimination Replacement Number of Censord Data
Limit Value Censord Data Percentage

Ag <0.1 0.075 2 1.1%
As >1% 13300 1 0.6%
Ba >1% 13300 1 0.6%
Be <0.2 0.15 5 2.8%
Ca >10% 133333 163 90.6%
Ce <1 0.75 27 15.0%
Co <1 0.75 19 10.6%
Cr <l 0.75 11 6.1%
Cu <l 0.75 1 0.6%
Fe >10% 133333 7 3.9%
Li <1 0.75 159 88.3%
Mg >2% 26667 8 4.4%
Pb >3% 40000 3 1.7%

S >3% 40000 4 2.2%
Sb >0.01% 133 17 9.4%
Sc <0.5 0.375 5 2.8%
Y <0.5 0.375 1 0.6%
Yb <0.2 0.15 1 0.6%
Zn >3% 40000 30 16.7%

1. Black-Hill
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Fig. 1. A: View of Mahdiabad Mining Complex in Yazd on structural map of Iran, B: Calamine Mehdiabad mine, and C:
Location of rock samples taken from Calamine mine
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Fig. 3. Panorama image of the fault boundary of Sangestan and Abkooh Formations (view to the southeast of the area)
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Table 2. The correlation coefficient and Possibility of Poisson distribution indicator and pathfinder elements calamine

mine (A: Expected Mean; A1: background; A2: anomalies)

Supra-ore Elements Redox Sub-ore Elements
Elements

Pb Zn Ag Sb As Ba Fe S Cd Cu Ni Co Cr

. Pb 1.00 057 0.57 0.81 039 024 0.79 041 054 0.06 031 0.19 0.12
Correlation
Coef.

Zn 057 1.00 022 0.75 055 042 0.65 035 066 0.02 0.62 038 0.11

. Al 030 038 0.74 038 045 044 040 040 030 053 0.55 0.65 0.53
Poisson
Dist. Coef.

A2 035 073 029 051 060 045 042 030 037 031 041 053 037
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Table 3. Variance-Distance model for metals with Real BSs on calamine of Mehdiabad, Yazd (FD: Fractal Dimension,
BS: Brownian Surface, Var: Variance, D: Distance (m), Dn-Dmin: Differential Distance (m), Cum Area: Cumulative
Area, Grade: ppm, Slope: line slope)

Log
Elements g::; D (m) DDnrll'-n ?ralﬂt; Var (Dn- (I‘;(;%) Slope FD BS
! PP Dmin)
1375 20.93 8.00 28382.43 105578715.74  0.90 8.02 2.15 Real
Pb 2.15

925 17.16 4233  33466.10 26951468.74  0.63 7.43

30225  98.11  85.18 24619.84 192125751.94 1.93 828 229

Zn 18025 7577 62.84 28698.96 95684086.64 1.80 798 290 268 Real

8625 5241 3948 3349598 24848277.90 1.60 7.40

13550  65.69 5276 81.52 2169.24 1.72 334  3.18
Sh 9425 5479 41.86  95.85 1039.62 162 3.02 246 2.63 Real
4300 37.01 24.08 111.76 266.84 138 243 176
900  16.93  4.00 30.96 1062.94 0.60  3.03 203 203 Regl
A8 350 1571 278 41.01 508.62 044 271 095
2700 2932 1639  79.0651 2236.33 121 335 227
Cu 1800 2394 11.01 98.2484 906.41 1.04 296 206 214 Real
1175 1934 641  115.1245 296.89 0.81 247 3.6
3300 3242 1949 1133 97.24 129 199 191
Co 2350 2736 1443  13.80 54.67 L6 174 217 o Real
1700 2327 1034  16.04 26.52 1.01 142 244
1025  18.07  5.14 55.09 1021.90 071  3.01  1.66
Ni 825 1621 328 65.05 484.46 052 269 205 231 Real
675 1466 173 76.47 112.02 024 205
52575 129.40 129.40  21.08 861.56 211 294 108 269 Real
Cr 22550 84.74 71.81  32.68 315.01 186 250 263 271 Real

14450 67.84 5491 37.95 155.64 1.74 2.19  1.70
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Table 4. Variance-Distance model for non-metals with Real BSs on calamine of Mehdiabad, Yazd (FD: Fractal
Dimension, BS: Brownian Surface, Var: Variance, D: Distance (m), Dn-Dmin: Differential Distance (m), Cum Area:

Cummulative Area, Grade: ppm, Slope: line slope)

Elements g‘r‘;‘l D (m) DDI:i'n gr;fs Var 5)0;;_ (%,‘:f) Slope FD BS
Dmin)
100650 179.04 166.11  84.8843 2013.48 222 330 250
As 61425 139.86 12693 97.7117 1026.84 210 301 276 5 po
27750  94.01  81.08 112.4831 298.36 191 247 130
5175 40.60 27.67 24393.12 20499293097 144 831 2.4
S 3300 3242 19.49 29047.86 9337036091 129  7.97 234 220 Real
1900  24.60 11.67 33483.00 27328838.93  1.07 7.44
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Table 5. Variance-Distance model for metals with Near BSs on calamine of Mehdiabad, Yazd (FD: Fractal Dimension,
BS: Brownian Surface, Var: Variance, D: Distance (m), Dn-Dmin: Differential Distance (m), Cum Area: Cummulative

Area, Grade: ppm, Slope: line slope)

Log
Elements g:;: (111)1) DDnl:.-n (Gra:lc)e Var (Dn- (%(;%) Slope  FD BS
! PP Dmin)
850 1645 3.52 339.38 12210.69 0.55 4.09 1.67
Cd 1.67294 Near
650 1439 1.46 397.07 2789.11 0.16 345
3575 33.74 20.81 94961.56 1161622129.94 1.32 9.07 1.84
Fe Near
1625 2275 9.82 111952.76 292115366.02 0.99 8.47
Cd . Fe.
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Fig. 9. V-D density function for pathfinder elements of Calamine. Green indicates near BS.
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Table 6. Variance-Distance model for non-metals with Near BSs (Ba) on calamine of Mehdiabad, Yazd (FD: Fractal
Dimension, BS: Brownian Surface, Var: Variance, D: Distance (m), Dn-Dmin: Differential Distance (m), Cum Area:

Cummulative Area, Grade: ppm, Slope: line slope)

Cum Dn-

Area D (m) Dmin Ba (ppm)

Var (Ba)

Log
(Dn-
Dmin)

(V‘;f) Slope  FD BS

1150 19.14 6.21 7939.64

21903002.79 0.79 734 195

875 16.69 3.76 9745.74

8259701.84  0.58 692 146 160344 Near

650 14.39 1.46 11178.65

2076655.36 0.16 6.32
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Fig. 10. Prejudice map obtained from the Variance-Distance model in calamine mine Mehdiabad, Yazd. The geometric

location of BSs is circular for representing a symmetrical distribution of self-similarites on fractal surfaces. According to
FD variations, the first 10 elements have real BS, while the last 3 elements, contained near BS.
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Introduction

Calamine Zn-Pb deposit (Mehdiabad, Yazd,
Central Iran) is a mineable nonsulfide
mineralization, located in the upper part of a
volcano-sedimentary basin at intersection with
erosion surfaces. From statistical viewpoint,
geochemical distributions of trace elements due to
volcanic-exhalative processes, may naturally be
predominated by self-organized zonation in ore
mineralized regions (Cheng et al., 2000; Mehrnia,
2017). Therefore, attention is paid to nonlinear
distribution of particular elements to finding their
spatial relations with concealed ore mineralization
for prospecting sedimentary-hosted exhalative
deposit (SEDEX). In this way, calculation and
analysis of statistical coefficients is a necessary
stage for prospection of the inter-relation of
typomorphic elements. In cases where the erosion
surfaces result in redistribution of supra ore
elements, the approach of linear regression
coefficient is not recommended, because
progressive weathering usually hides the natural
zonality of elements, as an expected criterion for
hypogenic mineralization (Hassani-Pak, 2012).
Our research approach which is to find a proper
zonality of elements is based on nonlinear
assessment of geochemical distributions for a case
of epigenetic mineralization that seems to be
related to deep/concealed SEDEX deposits.

Material and method

Current research uses a variance-distance equation
to modify the linear regression results as follows:
Log (Vx) =FD Log (Dvx) (1)

where Log (Vx) and Log (Dvx) are the logarithms
of variances and distances respectively; and FD is
the fractal dimension. A log-log plot is used to
illustrate Vx and Dvx changes on horizontal (X)
and vertical (Y) axes to obtain a distribution’s
density function. By statistical concepts, FD is an
independent variable from the central tendencies as
well as distribution parameters. Meanwhile, a self-
organizing property of geochemical distributions is
geometrically dependent on fractal dimension
changes on power-law’s log-log plots. For
obtaining the natural geochemical zonation of
Calamine’s path-finder elements, a set of
lithogeochemical data has been  used.
Consequently, a total of 180 litho-samples of
Calamine region were collected and interpolated to
find the anomalous populations.

A GIS-based software (Spatial Analyst) was used
here to obtain geometric and statistical quantities
which are necessary for variance-distance equation
(Teymoorian-Motlagh et al., 2012). This soft-
package works on ArcMap with the ability to
export summarized data to other supplementary
software packages such as Excel which are used to
complete and present V-D log-log plots.
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At the second step, we used fractal dimension
changes to identify the Brownian surfaces of
elements. This surface usually contains a set of
paragenetic elements which are found together
within several correlated zonations with respect to
their rate of activities in magmatic environments.
A Brownian surfaces is formed of particular
geometric locations of self-similar populations.
When it changes between 2.5>FD>2, it represents
scale-invariant  continuity of  distributions
(Thorarinsson and Magnusson, 1990). In other
word, this surface denotes the tendency of trace-
elements to nonlinear distributions and it is
geometrically related to a probable phase of
mineralization in some epigenetic ore deposits.

Discussion

Based on a variance-distance model for Calamine’s
indicative and path-finder elements, six target areas
are presented in a contoured prognostic map, which
contains As, Zn, Cr, Sb, S, Co, Cu, Pb, Ni and Ag
in a sequent. Order of this sequent is based on
geometry of their Brownian surfaces. The largest
surface belongs to As while the smallest one
belongs to Ag and Cd. Among the elements which
have reached the Brownian surface, As, Sb and Zn
shared similar fractal parameters and extended at
the background of other elements. Cr was the only
element which did not follow the As, Sb and Zn
backgrounds, because its geometrical location is
independent of other elements. The mentioned
target-areas which are marked on the prognostic
map, have different scoring of mineralization
potentials that is prioritized by considering
zonation peculiarities of elements on fractal
surfaces.

Results

Fractal relationship of elements is conceptually
different from what is generally stated in statistical
models. Therefore, many elements which have
desirable linear correlation with each other

(relatively good condition for path-finding), are
unfavorable as V-D models and vice versa. From a
nonlinear perspective, a Poisson distribution is the
most important criterion for analyzing coherency
of elements in hypogenic environments. As a final
result, we have illustrated that Brownian surfaces
in As, Zn and Sb are extended well in the central
and southeastern parts of Calamine, marking a
proper relation of the structures with the host units
during exhalative activities of the region. The high
amount of these elements compared to the
background indicates the effect of fluid flows and
the penetration of mineralizing solutions under a
supergene condition of the mine as well opening
the fractures and fault systems.
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