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Abstract

Hydrothermally altered areas have been known to be good prospects for gold and copper mineralisation but are
difficult to map. Airborne Geophysical data (airborne radiometric and aeromagnetic) and Advanced Spaceborne
Thermal Emission and Reflection Radiometer (ASTER) data have been used to circumvent this challenge in many
places. This study was aimed at delineating possible hydrothermally altered areas around Tegina and its adjoining
areas using Geophysical and ASTER data. Surface structures were extracted from Aeromagnetic data, while Airborne
Radiometric and ASTER data using Band ratio and Spectral Angler Mapper (SAM) classification were used to
delineate zones of possible hydrothermal alterations. Geological mapping of two selected areas (A and B) were
undertaken for the validation of the results from the remotely delineated zones of presumed anomalies, while the soil
mineralogical composition was determined by X-ray diffractometer (XRD) technique. The interpreted ASTER data
revealed areas of with suspected hydrothermal alterations. These areas also coincided with areas with anomalous
K/Th ratios calculated from the radiometric data. Chlorite, montmorillonite, and kaolinite were the minerals
identified these areas confirming possible hydrothermal alterations. The structural orientation of these possible
hydrothermal trends in the NE-SW and E-W directions from the interpreted aeromagnetic data while the field
structural elements were in the NNE-SSW directions. The alteration anomalies were more pronounced in Area A than
B as observed from the mineral constituents of the soil samples from A. Argillic alteration is affirmed to be
preponderant in Area A and absent in the soil samples from Area B.
Keywords: Hydrothermal alterations, Argillic alteration, Geological mapping, delineation.

porphyritic intrusions, faulting, hydrothermal alteration
and for general geological mapping of prospective areas
(Nabighian et al, 2005; Ross et al., 1994 and Prieto and
Morton, 2003). Airborne magnetic surveys provide the
means to map basement geology beneath the sediment
cover, especially faults, intrusives and basement
lithologies (Pilkington and Roest, 1992; Madore et al.;
2000 and Thomas and McHardy, 2007).

Introduction
A major challenge in mineral prospecting is the ability to
differentiate and map structural features, hydrothermal
alterations and outflow zones. ASTER and Airborne
geophysical data can be used to produce maps that can
determine the movement of hydrothermal fluid in rocks
which can aid the understanding of the genesis of ore
system thereby improving the chances of getting better
results in mineral prospecting. The use of different data
that can provide similar information coupled with
spectral analysis and field observations (Bendell, 2005)
help to improve the accuracy of studies carried out in
any particular area. Mineralogical and chemical
alterations of rocks are initiated by fluid interaction that
could result in mineral deposits. Such alteration often
results in the formation of mappable assemblages of
distinctive minerals which on the surface through the
observation of the signatures or patterns they created
using remote sensing techniques.

In 2004, the Federal Government of Nigeria coordinated
the acquisition of airborne magnetic and radiometric
survey of the entire country by Fugro Airborne Surveys.
The data set has since been warehoused with the
Nigerian Geological Survey Agency. The Radiometric
data was acquired simultaneously with the magnetic
data. The data obtained showed areas of anomalies for
possible mineral potential and areas susceptible to
environmental hazards. This has thrown up new areas
for detailed geological field mapping and mineral
prospecting.

Studies have shown that a combination of airborne
electromagnetic and radiometric data indicates a
relationship between subsurface conductive zones, and
high potassium, thorium, and uranium contents in an
area (Airo, 2007). Airborne surveys have been used for
the direct or indirect detection of mineralisation such as
iron oxide–copper–gold (FeO-Cu-Au) deposits, skarns,
massive sulfides, and heavy mineral sands, kimberlites,

The spatial and spectral resolution of satellite and
airborne sensors are significant tools in the prospection,
exploration, evaluation and understanding of the
genesis of mineral deposits. Remote Sensing has
advanced the ability to map the location of altered areas,
specify many mineral alteration species, and designate
regions of hydrothermal alterations related to
mineralisation. Many of the capabilities of remotely
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sensed data lie in their ability to capture information that
cannot be easily observed through ground investigation,
which when combined with data captured from actual
field work will help improve the accuracy of studies
carried out in a particular area, save time and costs of
geological investigations.
Hydrothermal alteration is a change in the mineralogy
as a result of interaction of the rock with hot water fluids
(hydrothermal fluids). These fluids carry metals in
solution, either from a nearby igneous source, or from
leaching out of some nearby rocks (Lagat, 2009).
Hydrothermal fluids cause hydrothermal alteration of
rocks by passing hot water fluids through the rocks and
changing their composition either by adding or
removing or redistributing components giving rise to
the formation of alteration products such as chlorite,
illite, smectite, quartz, pyrite, and calcite. Hydrothermal
fluids also circulate along fractures and faults (Lagat,
2009); a formation which has a well-developed fracture
system may serve as an excellent host rock for
hydrothermal mineral deposits.
Many ore deposits are first detected in the field by the
recognition of hydrothermally altered host rocks, which
are typically zonally distributed. Mineralisation is often
produced by fluid processes that substantially alter the
mineralogy and chemistry of the host rock. This
alteration can produce distinctive assemblages of
minerals that vary according to the location, degree and
longevity of those flow processes. When exposed to the
surface of the Earth, this alteration can sometimes be
mapped as a zonal pattern by remote sensing techniques
on a regional scale. The ability to discriminate between
hydrothermally altered and unaltered rocks is
significant in mineral exploration studies. In the region
of solar reflected light (0.325 to 2.5 ìm), many minerals
demonstrate diagnostic absorption features due to
vibrational overtones, electronic transition, charge
transfer and conduction processes (Hunt and Ashley
1979; Clark et al., 1990; Cloutis 1996).
Hydrothermal alterations are mostly distinguished by
the presences of clay, carbonate, sulfate and iron oxide
minerals that reflect diagnostic absorption signatures in
the visible near infrared (VNIR) and shortwave infrared
(SWIR) spectra. Altered rocks over porphyry copper
bodies are mostly linked to iron oxide mineral groups
(Sabins 1999). Hydroxide and iron oxide minerals are
products of supergene alteration which results in a
yellowish or reddish characteristic colour in altered
rocks mostly termed as gossan (Abdulsalam and Stern,
2000; Xu et al., 2004). The best spectral region for
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delineating hydrothermal alteration is the shortwave
infrared (SWIR) region of the electromagnetic
spectrum. The multispectral spaceborne sensor of
ASTER helps with the discrimination and identification
of hydrothermal alteration minerals in the shortwave
infrared (SWIR) region of the electromagnetic spectrum
(Abrams and Hook, 1995). The SWIR region of ASTER
data was used by Huntington, 1996 to identify and map
the distribution of alteration minerals containing the
OH- groups
Study Area
Nigeria has vast areas yet to be geologically mapped
because of their rugged terrain making accessibility
very challenging. Thus, requiring the deployment of
methods that could aid rapid delineation of potential
areas for detailed exploration works. Tegina is one of
such areas with a typical rugged terrain known for
artisanal mining activities, However, this are have not
been fully mapped at a scale that will enhance the
understanding of the mineral potentials of the area,
hence this study.
Tegina and its environs is in the North-Central part of
Nigeria and lies within Latitudes 9o45'N to 10o30'N and
o
o
Longitudes 6 00'E to 6 50'E (Figure 1). Major towns in
the area include Tegina, Zungeru, Kagara, Alawa,
Pandogari, Kuta and Kusheriki. The northern part of the
area is characterised by ridges and hills with deep
valleys serving the river channels. The drainage pattern
is mainly dendritic with evidence of structural control.
The area is relatively humid with average rainfall of
o
o
1,250mm and annual temperature of 28 C to 37 C
(AbdulKadir et al., 2015).
Geology of the Study Area
Tegina area falls within the Basement Complex of
Nigeria and consist of four major Precambrian
components which include the Older Granites,
Metasedimentary and Metavolcanic rocks (also referred
to as the schist belt), Zungeru Mylonites and Migmatitic
Gneisses being the oldest (Ajibade et al., 2008).
Migmatitic Gneisses occur throughout the area and are
the dominant unit in the different parts. The migmatitic
gneisses are lithologically similar to the ubiquitous 'grey
gneisses' of many Precambrian metamorphic terranes
and comprise variably migmatitic, quartzo-feldspathic
gneisses that are also variably deformed to create a wide
range of tectonic and metamorphic fabric. They are
poorly dated although ages in excess of 3.0 Ga are
reported (Kröner et al., 2001), as well as
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Fig. 1: Location map of the study area.

Mesoproterozoic ages of about 1160 Ma (Grant et al.,
1972).
The Zungeru Mylonites represent sheared migmatitic
gneisses trending NNE–SSW. The Metasedimentary
and Metavolcanic rocks (Schist belts) have elongate,
sinuous or lobate outlines as N–S to NNE–SSW, linear,
synformal belts up to about 15 km in width (Turner,
1983; Danbatta, 2008). Older Granite batholiths form a
NNE–SSW trending intrusive belt through the area.
They intrude into the Migmatitic Gneisses and disrupt
the continuity of the schist belts. In the strongly
deformed western part of the area, the Older Granites
are flattened into elongate NNE–SSW plutons.
The Migmatitic Gneisses are generally poorly exposed
and readily weathered to ferrallitic/fersiallitic soils
(Fookes, 1997) and underlie gently undulating
countryside with rock exposure best seen in water
courses. However, they can also form huge bare rock
edifices similar in morphology to the Older Granite
inselbergs. In contrast the schist belts are characterised
by hilly countryside with well-developed drainage

channels incised into these rocks. The Older Granites
are exposed as bare rock edifices that form spectacular
scenery with mountain peaks rising several hundred
metres above the surrounding countryside (Fig. 2).
Data Acquisition and Processing
Exisiting Geological Data
Relevant geological data on the study area were
gathered from the existing geological maps published
by the Nigerian Geological Survey Agency (NGSA)
which includes parts of Kusheriki Sheets 31 and Minna
42 on a scale 1:250,000 (Truswell and Cope 1963 and
Ajibade et al., 2008). The topographical maps covering
the area were sourced from the Federal Ministry of
Works.
ASTER Data
The Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) data consist of three
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Fig. 2: Geological map of the Study Area on a scale of 1:100,000; Source: NGSA 2004

visible and near infrared (VNIR) bands, six shortwave
infrared (SWIR) bands and five thermal infrared (TIR)
bands with a spatial resolution of 15m, 30m and 90m
respectively. The ASTER data used was sourced from
the Earth Explorer website (https://earthexplorer.usgs.
gov/).
The ASTER data was preprocessed using crossTalk to
eliminate signal errors and Atmospheric correction was
carried out on the VNIR and SWIR bands using the
FLASSH algorithm. Image processing techniques such
as enhancement, classification and band ratio
operations were carried out using Envi 4.7. Image
Enhancement involved the generation of colour
composites which provided a simultaneous presentation
of up to three parameters on a single image and helped
the correlation and delineation of areas based on little
differences in numerical values (Duval, 1983). The
ASTER data was classified using the Spectral Angler
Mapper (SAM) for the identification of alteration
minerals using the USGS spectral library. The USGS
spectral library was resampled to classify the ASTER
data using the spectral angler mapper (SAM) to map
mineral groups. Ratios of various bands in the

shortwave infrared (SWIR) of the ASTER data were
used to delineate the zones of possible hydrothermal
alterations.
Airbone Geophysical Data
The Airborne geophysical data acquired from NGSA
comprised the aeromagnetic and radiometric data. It
was flown at a Mean Terrain Clearance of 80m, with a
flight line Spacing of 500m and a tie line spacing of
2000m apart. The Airborne geophysical data was
processed using Geosoft Oasis Montaj software
package. For the radiometric data, a composite image
(the ternary image) was generated from the
combinations of different bands, with the K-image in
the red band, Th-image in the green band and the Uimage in the blue band, this was used for lithological
delineation and correlated with the existing lithological
map of the study area. The radioelement composite
image provided in a single view an overall pattern of the
radioelement distribution. This offered much in terms of
lithologic discrimination based on colour variations
(Milligan and Gunn, 1997). The uranium, thorium, and
potassium images revealed areas where the particular
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radioelement has an absolute with relatively higher
concentration (Duval, 1983). Apart from lithological
delineation, radioelement ratio was used to delineate
areas of possible hydrothermal alterations, this was
compared with the ASTER data.
Detailed structural fabrics are delineated from
aeromagnetic data based on study of first vertical
derivative and tilt derivative images of the study area.
This method was proposed by Nabighian in 1984 to
detect edge of shallow features. The tilt derivative
method is extensively used in magnetic data processing
to delineate both deep as well as shallow structures. The
tilt angle, which was first introduced by Miller and
Singh in 1994, is the ratio of the first vertical derivative
to the horizontal gradient and is designated to enhance
subtle and prominent features evenly. Structural fabrics
were delineated from the aeromagnetic data mainly by
the study of the first vertical and tilt derivative images of
the study area.
Ground Thruthing
To validate the results obtained from the analysis of the
ASTER and Geophysical data, two Target areas A
(associated with artisanal mining) and B (no evidence of
mining) were selected to verify various features that
were extracted. The field work involved geological
mapping along a 3km traverses as well as systematic
sub-soil sampling with a sampling density of 1 sample at
every 500m. Soil samples collected from field work
were subsequently analysed to determine their
mineralogical composition using the X-ray
diffractometer.
Results and Discussion
Extraction of Hydrothermally Altered Areas from
ASTER
The colour composite of the ASTER data generated a
visual image which was used for delineation of
structural lineaments and other phenomena useful to
geological analysis, including vegetation patterns, river
network patterns, valley and other land use and
landforms that are observable from the study area (Fig.
3). Minerals identified from the band raitos include
sericite (Band4:Band8), chlorite (Band3:Band4) and
montmorillonite (Band4:Band6). A composite of the
various band ratios B4/B6, B3/B4 and B4/B8 as shown
in Figure 4 was used to delineate areas of possible
hydrothermal alteration. The SAM classification of the
ASTER spectral delineated alteration zones (Figure 5)
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by the identification of alteration minerals such as
chlorite, montmorillonite, illite and kaolinite. The
reflectance spectra for these minerals were extracted
from the USGS spectral library. The alteration areas
were mapped out from the ASTER image and
represented as polygons. The hydrothermal alterations
in the study area were observed mainly in the Birnin
Gwari Schist Formation consisting of phyllites, mica
schist, graphitic schist, garnet-mica schist, pebbly and
cobbly schist metarhyolite and metadacite amphibolite.
The USGS spectral library was used to classify the
ASTER data using SAM to map the mineral groups in
the study area. Mineral spectral identified in the area
include quartz, biotite, chlorite, montmorillonite and
illite which are good indicators of hydrothermal
alterations (Lagat, 2009).
Geophysical Delineation of Altered area
The increase of potassium is the most important
indication of chemical alteration. Analysis of
anomalous ratios of radioelements helped in delineating
chemically altered zones in this study, particularly the
K/Th ratio (Figure 7). These are linked to intensive
shearing and fracturing of the host rocks especially in
the central part (schist belt) of the study area.
Geophysical indications of chemical alteration are
usually linked to the systematic fracture pattern and
individual fracture trends in an area (Airo, 2007 and
John Lagat 2009).
The aeromagnetic anomalies ranged from –120 to 90 nT
and were characterised by both low and high
frequencies of anomalies. The tilt angle which is the
proportion of the first vertical derivative to the
horizontal gradient enhanced both subtle and prominent
features evenly. The first vertical and tilt angle
derivatives was used to extract both deep seated as well
as shallow structures extensively (Fig. 9). The map
revealed that the positive magnetic anomalies trend in
the NE-SW with a few in the E-W especially in the north
western and south eastern parts of the study area, which
is a demonstration of the characteristic structural
directions of the basement rocks in Nigeria (Ajibade et
al; 2008). This configuration of positive anomalies may
be attributed to relatively deep-seated low relief
basement structures which suggests that the TMI
anomalies were strongly influenced by regional
tectonism. The generated lineament maps (Fig. 9)
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Fig. 4: Alteration zones (inferred) extracted from the study area

Fig. 5: Classification of the study area using Spectral Anglar Mapper

showed subsurface structures trending in the NE–SW
with a few in the E-W and NW-SE directions (Figs. 10

and 11). These structural relationships revealed that the
area was subjected to more than one tectonic event.
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Fig. 6: A Ternary Image (R+G+B = K + Th + U) of the study area.

Fig. 7: K/Th ratio image of the study area.
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Fig. 8: Total magnetic intensity (TMI) map of the study area in shaded relief.

Fig. 9: Aeromagnetic lineaments from the first vertical derivative of the study area.
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Areas with suspected hydrothermal alterations were
observed mainly in the Birnin Gwari Schist Formation
at the central part of the study area (Figure 2). These
were also observed in the K/Th ratio of the radiometric
data and are believed to be linked to the tectonic events
in the area. Anomalous ratios of radioelements
particularly the K/Th ratio, helped in localising
chemically altered zones and the band ratio operations
correlated with these anomalies positively. Shallow and
deep-seated features extracted from the aeromagnetic
predominantly trend in the NE–SW and E-W directions,
with a few in the NW-SE.
The structures extracted were overlaid on the geology of
the study area revealing a good match and an indication
that the area had been subjected to more than one
tectonic event. Results obtained from the integrated data
analysis show that tectonic activities such as faulting,
shearing, intrusion and thrusting must have occurred in
the area at different times in the geologic past and
leading to other activities which led to mineralisation as
observed in the study area.
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Field Investigations
Field evidence from Target area A revealed impact
tectonic activities like folding, shearing, fracturing and
intrusions that have resulted to metamorphism in most
parts of the study area. Lithological units found in the
area include mica schist with a lot of quartz veins and
quartz cobbles and most of the rocks in this area showed
alteration and are weathered. The dominant structures
observed in this area trend mostly in the NE-SW as
shown in the rose diagram below (Fig. 10). For Target
area B, porphyritic granite intruded into the schists with
xenoliths of the schist formation within the porphyritic
granite in some places but no alterations were observed
in the rocks. The quarzitic intrusions trending in the
NW-SE and NE-SW directions were also mapped in the
area, banded migmatite gneiss occurred in the north
western part of the area sharing boundary with the
porphyritic granies. Structures observed in this area are
mostly trending in the NW-SE direction.

Fig. 10: Updated Geological map of Target area A showing the structural trend.
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Fig. 11: Updated Geological map of Target area B showing structural trends.

Soil Mineralogy

0.95%), Goethite (0.77%), Orthoclase (5.51-15.14%)
and Hematite (2.68%) (Table 5 and figures 8-12).

In Target area A, the mineralogical composition of the
soil samples were Chlorite/Vermiculite/Smectite (0.121.77%), Illite/Mica (0.79-16.85%), Kaolinite (3.0227.19%), Kaolinite + Illite/Mica (0.59-4.74%), Albite
(1.67-4.15%), Quartz (66.07-83.59%), K-Feldspar
(0.60-1.09%) and Goethite (0.59%). While in Target
area B, the mineralogical composition of the soil was
Illite/Mica (1.55-14.11%), Kaolinite (1.45-2.29%),
Kaolinite + Illite/Mica (1.10-2.37%), Albite (0.576.88%), Quartz (70.87-92.22%), K-Feldspar (0.76-

The evidence of pronounced alteration minerals in the
form of kaolinite, smectite, vermiculite and chlorite,
observed in Target area A, is a confirmation of
hydrothermal alteration in the underlying rock units
especially the schists, which corroborated the earlier
view that the mineralisation was pronounced in areas
with hydrothermal alterations. These minerals are not
very apparent in Target area B as shown in the Figures
12 to 15 and Table 1.

Table 1: Mineralogical Composition of soil samples from Target areas A and B.
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by the identification of alteration minerals such as
chlorite, montmorillonite, illite and kaolinite. The
reflectance spectra for these minerals were extracted
from the USGS spectral library. The alteration areas
were mapped out from the ASTER image and
represented as polygons. The hydrothermal alterations
in the study area were observed mainly in the Birnin
Gwari Schist Formation consisting of phyllites, mica
schist, graphitic schist, garnet-mica schist, pebbly and
cobbly schist metarhyolite and metadacite amphibolite.
Fig. 12: X-ray Diffractogram for sample APSL07 (Ch/V/Sm-1.77%,
I/M -0.79%, K-27.19%, K+I/M-0.59% Ab-1.67% KF-0.99% and Q-

The USGS spectral library was used to classify the
ASTER data using SAM to map the mineral groups in
the study area. Mineral spectral identified in the area
include quartz, biotite, chlorite, montmorillonite and
illite which are good indicators of hydrothermal
alterations (Lagat, 2009).
Geophysical Delineation of Altered area

Fig. 13: X-ray Diffractogram for sample APSL25 (Ch/V/Sm-1.19%,
I/M -6.52%, K-4.30%, K+I/M-4.74% Ab-4.15% KF-0.60%, G-0.59%

Fig. 14: X-ray Diffractogram for sample BPSL09 (I/M -2.98%, K-

Fig. 15: X-ray Diffractogram for sample BPSL18 in Target area B (I/M
-1.55%, K-2.26%, K+I/M-1.48% Or-5.51%, Ab-1.98%, H-2.68% and
Q-70.87%).

The increase of potassium is the most important
indication of chemical alteration. Analysis of
anomalous ratios of radioelements helped in delineating
chemically altered zones in this study, particularly the
K/Th ratio (Figure 7). These are linked to intensive
shearing and fracturing of the host rocks especially in
the central part (schist belt) of the study area.
Geophysical indications of chemical alteration are
usually linked to the systematic fracture pattern and
individual fracture trends in an area (Airo, 2007 and
John Lagat 2009).
The aeromagnetic anomalies ranged from –120 to 90 nT
and were characterised by both low and high
frequencies of anomalies. The tilt angle which is the
proportion of the first vertical derivative to the
horizontal gradient enhanced both subtle and prominent
features evenly. The first vertical and tilt angle
derivatives was used to extract both deep seated as well
as shallow structures extensively (Fig. 9). The map
revealed that the positive magnetic anomalies trend in
the NE-SW with a few in the E-W especially in the north
western and south eastern parts of the study area, which
is a demonstration of the characteristic structural
directions of the basement rocks in Nigeria (Ajibade et
al; 2008). This configuration of positive anomalies may
be attributed to relatively deep-seated low relief
basement structures which suggests that the TMI
anomalies were strongly influenced by regional
tectonism. The generated lineament maps (Fig. 9)
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