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Abstract: The available aerial gamma-ray spectrometric data of Ar-Rassafeh Badyieh

area (Area-2) are used herein for geological interpretations and mapping purposes. Those

data are interpreted by the concentration-number (C-N) fractal modelling technique, with

the use of log-log graphs. According to C-N model, different radioactive ranges of TC,

eU, eTh, and K have been isolated. Those ranges are thereafter used to characterize the

lithological outcrops in the study area. The radioactive signatures of all the outcrops in

Area-2 have been discussed and documented through establishing the C-N maps of TC,

eU, eTh, and K, and benefiting of the available geological map. The C-N fractal modelling

technique proves its efficacy, where radioactive and lithological boundaries of outcrops are

in concordance. The case study presented in this paper shows the importance and the

role of airborne gamma-ray spectrometric and fractal modelling techniques to support the

geological mapping and the interpretations in geological context, particularly when the

study region is rugged and difficult to be accessed.
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1. Introduction

The airborne gamma-ray spectrometric survey has been essentially oriented
towards defining radioactive anomalies related to uranium mineralization
(International Atomic Energy Agency, 1988). It can also be employed to in-
vestigate the other useful minerals and sometimes the subsurface hydrocar-
bon accumulations (Selley, 1998). The gamma-ray spectrometric data have
also been applied with variable degrees of success to the mapping of litho-
logical units. The success of such a mapping depends on several factors; the
most important one is the contrast in radioelement content between litholog-
ical assemblages. The geological mapping is based on the assumption that
the absolute and relative concentrations of the radioelements vary measur-
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ably and significantly with lithology. Integrated interpretation, altogether
with aerial photograph, satellite imagery and other airborne geophysical
data sets, allows exploiting the complementary geological information and
enables the radioelement distributions to be studied in a structural geologic
and geomorphologic context.

Airborne gamma-ray spectrometry surveying also offers a promising tool
for lithofacies mapping of sedimentary basins as evaporates, carbonates,
sandstones and shales. Those lithofacies can usually be differentiated in
their radioelement content, because clastic sediments often reflect the ra-
dioelement compositions of the provenance source materials (Dickson and
Scott, 1997). Saunders et al. (1994) have already defined the typical radio-
element concentrations over those mentioned lithofacies and indicated their
importance for petroleum exploration.

The statistical factor analysis technique (SFAT) has been recently applied
on aerial gamma-ray spectrometric related to the Ar-Rassafeh Badyieh area
(Area-2), Syria to establish a lithological scored map (Asfahani et al., 2018).
This lithological scored map is an important tool for geological mapping and
allows the different isolated sectors to be characterized and interpreted ge-
ologically and radioactively.

This paper deals with the application of the concentration-number (C-N)
fractal modelling technique as a suitable tool to interpret the aerial gamma-
ray spectrometric data of Ar-Rassafeh Badyieh area (Area-2), Syria in terms
of geological mapping for evaluating with details of the total radioactivity
(TC) in Ur, equivalent uranium (eU) in ppm, equivalent thorium (eTh) in
ppm, and potassium (K) in % signatures of the outcrop rocks in the study
area. The reasons behind using the fractal modelling technique are the
weakness and disadvantage points that characterize the traditional statisti-
cal techniques. In fact, those conventional techniques based on normal or
log-normal distribution do not take into consideration the shape, extent and
magnitude of radioactive anomalous areas (Rafiee, 2005; Afzal et al., 2010).
Moreover, geological and geochemical conditions do not have any influence
on the geophysical anomaly separation from background (Reimann et al.,
2005). Traditional Euclidean geometry cannot consequently explain and
examine the natural processes with their different populations, especially
geo-related sciences (Davis, 2002).

The C-N fractal modelling technique was recently used byAsfahani (2017)
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to differentiate among different kinds of basalt in Southern Syria through
interpreting nuclear and electrical well logging. The same fractal technique
was also used to interpret the aerial gamma-ray spectrometric for separating
uranium anomalies from background in Area-3, and for characterizing the
radioactive heat production of Area-1 (Asfahani, 2018a, 2018b).

The Area-2 study region is particularly a very rugged terrain, where we
ignore and have only a little information about its geology. A detailed field
geological investigations are therefore extremely required. Such needed ge-
ological works are not actually an easy task to be carried out in the near
future, due to the present Syrian difficult conditions. The aerial gamma-ray
spectrometric survey and its available data is therefore a powerful tool, and
can be used to characterize geologically the study region and to determine
the different radioactive ranges of TC, eU, eTh, and K signatures related to
different lithological facies. The application of the aerial gamma-ray spec-
trometry technique with the C-N fractal modelling technique in the study
Area-2 replaces temporarily the field geological works, and remedies conse-
quently the scarcity of geological information of the mentioned region.

2. Object of study

The main objectives of this paper are therefore the following:

1. To interpret the available aerial gamma-ray spectrometry data related
to the Area-2 by C-N fractal modelling technique.

2. To isolate different radioactive ranges of TC, eU, eTh, and K, by using
the C-N model, and establish the different C-N maps accordingly.

3. To determine the radioactive signatures of the outcrop rocks in the study
area for the TC, eU, eTh, and K.

4. To compare the obtained interpretative aerial gamma-ray spectrometry
results with the available geological map of the study area to draw defini-
tive conclusions.

3. Area of study

International Atomic Energy Commission and Risø National Laboratory
conducted in Syria in 1987 the airborne gamma-ray spectrometric surveys
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during SYR/86/005 project (Risø, 1987; Jubeli, 1990). Those surveys cov-
ered the following areas (Fig. 1a) (Asfahani et al., 2018):

1. The Syrian Desert (Area-1) (7189 line km at 4 km line spacing).

2. Ar-Rassafeh Badyieh (Area-2) (2240 line km at 4 km line spacing).

3. The Northern Palmyrides (Area-3) (1600 line km at 3 km line spacing).

The total radiometric TC (Ur) map of the covered three mentioned areas is
shown in Fig. 1b (Asfahani et al., 2018).

The present paper is oriented towards geological mapping of the outcrop
rocks of Ar-Rassafeh Badyieh (Area-2), through determining the different
radioactive ranges (TC, eU, eTh, and K) by the application of the C-N
fractal modelling technique, that could be used as radioactive signatures for

Fig. 1: (a) Total areas covered by the airborne gamma-ray spectrometry technique in
Syria. (b) Radiometric map of TC resulting from gamma-ray spectrometric survey.

462



Contributions to Geophysics and Geodesy Vol. 49/4, 2019 (459–478)

the lithological outcrop rocks. Fig. 2 shows the geology of the study Area-2
as described by Asfahani et al. (2018). Readers are advised to consult the
paper of Asfahani et al. (2018) for more geological details about the study
region.

Fig. 2: Geological map of Ar-Rassafeh Badyieh area (Area-2) (Asfahani et al., 2018).
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4. Methods of study

4.1. Aerial gamma-ray spectrometric technique

An airborne gamma-ray survey was carried out during 1987, over the Ar-
Rassafeh Badyieh area (Area-2) situated north of Syrian desert in the region
between the northern Palmyrides in the south-west and the Euphrates in
the northern and east. Area-2 was covered by 28 north-south oriented aerial
survey lines. Those lines are 80 km long, and spaced by 4 km, Fig. 1a. The
typical survey speed was of 120 km/hr in a nominal survey, and the height
was of 30 meters. A system of a compact, lightweight, four-channel gamma-
ray spectrometer, (GAD-6, Scintrex, Canada), with a detector of 12.5 letters
NaI(Tl) volume had been used to conduct this aerial survey. The energy
windows used in the four-channel gamma-ray spectrometer are shown in
Table 1. The system calibration took place at the calibration pads at the
Dala airport in Sweden (Risø, 1987). An IGI Loran-C navigation system
was used to provide efficient flight path control. Potassium, uranium, tho-
rium, and total gamma-ray counts were recorded over one-second intervals
and stored on a data tape together with the actual distance to the ground
measured with a radar altimeter.

The raw data were corrected for background effects and the applicable
interchange, Compton corrections. In addition, the exponential attenuation
factors for height corrections were established (Risø, 1987).

Table 1. Range of energy with spectral windows used in the airborne survey.

window
airborne radiometric dominant

survey (MeV) radioisotope

potassium 1.38–1.56 K40

uranium 1.66–1.90 Bi214

thorium 2.44–2.77 Tl208

total count 0.40–2.77 –

4.2. Concentration-number (C-N) fractal modelling technique

Fractal geometry is proposed by Mandelbrot (1983) to discuss and explain
processes in nature. Different fractal analysis methodologies have been al-
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ready proposed and applied in different geosciences domains, especially geo-
physical exploration since 1980s, such as Power Spectrum-Area (S-A; Cheng
et al., 1999), and Power Spectrum-Volume (S-V; Afzal et al., 2012; Afzal et
al., 2017b), Concentration-Volume (C-V; Afzal et al., 2011), Concentration-
Area (C-A; Cheng et al., 1994), and Concentration-Number (C-N; Hassan-
pour and Afzal, 2013).

Log-log plots are used while applying fractal models, where the straight
line segments fitted the log-log graph have some break threshold points (Zuo
2011; Wang et al., 2011; Mohammadi et al., 2013).

The present paper proposes the application of the C-N fractal modelling
technique as a suitable tool to interpret the available aerial gamma-ray spec-
trometric data related to Ar-Rassafeh Badyieh area (Area-2), Syria. This
fractal technique is oriented towards isolating different radioactive ranges
of TC, eU, eTh and K, and radioactively characterizing the outcrop rocks
in term of Area-2 geological mapping.

The superiority of the fractal modelling technique is proven because of
using all the available data and considering their spatial relations with each
other (Afzal et al. 2010; Carranza, 2008; Cheng et al., 1994; Hassanpour
and Afzal, 2013; Li et al., 2003; Wang et al., 2008; Heidari et al., 2013;
Afzal et al., 2011; 2012; 2013; 2016; 2017a,b; Sadeghi et al., 2012; Rahmati
et al., 2015; Meigoony et al., 2014; Nazarpour et al., 2015; Cheng 2007;
Hosseini et al., 2015).

The Concentration-Number (C-N) fractal model is expressed by the fol-
lowing equation:

N(≥ ρ) = Fρ−D , (1)

where ρ denotes the treated geophysical parameter values, which are in this
case study a total radioactivity (TC), equivalent uranium (eU), equivalent
thorium (eTh), and potasium (K%), N(≥ ρ) denotes the cumulative num-
ber of the treated geophysical data, which are the cumulative number of
total radioactivity (CNTC), the cumulative number of equivalent uranium
(CNeU), the cumulative number of equivalent thorium (CNeTh), and the
cumulative number of potasium (CNK%), with the geophysical parameter
values greater than or equal to ρ, F is a constant and D is the scaling
exponent or fractal dimension of the distribution of geophysical parameter
values.
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5. Results and discussion

The multifractal modelling technique with adapting concentration-number
(C-N) model is developed and applied herein to analyse the behaviour of
the TC, eU, eTh, and K% parameters in the Area-2. Table 2 represents the
main statistical characteristics of TC, eU, eTh, and K%.

Table 2. Statistical characteristics of the radioactive variables in Area-2.

Variable TC K (%) eU (ppm) eTh (ppm)

Case number 61712 61712 61712 61712

Min 0.23 0.02 0.16 0.16

Max 17 0.85 13.61 9.28

X̄ 4.55 0.26 1.59 3.39

σ 1.36 0.09 0.95 1.15

CV 29.9 34 59.75 33.9

X̄ + 2σ 7.27 0.44 3.50 5.69

The advantages of using the multifractal modelling technique and its
superiority in comparison with the traditional statistical technique are dis-
cussed above, which justify its application in such a quantitative interpre-
tation.

The C-N log-log plots are proposed and applied to characterize the four
radioactive parameters (TC, eU, eTh and K%) obtained by aerial gamma-
ray spectrometry in Area-2. The concept of break point is adapted and used
herein as a lithological boundary between different kinds of outcrop rocks
to indicate the passage from a specific lithology to another different one.

Log-log plot of N(≥ ρ) versus ρ(TC, eU, eTh and K) shows the straight
line segments with the different slopes −D corresponding to different ra-
dioactivity intervals. The break points of those line segments are considered
as thresholds. The selection of break points as the threshold values appears
to be an objective decision due to the different geophysical populations,
which are recognized by different segments in the C-N log-log plot. The
geophysical populations of those treated parameters are therefore divided
and established based on linear segments and break points in the log-log
plots.
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5.1. Total radioactivity TC (Ur)

Based on the C-N log-log plot shown in Fig. 3, the total radioactivity
log (TC) shows four threshold break points C1, C2, C3 and C4 at 0.54,
0.79, 0.94 and 1.05 respectively.

The log (TC) values indicate total radioactivity of 3.47, 6.16, 8.71, and
11.22 Ur respectively. Those four break points correspond to five natural
radioactivity ranges as follows: The first range is less than 3.47 Ur, the
second range is between 3.47 and 6.16 Ur, the third range is between 6.16
and 8.71 Ur, the fourth range is between 8.71 and 11.22 Ur, and the fifth
range is bigger than 11.22 Ur.

According to those five TC natural radioactivity ranges, a map of the TC
distributions is established for the study Area-2 region as shown in Fig. 4.

The range of below 3.47 Ur is belonging in some parts of Area-2 to Middle
Quaternary of basalts, to Lower Miocene of sandstones, clays, limestones,
gravels, conglomerates and sands, and to the Cenonian of dolomites, limy
dolomites, marls, clays, and dolomitic limestones. The last range of above
11.20 Ur is removed from interpretation because it represents punctual val-
ues. The rest three ranges are therefore important and could be interpreted
in lithological context as follows:

– The range of 3.47 to 6.16 Ur represents reef marine calcareous facies that
change gradually to continental (Paleogene-Neogene), passing through

Fig. 3: Log-log plot of total radioactivity TC in the Area-2.
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Fig. 4: Natural total radioactivity TC map derived by the C-N fractal modelling in Ar-
Rassafeh Badyieh area (Area-2), Syria.

lagoon to coastal facies of sandstones and various sands.

– The range of 6.16 to 8.71Ur represents Quaternary flood surfaces com-
posed of evaporates and alluvium and gathered deposits from the erosion
materials of the adjoining rocks, which are usually deposited uncomfort-
ably over the older rocks.

– The range of 8.71 to 11.20 Ur represents Upper Cretaceous rocks outcrop-
ping along the faulted zones, which are limestone, calcareous-dolomite
and phosphates beds alternating with flints.

5.2. Equivalent uranium eU (ppm)

Based on the C-N log-log plot presented in Fig. 5, the equivalent uranium
log (eU) shows also four threshold break points C1, C2, C3, and C4 at 0.22,
0.5, 0.63, and 1 respectively. The log (eU) values indicate an equivalent
uranium eU of 1.66, 3.16, 4.26, and 10 respectively. Those four break points
correspond to five uranium ranges as follows: The first range is less than
1.66, the second range is between 1.66 and 3.16, the third range is between
3.16 and 4.26, and the fourth range is between 4.26 and 10 and the fifth
range is bigger than 10.

According to those five eU ranges, a map of the eU distributions is es-
tablished for the study Area-2 region as shown in Fig. 6.
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Fig. 5: Log-log plot of eU in the Area-2.

Fig. 6: Equivalent uranium eU map derived by the C-N fractal modelling in Ar-Rassafeh
Badyieh area (Area-2), Syria.

The low range of below 1.66 ppm represents the most parts of Area-
2. The different ages of Neogene, the Quaternary, and the different ages
of Paleogene are characterized by equivalent uranium (eU) of bellow 1.66
ppm. One can match between Fig. 6 and Fig. 2 to follow the geological
descriptions of the areas related to this low eU radioactive range. The last
range of above 10 ppm is removed from interpretation because it represents
punctual values. The rest three ranges are therefore important and could
be interpreted in lithological context as follows:

469



Asfahani J.: Characterization of Ar-Rassafeh Badyieh area . . . (459–478)

– The range of 1.66 to 3.16 ppm represents surfaces flooding formations
that uncomfortably overlie the Cretaceous rocks.

– The range of 3.16 to 4.26 ppm represents Calcareous rocks, phosphates,
calcareous dolomites and flints.

– The range of 4.26 to 10 ppm represents Outcropped calcareous phos-
phates rocks, calcareous, dolomites along the faulted zones (calcareous
breccias – alternating with of phosphates and flints).

The eU ranges established by C-N approach and the determined breakpoints
indicate an obvious passage from a specific lithology to another different
one. The multifractal technique with C-N model is consequently capable
to reflect the lithology of the study Area-2, where a strong correspondence
and coincidence between both geological and radioactive boundaries exists.

5.3. Equivalent thorium eTh (ppm)

Based on the C-N log-log plot shown in Fig. 7, the equivalent thorium
log (eTh) indicates three threshold break points C1, C2, and C3 at 0.342,
0.549 and 0.793 respectively. The log (eTh) values indicate an eTh of 2.20,
3.54, and 6.21 respectively. The three indicated break points correspond
to four eTh ranges as follows: The first range is less than 2.20, the second
range is between 2.20 and 3.54, the third range is between 3.54 and 6.21,
and the fourth range is bigger than 6.21.

Fig. 7: Log-log plot of eTh in the Area-2.
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According to those four eTh ranges, a map of the eTh distributions is
established for the study Area-2 region as shown in Fig. 8.

The first range of below 2.20 ppm represents the background. The Cre-
taceous of Cenomanian and Turonian ages, The Neogene of Pliocene lower
part, and Middle and lower Miocene are characterized by eTh of below 2.20
ppm. The matching between Fig. 8 and Fig. 2 allows to follow the geologi-
cal descriptions of the areas related to this low eTh radioactive range. The
rest three ranges are of geological significance and could be interpreted in
lithological context as follows:

– The range of 2.20 to 3.54 ppm represents surfaces of tidal formations
intervened by some deltaic zones and shallow sub/ littoral continental
shelf deposits (sandy limestone, clayey calcareous, and sandy silt).

– The range of 3.54 to 6.21 ppm represents shallow marine deposits domi-
nated by clayey silt facies (calcareous, clays, silt).

– The range of above 6.21 ppm represents in situ formation of terrestrial
spotty soil deposits.

Fig. 8: Equivalent thorium eTh map derived by the C-N fractal modelling in Ar-Rassafeh
Badyieh area (Area-2), Syria.

5.4. Potassium K (%)

Based on the C-N log-log plot shown in Fig. 9, the potassium log (K%)
indicates four threshold break points C1, C2, C3 and C4 at −0.696, −0.59,
−0.347 and −0.15 respectively. The log (K%) values indicate a K% of 0.20,
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0.257,0.449 and 0.710 respectively. The above four break points correspond
to five K% ranges as follows: The first range is less than 0.20, thesecond
range is between 0.20 and 0.257, the third range is between 0.257 and 0.449,
the fourth range is between 0.449 and 0.710 and the fifth range is bigger
than 0.710.

According to those five K% ranges, a map of the K% distributions is
established for the study Area-2 region as shown in Fig. 10.

Fig. 9: Log-log plot of K% in the Area-2.

Fig. 10: Potassium K% map derived by the C-N fractal modelling in Ar-Rassafeh Badyieh
area (Area-2), Syria.
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The first range of below 0.20% represents the background. The Creta-
ceous of Cenomanian and Turonian ages, the Neogene of lower part age,
and the upper Quaternary are characterized by a K% of below 0.20%. The
matching between Fig. 10 and Fig. 2 allows to follow the geological descrip-
tions of the areas related to this low K radioactive range. The last range of
above 0.7% is removed from interpretation because it represents punctual
values. The following three ranges are geologically important, and could be
interpreted in lithological context as follows:

– The range of 0.20 to 0.257% represents the boundaries of gradual deposits
from Paleocene-Neogene, that are covered by Quaternary formations of
floods, conglomerates, evaporates, calcareous dolomites, sandy calcareous
and clayey calcareous.

– The range of 0.257 to 0.449% represents shallow marine deposits, marine
shelf (Paleocene) that changes gradually to continental deposits (Neo-
gene), passing throughout lagoon and tidal facies of marl, silty clay, cal-
careous clayey, calcareous sandy, and sands.

– The range of 0.449 to 0.710% represents marine deposits (Paleogene) that
are dominated by calcareous clays and sandy clays.

The log-log accumulative distributions presented and documented for
the four studied parameters (TC, eU, eTh, and K% ), (Figs. 3, 5, 7, and
9) show clearly the different line segments, characterized each by a specific
slope. Each line segment presents an isolated radioactive level, and reflects
a specific lithological outcrops.

The breakpoints shown in the different log-log of the studied param-
eters represent in this specific C-N multi fractal modelling application a
kind of radioactivity boundaries and indicate the passage from radioactive
lithological level to another different one. Each radioactive level reflects
a distinguished lithological process and is strongly attached to a specific
outcrop rocks. This observed and clear attachment between lithology and
radioactivity is one of the advantages of the multifractal C-N approach ap-
plied in this research.

The case study presented in this paper obviously shows an example of
the role of airborne gamma-ray spectrometric survey in geological mapping,
by supporting and providing with additional geological knowledge, partic-
ularly in the rugged geology. The C-N fractal modelling technique is also
a smart powerful tool to interpret the airborne gamma-ray spectrometric
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data, where the different outcrops and lithologies in the study region are
well differentiated.

6. Comparison between the statistical factor analysis tech-
nique (SFAT) and (C-N) fractal modelling technique

The two mentioned techniques (SFAT) and (C-N) are completely different
from mathematically point of view. However, the combination of their re-
sults largely contributes in better understanding the geology of the study
region, particularly in the rugged and complex geology, such as the case
study of Area-2.

The SFAT applied already in a previous research is essentially based on
determining the main rotated factors that could be interpreted geologically.
SFAT is oriented towards transferring basically the geological map of the
study region to a lithological scored map as done by Asfahani et al. (2018).
The resulting lithological scored map contained nine different lithological
units, that were described and characterized according to different deter-
mined factors F1, F2, and F3 (Asfahani et al., 2018). The results obtained
by this SFAT technique allow a reasonable geological interpretation to be
done through understanding the mutual relations among the different litho-
logical scored units.

The fractal C-N technique applied in this paper is differently oriented
towards dealing only with the available original radioactive maps of TC,
eU, eTh, and K% to determine the radioactive ranges for every studied pa-
rameter. It is essentially based on the threshold break points concept. The
determination of those break points on the log-log graphs is essential for
the subsequent determination of different radioactive ranges that are used
to establish the different radioactive maps accordingly. Each determined
radioactive range for (TC, eU, eTh, and K%) reflects a specific geology as
documented and discussed in this paper. Each available original radioactive
map (TC, eU, eTh, and K% ) is separately treated and interpreted by the
C-N technique as described above.

The different results obtained in this paper by applying the fractal C-
N modelling technique are therefore original and new in comparison with
those already obtained by application of the SFAT technique (Asfahani et
al., 2018).

474



Contributions to Geophysics and Geodesy Vol. 49/4, 2019 (459–478)

7. Conclusion

The C-N fractal modelling technique is applied in this paper to interpret
the aerial gamma-ray spectrometric data of Area-2 in Syria. Different ra-
dioactive ranges of TC, eU, eTh, and K have been isolated, and used to
characterize the lithological outcrops in the study area. The radioactive
signatures of all the outcrops in Area-2 have been determined and geolog-
ically interpreted through establishing the C-N maps of TC, eU, eTh, and
K. The radioactive break points accurately and precisely determined in this
paper by the C-N model efficacy serve as lithological boundaries between
different kinds of rocks, and indicate the passage from a specific lithology
to another different one. The new different derived radioactive ranges of
(TC, eU, eTh, and K) obtained by the C-N technique reflect each a specific
geology as documented and discussed in this paper. Those ranges will be
used as a helpful tool and a smart guide for sampling rocks and for future
detailed geological exploration surveys in the study area. The obvious role
of the airborne gamma-ray spectrometric and fractal modelling techniques
in geological mapping is demonstrated herein through the case study pre-
sented in this paper. Those two techniques support the geological mapping
and the interpretations in geological context, particularly when the study
region is rugged and difficult to be accessed. The acquired knowledge of this
paper will be potentially employed later, when detailed geological and geo-
chemical mining investigations are lanced for radiometric and other useful
elements prospecting.
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