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�is study aims to create an integrated geographical information system (GIS) database of natural resources represented by
mining activities in the Red Sea area in Sudan. GIS is a vital tool to help the decision-makers in managing and classifying these
resources in terms of quantity and quality within the concept of sustainable development. �e paper extracts some models of
investment map indicators. In addition to that, it conducts a study and research aimed at developing a mineral resources
management and discovering and identifying the new areas of mineral wealth in GIS database. �e motivation of this study stems
from the fact that countries with these types of wealth can greatly grow their gross domestic product (GDP) through the optimum
management and governance. Most of the least development countries (LDC) can focus on the search for alternative natural
resources (beside other conventional resources, i.e., agriculture) to support their economy. Red Sea region is one of the great
regions full of natural and mineral resources (specifically gold andminerals), beside its strategic location on the way of most of the
global trade transaction path.�is paper designs and implements GIS multiple database layers. �e multiple layers were modelled
to overcome the technical difficulties that result from processing of large quantities of tempospatial information.�e database was
built by using an Oracle database system due to its capability of multilayer design.

1. Introduction

�e availability of mineral wealth as natural resources has
three main features, which are relative scarcity, variation of
uses, and possibility of being mixed with other resources to
produce the same commodity or other commodities. �e
scarcity means insufficiency or shortness of available re-
sources to satisfy the needs and desires of people. �e scarcity
is seen clearly when comparing the available resources with
the required quantities of resources to satisfy the needs of the
population.

�e emergence of concept of sustainable development has
increased the social, economic, and political importance of
resources in the economies of countries [1–3]. Dajian stated that
since UN approved the sustainable development goals (SDGs)
globally for the coming 10 years (2016–2030), sustainability has
become one of the main pillars for development and funda-
mental perception to lead the national and international social
and economic developments. Conferring to this concept, con-
solidating the integrative review research on the methodologies,
theories, and empirical literature of maintainable development
have been a deliberately vital issue and mission [4].
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�e rationale and environmental management, main-
taining and development of resources, and increase of
available quantities of resources will be realized soon. �e
realization is through listing all existing mineral resources
and laying down the necessary plans distributed among their
different uses, laying down the programs for development
and increase of these resources, adopting all necessary
measures to organize and monitor how to utilize these
georesources in the manner confirming rationalization of
resources [5], and avoiding any evidence of misuse of re-
sources and protecting them from all kinds of risks leading
to deterioration or depletion of resources without any
passive impacts on the environment.

Sudan has a rich energy and mineral resources base, and
the development of the mining sector has been described as
the single most vital lever for economic diversification, job
creation, and government revenue growth [6]. �e ability of
the government to support and regulate the sector is par-
amount as significant investments and operations are about
to begin domestically and internationally [7]. Mining reg-
ulators will play an important role in Sudan’s journey to-
wards being a modern and independent country by
enhancing transparency through the regularization of the
mining industry and thus empowering Sudan to make most
of its mineral wealth.

�e mining activities in Sudan have the potential to play
a vital role in Sudan’s future for jobs creation, generates
royalties, and taxies to local governments and bring about
much sustainable development infrastructures, thereby
closing the poverty gap. A system for monitoring adherence
to mining standards as well as environmental, social,
technical, and financial compliance with international best
practices and Sudanese laws and customs [8] is essential in
order to ensure contract compliance and the sustainability of
production.

�is includes the use of reliable baseline data along with
adequate preparation and transfer of know-how. �e Red
Sea AreaMunicipal Government offers state-of-the-art earth
observation software to produce baseline data supporting
compliance monitoring and monitoring of mine production
activities in mining concession areas.

In realistic terms, the project includes introducing a
computerized, rule-based management system with GIS
features which caters to mineral titles for the lifecycle. �e
framework must also ensure that the processes for title
administration comply with the applicable laws and regu-
lations [9]. Within the cadastral organization, the devel-
opment will be followed by operational and technological
capacity building activities. It is expected that the resulting
enhanced and open administration of mining titles would
make the mining industry more desirable to investment by
the private sector, mining, and mining sector [10–13].

�e remainder of this paper is organized as follows: in
Section 2, the mineral and natural resources in the Red Sea
area are discussed. In Section 3, themethods andmaterials of
the general GIS framework have been described. �e related
works are discussed in Section 4. �e results and discussions
are presented in Section 5. Finally, concluding remarks are
given in Section 6.

2. Related Works

Geographic information system (GIS) is a specific combi-
nation of management structure, computer software, pro-
cedural mechanisms, processors, peripherals, institutions,
and individuals to collect, store, modulate, manipulate,
evaluate, and display geographically relevant data that are
extensively deliberated in resolving sophisticated human-
related problems, for example, �owiba et al. [14], Wu et al.
[15], and Li and Li [16].�ere are several studies dealing with
the design and implementation of GIS in the management of
natural and mineral resources for sustainable development,
almost all of which have approved that GISs are important
for decision-making in support of natural resource
development.

Ibrahim [17] proposed mineral asset arranging and
administration data framework which incorporates the
method of building the framework, framework design, and
improvement stage, as well as the determination of devel-
opment devices. Planning the most capacities of framework
and working environment moreover has been outlined
(shown in Figure 1).

Aklıbaşınd [18] presented the utilizations of geographic
information systems (GIS) technique in the management of
natural and mineral resources and shows with data evidence
how they have grown rapidly. GIS is the primary method for
large-scale spatiotemporal data analysis and is usually used
as a medium for communicating landscape scale research
results to all stakeholders.

Also, Mahyar and Nykänen [19] studied the use and
utilization areas of geographic information system (GIS)
increase every day due to both enabling easiness in storing,
updating, grouping, analyzing, correlating, and mapping of
data about evaluation factors in planning studies and having
quite low error margin depending on the accuracy of stored
data. Also, Khalid and Deshmukh [20] discussed the mineral
and natural resources with potential aiming to use GIS
techniques as an efficient methodology to delineate area
under study for more investigations of mineral deposits.

Moran in [21] made a database of a little zone with not
already indicated objective. �e paper delivered a number of
outline layers emphasizing the strategy and the capacity of
making any number of overlays or combinations of layers.
Moreover, the time and toll taken that included in creating
these layers have been assessed. Figure 2 shows the stream
chart of the proposed database.

3. Mineral and Natural Resources in the Red
Sea Area

�e Red Sea area lies in the eastern part of Sudan (between
longitudes of 18–23 northeast) covering an area of
218,887 km [22–25]. �e state is bordering the state of
Kassala and Eritrea in the south, state of River Nile in the
west, the Red Sea in the East, and Egypt in the North. �e
Red Sea area is surrounded in the northeastern parts by
the Red Sea Hills. Figure 3 shows the area of the study. �e
Red Sea Hills are a mostly continuous mountain chain in
northeastern Sudan which parallel the Red Sea coast from
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the Egyptian border in the north to Eritrea in the south.
�e mountains are a consequence of uplift relating to the
East African Rift system and subsequent graben faulting
which produced the Red Sea and coastal environments
that fringe the mountains in a 20–50 km wide plains area
[26].

Since the Pharaonic era, eastern Sudan and the chain of
Red Sea Mountains are known with the existence of all kinds
of metal so that more than 90% of mining projects mineral
exploration activities have been established in the eastern
parts of Sudan, where there is a huge belt extending from the
northern borders to the eastern parts of the Nile and up to
the southern borders of the eastern state of the Red Sea [27].
�e Red Sea area is rich in so many mineral resources in-
cluding copper, gold, boron, arsenic, chrome, zinc, copper,
silver, lead, and manganese and building materials such as
granite, gypsum, and stone salt, as reported by Mohamed
Suliman in 2015 [28–30].

Since the independence of Sudan, the government has
given great attention to mining of gold but even one of the
reasons for the Turkish invasion to Sudan was the search for
gold in themountains of Beni Shangoul. Mining studies have
shown that 60 gold mining sites are located in the Jebbit
region, in addition to billions of tons of iron, ilmenite, rutile,
and barite, which are used in aircraft bodies and high-quality
paints industries.

Although metals and building materials cover most of
the state, exploration activities are limited in Ariab Gold
Mining Co. and Red Rock Iron Mining Co., as well as the
activities of Prison Authority work in extraction of salts
besides the business of some small companies operating in
extraction of gypsum andmanganese as reported byWenger
et al. [31].

In accordance with the study’s objectives, this paper sets
out the results of a review of the relevant data available upon
the Red Sea area together with a newly undertaken GIS
spatial data processing that has been undertaken to build
investment maps and mineralogical information and to
identify those parts of the Red Sea area which are considered
to be more important and prospective for commercial
mineralization [32].

�e most significant mineral occurrences and deposits
discovered in the Red Sea area to date are associated with the
greenstone-ophiolite areas. �ese can be summarized from
south to north as follows:

(i) Derudeb Belt: greenstone-like suite with copper-
gold occurrences near Derudeb

(ii) Ariab Belt: host to the productive Ma Mancha VMS
(volcanogenic massive sulphide) deposits at Hassai,
etc., extending northeast to gold and copper oc-
currences in the Nakaseib block and Port Sudan

(iii) Gebeit Belt: greenstone-like suite in which the
Gebeit gold deposit occurs

(iv) Hamissana Belt: host to gold occurrences at Onur,
Eikwan, and Oyo

4. Methodology

�e general model of the proposed database is illustrated in
Figure 4, where the process will start with the geographical
data collections through remote sensing system. �e re-
ceived data and information form the remote sensing net-
work would be described and interpreted in multilayer
database. �e coordinated data would be analyzed with
stochastic methods; finally a GIS report using graphical user
interface (GUI) can be achieved.

�e work will be done by using mainly geo-information
coupled with GIS techniques and data are entered as effective
tools for data collection and processing. Different type of
geoinformatics data covering whole mining concessions area
in the Red Sea area will be acquired and loaded in database.

�ese will include Landsat (TMwith 7 bands and 8-band
ETM) (SPOT, IRS, ASTER, RADAR, IKONOS, and Quick
bird), geological and structural maps, topographic maps,
geophysical maps, geochemical results, and estimate of re-
serve which are recognized to be useful for mineral mapping
and compilation of mining geodatabase in the Red Sea area.
All geoinformatics data will be acquired and processed.

�e secondary data on mining, minerals, geology, in-
frastructure, and so forth will be obtained from different
sources. Example of secondary information for collection
and review prior to and during building database for mining
sector is summarized in Table 1.

Digital elevation model

Raw elevation layer Classified elevation layer

Raw slope layer Classified slope layer

Raw aspect layer Classified aspect layer

Depression aspect layer

Flow direction layer

Flow accumulation layer

Delta value layer

Figure 2: Proposed multilayer GIS database for natural resources
by Khalid.
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Figure 1: Proposed function of the system structure.
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�e nature of the assignment requires interaction,
correspondence, and interlinkage between the different layer
components as shown in the flow chart in Figure 5. As
shown in the flow chart, work plan starts from corre-
spondence with the client, selection of the team members,
and discussion with them to ensure clarity of duties required
from each member.

�e data determined the location of the study through
the GPS and satellite images/pictures which enhance the
use of data in the GIS. We have designed the main model
of the basic map in the study area and determined all
features of the system in the map. Establishment of a
database using Oracle software describes the objects and
determines their location in the map. We used inquiries,
telephone calls, interviews, and emails to collect the
necessary data. �e database has been provided with the
necessary tools to manage the environment profes-
sionally with the data and information ready for any

analysis using the mathematical calculation such as
network analysis so that it will be easy for all processes of
the system.

5. Design and Implementation of the Database

�e phase of building databases is the phase responsible for
analysis process of units included in configuration of the
system such as description of inputs [33, 34], analysis of
processors and outputs such as tables, files, input screens,
and inquiries, and analysis of the maps used in the system in
preparation for linking the system with the GIS. �ere has
been no systematic mineral exploration of the Red Sea area
and by comparison with the geology of the Red Sea Hills
situated to the north of Port Sudan there are few reliable
records of mineral investigations.

Most of the information pertaining to the study area and
its surroundings is present in historic geological mapping
details from surveys performed during the early 20th cen-
tury, which resulted in the production of 1 : 250,000 scale
geological maps (from north to south) of the Port Sudan area
(sheet no. 46-A), the Sinkat area (sheet no. 46-E), and the
Derudeb area (sheet no. 46-I) together with their accom-
panying memoirs. �is study has been able to access all Red
Sea area topo-sheet, geological maps, and thematic data and
has had to restrict its findings accordingly [4].

In addition, various technical papers and bulletins of the
Geological Research Authority of Sudan (GRAS) contain
individual references to mineral occurrences in the general
vicinity of the Red Sea area. A list of databases have been
developed to provide information on the geology and
mineralization of the Red Sea area together with key

Data
collection

Remote
sensing data 

Descriptive and
interpretational data 

Data
analysis

GIS
report

Figure 4: Generalized model of the proposed multilayer GIS
database.

Figure 3: Study area.
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Table1: Geodatabase used to build the investment map of mineral resources.

Categories Contents

1 Maps, satellite images, and
photos

Maps: geology, structure, soil, terrain, land-use, vegetation, watersheds and water points, planning;
time series satellite images (TM, ETM+7, Landsat 8, ASTER, ALOS, SPOT, Geoeye, high-resolution

image, etc.); aerial photographs

2 Geophysical data Airborne geophysical data: gravity and magnetic ground mining geophysical data: electromagnetic,
induce polarization, self-potential, magnetic, gravity, resistivity, etc.

3 Geochemical data Geochemical sampling data: soil, stream, chip, trench samples, etc. Drilling data: core sample analysis
data.

Mining Existing plans, projects, and programs; mining systems information; information (presence and
extent) on local and introduced practices for mining management, mining process, and procedure

4 Geology Geological data from different sources
5 Water resources Existing water resources information (surface and underground water)

6 Reports and other relevant
documents

Client and contractor

RFP TOR

(a)

Mineral wealth elements

Geology
Structure geology
Minerals
Geochemistry
Mining geophysics
Grilling and trenching
Water resources
Socio economic infor
EIA
Feasibility study

(b)

Required by all tasks

TOR
Project design
Database design
Prev. data
General data collection 
plan

Data and mapping
resources and tools 

Basic GIS system
Remote sensing data

Field work data
Prev. data

Resources and tools

(c)

Capacity building and training

Technology and software
Transfer Geo database,
Support system for data
visualization mineral 

Changes and dynamic data
acquisition

Data layers maps and reports

(d)

Figure 5: Continued.
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information upon type deposits situated elsewhere along the
Red Sea Hills [5].

Public Records: Generalized and detailed accounts of
the geology andmineralization of the Sudanese Red Sea Hills
(and relevant areas in Egypt, Eritrea, and Saudi Arabia) have
been acquired from digital and Internet sources including
public records of exploration companies active in Sudan and
surrounding countries. Archived Records: As part of this
study, archived records of the geology and mineralization of
Sudan have been interrogated and inspected from the fol-
lowing sources:

(i) AMCO Robertson: records of the Minex and
Greenwich Resources programs in the northern Red
Sea Hills

(ii) Fugro Robertson: World Bank sponsored 1 :1
million scale geological maps of Sudan published in
1988

(iii) British Geological Survey: general references and 1 :
250,000 geological maps of the Derudeb area (sheet
no. 46-I)

(iv) GRAS: generalized geological maps of the Red Sea
area and some individual technical papers on some
areas in the Red Sea area

�e database interfaces are designed by using Oracle
database system. Figure 6 shows some of data entry
interfaces.

6. Mineral Resources Maps Designing by GIS

�e digital mineral resources maps are designed in several file
formats (such as shape files which will take the .shp extension).
Each file contains a single layer layout of the geographic map of
the system, and the proposed geographic information system
needs to have a geographic map containing the main infra-
structures, water sources, medical care, and potential mineral
wealth, where each component of the abovementioned com-
ponents represents the shape in layer towhich it follows [24, 35].

Also, we shall need that each layer must contain a layer of
those composed as attributes to represent an identification
number for it so that we can connect the data of the map
with the database tables of the system which contained the
data of the mineral resources in the Red Sea area. We present
hereunder samples of maps which we have designed for
these purposes in Figure 7.

7. Result and Discussion

By using Oracle database management system and GIS
techniques, we have produced themaps showing the pools of
the mineral resources areas of a particular region showing
the current use of land and conclude the future usage maps.
We may also utilize the available information on these
mineral resources in order to create relations between them.
We have taken advantage of these techniques in the work of
some models of investment indicators in the state.

Geo-database building
and dynamic GIS
system operations

Data collection and
input

Pilot project 

(e)

Project completed
Implementation of minerals wealth

management and development

(f )

Phase 1

Project
startup

Phase 2 Phase 3

Phase 4

Phase 5

(g)

Figure 5: Generalization of GIS database implementation diagram. (a) Project startup. (b) Phase 1. (c) Phase 2. (d) Phase 3. (e) Phase 4.
(f ) Phase 5. (h) �e whole GIS project diagram and flow chart.
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Despite such an absence of definitive known occurrences
within the Red Sea area, it is pertinent to record that there
are recent reports of mineralization deposits being discov-
ered in the Red Sea area. �ese mineralization occurrences
are discussed in further detail as follows:

(1) Aymad copper occurrence (approximately 19°25’N/
36°46’E). �e Aymad occurrence is in Haya terrain.

(2) Abu Samar manganese occurrence (approximately
17°58’N/36°19’E).

(3) Khor Knushnateib/Tohamiyam copper occurrence
(approximately 18°18’N/36°32’E).

(4) Tagoteb copper occurrence (approximately 17°33’N/
36°14’E).

(5) Kass gold occurrence (approximately 18°19’N/
36°11’E). It occurs about 4 km east of Kass railway
station.

(6) Sabidana gold occurrence in Derudeb belt.
(7) Other occurrences: numerous gold and copper

showings also occur along the southwestward’s

extension of the Derudeb belt. Several copper
showings are also reported from the Karora belt
which straddles the border zone with Eritrea.

Based on the data extracted from database and maps,
we have selected from the map shown in Figure 8 the area of
Haya terrain and its surrounding as a model area for
mining activities because this area is rich in several types of
metal and minerals such as marble, cobalt, gold, and silver
[26]. �is area is also close to the main national road and it
is a densely populated area (358,285 persons according to
last census in 2009), where manpower could be easily
found.

�ere are also some health facilities scattered around
in the area such as Shadiab health center which is only
four kilometers away from Haya, and another primary
healthcare center is also located four kilometers to the
south of the city of Haya [27]. A hospital is also found just
about 49 kilometers away. Several water sources (water
yards, open shaft wells, and hand pumps) are also
available at very close distances, a matter giving this area
an investment privilege.

(a) (b)

(c)

Figure 6: �e system web-based interface. (a) Main screen. (b) Natural resources data entry. (c) Mineral recourses data entry screen.
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8. Conclusions

�e motivation of this study stems from the fact that
countries with these types of wealth can greatly increase their
gross domestic product through the optimum management
and governance. Most of the least development countries
can focus on the search for alternative natural resources
(beside other conventional resources, i.e., agriculture) to
support their economy. Geographical information is vital for

abstracting and presenting data to benefit from results to be
extracted for decision-making purposes which are consid-
ered as the most important factor in management of natural
resources. Preparing such database is quite important for
governance to be utilized in future investment or any
possible alternative uses of mineral resources management
and plan. In this paper, the database classified by places was
built to facilitate the creation of an investment map in the
future. All features and privileges were made available by the

Figure 7: A map showing the mineral resources in the Red Sea area.

Figure 8: A map showing an ideal mining area.
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paper for the area under study. A work is needed in the
future for possibility features in the database for converting
it to an electronic geographic information system to be part
of the e-government published by authorities. Also, the
produced multilayers in the geodatabase need to be stacked
for injecting data from remote sensing, land surveyor, and
Internet of things (IoT) devices for sustainability and ap-
plicability to be integrated with other systems.
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