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Abstract: Based on the analysis results of existing geological and mineral data and using
computer technology and GIS technology, we completed a 1:5000000 remote sensing geological
interpretation in Africa over an area of 30.2 million km’. The dataset used in this work takes
Landsat—7 ETM" data as its main resource. The geological elements, such as strata, volcanic
rocks, intermediate acid intrusive rocks, basic or ultrabasic rocks, linear structures and ring
structures which are closely related to mineralization were extracted, and seven important
metallogenic belts were recognized. The dataset with the Landsat—7 ETM" remote sensing image
in Africa, the 1:5000000 remote sensing geological interpretation map in Africa and the 1:5000000
division map of important metallogenic belts in Africa were generated, the satellite data resolution
is 30m, providing an important reference to carry out basic geological research and mineral
exploration investment in Africa.

Keywords: Africa; remote sensing geology; geology and mineral resources; metallogenic belt;
1:5000000

Data service system URL: http://dcc.cgs.gov.cn

1 Introduction

High-tech remote sensing technology allows a broad overview with abundant content.
The remote sensing images can visually and vividly reflect the characteristics and
distribution of various geological features. Faults can be reflected effectively at macro
levels, and linear and circular structures that have close relationships with mineralization
can be reflected especially prominently. Moreover, different lithologies can be identified by
it, and the mineralizing alteration shows different degrees of abnormal spectral displays,
which can provide effective information for the investigation and evaluation of mineral
resources and regional geological surveys (Jin Linhai et al., 2001; Yang Zian et al., 2004).
Currently, remote sensing technology has been applied as a necessary tool at various
stages of work, among the overseas mineral resources exploration projects that the country
has launched. Some of the projects have carried out related work using remote sensing
technology as the main means and the technology has provided valuable information on
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decision making about investment and deployment in geological prospecting for more
than 10 “Going Out” enterprises. This has achieved remarkable results and has shown that
remote sensing technology is one of the most important techniques in overseas exploration
and exploitation of mineral resources (Fu Changliang et al., 2015).

There are abundant mineral resources in Africa, with perhaps over 70% of the world’s
mineral resources. The manganese, chromium, platinum, ruthenium, iridium and other
mineral reserves in Africa account for more than 80% of the total global reserves.
Furthermore, the phosphate, palladium, gold, diamond, germanium, cobalt and vanadium
deposits account for more than half of total reserves in the world. Among them, there are
at least 17 kinds of mineral reserves ranking as the first in the world (Duan Huanchun and
Ling Xiaohui, 2009). It has a strong complementarity with China’s mineral resources, and
should be an important area for China’s mineral resource exploration and development as a
“Going Out” strategy (Song Mingguo, 2004).

However, the low level of geological research in Africa and the poor natural conditions
as well as the difficulties in field investigations have limited investment in basic geological
research and mineral exploration in this continent. This overseas geological survey allows
full play to the technological advantage of remote sensing (Fu Changliang et al., 2015).
The remote sensing geological interpretation was carried out at a scale of 1:5000000 over
an area of Africa of ca. 30.2 million km’, and formed a dataset consisting of three kinds of
data: satellite remote sensing images, a remote sensing geological interpretation map and
a metallogenic belt map, containing Landsat—7 ETM" remote sensing image, 1:5000000
remote sensing geological interpretation map of Africa and 1:5000000 important
metallogenic belt map of Africa.

The basic information about the 1:5000000 remote sensing geological interpretation data
in Africa is shown in Table 1.

2 Data acquisition and processing method
2.1 Data Sources

This research is based on Landsat—=7 ETM" (Enhanced Thematic Mapper Plus) as
the main data source. ETM is an earth observation sensor carried by NASA (National
Aeronautics and Space Administration), launched by Landsat—7 on April 15, 1999. It is
an 8-band-multispectral scanning radiometer that passively induced solar radiation from
surface reflection and emission of thermal radiation, covering a multi-wavelength range
from the visible light to near infrared (resolution 30 m), shortwave infrared (resolution
30 m) and thermal infrared (resolution 60 m) wave bands, and the panchromatic spatial
resolution is 15 m. Landsat—7 ETM" data are among the most widely used data for small-
scale geological surveys and mineral exploration in China because of its large single scene,
moderate resolution, reasonable band design, and can also be downloaded for free (http://
glcf.umd.edu/index.shtml).

Data phase is primarily around the year 2000. According to the climate and vegetation
growth in Africa, January to May or October to December were chosen as far as
possible; the coverage percentage of data cloud is less than 5% as far as possible; the
data coverage area includes the entire African continent; the amount of downloaded data
reached 55 GB.

52 | http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2017, Vol.44 Supp.(1)



1:5000000 Remote Sensing Geological Interpretation
Datasets in African Regions GLOBAL GEOLOGY DATA(1)

Table 1 Metadata table of dataset(s)

Items Description

Database (dataset) name 1:5000000 Remote Sensing Geological Interpretation Datasets in African Regions

Fu Changliang, China Aero Geophysical Survey & Remote Sensing Center for
Land & Resources, fu_chliang@sina.com
YangQinghua, China Aero Geophysical Survey & Remote Sensing Center for
D th
atabase authors Land & Resources, fu_chliang@sina.com
JiangQigang, College of Geo-exploration Science and Technology, Jilin

University, fu_chliang@sina.com
Language Chinese

C Satellite data acquisition in 2000, interpretation data collection from 2009 to
Data acquisition time

2010
Geographic area Africa
Spatial resolution Satellite data resolution is 30 m, data interpretation scale is 1:5000000
Data size 148 GB
Data format wt, wl, wp, msi, jpg

Data publishing URL  http://dcc.cgs.gov.cn

Geological Survey Project of China Geological Survey, remote sensing
Foundation items geological interpretation and strategic constituency study of important
metallogenic belts in Africa and Latin America (1212010913005)

Three kinds of data: satellite remote sensing images, remote sensing geological
Database (dataset) interpretation map and metallogenic belt map, containing Landsat—=7 ETM"
composition remote sensing image, 1:5000000 remote sensing geological interpretation
map of Africa and 1:5000000 important metallogenic belt map of Africa.

2.2 Data Processing

2.2.1 Image Processing

(1) Geometric correction: Due to a lack of access to African topographic maps,
geometric correction of remote sensing images was finished using NASA Global Landsat
ETM Mosaic as a reference map, with an image registration error of less than 1 pixel,
which can easily reach the requirements for 1:5000000 interpretation accuracy.

(2) Band combination: The color combinations mainly chosen were the ETM'7, 4 and
2/1 bands. Different areas with different vegetation affect the results, so different band
combinations can be selected. The color combined images in the key areas are fused with
multi-band images and panchromatic 8 bands to generate high-resolution remote sensing
images with spatial resolution of 15 m. This combination has the advantages of containing
information of short wave infrared, near infrared and visible light bands, and the combined
tone is similar to true color, with abundant information and strong sense of hierarchy.

(3) Image mosaic: According to unified geographical reference coordinates, using the
histogram matching method and line cutting method, adjacent remote sensing images that
have been processed through early geometric correction and band combination can be spliced
together and ultimately this forms the Landsat—7 ETM " remote sensing image of Africa.

(4) Information enhancement: In order to highlight the object information in the
image to distinguish surface features between different items and expand the brightness
of different image differences and enable the information to be compensated as a multi-

http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2017, Vol.44 Supp.(1) | 53



1:5000000 Remote Sensing Geological Interpretation
GEOLOGY IN CHINA Datasets in African Regions

leveled, characteristic image. The local contrast enhancement, logarithmic transformation,
stretching transformation, HIS color space transformation, equalization and ratio method
are mainly used to improve the capability of image interpretation and analysis.

(5) Coordinate parameter: Lambert equal azimuthal projection coordinate system,
WGS84 ellipsoid parameter, central projection longitude 16°E.

(6) Software: MapGIS, ENVI, ERDAS.

2.2.2 Interpretation method

Based on the man-machine interactive interpretation method with the principle from
“known” to “unknown”, “easy” after “difficult”, in the establishment of the remote
sensing interpretation signs, the interpretation has been completed mainly using the direct
judgment method and the comparative method, adjacent ratio method and comprehensive
analysis method. (Fang Hongbin et al., 2010).

2.3 Data Result

2.3.1 Remote sensing image map

The Africa Landsat=7 ETM" remote sensing image with spatial resolution 30 m (Fig. 1)

2

rea projection
, Datum: WGS84

Fig.1 The remote sensing image map of Landsat—7 ETM+ in Africa
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was formed by processing the acquired Landsat—7 ETM" satellite data through band
combination, data fusion, data mosaic and projection transform by remote sensing
image processing software. It was finally processed by the image processing module
of the MapGIS platform to transform the image data from TIFF/IMG format into MSI
format, which provides the image base map for subsequent remote sensing geological
interpretation.

2.3.2 Remote sensing interpretation map

The geological and mineral information interpretation and extraction has been
carried out using Landsat—7 ETM' remote sensing image map in Africa as a base map,
combining the collection of geological data, based on the remote sensing interpretation
signs, following the method of remote sensing interpretation standard. According to the
distribution of vegetation and desert, the resolvable area accounts for about 50% of the
African region. The geological elements such as ore-hosting strata, ore-bearing rocks and
ore-controlling structures are interpreted in detail to form the 1:5000000 remote sensing
geological interpretation map in Africa (Fig. 2). The interpretation is as follows:

(1) Stratum: This is represented by gray on the graph, and distributed mainly in North
Africa, West Africa and southeast Africa.

(2) Volcanic strata: These are represented by pale green on the graph, and distributed
mainly in Central Africa, particularly gathered in the East African Rift Valley. They are
also scattered more disparately in North Africa, West Africa and southern Africa.

(3) Intermediate-acid intrusive rock: This is represented by red on the graph, has
the largest geological area in the interpretation area, and is mainly distributed in the
southeastern and northern parts of Africa, and the exposed area of individual rock mass is
very large.

(4) Mafic or ultrabasic rocks: This is represented by purple on the graph, and is
difficult to identify because the exposed area of the basic rock is generally relatively small.
The interpreted basic rock is mainly distributed in North Africa, and scattered in southern
Africa and East Africa.

(5) Linear structures: There are abundant linear structures in Africa, which can be
divided into two types: the first-order linear structure (red line) and the second-order linear
structure. First-order linear structure are those linear structures with extended prolongation
and clearly cut the different tectonic units, or as a boundaries of different geotectonic units,
and mainly occur in N—E, E—W, and N—W directions. Second-order linear structures
are linear structures with short extensions and found wholly within a tectonic unit. They
occur mainly in N—E and N—S orientations but a few of them are in N—E and N—
W directions. They are mainly distributed in the southeast and northwest of Africa, and
are concentrated in the vicinity of first-order linear structures. There are only a few linear
structures in the E—W and N—S directions. The specific location of the East African Rift
Valley and its distribution trend has been also demarcated.

(6) Circular structures: According to the established circular structures interpreting
signs, some of circular structures have been identified, but due to the small scale images,
some small-size circular structures or images found in southeastern and northern Africa
are not shown in the graph. These are mainly the volcano vents, volcanic cones, or the
remains of several stages of superimposition of volcanoes and round intrusive bodies. The

http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2017, Vol.44 Supp.(1) | 55



1:5000000 Remote Sensing Geological Interpretation
GEOLOGY IN CHINA Datasets in African Regions

30

30°

20

10°
10

[ Stratum
1 Volcanic strata
[ Intermediate—acid intrusive rock
[ Mafic or ultrabasic rocks
2.Structures
[=7] Tectonic unit boundary fault
[ Faults
] Rift Valley
=] Circular structures
3.Mineral resources
e Al
Au
Au, U

Cr

Cr, Ni( Fe)
Cu

M

N

PbZn; PbZn( Ag)
Sb

Sn

U
diamond
s

oil
phosphorus
potash salt

(4PPr 00000000006 ®

4.

o

thers

(= Border
[c] Valuable and nonferrous metal important metallogenic belt
Y Metallogenic prognosis number

0 554 1108km
Y E—

=T 10 20 30 LY 50

Fig.2 The remote sensing geological interpretation and important metallogenic belt in Africa (1: 5000000)

recognition of larger circular structures on the map is based on the large range of solid
circles or rings that appear on the image with tonal anomalies. In total there are 13 circular
structures identified, scattered widely over the African continent.

2.3.3 Division of important metallogenic belts

Remote sensing of geology and mineral resources comprehensive interpretation results
show that linear structures in Africa are well developed, with most concentrated in the
southeast and northwest areas in high density and with intersection of multiple linear
structures. Secondary faults often obliquely or parallelly concentrate in the vicinity of
primary fractures. Although circular structures are scattered throughout the mainland of
Africa, they are better developed in the southeast and northwest areas, and showed cross
cutting with linear structures. Volcanic rocks, intermediate-acid intrusive rocks, and mafic
or ultrabasic rocks are mainly located in the southeast and northwest Africa, with a few in
Central Africa, which corresponds to well-developed linear-circular structures in these two
areas. This indicates that hydrothermal activity is intense in the southeast and northwest
areas, and large linear-circular structures provide a channel for magma migration with great
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metallogenic potential. At the same time, ore-bearing strata that are mainly distributed in
the southeastern and northwestern regions have been identified.

Therefore, it is inferred that the tectonic and metallogenic strata in the southeastern
and northwestern parts of Africa are well developed and hydrothermal activity is strong,
so the mineral resources should be more concentrated in tectonic areas, which should be
considered as an important area for the prediction of metallogenic belts. Based on this,
combined with related geological and mineral data, through comprehensive analysis, seven
important metallogenic belts are delineated in the southeast and northwest of Africa (Fig. 2,
Table 2). Among them, a huge number of large and ultra-large deposits have been found in
the Atlas, Guinea—Ghana, Kalahari and Zambia—Congo (Au) metallogenic belts.

An important metallogenic belt division is based on: (I the existence of known large
and ultra-large deposits; (2 areas with high density and intersection of multiple linear
structures, associated with staggered large and small linear structures; 3) well developed
circular structures; 4 the linear-circular structures cross-cut one another; 5 well

developed metallogenic strata; (6 well developed metallogenic rock.

Table 2 The seven important metallogenic belts in Africa

Predicti
Num. Name Brief Introduction Main Minerals re;)dlc. o
asis
. . . Phosphorite,
Atlas Located in northernmost Africa, including . osprorite
. .. . barite, petroleum (D@
I metallogenic Morocco, Tunisia and Northern Algeria area, and natural eas 56
. . u ,
belt structure is located in the Atlas fold belt. et &
. The Atlantic coast in West Africa, including Guinea, Iron, gold,
Guinea—Ghana . . . .
1 el . Sierra Leone, Libya, Mali and the Ivory Coast diamonds, O®)
metallogenic
belf southwest, southern Ghana, structure is located in ~ bauxite, oil and O]
the southwest of the West African craton. gas, etc.
. . Located in the northern part of West Africa, Uranium,
Mali—Benin . . . .
m all . including most of Mali, Burkina Faso, southwest manganese, Q3D
metallogenic . .
b 1% Niger, northern Ghana, Togo and Benin, the phosphorus, ®®
¢ structure is located in the North West African craton. gold, etc.
Libya—Egypt = Located in Central Africa, mainly including Libya, Iron, 6
v metallogenic  northeastern Niger, northern Chad and Egypt. The ~ phosphorus, oil @O
belt structure is located in the West Nile active zone. and gas
. . . . Chromium, iron,
Kalahari Located in southern Africa, mainly in South .
. i . gold, platinum, DB
v metallogenic  Affrica, southeastern Botswana, Zimbabwe and . .
. nickel, uranium, @®®
belt southern Mozambique, on Cara and Harry Craton .
diamond, etc.
Z ia— It
C ambzz ) The junction of Central Africa and southern Africa, S.Opper, dCObEI d’
ongo (Au .. . iamond, gold,
Al & . comprising the southwestern part of Zambia and & D®
metallogenic petroleum and
Congo (gold), located on the Congo craton.
belt natural gas, etc.
Located in the East African region, mainly Gold, diamond,
East African including Ethiopia, Uganda, Kenya, Tanzania, phosphorus,
VI metallogenic  northeastern Zambia and Malawi, located in the ~ potash, niobium  2®®
belt East African Rift Valley line, the south of itisin  and tantalum,

the Tanzania craton.

coal, etc.
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3 Data quality control and verification

There is uncertainty in the interpretation of results geological bodies or objects on
the remote sensing image may have different or the same spectra. Therefore on-the-spot
investigation is required to solve new problems found through interpretation of remote
sensing images in the process of inspection, checking the accuracy, reliability and stability
of the geology and mineral interpretation signs to improve the precision of results.
However, it is difficult to verify the interpretion of results due to the huge area of Africa
and the difficulty and high cost of carrying out field work. Therefore, cross validation
through actual collected maps and reports was mainly used in this work and interpretation
and verification with SPOTS5 high resolution satellite data was used in some areas, with
field investigation and verification having been carried out in a small amount of key areas.

3.1 Field investigation and verification

Field investigation and verification has been carried out in Ethiopia over a period of
20 days, investigating the main metallogenic belt of western and southern Ethiopia over
1,250 km route, incorporating 34 observation points, with 240 photographs of features
with geological significance. During the field investigation, first-hand data and appropriate
samples were collected. Through field investigation, there is a further understanding of
the main rock types, tectonic features and metallogenic types, especially the correction of
the corresponding relationship between remote sensing interpretation signs and the actual
geological body, which effectively improved the quality of the interpretation results.

3.2 High resolution image verification

Large scale interpretation and verification has been carried out in some key areas,
using the SPOTS satellite data with 2.5 m spatial resolution, through image processing
technology, which has further modified the unclear geological body type and blurred
boundaries. The quality of interpretation has been effectively improved through this
method.

3.3 Cross validation of existing geological and mineral data

Remote sensing geological interpretation should be carried out based on a certain
understanding of the geology and mineral resources in the African region with extensive
collection, fully read and absorb relevant information about geology and mineral resources
in the African area. Maximizing the use of the collected data in the remote sensing process
with comparative study, discarding the dross and selecting the essential, discarding the
false and retaining the true, through cross validation of existing geological data and the
characteristics of the remote sensing image, which could highly improve the interpretation
quality.

4 Conclusion

The dataset consists of three kinds of data: satellite remote sensing images, a remote
sensing geological interpretation map and a metallogenic belt map, containing Landsat—7
ETM' remote sensing images, a 1:5000000 remote sensing geological interpretation map
of Africa and a 1:5000000 important metallogenic belt map of Africa. A complete satellite
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remote sensing geological image map has been finished, extracting the geological elements
of strata, volcanics, volcanic intrusive rock, mafic or ultramafic rocks, and linear and
circular structures, which have a close relationship with mineralization interpretation. On
this basis, seven important metallogenic belts have been distinguished in Africa, combined
with the existing geological and mineral data.
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