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Fig.1. Location and road map to Mohammad Abad Oryan, The study area is shown in the map.
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Fig. 2. Geological map of Mohammad Abad Oryan with the position of sampling in Tonakar and Borj Kharkan regions
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Table 1. Assuming tests to determine the correlation between analysed elements in Tonakar and Borj Kharkan regions

Element N Mean S
B_Tonakar 47 992.7
B_Borj Kharkan 58 678
K_Tonakar 48 188.5
K_Borj 58 1415
Kharkan
Mg_Tonakar 48 204.6
Mg_Borj 58 98.6
Kharkan
Li_Tonakar 48 12.3
Li_Borj 58 10.4
Kharkan

td.Dev P Mean Std.Dev of P
532.7 0.001 0.003
356.1
145.6 0.045 0.033
71.3
170.9 0.001 0.193
119.5
7.1 0.131 0.157
5.2

OS5 s ,BUs ailats 90 b slaosls (sl ooiidlne 5 ,Lel (sloailse 2 Joan

Table 2. Statistical parameters of raw data in Tonakar and Borj Khakan regions

Element Mean Median Std.Dev Skewness Kurtosis Minimum Maximum
Valid Missing
Tonakar
B 46 2 960.5 825.5 490.1 0.92 -0.16 363 2155
K 40 8 137.28 1325 47.96 0.44 0.16 31 260
Li 41 7 9.73 9 2.81 1.34 1.41 7 17
Mg 42 6 148.24 1445 44.66 0.7 -0.26 87 252
Borj Kharkan
B 55 3 611.2 600 181.7 1.06 0.95 355 1140
K 52 6 122,15 1125 30.22 0.58 -0.79 80 185
Li 51 7 8.74 8 1.56 0.81 0.28 7 13
Mg 50 8 55.36 51.5 13.97 0.57 -0.31 33 94
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Fig. 3. Box plot, Probability plot and histogram of raw data for B, K, Li and Mg elements in Tonakar region
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Fig. 4. Box plot, Probability plot and histogram of normalized data for B, K, Li and Mg elements in Tonakar region

Ol JoIs oty 305 0925 (S )1 @ 5 g5 adlaie S5 Lol gy bl 2 o Jlogil (s jlulox
ez & ey 55 L5 g g ,5Ls3 sblie (ol ailin] o i b sliises] 5l ool b il 4iiS a5 jsblen
Lg)La.x.a d‘)?u‘ 9 u..i:t«o u‘)-vﬁ U»Lm‘ » ! 00l ML?:A 5..) )‘ ) u)f 6'.&4_;9.0.: O d)‘éLa.x.c .‘oLu)‘ FLERWA



ools s sael Cowsds laaidi walsl [0 .045 Latuive 5 Aliwlas i) olg oo el Cawsty Jlo s slasols i aS
SLal gy 5l eacel sy ailiw] o Ll o a8 sl ouis 50 Slewbre ool oyl cewsns 1) Jil § SKoe Jleogs]
Sledg, plo 5l o] Cawsds ailiw] a> pian g SIS ol ol olendigy sloaiss . col ouls 03,91 4 Joo

(10 9 9 LgQAim) Sloads ools uL.MJ w0l oolarul ‘SJLA}J MA_.A‘ dJaL.A G ous o) Surfer8 )‘)9‘?)" o

OB s ,BUss ailate 9 oniJley slresls gl o dlome (5 lo] (sloadlse 3 Jguxr

Table 3. Statistical parameters of normalized data in Tonakar and Borj Khakan regions

Element _ N _ Mean Median Std.Dev Skewness Kurtosis Minimum Maximum
Valid Missing
Tonakar
Ln(B) 47 1 6.77 6.72 0.51 0.25 -0.92 5.89 7.81
Ln(K) 44 4 4.99 5.01 0.42 0.58 -0.39 4.42 5.99
Ln(Li-6) 48 0 0.15 1.09 1 0.31 -0.67 0 3.4
Ln(Mg-86) 47 1 4.16 4.2 1.09 0.4 -0.23 2.48 6.64
Borj Kharkan
Ln(B-354) 56 2 5.47 5.56 0.8 0.42 -0.07 3.93 7.7
Ln(K-79) 56 2 3.74 3.77 0.95 -0.03 -0.01 1.39 6.04
Ln(Li-6.5) 53 5 0.58 0.4 0.87 -0.24 -0.95 -0.693 2.25
Ln(Mg-32) 50 8 3.03 3.07 0.71 0.01 0.56 1.1 5.06

OBz s ,BUs dibate 50 oad by slresls Joizl 5 (Soe gl 5 ailiwlos e s drlons olie 4 Joan

Table 4. Calculated background, treshold, probability and possible anomaly of normalized data for Tonakar and Borj
Kharkan regions

Elements x S =x+s =+2s x=+3s Exp(x+s) Exp(x+2s) Exp(x+3s)
Tonakar
Ln(B) 6.77 051 728 779 830 1453.2 2424 4043.60
Ln(K) 499 042 542 584 6.26 225.12 342.7 521.71
Ln(Li-6) 1.33 1 233 333 433 16.31 34.08 82.44
Ln(Mg-86) 416 109 526 635 745 278 659.7 1800

Borj Kharkan

Ln(B-354) 547 080 6.27 7.07 7.87 882.74 1533 2985.9
Ln(K-79) 3.74 095 468 563 6.58 187.2 358 798
Ln(Li-6.5) 0585 0.87 145 232 319 10.78 16.7 30.83

Ln(Mg-32) 3.03 0.7 373 444 515 73.8 116.9 204
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Table 5. Obtained values from cansentration-area fractal method to separate data for Tonakar and Borj Kharkan regions

Element a b Exp@) Exp(b)
Tonakar
B 6.85 7.38 943.88 1603.6
K 5.1 572 164.02 304.9
Li 244 293 11.47 18.73
Mg 5.12 6 167.3 403.4

Borj Kharkan

B 6.68 7.1 796.3 1212
K 525 572 190.57 305
Li 269 3.03 14.73 20.69
Mg 522 576 184.9 417.3
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Fig. 6. Consentration-Area diagrams of B, K, Li and Mg elements in Tonakar region
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Table 6. Statistical parameters obtained from box plot of raw data for Tonakar and Borj Kharkan regions

Element Min LW Lh h-Spread Uh uw Max  Threshold
Tonakar
B 363 363 554 671 1225 1646.5 5930 2231.5
K 31 83 100 88.8 188.8 250 900 322
Li 7 7 8 4.75 12.75 14 36 19.9
Mg 87 87 108.5 90.8 199.3 140 848 3355
Borj Kharkan
B 355 355 469.8 287.8 757.5 1082 2574 1189
K 80 80 98 62 160 240 500 253
Li 7 8 8 2 10 10 33 13
Mg 33 33 44.8 26.8 715 34 628 111.7

1. Median Absulte Deviation
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Table 7. Determining threshold, using Median+2MAD method for Tonakar and Borj Kharkan regions

Element Mean Median Std.Deviation MAD Median+2MAD
Tonakar
B 1095 828.5 886 351.5 1531.5
K 188.4 150 145.6 45 240
Li 12.27 9 7.1 2 13
Mg 204.6 152 170.9 43 238
Borj Kharkan
B 678 605 356.1 140.5 886
K 141.5 120 71.34 25 170
Li 10.4 9 5.17 1 11
Mg 98.6 60 119.5 14 88
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Table 8. Obtained thresholds, using classical statistic, fractal geometry, EDA and Median+2MAD for Tonakar and Borj

Kharkan regions

Element classical statistic fractal geometry EDA Median+2MAD
Tonakar
B 2424 1603.6 2231.5 1531.5
K 342.7 304.9 322 240
Li 34.08 18.73 19.88 13
Mg 659.7 403.4 3355 238
Borj Kharkan
B 1533.7 1211.9 1189.2 886
K 358 304.9 253 170
Li 16.7 20.7 13 11
Mg 116.9 317.3 111.7 88
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Fig. 7. A- Histogram of normalized data (Filliben and Heckert, 2005), B- One-dimantional diagram of data
distribution (Chiprés et al., 2009), C- Box plot to exhibit five summary values and outliers (Bounessah and Atkin,
2003), D- Box plot to determine the threshold and anomaly (Chiprés et al., 2009)
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Introduction

Mohammad-abad Oryan is the only potential
source of borate in the North-east of Iran located
in 50 km South of Sabzevar. The area is located in
tuff marl, tuffaceous marl, volcanic braccia and
tuff  braccia  structures. Remote  sensing
techniques, geological studies and integration of
this data in GIS were applied in an area of about
600 square kilometers to locate the promising
areas of borate mineralization for detailed studies
(Bemani, 2012). The aim of this detailed
geochemical study is to confine the anomaly areas
for exploratory drilling and trenching.

Materials and methods

Field studies were carried out in 9 geological
traverses, mainly in Tonakar and Borje Kharkan
area and 126 brine samples were taken from
hydrothermal springs and 13 rock samples were
taken from trenches. AIll the samples were
analyzed for four elements, including B, K, Li and
Mg. In order to determine the threshold quantities
of the samples and isolation of anomaly, the data
were analyzed using statistical methods including
classical statistics, fractal geometry and EDA
methods (Bemani, 2012).

Result

Initial data analysis showed that there were no
censored data. Also, by applying statistical
hypothesis testing, no significant relation was
observed between the elements in the two areas
(except for Li). Therefore, all the statistical
analyses were carried out separately.

After outlier correction, based on the amount of
skewedness and histograms and probability plots
of different elements, it became clear that none of
the elements in the raw data distribution were

*Corresponding authors Email: bemanimahdi@gmail.com

normal and required to be transformed to be close
to normal. In this study, logarithmic and three-
parameter logarithm transformation were used in
order to normalize the data . Based on the mean
values, standard deviation of the normalized data,
and background value and threshold, probable and
possible  anomalies were obtained and
geochemical anomaly maps were drawn to
identify the promising areas.

With the exception of the fractal pattern, anomaly
separation methods are based on the differences of
fractal dimensions between communities of
geochemical data (Hasanipak and Sharafoddin,
2005). In this study, concentration area fractal
method was used to separate anomalies from the
background. Using fractal geometry, threshold
value corresponding to the two areas (Tonakar
and Borje Kharkan) were obtained and were
plotted separately on geochemical maps.
Exploratory data analysis (EDA) is an approach
to analyze data setsto summarize their main
characteristics, often with visual methods
(Filliben and Heckert, 2005). Exploratory data
analysis is a useful method for analysis of
geochemical exploration data. This is a statistical
method known as the Robust Statistic
classification (Carranza, 2009). In geochemical
exploration, box plots, histograms and scatter plot
are more practical. According to the box plots, the
data of Tonakar and Borje Kharkan areas were
classified and threshold levels were determined
(Bemani, 2012).

Discussion

Using the results obtained from different methods,
geochemical maps of each area were prepared for
all the elements and thresholds were obtained for
each method. Moreover, the geochemical maps of
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each area were plotted for each element.
According to the geochemical maps of Tonakar
area, boron anomaly was observed in the East and
West zones and the anomaly of the latter is larger.
These areas were recommended for further
detailed exploration and borehole drilling. Also,
geochemical maps of Borje Kharkan showed
anomaly in the central zone for all of the
elements. The results showed that the highest and
the lowest amounts of boron in brines samples
vary between 6 ppm to 5930 ppm. Among boron
and the three other elements (i.e. lithium,
magnesium and potassium) a significant
correlation was not observed. In terms of
frequency, in most cases brines with high levels of
boron (more than 1000 ppm) were concentrated in
the South East of the Tonakar area. So, this area
was suggested for detailed exploration (Bemani et
al., 2014). Generally speaking, for considering the
spatial distribution of data the fractal method
could better identify the anomalies. Also, EDA is
a quick and easy method to detect anomalies.
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