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Keywords ABSTRACT

Remote Sensing, Uranium (U) and Thorium (Th) are both strategically important elements in the world. For
GIS, this reason, it is exceedingly significant to explore for these elements, which are enriched in
U-Th, many geological environments. U-Th enrichments in Turkey were usually discovered in the
Arikl, Western Anatolian geography. U-Th anomalies were still observed in the Arikli region in the
Fault south of Canakkale. Remote sensing (RS) and geographic information systems (GIS) are

platforms for the map-based evaluation of geological structures. In this study, RS and GIS were
utilized in the QGIS program to carry out the geochemical data obtained in the field more
understandable. GIS and remote sensing methods have been widely used to analyse the
formation, origins, and processes of geochemical characters in ore deposits. U-Th values,
which show high values in the fault zones in the Arikli region, are immediately related to the
CaO values. As in many geological studies, remote sensing and GIS studies suggest the
opportunity to check out field data with a significant quality in the exploration of ore deposits.

o3
£\ check for
& updates

Research Article
Received: 17/09/2022

Revised: 29/11/2022
Accepted: 30/11/2022
Published: 05/12/2022

1. Introduction

Uranium and Thorium are significant and strategic
radioactive elements. For this reason, applications are
carried out to explore for these elements, which are
enriched in many geological environments.

Granite and volcanic rocks are essential sources for
Uranium enrichment (Zhang & Zhang 1991; Qin & Liu
1998). U deposits are divided into four groups
corresponding to the host rock lithology (Li et al., 2002).
These are granite-rock type (G-type), sandstone type,
volcanic-rock type (V-type), and carbonaceous-silica-
pelitic-rock type (CSP-type) respectively. It has been
described that the important uranium enrichments in
Turkey are situated in western Anatolia (Sasmaz, 2008).

Uranium exploration activities in Turkey were
started by MTA in 1953 and after that, exploration
studies continued (Contencin, 1960; Giinaydin, 2017). In
the Ayvacik-Kii¢iikkuyu field near Canakkale province,
the UsOs value was 0.08% in Miocene carbonate rocks
(MTA, 2009; MTA 2010). There are phosphate nodules
and natural radiation sources in the volcanic tuffs

between Kii¢ciikkuyu and Ayvacik (Atabey, 2006). On the
Geyikli coast close to the region, there are minerals

(taurite and uraninite) consisting of heavy metals,
uranium and thorium in the sands (Andag, 1971). The
origin of these radioactive minerals is the granitic rocks
outcropping around Geyikli (Andag, 1971).

Giinaydin (2017) explained that there is a U
enrichment in the composition of bayleite and ningyoite
in and around Arikli. High natural radiation values were
also reached in the fault zones around Orencik and
Feyzullah Tepe, northwest of Arikli (Atabey, 2006).
Magnesite breccias located in the northwest of Arikli are
formed by the effect of hydrothermal waters and there
are U up to 700 ppm and Th greater than 1000 ppm in
this fault zone (Glinaydin, 2017).

Oztiirk et al. (2021) examined microthermometric
measurements from magnesite observed in these fault
zones and determined that (Th, °C) was between 282-
348 °C and % NaCl salinity equivalents were between
4.2-8.0. They also set forth that the solution system of
liquid inclusions is in the form of H20-MgClz-CaClz and
the density of liquids is between 0.58-0.74 g/cm3.

Yalgin et al. (2022) evaluated the U-Th anomalies by
using the remote sensing and GIS applications
respectively. They stated that the geochemical
components of the ore zone is changed with the effects of
fault systems.
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In recent years, high resolution digital applications
have been widely used in geological studies. Remote
sensing (RS) and geographic information systems (GIS)
are principles for map-based interpretation of many
geological structures.

With scientific advances in spatial analysis
techniques, linearity, ore exploration and morphological
investigations have developed into approximately
practical. Geographic Information Systems (GIS) have
also been used in many mineral exploration studies and
mine probability maps (Porwal et al., 2001; Joly et al.
2012; Lindsay et al,, 2014).

Many GIS-based applications have been carried out
in uranium exploration studies. On the principle of these,
GIS-based modeling has been proposed in addition to
geology-geochemistry studies (Brown et al, 2003;
Partington, 2008).

Atakoglu & Yal¢in (2021) explained the statistical
properties of Sutlegen (Antalya) bauxite according to
their geochemical content and set up thematic maps with
the Krigging interpolation method.

Yal¢in et al. (2021) created thematic maps in the
Geographical Information Systems (GIS) environment by
using Adobe Illustrator 2020 program in order to reveal
the spatial geochemical changes of Cu enrichment in the
Kuzuluk (Sakarya, Turkey) region. From these maps,
they interpreted that the Cu concentration increased as
the fault zone was approached, and changed into altered
zones as it moved away from the fault zones.

In another study, Ertirk & Yalgcin (2022) were
revealed petrogenetic interpretations or mapping
studies in complex geological structures by the way of
GIS applications.

In this study, the results of the analysis obtained in
the study by Oztiirk et al. (2021) were evaluated.
Samples collected in the field, geological maps, satellite
images and thematic maps were evaluated together. This
study is based on Oztiirk et al. (2021)'s spatial evaluation
of geochemical analysis data. Because the results of these
analyses were not evaluated in a GIS environment, no
spatial geochemistry interpretations were made. This
study presents an innovative approach to revaluating
previously obtained geochemical modeling studies using
satellite images.

2. Method

Geochemical data in a region can qualify as typical
spatial data when associated with geographic
coordinates in any program geographic information
system (GIS).

Therefore, data analysis in geochemical studies
requires consideration of both geographic locations and
attributes. With the development of computer hardware
and software along with technology, an increasing
number of spatial analysis and statistical techniques
have been integrated into GIS, which makes a great
contribution to  geochemical analysis studies
(Fotheringham & Rogerson, 2013).

At the same time, with the development and
application of spatial analysis techniques, problems
related to geochemical mapping, mineral exploration and

many geological problems can be solved (Overpeck et al.,
2011; Reichman et al,, 2011).

Remote sensing techniques are applied with
multispectral (Landsat-8, ASTER, Sentinel-2, etc.) and
hyperspectral (EO-1 Hyperion, AVIRIS, AVIRIS-)
methods in mapping, morphological features, lithological
separation, mineral exploration, mineralogy or
hydrogeology in geological studies (Waldhoff et al., 2008;
Rani et al,, 2018; Chattoraj et al. 2020; Jain et al. 2021;
Guha et al., 2021; Pandey & Purohit, 2022).

The DEM image of this geologically significant
region has been downloaded from the United States
Geological Survey (USGS) website. Aspect, 3D map and
slope map of the region were created by evaluating the
downloaded images in the QGIS environment.

In boost, the geological map prepared by Oztiirk et
al. (2021) was digitized in the GIS environment and
sample points were located. Afterwards, heat maps
dwelling of major oxide and trace elements were made.

2.1. Geological framework

The application area is in the south of the Biga
peninsula in Western Anatolia. The application area
situated in the Ayvacik district of Canakkale is
tectonically located in the Sakarya Zone (Figurel). Okay
et al. (1990) described the units in Canakkale region as
pre-Tertiary and post-Tertiary units respectively. In
their following studies, it was divided into three pre-
Tertiary tectonic zones observed in NE-SW direction
(Okay et al. 2001; Okay & Altiner, 2004). These zones are
Ezine Zone, Ayvacik-Karabiga Zone and Sakarya Zone
respectively.

There are many metamorphic facies along with
magmatic, ophiolite, sedimentary and volcanic rock
groups established in the north of Gulf of Edremit (Figure
1) (Okay & Satir 2000; Sengiin et al., 2011). In the vicinity
of Arnkli, the Miocene Pliocene aged continental
sediments and Cretaceous aged Cetmi melange are
outcrop (Figure 1).

The Cretaceous Aged Cetmi Ophiolitic Melange,
Kiiciikkuyu Formation and Quaternary aged alluvial
deposits are located in the study area. In the Kiiglikkuyu
formation, shale-sandstone member, and Arikl1 tuff
member were separated and diabases that cut these
units were mapped on the Orencik Tepe (Fig 2).

Oztiirk et al. (2021) stated that there are U and Th
anomalies in the NE-SW and NW-SE trending dip-slip
fault zones (Fig 3) observed in the northwest of Arikli.
The highest U and Th values are found in the area of
magnesite breccia (Fig 4) in the northwest of Arikli. In the
light of these data, it has been understood that the U and
Th mineralizations in the region are related to the fault
zones developed in the Arikli ignimbrites, therefore the
fault lineaments in this region are important.
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Figure 1. (a) Tectonic location of the study area
(modified from Isik, 2016), (b) Generalized geology map
of the Biga region and location of the study area

(modified from Okay & Satir 2000; Sengiin et al., 2011)
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Figure 2. Geological map of the study area
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Figure 3. Geological cross-section of the study area

Figure 4. General view of hifdrolthhermz;l. magnesite in
northwest of Arikli

3. Results
3.1. Ore geochemistry

Oztiirk et al. (2021) collected 48 samples in the field.
These collected samples were analyzed by XRF and ICP-
MS method in Istanbul Technical University
Geochemistry =~ Research  Laboratory  (ITU-JAL).
Corresponding to the results of the analysis, U and Th
anomalies are observed in the dip-slip fault zones. In
these fault zones, U is between 64-1640 ppm and Th is
between 302-11813 ppm respectively. As a result of
these data, U and Th mineralizations in the region are
related to fault zones observing in Arikli ignimbrites.

3.2. Remote sensing

DEM data enables numerous geomorphic and
morphometric analyses in geological studies, as well as
timely and cost-effective production of consistent results
(Grohmann et al,, 2007).

Topographical approaches were obtained with the
DEM image of Arikli and its vicinity. The downloaded
DEM images were evaluated in the QGIS environment, an
open-source Geographical Information System.

The images of the region generally obtained by
remote sensing were evaluated in the QGIS environment.
DEM data was classified and coloured in the QGIS
environment with a single band pseudocolour
application. Then 3D map of the region was created to
obtain a more understandable image (Figure 5).

3.3. GIS application

Sample points of major oxide and trace elements are
yielded Figure 6. Heat maps were established
corresponding to spatially major oxide and trace element
values appropriately. Ca0 and U-Th enrichments are
observed strongly in similar areas, and a direct ore-fault-
and lithology relationship is observed. There are U-Th
enrichments exclusively in CaO rich and faulted areas.
This relationship still shows pretty useful in the GIS
environment.

In order to obtain more detailed data, Sr, Na20 and
SOs3 values were also analyzed. While Sr gives anomalies
in limited areas (Fig 7a), it reaches high values in Naz0
(Fig 7b) and SO3 (Fig 7c) fault zones.

Figure 5. 3D-map of the study area and surroundings
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4., Discussion and Conclusion

Mapping minerals, elements or oxides based on
multi-source geoscience data (geology, geochemistry,
and remote sensing) and computer technology is an
effective technique that merges information and data-
driven production (Bonham-Carter, 1994; Zhao 2002;
Cheng et al., 2007; Asadi et al., 2016; Ford et al,, 2016;
Wang et al., 2016). For this reason, the data of the study
conducted by Oztiirk et al. (2021) in the Arikli region
were re-evaluated in the QGIS environment. Field data,
remote sensing and GIS data were correlated. In the
evaluations prepared, field and spatial data are
consistent with each other and supported by thematic
maps.

More detailed information can be obtained by
making oxygen or carbon isotopes from barite and
magnesite in the ore zone in the Arikli region, which has
the potential to be an important area. By making similar
isotopes from host rocks, isotopic data from different
locations can be evaluated in GIS environment. Thus, the
original researches will be able to be interpreted in more
detail. In addition, fault systems can be compared in the
GIS environment by aging the fault zones. In summary,
every detail information obtained in the field can be
successfully evaluated in the GIS environment with
spatial data.

In this study, DEM data, which is also used in many
geological problems, and geological information were
merged to perform spatial analysis in an area where
geochemical prospecting had previously occurred. When
the field, laboratory, and satellite images are analyzed
together, it is clear that the U-Th enrichment in the field
is enriched in the fault zones and has a characteristic
distribution that is appropriate for its formation system.
This method is particularly useful in geochemical
prospecting and mineral exploration studies. Because
fieldwork and subsequent studies can be more clearly
analyzed in a GIS environment.

?ﬂ_;

== | = Gulf of Edremit

? ‘f Gulf of Edremit e

i I e =

Figure 6. GIS applications of the study area

i Gulfof Edremit | AN

SO,

_"_" “ Gulf of Edremit i 3 .L

Figure 7. GIS applications of the study area

Author Contributions

The contributions of the authors of this article is equal.
Statement of Conflicts of Interest

There is no conflict of interest between the authors.
Statement of Research and Publication Ethics

Research and publication ethics were complied with in
the study.

The study is an expanded version of the study presented
at the 4th Intercontinental Geoinformation Days (IGD),
"Evaluation of U-Th enrichments in QGIS platform
Example of Arikli (Canakkale, Turkey) district".

References

Andag, M, (1971). Biga yarimadasinda tarihi Truva
harabelerinin  giineyindeki = radyoaktif sahil
kumlarinin  mineralojisi ve bunlarin  ana
kayac¢larinin petrolojisi (in Turkish). MTA Dergisi,
95, 75-79.

Asadi, H. H., Sansoleimani, A., Fatehi, M., & Carranza, E. ].
M. (2016). An AHPeTOPSIS predictive model for
district-scale mapping of porphyry CueAu potential:
a case study from salafchegan area (Central Iran).
Natural Resources Research, 25, 417-429.
https://doi.org/10.1007/s11053-016-9290-7

Atabey, E. (2006). Canakkale’nin Ayvacik-Kig¢iikkuyu
arasi kayalarin 6zellikleri, MTA'nin uranyum-fosfat
aramalar1 ve dogal radyoaktivite. Radyasyon ve
Cevre Sempozyumu, Canakkale, Tiirkiye (in Turkish).

Atakoglu, 0. 0., & Yalgin, M. G (2021). Geochemical
characterization of the Sutlegen bauxite deposit, SW
Antalya. Mining of Mineral Deposits, 15(3), 108-121.
https://d0i:10.33271 /mining15.03.108

Bonham-Carter, G. F. (1994). Geographic information
systems for geoscientists: modelling with GIS.
Pergamon Press.

Brown, W., Groves, D. ., & Gedeon, T. (2003). Use of fuzzy
membership input layers to combine subjective
geological knowledge and empirical data in a neural

49 Advanced GIS


https://doi.org/10.1007/s11053-016-9290-7
https://doi:10.33271/mining15.03.108

Advanced GIS - 2022; 2(2); 46-51

network method for mineral-potential mapping.
Natural Resources Research, 12, 183-200.

Chattoraj, S. L., Prasad, G., Sharma, R. U., Champati Ray, P.,
K, Van der Meer F, D., Guha, A., & Pour, A. B. (2020).
Integration of remote sensing, gravity and
geochemical data for exploration of Cu-
mineralization in Alwar basin, Rajasthan, India.
International Journal of Applied Earth Observation
and Geoinformation, 91:102162 (1-12).
https://doi.org/10.1016/j.jag.2020.102162

Cheng, Q., Chen, Z., & Khaled, A. (2007). Application of
fuzzy weights of evidence method in mineral
resource assessment for gold in Zhenyuan district,
Yunnan province, China. Earth Science—Journal of
China University of Geosciences, 32(2), 175-184.

Contencin, G. (1960). Radioactive signs of Sivrihisar
Beylikahir. General Directorate of Mineral Research
and Exploration (Report No. 3167), MTA.

Ertirk, M. A, & Yalgin, C. (2022). Evaluation of
geochemical analyzes in complex geological
structures in GIS environment: Maden (Elazig)
district. 4th Intercontinental Geoinformation Days
(1GD), Tabriz, Iran, 319-322.

Ford, A., Miller, J. M., & Mo, A. G. (2016). A comparative
analysis of weights of evidence, evidential belief
functions, and fuzzy logic for mineral potential
mapping using incomplete data at the scale of
investigation. Natural Resources. Research, 25, 19-
33. https://doi.org/10.1007/s11053-015-9263-2

Fotheringham, S., & Rogerson, P. (2013). Spatial analysis
and GIS. CRC Press.

Grohmann, C. H., Riccomini, C.,, & Alves, F. M. (2007).
SRTM-based morphotectonic analysis of the Pocos
de Caldas Alkaline Massif, Southeastern Brazil.
Comput. Geosci. 33, 10-19.
https://doi.org/10.1016/j.cageo.2006.05.002

Guha, A., Ghosh, U. K,, Sinha, ]., Pour, A. B., Bhaisal, R,,
Chatterjee, S., Baranval, N. K., Rani, N., Vinod Kumar,
K, & Rao, P. V. N. (2021). Potentials of airborne
hyperspectral AVIRISNG data in the exploration of
base metal deposit—A study in the parts of
Bhilwara, Rajasthan. Remote Sensing, 13:2101 (1-
26). https://doi.org/10.3390/rs13112101

Giinaydin, A. (2017). Geology and geochemistry of
nodular-phosphate and fault-controlled
hydrothermal-phosphate mineralizations in Arikli
and Nusrath villages (Ayvacik-Canakkale, NW
Turkey). Bulletin of the Mineral Research and
Exploration, 155(155), 131-146.
https://doi.org/10.19111 /bulletinofmre.314197

Isik, V. (2016). Geology of the Taurus Turkish geology
lecture note. Geological engineering department,
Ankara.

Jain, S., Bhu, H.,, & Kothyari, G. C. (2021). Quaternary
deformation in south-western LuniSukri basin,
Rajasthan, India. Arabian journal of Geosciences,
14(15),1468(1-12).
https://doi.org/10.1007/s12517-021-07710-2

Joly, A., Porwal, A., & McCuaig, T. C. (2012). Exploration
targeting for orogenic gold deposits in the Granites-
Tanami Orogen: mineral system analysis, targeting
model and prospectivity analysis. Ore Geology

Reviews, 48, 349-383.
https://doi.org/10.1016/j.oregeorev.2012.05.004

Li, ], Zhou, M., Li, X, Fu, Z, & Li, Z. (2002). Structural
control on uranium mineralization in South China:
Implications for fluid flow in continental strike-slip
faults. Science in China Series D: Earth Sciences, 45,
851-864. https://doi.org/10.1007/BF02879519

Lindsay, M,, Betts, P. G., & Ailleres, 1. (2014). Data fusion
and porphyry copper prospectivity models,
southeastern Arizona. Ore Geology Reviews, 61, 120-
140.https://doi.org/10.1016/j.oregeorev.2014.02.
001

MTA. (2009). Mineral resources of Turkey (According to
Province). Publication of Mineral Research and
Exploration, Earth Science and Culture Series.

MTA. (2010). General Directorate of Mineral Research and
Exploration. Retrieved October 22, 2015, from
http://www.mta.gov.tr/v2.0 /turkive maden/made
n potansiyel 2010/Canakkale Madenler.pdf

Okay, A. I., & Satir, M. (2000). Upper cretaceous eclogite-
facies metamorphic rocks from the Biga Peninsula,
Northwest Turkey. Turkish Journal of Earth Sciences,
9, 47-56.
https://journals.tubitak.gov.tr/earth /vol9/iss2/1

Okay, A. I, Tansel, 1., & Tuysuz, 0. (2001). Obduction,
subduction and collision as reflected in the Upper
cretaceous-lower eocene sedimentary record of
western Turkey. Geological Magazine, 138(2), 117-
142.
https://doi.org/10.1017/S0016756801005088

Okay, A. I, & Altiner, D. (2004). Uppermost Triassic
limestone in the Karakaya Complex stratigraphic
and tectonic significance. Turkish Journal of Earth
Sciences, 13,187-199.
https://journals.tubitak.gov.tr/earth/vol13 /iss2/5

Okay, A. 1, Siyako, M., & Biirkan, K. A. (1990). Geology and
tectonic evolution of the Biga peninsula. Association
of Turkish Petroleum. Gelologists Bulletin, 2(1), 83-
121.

Overpeck, J. T., Meehl, G. A, Bony, S., & Easterling, D. R.
(2011). Climate data challenges in the 21st century.
Science, 331(6018), 700-702.
https://doi.org/10.1126/science.1197869

Oztiirk, S, Yalan, C, & Kumral, M. (2021).
Microthermometric characteristics of vein type U-
Th enrichment observed in the fault zones in
Northwest of Arikli (Canakkale-Turkey). Giimiishane
University Journal of Science and Technology, 11(3),
729-743.
https://doi.org/10.17714 /gumusfenbil.866085

Pandey, A., & Purohit, R. (2022). Impact of geological
controls on change in groundwater potential of
recharge zones due to watershed development
activities, using integrated approach of RS and GIS.
Journal of the Geological Society of India, 66(1):53-
62. https://doi.org/10.1007 /s12594-022-2101-3

Partington, G. (2008, July 20-24). Prospectivity analysis in
action: the Auzex Resources Ltd (AZX) story as applied
to granite-related mineral systems in Eastern
Australia  and New  Zealand.  [Symposium
presentation]. Australian  Earth  Sciences
Convention, Perth, Australia.

50 Advanced GIS


https://doi.org/10.1016/j.jag.2020.102162
https://doi.org/10.1007/s11053-015-9263-2
https://doi.org/10.1016/j.cageo.2006.05.002
https://doi.org/10.3390/rs13112101
https://doi.org/10.19111/bulletinofmre.314197
https://doi.org/10.1007/s12517-021-07710-2
https://doi.org/10.1016/j.oregeorev.2012.05.004
https://doi.org/10.1007/BF02879519
https://doi.org/10.1016/j.oregeorev.2014.02.001
https://doi.org/10.1016/j.oregeorev.2014.02.001
http://www.mta.gov.tr/v2.0/turkiye_maden/maden_potansiyel_2010/Canakkale_Madenler.pdf
http://www.mta.gov.tr/v2.0/turkiye_maden/maden_potansiyel_2010/Canakkale_Madenler.pdf
https://journals.tubitak.gov.tr/earth/vol9/iss2/1
https://doi.org/10.1017/S0016756801005088
https://journals.tubitak.gov.tr/earth/vol13/iss2/5
https://doi.org/10.1126/science.1197869
https://doi.org/10.17714/gumusfenbil.866085
https://doi.org/10.1007/s12594-022-2101-3

Advanced GIS - 2022; 2(2); 46-51

Porwal, A, Carranza, E. ]. M., & Hale, M. (2001). Extended
weights-of-evidence modelling for predictive
mapping of base metal deposit potential in Aravalli
Province, Western India. Exploration and Mineral
Geology, 10, 273-287.
https://doi.org/10.2113/0100273

Qin, M. T., & Liu, S. X. (1998). Granite- and volcanic rocks-
type uranium deposits in the Nanling region (in
Chinese with English abstract). Geological Publishing
House, 147-155.
https://doi.org/10.37398/]SR.2022.660106

Rani, K., Guha, A, Pal, S. K,, & Vinod Kumar, K. (2018).
Comparative analysis of potentials of ASTER
thermal infrared band derived emissivity
composite, radiance composite and emissivity-
temperature composite in geological mapping of
Proterozoic rocks in parts Banswara, Rajasthan. J
Indian Society of Remote Sensing. 46(5):771-782.
https://doi.org/10.1007 /s12524-017-0737-z

Reichman, 0. ]., Jones, M. B., & Schildhauer, M. P. (2011).
Challenges and opportunities of open data in
ecology. Science, 331(6018), 703-705.
https://doi.org/10.1126/science.1197962

Sasmaz, A. (2008). Determination of uranium
occurrences from soil, water and plant samples and
possible environmental effects around Kopriibasi
(Manisa) uranium bed. Scientific and Technical
Research Council of Turkey (Project No. 107Y226) (in
Turkish, unpublished).

Sengiin, F,, Yigitbas, E., & Tung, I. 0. (2011). Geology and
tectonic emplacement of eclogite and blueschists,
Biga peninsula, northwest Turkey. Turkish Journal of
Earth  Science, 20, 273-285. https://doi:
10.3906/yer-0912-75

USGS. (2022). The United States Geological Survey. USGS.
Retrieved September 17, 2022 from
https://earthexplorer.usgs.gov

oNole

© Author(s) 2022.

Waldhoff, G., Bubenzer, O., Bolten, A., Koppe, W., Bareth,
G. (2008). Spectral analysis of ASTER, Hyperion, and
QuickBird data for geomorphological and geological
research in Egypt (Dakhla Oasis, Western Desert).
ISPRS, Beijing, China, 1201-1206.

Wang, G. W,, Du, W., & Carranza, J. M. (2016). Remote
sensing and GIS prospectivity mapping for
magmatic-hydrothermal base and precious-metal
deposits in the Honghai district, China. Journal of
African Earth Sciences, 128, 97-
115.https://doi.org/10.1016/j.jafrearsci.2016.06.0
20

Yal¢in, C., Kumral, M., Aydin, Z. B., Korkmaz, C., Giirsoy, A.,
& Aksoy, 0. (2021). Geochemistry and GIS analysis
of Cu-Zn mineralization observed in eocene tuffs in
the Kuzuluk (Sakarya) district. 1st International
Conference on Applied Engineering and Natural
Sciences Konya, Turkey, 1066-1071.

Yalcin, C., Oztiirk, S., & Kumral, M. (2022). Evaluation of
U-Th enrichments in QGIS platform; Example of
Arikli  (Canakkale,  Turkey) district.  4th
Intercontinental Geoinformation Days (IGD), Tabriz,
Iran, 225-228.

Zhang, Z. H.,, & Zhang, B. T. (1991). Studies of U-bearing
granites and associated uranium ore deposits in
south China (in Chinese with English abstract).
Atomic Energy, 70-105.

Zhao, P. D. (2002). “Three Component” quantitative
resource prediction and assessments: theory and
practice of digital mineral prospecting. Earth
Science-Journal of China University of Geosciences,
27(5), 482-490 (in Chinese).

This work is distributed under https://creativecommons.org/licenses/by-sa/4.0/

51 Advanced GIS


https://doi.org/10.2113/0100273
https://doi.org/10.37398/JSR.2022.660106
https://doi.org/10.1007/s12524-017-0737-z
https://doi.org/10.1126/science.1197962
https://doi:%2010.3906/yer-0912-75
https://doi:%2010.3906/yer-0912-75
https://earthexplorer.usgs.gov/
https://doi.org/10.1016/j.jafrearsci.2016.06.020
https://doi.org/10.1016/j.jafrearsci.2016.06.020
https://creativecommons.org/licenses/by-sa/4.0/

