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Abstract

In this research, an integrated framework on the big Earth data analysis has been developed in the con-
text of the geomorphology of Jordan. The research explores the correlation between several thematic 
datasets, including machine learning and multidisciplinary geospatial data.  GIS mapping is widely used 
in geological mapping as the most adequate technical tool for data visualization and analysis. GIS applica-
tions encourage geological prospective modeling by visualizing data aimed at the prognosis of mineral 
resources. However, automatization using machine learning for big Earth data processing provides the 
speed and accurate processing of multisource massive datasets. This is enabled by the application of 
scripting and programming in cartographic techniques. This study presents the combined machine learn-
ing methods of cartographic analysis and big Earth data modeling.  The objective is to analyze a correlation 
between the factors affecting the geomorphological shape of Jordan with respects to the Dead Sea Fault 
and geological evolution. The technical methodology includes the following three independent tools: 1) 
Generic Mapping Tools (GMT); 2) Selected libraries of R programming language; 3) QGIS. Specifically, the 
GMT scripting program was used for topographic, seismic and geophysical mapping, while QGIS was used 
for geologic mapping and R language for geomorphometric modeling. Accordingly, the workflow is logi-
cally structured through these three technical tools, representing different cartographic approaches for 
data processing. Data and materials include multisource datasets of the various resolution, spatial extent, 
origin and formats. The results presented cartographic layouts of qualitative and quantitative maps with 
statistical summaries (histograms). The novelty of this approach is explained by the need to close a techni-
cal gap between the traditional GIS and scripting mapping, which is wider for big data mapping and where 
the crucial factors are speed and precision of data handling, as well as effective visualization achieved by 
the machine graphics. The paper analyzes the underlying geologic processes affecting the formation of 
geomorphological landforms in Jordan with a 3D visualization of the selected fragment of the Dead Sea 
Fault zone. The research presents an extended description in methodology, including the explanations of 
code snippets from the GMT modules and examples of the use of R libraries ‘raster’ and ‘tmap’. The results 
revealed strong correlation between the geological and geophysical settings which affect geomorphologi-
cal patterns. Integrated study of the geomorphology of Jordan was based on multisource datasets pro-
cessed by scripting. A thorough analysis presented regional correlations between the geomorphological, 
geological and tectonic settings in Jordan. The paper contributed both to the development of cartographic 
engineering by introducing scripting techniques and to the regional studies of Jordan including the Dead 
Sea Fault as a special region of Jordan. The results include 12 new thematic maps including a 3D model. 

Keywords: big data, cartography, Dead Sea Fault, geology, geophysics, GMT, Jordan, machine learning, 
QGIS, topography
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1.1 Theoretical framework / Teorijski okvir

From the development of geoinformatics since 
the 1990s, the use of Geographical Information 
Systems (GIS) as a cartographic concept has 
been referred to as an optimal technical tool 
in geospatial data modeling in the engineering 
cartography and CAD domains.  GIS has become 
a well-developed method of mapping and mod-
eling through a convincing pool of research pa-
pers (Farhan et al., 2013, 2016; Govedar & Bilić, 
2020) and there is a widely reported use of vari-
ous GIS, e.g. ArcGIS, SAGA GIS, ERDAS Imagine, 
QGIS, ILWIS GIS and other software in geologic 
engineering (Kuhn et al., 2006; Alnawafleh et al., 
2013; Abed, 2018; Čomić & Anikić, 2020), haz-
ard and risk mapping (Al-Sheriadeh et al., 2000; 
Lemenkova et al., 2012; Halilović et al., 2020). 

GIS applications in forestry are diverse due to 
the excellent capabilities of GIS to visualize the 

spatial data, perform vegetation analysis, e.g. 
using remote sensing Landsat TM/ETM+ data, 
as reflected in various applications and previ-
ous studies (e.g. Foody & Hill 1996; Salvador & 
Pons, 1998; Miletić et al. 2016; Valjarević et al., 
2018a). However, the use of GUI-based software 
has certain limitations compared to the script-
ing-based approach. In addition, technical car-
tographic applications of the integrated use of 
programming languages parallel to GIS are not 
still well established in the existing cartographic 
engineering literature. For example, by contrast 
to numerous uses of GIS (Petković et al. 2015; 
Stupar & Milanović, 2017; Marder et al., 2018) 
or visualizing stratigraphic lithologic columns 
in geologic engineering (Abed & Yaghan, 2000; 
Khrewesh et al., 2014), the research literature 
related to the use of shell scripting in cartogra-
phy and applications of R language is rather lim-
ited (Lemenkova, 2019a; 2019b). 

1. INTRODUCTION / UVOD

Figure 1. Topographic map of Jordan / Slika 1. Topografska karta Jordana (Source / Izvor: GEBCO clipped and 
overlaid over the SRTM DEM)
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Though there are some publications on plotting 
by R and Generic Mapping Tools (GMT) script-
ing in a cartographic domain (e.g. Lemenkova, 
2020a, 2020b), the literature on the integrated 
use of GIS with programming languages linked 
to the geomorphological modeling and geologi-
cal data visualization is scarce. Furthermore, the 
cartographic workflow is typically discussed in 
unspecific terms referring to the general meth-
odology of the visualization process, e.g. using 
functions of vector analysis and statistics, spa-
tial queries, overlay and interpolation, image 
processing, general questions of terrain analy-

sis, data conversion, reprojecting, clipping and 
subsetting. 

At the same time, there is a knowledge-generat-
ing side of geoinformatics connected to the cre-
ation of qualitative aspects of data in geological 
engineering. Being a quantitative-oriented tech-
nical tool for data modeling, cartography gradu-
ally included both qualitative and quantitative 
data processing which opened the new per-
spectives of integrated data analysis in mineral 
resource prospecting (Sadooni & Dalqamouni, 
1998). 

Figure 2.  Google Earth aerial perspective image of Jordan / Slika 2. Google Earth vazdušna perspektiva  
Jordana (Source / Izvor: Google Earth Pro, DCW)

This significantly improved the existing funda-
mental literature on geologic engineering of 
Jordan (see e.g. Quennell, 1951; Burdon, 1959; 
Bender, 1968, 1974a, 1974b; Eyal & Reches, 
1983) through the improved data analysis, mod-
eling and visualization. Advanced Google Earth 
technology today enables the visualization of 
the Earth’s surface and features of interest 
thereon in more detail and accuracy based on 
the aerial images (Figure 2).

The objective of this study is to address the is-
sues of cartographic scripting framework in the 

region of Jordan (Figure 1) through qualitative 
data visualization using scripting solutions of 
GMT, Quantum GIS (QGIS), and libraries of R 
programming language. The study is focused on 
the integration of geologic, geophysical, tectonic 
and lithological factors influencing the geomor-
phology of Jordan. 

The novelty of this research is the automatiza-
tion in the mapping of Jordan, which has been 
achieved by the combined scripting cartograph-
ic approach using GMT and R with the additional 
use of QGIS. The automated machine learning 
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This paper adopts an integrated application of 
the console-based GMT scripting toolset with 

R programming language (using RStudio envi-
ronment) and a menu-based QGIS. The func-

approach for topographic, geomorphological 
and geophysical mapping of Jordan contrasts 
with the existing use of the traditional GIS. 

Innovativeness is also contained in the present-
ed simple use of the open multisource datasets 
combined from various free repositories and 
presented by the aerial imagery (Google Earth), 
geophysical and topographic raster grids, geo-
logical vector layers, tabular data for seismic 
earthquake mapping and textual description 
on Jordan natural setting (geology, topography, 
geophysical, geomorphological and tectonics). 
Management of such diverse data and materi-
als required the technical approaches integrated 
into a project which was demonstrated and ex-
plained with notes in corresponding sections of 
the manuscript. 

1.2 Motivation and aims / Motiv i ciljevi

The abovementioned perspective of digital car-
tographic engineering tools relates not only to 
the technically improved data visualization, rep-
resented by the print high-quality maps using 
GMT and fine graphical plotting by R or Python. 
Another important feature of the advanced 
cartographic technical approaches in geologic 
engineering is data integration which includes 
database generation and database application. 
Thus, it enables the accumulation of various big 
data containing information on geomorphol-
ogy, geology, tectonics, seismicity, topography, 
bathymetry, geophysics and geodesy for visual-
ization and performing correlation analyses be-
tween these data with the final aim of geologi-
cal analysis, modeling and prognosis. 

Figure 3.  Geologic units in Jordan / Slika 3. Geološke jedinice u Jordanu (Source / Izvor: USGS, OpenStreet-
Maps)
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tionality of scripting modules, the diversity 
of QGIS plugins integrating the Google Earth, 
Open StreetMaps datasets for mapping the 
USGS geological data (Figure 3), and the ex-
tended data processing in R cartographic pack-
ages are considered as potentially leading to 

the improved cartographic data visualization, 
engineering, data modeling and analysis by the 
application of diverse tools for various formats 
(raster NetCDF GRD and IMG formats, vector 
.shp files, tabular .txt, .gmt, .ngdc and .csv for-
mats). 

Figure 4.  Geologic provinces in and around Jordan / Slika 4. Geološke provincije u Jordanu i oko njega 
(Source / Izvor: USGS)

An integrated cartographic framework has been 
developed to perform a complex geomorpho-
logical analysis of Jordan, including its geology, 
topography, geophysical settings, and 3D visu-
alization of the Dead Sea Fault, modeled using 
high-resolution datasets from publicly available 
geospatial repositories. Analyzing the existing 
cartographic engineering methods, the most suit-
able and comprehensive approach for a complex 
geomorphological and geological mapping is the 
integrated approach that processes large datas-
ets by technical tools flexibly interchanged for dif-
ferent workflows: GMT for 2D topographic, geo-
physical and seismic mapping, ‘grdview’ module 
for 3D mapping, R for a geomorphological model 
of the terrain analysis by combination of ‘raster’ 
and ‘tmap’ packages, QGIS for geological and lith-
ological mapping (Figure 3 and Figure 4). 

Taking into account the diversity of the relief 
in Jordan, which was largely controlled by the 
tectonic history and geologic evolution of the 
region (Amireh et al., 1994), the variations in 
local and regional settings are discussed in the 
following section based on the extensive re-
view of the relevant existing literature on the 
geology and topography of Jordan. An R lan-
guage was used for geomorphological model-
ing using the DEM dataset and a combination 
of ‘raster’ and ‘tmap’ libraries. Namely, it was 
applied for exploring selected geomorphomet-
ric parameters of Jordan (slope, aspect, and 
hillshade) to show the relationship between 
the actual relief and geologic driving forces af-
fecting its formation.
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The methodology presents an integrated car-
tographic scripting approach aimed at the 
analysis of the geomorphology of Jordan with 
a special focus on the Dead Sea Fault in the 
context of geological formation and evolution. 
Technical mapping tools include three software: 
GMT, QGIS, and R. The GMT is a scripting car-
tographic toolset developed in 1991 (Wessel et 
al., 2019). The QGIS (QGIS.org, 2020) has been 
used for geological mapping. The geologic and 
lithologic vector layers were imported into QGIS 
version 3.16 (Hannover) and organized in the 
project with selected layers handled using the 
Processing Toolbox of the QGIS. The QGIS was 
selected for geological data processing since it 
is compatible with the ArcGIS shape format. Ar-
cGIS is widely used in GIS mapping (Valjarević, 
2018b; Lemenkova, 2020f). The functionality 
of the QGIS is achieved by a variety of plugins, 
flexible integration with Python, GRASS GIS and 
SAGA GIS, compatibility with ArcGIS, and free 
open-source availability. Modeling the relief of 
Jordan has been performed using libraries of R 
language (R Core Team, 2020) used by RStudio 
(RStudio Team, 2017).

2.1 Data collection and integration / Prikuplja- 
nje i integracija podataka

Datasets were collected from the open-source 
repositories. Quantitative spatial high-resolu-
tion data have been visualized and modeled us-
ing GMT, QGIS, and R. One dataset was collected 
from a topographic GEBCO grid (Schenke, 2016; 
GEBCO Compilation Group, 2020) based on the 
SRTM (Becker et al., 2009; Tozer et al., 2019) 
and ETOPO1 (Amante & Eakins, 2009). The 
resolution is based on a technical approach of 
quantitative data processing (Smith & Sandwell, 
2003): 15 arc second for GEBCO (Figure 1 and 
Figure 8) and 1 arc minute for ETOPO1 (Figure 
5). GEBCO, SRTM, and ETOPO1 data are widely 
used in geospatial visualization and engineering 
(Dill et al., 2012; Drăguţ & Eisank, 2012; Oruç et 
al., 2019; Lemenkova, 2020c, 2020d) due to the 
exceptionally high quality and reliability which 
ensures the most comprehensive view of the 
Earth’s topography. 

The aerial imagery data were obtained through 
the Google Earth service (Figure 2) linking the 
topographic relief view of the Earth with Jor-
dan’s borders by the Digital Chart of the World 
(DCW), the most comprehensive GIS global da-
tabase of the Earth. The advantage of satellite 
imagery in geospatial engineering (Lemenkova, 
2011, 2014; Löhrer et al., 2013; Riad et al., 2020) 
consists of the possibilities of integrated data vi-
sualization. 

Besides visualizing and reflecting the actual 
shape of the Earth, the remote sensing data 
provide information that can be combined in a 
more complex way to study correlations of dif-
ferent factors affecting the geologic structure 
and topographic relief of the Earth. The most 
well-known remote sensing data include Sen-
tinel-1A/2A satellite images (e.g. Fiaschi et al., 
2017; Lemenkova, 2020e), SPOT (Klinger et al., 
2000b), and the Landsat TM (Ginat et al., 1998; 
Al Hseinat et al., 2020). This study uses Google 
Earth aerial image for a perspective view of the 
topography of Jordan. 

The data on earthquakes (Figure 8) were col-
lected from the IRIS (Incorporated Research 
Institution for Seismology) database catalog 
(1974 to 2020), using the coordinate extent of 
Jordan captured as a search parameter. The 
earthquakes are shown based on two param-
eters, the magnitude and depth (from -1 to -33 
km). The geologic data (Figure 3 and 4) were 
obtained from the opensources of the United 
States Geological Survey (USGS) as a dataset 
containing vector files in ‘.shp’ format (Pollastro 
et al. 1999). 

The geophysical datasets include the geoid 
model of the Earth EGM-2008 (Pavlis et al., 
2012) and the gravity free-air Faye’s anomaly 
(Sandwell et al., 2014) obtained from the nu-
merical grids in NetCDF format (Figure 6 and Fig-
ure 7). The gravity data have a high accuracy and 
quality, improved resolution, and coverage of 
the marine gravity field, as described in relevant 
papers (Sandwell & McAdoo, 1990; Sandwell et 
al., 2013). 

2. MATERIALS AND METHODS / MATERIJAL I METODE
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The input data for geomorphological modeling 
consisted of Digital Elevation Models (DEM) at 
a standard 30 m (SRTM DEM 30) resolution for 
terrain analysis and variables (slope, aspect, hill-
shade) to quantify a geomorphological setting in 
Jordan. Specifically, the relief modeling of slope 
(Figure 9), aspect (Figure 10), hillshade (Figure 
11) and elevation (Figure 12) have been per-
formed by the DEM acquired from the Univer-
sity of California, Davis as a dataset in R package 
‘raster’ (Hijmans & van Etten, 2012). The geo-
morphological models by R were screened visu-
ally for map output and updated using ‘tmap’ 
package thereafter.

2.2 GMT scripting / GMT skripte

The workflow in GMT was carried out as speci-
fied by the scripting methodology, using several 
modules for the graphical processing of raster 
grids. Figure 1 shows the topographic map of 
the country made using the overlay techniques 
for the clipping region of Jordan selected by the 
DCW over the monochrome image of the sur-
rounding region. The main GMT modules used 
for mapping include the following workflow as 
below: 

a. The ‘grdcut’ module was used for selecting 
the study area: ‘gmt grdcut GEBCO_2019.
nc-R34 /40/29/34 -Gjo_relief.nc’

b. The ‘makecpt’ module was used for creat-
ing the color palette according to the topo-
graphic range: ‘gmt makecpt -Csrtm.cpt -V 
-T-2191/2635 -A50 > jordan.cpt’

c. The ‘pscoast’ modules were used to cre-
ate a mask of the vector layer from DCW 
of the country’s polygon: ‘gmt pscoast 
-R34/40/29/33.5 -JM6.5i -Dh -M -EJO > jor-
dan.txt’

d. The ‘grdimage’ module was used for the vi-
sualization of a raster grid: ‘gmt grdimage 
jo_relief.nc -Cjordan.cpt -R34/40/29/33.4 
-JM6.5i -I+a15+ne0.75 -Xc -P -K > $ps’

e. The Unix ‘echo’ utility was used to generate 
the topography image with shading: ‘echo 
“-10000 150 10000 150” > gray.cpt’

f. The ‘psclip’ module was used to clip the 
map by the DCW layer to only include Jor-

dan: ‘gmt psclip -JM -R jordan.txt -O -K >> 
$ps’

g. The ‘pstext’ module was used for anno-
tating the cities: ‘gmt pstext -R -J -N -O -K 
-F+f12p,13,white+jLB >> $ps << EOF 35.7 
31.5 Amman EOF’

h. The ‘psxy’ module was used for adding the 
cities using coordinates: ‘gmt psxy -R -J -Ss 
-W0.5p -Gred -O -K << EOF >> $ps 35.6 31.5 
0.35c EOF’

i. The ‘logo’ module was used to add the GMT 
logo: ‘gmt logo -Dx7.0/-2.0+o0.1i/0.1i+w2c 
-O -K >> $ps’

j. The ‘grdcontour’ module was used to add 
topographic isolines (plotted every 500 m): 
‘gmt grdcontour jo_relief1.nc -R -J -C500 
-Wthinnest,dimgray -O -K >> $ps’

The demonstrated scripting technology has 
been applied for plotting maps shown in Figure 
1, 6, 7, and 8. Spatial distribution modeling of 
the earthquakes in Jordan (Figure 8) has been 
performed by the GMT module ‘psxy’ with the 
database of IRIS for the period 1974–2020 as 
the event data with magnitude and depth of 
the foci, to analyze the epicenters of the earth-
quakes. The data visualization has been per-
formed by following the code: ‘gmt psxy -R -J 
quakes_Jordan.gmt -Wfaint -i4,3,6,6s0.1 -h3 
-Scc -Csteps.cpt -O -K >> $ps’ where the visual-
ized points show the magnitude of the events 
using the available method (Lemenkova, 2021). 

The 3D mesh model of the Dead Sea Fault 
shown in Figure 5 was visualized using the ‘grd-
view’ module by the following code: ‘gmt grd-
view jo_relief5.nc -J -R -JZ3.5c -Cmyrelief.cpt 
-p205/30 -Qsm -N-3500+glightgray -Wm0.07p 
-Wf0.1p,red -B4/4/2000:”Bathymetry and to-
pography (m)”:ESwZ -S5 -Y5.0c -O -K >> $ps’ 
following the methodology of the GMT with its 
syntax.ʹ

2.3 QGIS mapping / Kartiranje u QGIS-u

The QGIS has been applied for geologic and lith-
ologic mapping. Geological mapping plays an es-
sential role in the analysis of the relief in such a 
tectonically active area as Jordan in general and 
the Dead Sea Fault in particular. The Dead Sea 
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3.1 Topographic modeling by high-resolution 
datasets / Topografsko modeliranje pomoću 
podataka visoke rezolucije

The resulting maps are presented in Figure 9–12 
showing various aspects of the geomorphomet-
ric parameters in the relief of Jordan with expla-

nations presented in the Results section. Based 
on the results, a strong relationship between 
the structural geologic setting and terrain com-
plexity (roughness, steepness, and curvature) 
was evident, thus providing a strong quantita-
tive correlation performed by using the script-

Fault presents a particular landform of Jordan 
with a clear asymmetry in structure and a rift-
like morphology along its southern part (Smit 
et al., 2010). The geomorphology of the Dead 
Sea Fault region mirrors the variability of land 
elevations at both global and regional scales. In 
this way, it reflects the intensity of the exogenic 
and inner factors affecting local and regional 
variability of relief. The ‘Vector Overlay’ opera-
tion of the Processing Toolbox in the QGIS was 
used as a tool for clipping the area of Jordan us-
ing the mask of DCW. The layers were organized 
using the ‘Layer Manager’ and adjusted by the 
categorized color palettes. The maps (Figure 3 
and Figure 4) were prepared using the ‘Layout 
Manager’ of QGIS. 

2.4 R programming / Programiranje u R-u

Geomorphometric modeling aimed at geomor-
phological analysis (Figures 9, 10, 11 and 12) was 
performed using a set of packages (libraries) of 
R language and operated by an RStudio environ-
ment: ‘sp’, ‘raster’, ‘ncdf4’, ‘RColorBrewer’, ‘sf’ 
and ‘tmap’. The libraries ‘raster’ and ‘tmap’ are 
the most important use for relief modeling and 
cartographic plotting, respectively. 

The DEMs of Jordan were imported into R by 
‘raster’ package and analyzed using the ‘terrain’ 
function tool, as described below in more tech-
nical details. The ‘ncdf4’ package was applied for 
the processing of the data formats. Accordingly, 
the ‘RColorBrewer’ package was used for color 
visualization. The auxiliary packages ‘sp’ and ‘sf’ 
were used for operating with classes and meth-
ods for spatial data and processing simple fea-
tures, which is a standard way to encode spatial 
vector data by R. 

The ‘raster’ package of R is a stand-alone geo-
graphical library and data processing package 
that was developed especially for geomorphom-
etry applications, such as slope and aspect anal-
ysis, DEM and hillshade visualization. The ‘tmap’ 
package of R is a cartographic package that was 
developed specifically for the mapping and visu-
alization of geoinformation. The workflow in R 
includes the following steps: 

i. Data capture by the ‘getData’ function of 
‘raster’: ‘alt = getData(“alt”, country = “Jor-
dan”, path = tempdir())’

ii. Modeling slope, aspect and, hillshade by 
‘raster’ package of R: ‘slope = terrain(alt, opt 
= “slope”). aspect = terrain(alt, opt = “as-
pect”). hill = hillShade(slope, aspect, angle = 
40, direction = 270)’

iii. Visualizing the DEM and the resulting plots 
(aspect, slope, and hillshade): plot(alt)

iv. Mapping by ‘tmap’ package using the ‘plot’ 
mode: ‘tmap_mode(“plot”)’.

v. Selecting the suitable color 
‘tmaptools::palette_explorer()’

vi. Mapping by using the scheme for the maps 
in Figure 9 – 12: ‘map1 <- tmap_style() + 
tm_shape(slope, title = ‘Slope’) + tm_ras-
ter() + tm_scale_bar() + tm_compass(type 
= “radar”) + tm_layout()’. The additional 
refinements (font types, sizes, location of 
the cartographic elements, colors, rotation 
of ticks, several levels of annotations (title, 
subtitle, panel title, legend, etc.) were ad-
justed using these functions by R syntax. 

vii. Visualizing maps: ‘map1’
viii. Saving graphical output as a JPG file: ‘tmap_

save(map1, “Jordan_Slope.jpg”, dpi = 300, 
height = 10)’

3. REZULTATI / RESULTS
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ing framework techniques between geological, 
topographic, and geomorphological settings in 
Jordan. Figure 1 and Figure 2 show the topogra-
phy of Jordan compared to the other countries. 
Its topography consists mainly of a plateau with 
a dominating range between 700 to 1,200 m 
and the whole study area has a range of -2,191 
m to 2,635m (according to the GEBCO dataset as 
found by ‘gdalinfo’ utility of GDAL). 

The topography of Jordan is mostly divided into 
a series of ridges by valleys, gorges, wadis, and 
a few mountainous areas. The dominating part 
of the eastern region of Jordan (East Bank) is 
covered by desert, with mainly arid geomorphic 
landforms (Abu-Allaban et al., 2015): sands, 
dunes, salt flats, low mountains, located espe-
cially in the south and southeast (Abed, 1982, 
2000). 

The range of the topography values observed is 
comparable to the distribution of the most nota-
ble major topographic features in Jordan: Wadi 
Mujib located at the 31,4°N 35,5°E, a river can-
yon entering the Dead Sea from the east, Wadi 
Araba (Jarar et al., 1983; Atallah, 1992; Klinger 
et al., 1997), Wadi Shueib catchment area (Obei-
dat et al., 2021), a basin of the Yarmouk River, 
which is the largest tributary of the Jordan River 
on its south (Obeidat et al., 2013), Wadi Mujib 
(Abed, 2017), the depression of the Araba val-
ley, situated between the Dead Sea Fault and 
the Gulf of Aqaba covered by alluvial and lacus-
trine deposits (Klinger et al., 2000a). 

3.2 Spatial distribution of geologic units and 
provinces by data overlay / Geografska dis-
tribucija geoloških jedinica i provincija

According to the performed mapping, Tertiary 
Cretaceous (TK) outcrops across the Cretaceous-
Tertiary boundary are evident for the major ter-
ritory of the country (purple color in Figure 3). 
Among others, Figure 3 visualizes the following 
geologic units of Jordan: Tertiary (Paleogene 
and Neogene) outcrops which are mostly locat-
ed in the north-eastern and eastern regions of 
the country (green color in Figure 3). 

Earlier units from the Tertiary and Cretaceous 
period (TK in the map) occupy the dominant 

areas in the center of the country (lilac colors 
in Figure 3). Accordingly, the outcrops on other 
geologic units are presented by the Cambrian 
(Cm), Devonian Silurian Ordovician (DSO), Ju-
rassic (J), Ordovician Cambrian (OCm), Precam-
brian undifferentiated (pC) and Quaternary (Q). 
Quaternary is subdivided subsequently into the 
Quaternary fluvial (Qf), Quaternary eolian (Qe), 
Quaternary sahbka (Qsk), Quaternary Tertiary 
(QT), Quaternary volcanic (Qv) and Quaternary 
Tertiary volcanic (Qtv) considering the geomor-
phological landforms. 

Comparing Figure 3 with Figure 4 shows that 
Cambrian (Precambrian undifferentiated (pC), 
dark lilac color in Figure 3) to Devonian (Devo-
nian Silurian Ordovician (DSO), light green col-
or in Figure 3), Quaternary (Q, brown color in 
Figure 3) non-marine clastic sedimentary rocks 
are located along the edge of the Arabian Shield 
(yellow color in Figure 4, southern Jordan). 
These were deposited prior to the breakup of 
the eastern platform into a set of the northward 
oriented horsts and grabens during the Hercyn-
ian Orogeny, as also pointed in previous studies 
(Al-Laboun, 1986). 

3.3 Spatial extent of notable geologic provinces 
/ Prostorni opseg značajnih geoloških pro-
vincija

The visualized dominant geologic province dis-
tribution of an area (Figure 4) provides new 
data on the regional geologic patterns for their 
relationship between the major geologic ele-
ments, geophysical fields, topography, and geo-
morphology of Jordan. Cartographic mapping of 
the provinces includes several blocks. The Jafr-
Tabuk Basin Province is shown as a dominating 
part (bright magenta), which is important since 
this region is a source of oil shale source rocks. 
The region has a total organic carbon content 
exceeding 3% and mixed oil/gas-prone to oil-
prone potential (Alsharhan & Nairn, 1997). 

The formation of the North Harrat Volcanics 
(bright cyan color in Figure 4) is located along 
the Harrat al-Sham region of the rocky, basaltic 
desert (Edgell, 2006), which further extends to 
southern Syria, Jordan, and the northern Ara-
bian Peninsula. This area has been geologically 
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formed by the tectonic activity from the Oligo-
cene through Quaternary (Al Kwatli et al., 2015). 
Geologically, it is known for over 800 volcanic 
cones and 140 dikes, which makes it the largest 
among the existing several volcanic fields on the 
Arabian Plate (Krienitz et al., 2007).

The Wadi Sirhan, a wide depression, was attribut-
ed to the NW-SE-trending (colored bright green in 
Figure 4) which shows relatively large, extended 
sandy, marshy lowland. The spatial distribution of 
the area well correlates with the location of the 
Triassic geologic units (compare Figure 4 with Fig-
ure 3 where this area (T) is represented by bright 

green color). The outcrops of Quaternary volcanic 
(Qv, magenta) well correlate with the distribution 
of the NE borders of the North Harrah Volcanics. 
Other geological units are annotated on the map 
(Hail-Ga’Ara Arch, Rutbah Uplift, Beirut, Levan-
tine Basin, Sinai Basin). 

3.4 Three-dimensional mesh modelling of the 
topographic grid / Modeliranje topografske 
mreže korišćenjem 3D mesh-a

Three-dimensional (3D) modeling is an impor-
tant technique used widely in Earth sciences. 
3D-modeling provides an effective visualization 
of surfaces based on the coordinate triples in 

Figure 5. 3D model of the Dead Sea Fault / Slika 5. 3D model rasjeda Mrtvog mora (Source / Izvor: Data: 
ETOPO1)
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space (Fialko et al., 2005; Barbot et al., 2009; 
Lemenkov & Lemenkova, 2021). In this study, 
the 3D model demonstrates a perspective visu-
alization of the most notable topographic de-
pression of Jordan: the Dead Sea Fault (Figure 

5). The Dead Sea Fault is a part of the Great Rift 
Valley, a remarkable geologic object, stretching 
in an NS direction from Lebanon to Mozam-
bique, and consisting of several continuous rifts 
and trenches of varying sizes and elevations. 

Figure 6.  Geoid gravitational model of Jordan / Slika 6. Geoidni gravitacioni model Jordana   
(Source / Izvor : EGM-2008)

The Dead Sea Fault is an important part of the 
world geologic and geodynamic formations. In 
its origin, it is deeply connected to the geody-
namic processes and movement of the two tec-
tonic plates: Arabian and African. The Dead Sea 
Fault presents a transform plate boundary, along 
which these two plates slide past one another. 
As the 3D transect traversed the Dead Sea Fault 

zone, the visualized mesh grid from the ETOPO1 
was utilized as a measure of roughness as the 
GMT method well presented the curvature of the 
surface using 3D visualization technique over the 
2D relief contour map. The presented 3D model 
shows the Dead Sea fault zone, a major left-lat-
eral strike-slip fault extending over cca. 160 km 
to the Gulf of Aqaba (Klinger et al., 2000a). The 
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3D modeling represents a sound approach to the 
perspective mapping of data applied in various 
papers related to geological modeling (Abu Rajab 
& Al Tarazi, 2018; Lemenkova, 2019d). 

In contrast to the existing GIS techniques for 3D 
modeling, the GMT provides a novel, scripting 
method based on the ‘grdview’ model to quantify 
the surface using mesh elements in a raster grid on 
a user-defined resolution scale of the 3D model. 
The 3D modeling numerically simulates the struc-
ture of the relief and geomorphology of the varied 
landforms within the selected enlarged study area 
within the coordinates 34°/38° E, 29°/34° N in the 
southern Jordan and the Dead Sea Fault zone. 

3.5 Geophysical fields modeled by GMT / Mod-
elovanje geofizičkih polja pomoću GMT-a

The geophysical data, along with datasets on 
surface geology, drilling, seismic reflection, are 
the key source of information for the Dead Sea 
basin structure (Garfunkel & Ben-Avraham, 
1996) since they contain information on the 
physical setting of the Earth’s surface and sub-
surface. The geophysical facilitate the analysis 
and prognosis on the location of hydrocarbons, 
oil plays and minerals, aggregate and mineral re-
sources. Two datasets were modeled in the part 
of geophysical modeling in this research: the 
gravity fields and the geoid. 

Figure 7.  Free-air gravity anomaly map of Jordan / Slika 7. Mapa anomalije gravitacije slobodnog vazduha 
Jordana (Source / Izvor: Data: gravity CryoSat-2 and Jason-1)
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3.5.1 Geoid model / Model geoida

Figure 6 presents the model of geoid made 
using the EGM-2008 grid. The geoid undula-
tion shows the geodetic measurements of the 
Earth’s heights in terms of gravity showing the 
shape that the Earth’s surface would have tak-
en under the influence of the gravity and rota-
tion of the Earth alone (Fowler, 2005; Sideris, 
2011). The relationship between geoid height 
and topography shows the compensation of 

the Earth’s surface for the effects of gravity in a 
non-linear complex function (Marks & Sandwell, 
1991). The geoid shows generally higher values 
on the region northward of the country (the re-
gion of modern Syria) with the detected values 
between 35 to 40 m (bright pink color in Figure 
6), while the lowest values are mostly located 
in the SE region of Jordan (0 to 5 m in geoid un-
dulations), colored in dim blue to dark purple in 
Figure 6.  

Figure 8.  Seismicity in Jordan (1974–2020) / Slika 8. Seizmičnost u Jordanu (1974–2020)  
(Source / Izvor: IRIS, GEBCO)

The variability of the geoid heights correlates 
with the rock properties depending on the pro-
portion of porosity and the values of density and 
reflecting variations in the mantle of the Earth. 
Other effects on the geoid from the tectonics 

are shown in the previous research (Sandwell & 
Schubert, 1980) where the geoid height/age re-
lations are illustrated using the data from Geos 3 
altimeter showing a positive correlation of geoid 
with a spreading velocity.
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3.5.2 Free-air gravity model / Model gravitacije

Gravity anomalies represent variations in den-
sity and rock masses distributed unequally over 
the Earth. Anomalies in gravity depend on vari-
ous parameters. The consistency between the 
topography and gravity measurement results 
showed a correlation between the parameters 
such as topographic depth, gravity values, and 
geographic location (in general, sea-level grav-
ity increases from the Equator to the poles 
due to the equatorial bulge and the effects of 
the Earth’s rotation). Other parameters include 
lithospheric density, elastic and mechanical 
thicknesses of the lithosphere and geophysical 
measurements: flexural wavelength and ampli-
tude (Levitt & Sandwell, 1995). 

Figure 7 shows the free-air gravity anomalies 
of Jordan. The mean free-air gravity anomalies 
are useful in geodesy for gravity field modeling 
and geophysical investigations as showing aver-
age values of the Earth’s density. The analysis 
of the free-air gravity anomalies reveals large 
and systematic differences in the values of the 
terrain roughness and mountainous areas over 
Jordan. Among others, gravity anomalies cor-
relate with the elastic thickness showing the 
strength of the lithosphere (Watts et al., 2006). 
The free-air gravity anomalies of Jordan show a 
remarkable correlation of the values with geoid 
(e.g. compare Figure 7 with Figure 6) and topog-
raphy of the region (compare the free-air gravity 
fields in Figure 7 to the DEM-based relief in Fig-
ure 12 and the topography in Figure 1). Another 
visible correlation and coherency between the 
geologic, topographic and geophysical grids are 
presented through the comparative analysis of 
Figure 7 with Figure 10 showing the aspect of 
the relief and Figure 9 showing slope steepness.

3.6 Hazard risk analysis by seismic data using 
integration of GMT and IRIS / Analiza rizika 
pomoću seizmičkih podataka korišćenjem 
integracije GMT-a i IRIS-a

The Dead Sea Fault zone is seismo-tectonically 
active (Abou Karaki, 1987), Figure 8. The Dead 
Sea Fault zone was affected by several relatively 
strong earthquakes with varied magnitude and 
focal depth, according to the IRIS database. Fig-

ure 8. Seismic events are distributed unequally 
along the Dead Sea Fault with most of the 
events concentrated around the Gulf of Aqaba. 
Their magnitude ranges between 2 and 6, which 
is recorded in seismic stations, as visualized in 
Figure 8. The depths of the earthquakes vary 
from 1 to 33 km. In contrast, local volcanoes are 
mostly situated in the north on the territory of 
present Syria. 

3.7 Libraries ‘raster’ and ‘tmap’ in Rstudio / 
Biblioteke ‘raster’ i ‘tmap’ u RStudio paketu

Geomorphometric modeling is a technique 
in quantitative geomorphology used for the 
analysis of the fundamental Earth’s surface 
morphology, processes, variations in the relief, 
and relief feature extraction by techniques of 
numerical modeling using the DEM. Visualized 
areas of high roughness and slope curvature 
may depict regions of certain habitats, present 
links with land hydrology and soil distribution.  
In addition, it suggests possible landslide risk 
hazards (computed based on slope steepness) 
with an increased precision due to the numeri-
cal algorithms of the DEM data processing. The 
improved DEM resolution and techniques of 
data processing by scripts presented new pos-
sibilities in Earth data analysis. In this study, 
four geomorphometric land-surface parameters 
were extracted from the DEM of Jordan by ap-
plied programming and scripting visualizing of 
the geospatial DEM: slope, aspect, hillshade, 
and elevation in Figure 9, 10, 11, and 12. 

3.7.1 Slope modelling / Geomorfološko mod-
elovanje

Figure 9 shows the slope steepness of the relief 
in Jordan modeled by R package ‘raster’ and 
visualized by R package ‘tmap’. The input data 
type to geomorphometric and hydro-geomor-
phic relief analysis in R was the DEM, enabling 
modeling of relief depression, flat areas, eleva-
tions, slope steepness, and compass aspect ori-
entation. The map includes a histogram showing 
the statistical behavior of data distribution.

Histogram visualization shown in the geomor-
phometric maps (Figure 9 to 12) is applied au-
tomatically in ‘tmap’ package using the tm_lay-
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out() function controlling legend appearance. 
The histogram presents an option for visual in-
terpretation of the results illustrating data anal-
ysis by the frequency distribution of the most 
representative values, particularly in the areas 
with diverse relief such as Jordan, having both 
high-mountainous relief and depressions, par-
ticularly in the Dead Sea region (Salameh, 1997). 

3.7.2 Aspect modelling / Modelovanje ekspozi- 
cija

The map of the relief aspect (Figure 10) shows 
a compass orientation of the hills and mountain 
ranges in Jordan with the altered display prop-
erties by the ‘Spectral’ color palette applied to 

a displayed image (e.g. the palette, the W-E-S-
N orientation and its derivatives (e.g. NE, NW, 
etc), displayed by color values, and additionally 
with a histogram showing the data distribution 
values. The Qa’ al-Jafr depression and river net-
work are clearly visible near the city of Ma’an 
(around 35,5°–37,0°E, 29,7°–30,7°N).

3.7.3 DEM hillshade and elevation modeling / 
DEM modelovanje nadmorskih visina

The attributes of the hillshade raster image (Fig-
ure 11) were defined using a  ‘tmap’ functional-
ity (palette = ‘cividis’, style = ‘quantile’, n = 10), 
which demonstrates the artificial illuminated 
light highlighting the relief of Jordan in a 3D. 

Figure 9.  Slope terrain analysis based on the DEM of Jordan / Slika 9. Analiza terena kosina na osnovu DEM-a 
Jordana (Kartiranje: R)



94

Lemenkova: Big Earth Data processing using machine learning for integrated mapping of the Dead Sea fault

The DEMs have been used by R for visualization 
of the relief of Jordan using an embedded in-
terpolation algorithm routine in a ‘raster’ pack-
age (Figure 12). The final map layout has been 
plotted in a ‘tmap’ package where the steps for 
the relief were set as 40 by an algorithm quan-

tile (style = ‘quantile’, n = 40), defined by the 
‘tm_raster()’ function of the ‘tmap’ package of 
R. As a result (Figure 12), a raster DEM image is 
displayed according to z-values captured in the 
original tabular data by elevation. 

Figure 10. Aspect terrain analysis based on the DEM / Slika 10.  Analiza ekspozicija na osnovu DEM-a (Karti-
ranje: R)

The geomorphological DEM-based data analy-
sis is applicable for modeling groundwater and 
superficial hydrological streams, where topo-
graphic data provide critical input to morpho-
metric models of water discharge, landslides, 
and sediment transport. In this way, it contrib-

utes to the various aspects of environmental 
modeling and the management of groundwater 
modeling of Jordan. The presented framework 
of the integrated data modeling and visualiza-
tion by cartographic engineering is focused on 
the integrative cartographic visualization by 

4. DISCUSSION / DISKUSIJA
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GMT, QGIS, and R for the complex data process-
ing to generate new geospatial knowledge and 
data synthesis beyond separate raster and vec-
tor layers. The demonstrated analysis of the sev-
eral thematic datasets (topography, seismicity, 

earthquake distribution, geomorphology, tec-
tonics, geology, and geophysics) demonstrated 
similar trends in data distribution in the continu-
ous fields of the respective geospatial phenom-
ena. 

Figure 11. Hillshade visualization based on the DEM of Jordan / Slika 11. Vizualizacija padine zasnovan na 
DEM-u Jordana (Kartiranje: R)

Such approach potentially indicates the deep 
correlation between these phenomena using a 
wider approach of cartographic data processing 
(2D mapping, 3D modeling by GMT, QGIS, and 
R). Hence, the aim of the presented cartograph-
ic integration was focused on understanding the 
complex and still unclear nature of the Dead Sea 
Transform and the geomorphology of Jordan, 
such as the following: i) correlation between 

the isolines of the relief and distribution of the 
geologic provinces and units, ii)  correlation be-
tween the earthquakes distribution, frequency, 
and geophysical anomaly fields, iii)  correlation 
between the relief slope aspect and heights.

Mountain areas, topographic depressions, river 
basins, and the extent of the Dead Sea Fault 
zone have distinct geomorphological features, 
consistently represented by local and regional 
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relief, as can be compared on topographic and 
geomorphological maps (Figure 1 with Figures 
11 and 12). Two structural aspects of the indi-
viduality in geomorphological features of Jordan 
include the distinctness and variability of the re-
lief of the country and striking contrast between 
the major depression along the Dead Sea Fault, 
leveled plains in desert regions and elevations in 
the mountainous regions. These include, for in-
stance, Jabal Ram, Jordanian Highlands, Abarim 
mountain range in the N-W, Jabal Umm ad Dami 
in the S as the most prominent geomorphological 
objects of Jordan. Their distinctness  indicates-
the structural ambiguity of the relief boundaries 
and a strong correlation with the geophysical and 
geological setting in Jordan as discussed above.

From the engineering perspective, the research 
presents two cartographic outcomes: i) dem-
onstrated integrated geoinformation approach 
combining scripting techniques in the mapping 
(GMT), programming (R) and a traditional GIS 
for mapping (QGIS); ii) explored geomorphology 
of the Dead Sea Fault zone in terms of geology, 
geophysics and topography in Jordan through 
promoting a multi-tool data processing. Thus, the 
research is focused on the presentation of com-
plex data processing and visualization, including 
scaling, projecting and modeling, rather than 
technical cartographic workflow and design. 

Through the presented combination of both quali-
tative and quantitative datasets processed by vari-

Figure 12.  Relief mapping using the DEM of Jordan / Slika 12. Mapiranje reljefa pomoću DEM-a Jordana  
(Kartiranje: R)
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ous software tools, the methodology can be seen 
as complementary to the existing cartographic 
works with a focus on GIS (El-Naqa et al., 1999; 
Suetova et al., 2005; Gohl et al., 2006a, 2006b; 
Klaučo et al., 2013, 2017; Abou-Karaki et al., 2016; 
Lemenkova, 2019c). Moreover, new information 
on the geomorphology of Jordan is presented and 
produced through the coordinated cartographic 
process in GMT, QGIS and RStudio environments 
that presents a data-driven, flexible analytical 
mapping approach excluding the application of 
the predefined software. The presented method-
ology, compelled by data, embodies a complex 
workflow of raster and vector layers processing by 
the interchanged GIS and scripting technologies. 

By doing so, it resembles the existing use of the 
GMT in geomorphological, geological and geo-
physical datasets (Kuhn et al., 2006; Gauger et 
al., 2007; Lemenkova, 2020g) and integrative 
processing of the data connected to GIS (Al-
Mahamid, 2005; Schenke & Lemenkova, 2008; 
Milanović et al., 2010; Alqadi & Kumar, 2013). 
Using multisource datasets, the research con-
nects various raster, tabular, and vector datasets 
with literature analysis on the geomorphology 
of Jordan and considers interrelationships be-
tween the geological, tectonic, and geophysical 
factors as driving forces affecting the topograph-
ic shape of the country. 

Jordan is rich with a wide variety of industrial 
rocks presenting a stratigraphic sequence from 
the Precambrian basement complex to recent 
sediments (Khoury, 2019). Such diversity of min-
eral resources illustrates the value of work in 
geologic prognosis and exploration and explains 
the actuality of the cartographic approaches 
for the advanced and updated visualization of 
geology and topography of Jordan. The results 
include 12 new maps made by integrated data 
processing. 

The maps illustrate datasets including the distri-
bution of earthquakes, geophysical fields, topo-
graphic structure and geomorphologic land-
forms of Jordan and the Dead Sea Fault as a spe-
cial area. In addition to cartographic methodol-
ogy, analytical efforts presented in this manu-
script focused on drivers and factors affecting 
the geomorphological shape of Jordan, such as 
geology, lithology, geophysics, topography, and 
tectonics with a special focus on the Dead Sea 
Fault as a unique region of Jordan.

Geologic evolution of the Earth’s lithosphere re-
sulting in complex processes connected to the 
movements of the tectonic plates (Arabian and 
African) present factors affecting the fundamen-
tal processes in the relief formation. Additional 

factors (eolian, climate, vegetation) are referred 
to as the external controlling processes of land-
form evolution having a more direct impact on 
local geomorphological dynamics. The focus of 
the study is both investigations of the geologic 
and tectonic setting of Jordan and engineering 
issues related to GIS application. Therefore, the 
cartographic scripting console-based methods 
and approaches in 2D and 3D modeling are pre-
sented as the crucial technical tools in GIS en-
gineering applied in geological and geomorpho-
logical modeling. 

By contributing to other graphical approaches, 
e.g. fieldwork-based GIS mapping, plotting sta-
tistical graphs, lithologic columns, visualizing 
flowcharts, the demand for high-quality maps 
in geologic and geomorphological modeling 
contributes not only to the data visualization 
but also to the increase of knowledge related to 
regional topography and geomorphology of Jor-
dan. Scripting techniques of GMT and machine 
mapping by R language continue to technically 
reform the cartographic methodology along 
with the development of new libraries, algo-
rithms and tools. Compared to the traditional 
GIS, GMT has a perspective to become more 
popular in mapping. 

5. CONCLUSION / ZAKLJUČAK
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Sažetak

U ovom istraživanju razvijen je integrisani okvir za analizu podataka o Zemlji (“Big Earth data”) u kon-
tekstu geomorfologije Jordana. Istraživanje se bavi korelacijom između nekoliko tematskih skupova 
podataka, uključujući mašinsko učenje i multidisciplinarne geoprostorne podatke. GIS kartiranje se 
široko koristi u geološkom mapiranju kao najadekvatnije tehničko sredstvo za vizualizaciju i anal-
izu podataka. GIS aplikacije podstiču geološko prospektivno modeliranje vizualizacijom podataka 
usmjerenih na prognozu mineralnih resursa. Međutim, automatizacija pomoću mašinskog učenja 
za obradu velikih podataka o Zemlji pruža brzinu i tačnu obradu masivnih skupova podataka iz više 
izvora. To je moguće primjenom skriptiranja i programiranja u kartografskim tehnikama. Ova stu-
dija predstavlja kombinovane metode mašinskog učenja kartografske analize i modeliranja velikih 
podataka o Zemlji. Cilj studije je da se analizira povezanost faktora koji utiču na geomorfološki oblik 
Jordana u odnosu na rasjed Mrtvog mora i geološku evoluciju. Tehnička metodologija uključuje tri 
nezavisna alata: 1) Generic Mapping Tools (GMT); 2) odabrane biblioteke programskog jezika R; 3) 
QGIS. Konkretno, GMT skriptni program korišćen je za topografsko, seizmičko i geofizičko mapiranje; 
QGIS - za geološko mapiranje; Programski jezik R - za geomorfometrijsko modeliranje. Shodno tome, 
tok rada je logično strukturisan kroz ova tri tehnička alata, predstavljajući različite kartografske pri-
stupe za obradu podataka. Podaci i materijali uključuju skupove podataka iz više izvora različite rezo-
lucije, prostornog opsega, porijekla i formata. Rezultati su predstavili kartografske rasporede kvalita-
tivnih i kvantitativnih karata sa statističkim rezimeom (histogrami). Novost ovog pristupa objašnjava 
se potrebom da se smanji tehnički jaz između tradicionalnog GIS-a i skripti za kartiranje, koje je bit-
no za mapiranje velikih podataka, gdje su presudni faktori brzina i preciznost rukovanja podacima i 
efikasna vizuelizacija postignuta mašinskom grafikom. U radu se analiziraju osnovni geološki procesi 
koji utiču na formiranje geomorfoloških oblika terena u Jordanu sa 3D vizualizacijom izabranog frag-
menta zone rasjeda Mrtvog mora. Istraživanje predstavlja prošireni opis metodologije, uključujući 
objašnjenja isječaka koda iz modula GMT i primjere upotrebe R-biblioteka ‚raster‘ i ‚tmap‘. Rezultati 
su otkrili snažnu korelaciju između geoloških i geofizičkih karakteristika terena i geomorfoloških 
obrazaca. Integrisano proučavanje geomorfologije Jordana zasnovano je na skupovima podataka 
koji obrađuju više scenarija. Temeljnom analizom predstavljene su regionalne korelacije između 
geomorfološkog, geološkog i tektonskog okruženja u Jordanu. Rad je doprinio razvoju kartografskog 
inženjerstva uvođenjem skriptnih tehnika i regionalnim studijama Jordana, uključujući Mrtvo more 
kao posebnu regiju Jordana. Rezultati uključuju 12 novih tematskih mapa, uključujući 3D model.

Ključne reči: geofizika, geologija, GMT, Jordan, kartografija, mašinsko učenje, Mrtvo more, QGIS, 
topografija, veliki podaci 


