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Abstract

Airborne magnetic and radiometric datasets werecgmeed to interpret the geology of part of the Buem
formation and estimate the depth to basement ohatagsource in the area. The study was aimed papmg
lithology, delineating structural lineaments andittltrends as well as estimating the depth to midgseurce
bodies of the area. The data processing stepsvied@dvance improved enhancement filters suchdagtien

to the pole, analytic signal and first vertical idative, Tilt angle derivative and these helpedirdsite
geological structures and lithology within the Budbrmation. The radiometric datasets displaying the
geochemical information on potassium, thorium amdnium concentrations within the study area proved
valuable in delineating the Buem shales, sandstdraesalts and part of the Voltaian sediments thdetlie the
Buem formation of the area. Lineament analysisqisite rose diagram showed that the area is dondirate
north-south (NS) and east-west (EW) trending lineats. Depths to the magnetic source bodies weirnast
using Werner deconvolution method, indicating twaptth source models. The depth of the magnetic body
produced from the dike model ranged from 101.1%rMm866.34 m and that of the contact model rangeuoh fr
100.36 m to 983.709 m.

Keywords: Buem formation, aeromagnetic, radiometric, hydeatal, alteration, mineralization.

1. Introduction

The Buem formation of Ghana forms part of the P#mcAn mobile belt (Dahomeyide Chain on the
southeastern flank of the West African Craton) @64985). They have been regarded as an ophiolitplex
indicating a continental collision origin for theaBomeyide (Kennedy, 1964). The study area andngans
have been surveyed and studied by several gedstéenparticularly for the surface underlie the Bue
formation al mapping and geochemical studies. TUtesgrface geological mapping has less been pertbime
the study area by integrating geological records$ geophysical data. Irrespective of this, onlytéeliattempt
has been made so far to understand the detailatioredhip between structural features observedermgtound
and those extending into the subsurface. Osae,dRAD6) also investigated the petrography, a$ asmajor
and trace element of the Buem sandstone and detelntiheir provenance and tectonic setting. Jori€&90)
performed field and geochemical investigation of uem volcanic and it associate sedimentary raciks
showed the various lithological unit and how thdp. dAffaton et al., (1997) studied extensively dmet
metamorphosed igneous rocks intercalated withinnte¢égasedimentary sequences of the Buem Structumial U
(BSU) and their chemical composition. Norman, (19&8so performed a field and geochronological
investigation of the Buem formation and its enved@md showed that the Buem and the Togo Formatighish

in the past considered being of different ages,ntam be classified as a single sedimentary unite Jtudy area
has high rugged topography and dense vegetatioerage which restricts direct geological studies and
delineation of the subsurface structure. Thus, dieéermination of subsurface geology is fundamentall
dependent on the use of regional geophysical sBuely as airborne geophysical survey. Airborne ygsipal
survey has been a very useful tool available tahEsgientists in interpreting geology of such idiift terrain
(Gunn, 1997). The broad view of the Earth that airborne geophysics perspective provides has bedh w
recognized since the early days of balloon phofdgyaand military reconnaissance (Dobrin and Sa¥88).
Aeromagnetic survey has proved essential in digpdayhe spatial distribution and relative abundade
magnetic minerals and nonmagnetic minerals in gpeulevels of the crust which can help in the aimation

of the geology and geological structures of theempgrust of the earth (Gunn, 1997). Airborne raditio
survey on the other hand measures the naturalti@uia the earth’s surface, which can give theritiation of
certain soils and rock type formation and normahgws a good correlation between patterns in ttiemsetric
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data and un-weathered rocks. Based on this, aermtiagnd airborne radiometric data of the areat (@&athe
Buem formation, Ghana) was processed to delindmtdithology and geological structures of the arBlais
paper was aimed at processing aeromagnetic andnmattic data to study major surface and subsurface
structures, and their relationship with surfacedttiral features in the study area. Interpretadibthe processed
geophysical data was carried out by the integratibraeromagnetic data, radiometric data, GIS gecdbg
information and published literature. A new intefation (detailed geological map) would be generate
showing magnetic units and structures, and the moflsubsurface structures present in the areatumfys
Attempt was also made to estimate the depth tonbaiseof the magnetic body.

The study area under investigation, which covermuB380 square km, located at latitudes 7° 0’ "1R.@o 7°
40’ 33.6” N and longitudes 0° 8’ 45.6" E to 0° 36" E (Figure 1a). The area encompasses parteoffitthoe,
Kadjebi, Kpandu and Krachi district which coversshof Buem Traditional Area and located in the mabt
portion of the Volta Region of Ghana.
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Figure 1. (a) Map of the Study area. (b) Geologypraf Study Area.

1.1 Geologic Setting

Most part of Ghana falls within the West Africani@t and main rock units underlying the country #re
Birimian, the Tarkwaian, the Dahomeyan Systems,thgo Series and the Buem Formation. The regional
geological setting of the study area shown in Fégiib is a modified geological map after GSD (200%)e
study area is mainly dominated by the Buem Formatibich defines the eastern limit in Ghana of tlodtAlan
Basin forms part of the Dahomeyide Chain on thersmstern flank of the West African Craton. Thenfation
consists of a thick sequence of shale, sandstond, \@lcanic rocks with subordinate limestone and
conglomerate (Dapaah-Siakwan and Gyau-Boakye, 200@anic formations, of alkaline to calc-alkaline
affinity, are interbedded in the formation (Delet,al., 2009). In general, the rocks of the Buemrmtation are
not metamorphosed, and deformation is expressetheagesult of thrust tectonics with development of
imbricated thrust systems and duplexes. The defawm#n the Buem Formation includes large-scaleidting
towards the west (Wright et al, 1985). Folds arewell developed but are expressed as chevron foldse
finest grained material. Close to their contaat, dhea is folded and metamorphosed with the Todessand the
Voltaian formation. It is acknowledged that infilaterial of the Buem was probably derived from \todtaian
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Basin and from the Togo Group (Delor, et al., 2008)e volcanic group of rock occurs along the weste
margin of the study area (Figure 1b). The volcagricup includes many closely intermingled volcarick
types: various facies of basalts, microgabbrosesites and jasper (Geotech Airborne Limited, 200%e
jasper in the area (around Kwamekrom) are interbdddith some iron oxide content (Jones, 1990) The
volcanic rocks are better exposed on the Abutol Riinge southwest of Kwamekrom and in stream valley
northwest and southwest of Odumasi. Two volcanik rtypes occur in the area, namely, agglomerate and
amygdaloidal basalt, which exhibit pillow lava stiure (Blay, 2003). The sandstone group includeinmedo
coarse-grain feldspathic sandstones, quartzitidstanes, gritty quartzites, quartz-schist and poerposed
conglomerate and are frequently cut by quartz vgloges, 1990). Minor thin band of variably-colaishales
and siltstones occur interbedded with the sandstbhese sandstones are also deformed and breccidtey
contain clayey and other rock fragments (Osae .et2806). Generally, the sandstone rocks outcrothén
graphically higher ground (Blay, 2003). Junner (@P#elieved that the sandstones of the Nkonyaldnildl are
strongly folded and showed greater dips than theawics. This argillaceous (shale) group are ofgivasshaly
rock with interbedded siltstones, thin-bedded samas and impure limestone members. Minor shédtauisd to

be interbedded with the Buem sandstones in sonteqldhe Buem argillaceous rocks are restrictddvier
topographic level and in stream valleys where they better exposed (Blay, 2003). The only sedimmgnta
structures seen in the shales were dessicatiokRsceant ripples west of Kwamikron (Jones, 1990). iduks are
generally not metamorphosed except towards theindiary with the Togo and the Voltaian (Blay, 2003).

2. Materials and Methods

2.1 Datasets

Airborne geophysical survey data acquired in 199998 by the Geological Survey of Finland (GKT) in
collaboration with the Geological Survey of Ghama ghe Ghana Minerals Commission was processethifor
studies. The area was surveyed using a fixed wargpdane (Cessna Titan 404 (C-FYAU)). The magnetic
system used was the Scintrex Cesium SC-2 magnetoroetipled with helium sensor. The output from the
magnetometer was sampled at 0.2 s to a resolufi@0& nT with noise envelope of 0.1 nT. The sensas
kept at a constant height of 70 m above the granttimeasurement were taken every 8 m. The Explorani
spectrometer, model GR-820 with 256 spectral chanaed Exploranium detector GPX-1024, 1024 cubic
inches of Nal (TI) (Sodium iodide crystals treateith thallium) coupled in the aero-plane were used for the
radiometric data collection. Sampling was done ¥8& m. The Global Positioning System (GPS) wasl tise
navigation. The nominal line separation was 40With tie lines at approximately 5 km intervals aedrain
clearance of 70 m. The survey direction was ch¢Bast-West) to intersect the main geological stdkection

of the area (South- North) perpendicularly. Beside aeromagnetic and airborne radiometric dataitadlig
elevation and available GIS data, both publishetlapublished was used for integration and inteapicen.

2.2 Data Processing

Processing of airborne dataset involved the apjicaof advance improved enhancement technique, the
application of a gridding routine, and removal be tearth’s background magnetic field. Correctioke |
background correction (aircraft, radon and cosngtr)pping, microlevelling, removing diurnal vati@n of the
earth’s magnetic field, aircraft heading, instamnvariation, lag error between aircraft and thassr and
inconsistencies between flight lines and tie limexe done by the Geological Survey of Finland (GKthe
contractors) . The datasets were equally spaced 1if0-meter square grid cells, using a minimum auie
interpolation algorithm (Briggs 1974). This proceglwallowed for immediate application of the propbse
filtering and enhancement techniques. The gridhefesidual magnetic anomaly and that of K, Th dndere
microlevelled using a routine developed by Blum9@p The microlevelling corrected the small incatesicies
and spatially homogenizes in the data and madenstiple to generate a better image for analysi® Th
geophysical data set for the study area was catergd to Universal Transverse Mercator (UTM ) Camate
System, zone 31 of North hemisphere. The main soéwsed for the processing and enhancement of the
airborne geophysical data were the Geosoft® (Oslsintaj) and the Discover 12. The ArcGIS was used to
create the GIS environment for the integratiorhefinterpreted results.

Processing steps with the magnetic dataset invaldednced improved enhancement filters such astieduo
the pole, analytic signal and first vertical detivae, Tilt angle derivative. These enhanced thelagical
features, thus helping to delineate the geologitraictures and lithology within the Buem formatidmagnetic
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intensity generated from the profile to grid dataswthen displayed as an image in natural colouetgal
(magenta high intensity, blue low intensity) ushiigtogram equalization to maximize the colour ranggince
there was a substantial change in magnetic inteagiom the inclination and declination at lowitlades, it was
vital to define the magnetic anomalies at the plabere they sit over the source. Mathematical faansation
or filtering techniques, such as reduction to tbkepRTP and analytic signal, was applied to ptheemagnetic
anomaly as if it sits over the magnetic source. tMiogar anomalies of the study area were not ledehy
gridded residual intensity magnetic imagery. Precgs using vertical derivative and automatic gaimtcol
filters removed the influence of the large ampl@ubbng wavelength anomalies and reveals the liaramalies.
Upward continuation filtering aided in the determign the depth range of deeper magnetic sourcese-Edg
detection filters are normally applied for deliriegtlinear features without necessary diminishihg tong-
wavelength anomalies (Oruc and Selim, 2011). Hsrrdrmson, the Tilt derivative filter, TDR (a veggod edge-
detection filter) was applied to bring out shortvetength and reveals the presence of magneticrfinats. The
grids of each gamma-ray spectrometric channel wega microlevelled using a routine developed bynBlu
(1999). The microlevelling algorithm filtered oubst of apparent residual error remaining afterapplication
of the standard survey grid techniques and alscectad the small discrepancies and spatially homiage the
data (Elton et al., 2003). A histogram equalizationgive the best colour variation was used to aobahe
contrast of the individual histograms of K, Th addbefore combining to generate the ternary imadee T
Geosoft® oasis montaj software was used to genénatdernary RGB colour model for which potassium,
thorium and uranium were assigned to the red, gaperblue respectively. The ternary image genersttedved
the best visual description of the radiometric msiey which correlated well with the geological tigees in the
area.

Attempt was also made to estimate the depth tonbaseof the magnetic body. The Geosoft oasis mdegih
to Basement extensiavhich determines the position and intensity (spsbéity) of magnetic source bodies for
a magnetic profile was used. TWéerner Deconvolutiofunction uses the horizontal and vertical deriegiin
the calculation of the depth to basement of thematg anomalyWerner Deconvolutiofunction assumes the
source bodies were either dikes or contacts wiihita depth extent and uses a least-squares agiptoasolve
for the source body parameters in a series of ngowimdows along the profile (Ku and Sharp, 1983)eT
anomaly profiles selected (thee profiles) were pedicular to the geological structure generatirggfigid.

2.3 Interpretation Methods

Interpretation of the dataset was carried out miinuasased on the variations in texture and amgétwf the
datasets with particular attention paid to delimgpthe lithology and geological structures of @iea. The
interpreted aeromagnetic and airborne radiometaita dvere integrated with others GIS data for mappin
lithology and geological structures in the studgaarDomain boundaries and structural features, asdolds,
faults and thrusts, and lithological contacts wads® digitized. The improved enhanced aeromagnadies were
used to distinguish the magnetic responses in tdrock geology due to the difference in magnetic
susceptibilities, structures and deformation stgiehe magnetic units in the area. The first stefhe analysis
and interpretation of radiometric data consistsaofisual interpretation of the single channel infation,
followed by analysis of the ternary map.

3. Results and Discussion

3.1 Interpretation of Aeromagnetic Dataset

RMI map displays different regional magnetic zo(i®¥, BS, BSH, C and VS in Figure 2a), with mostioém
trending in the north-south direction and some hg@ngon features (BS, VS). Residual magnetic isitgrievel

in the study area ranges from -922.27 to -1515.95wmth the mean value of -1256.33 nT. The negative
anomalies observed in the area was attributed @optiesent of low magnetic rocks (e.g. shale, sandst
limestone) in the area, that were noted for its loagnetic signatures. Thus removing the regionainagc
anomaly from the total magnetic intensity produttezse negative values. Magnetic zone division vesgd on
the intensity, shape, and pattern in magnetic sigas. At the west lower corner zone, there exastsigh
magnetic signature zone (BV Figure 2a) which is leutlow magnetic signature (VS in Figure 2a). This
intruding body VS (low magnetic signature) thatsctie BV body was suspected to be sediments frem th
Voltaian basin which is known to have low magnstgnature. The high magnetic intensity body, B\Vsated

at the lower left corner of Figure 2a was interpdeds the Buem Volcanic rocks which were knownit®ohigh
magnetite content (Jones, 1990). The most promiredatively low magnetic intensity with a polygoeature
was observed at the central zone (BS in Figur@Ptje area. This feature, BS, observed at thereide of the
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map was interpreted as the Buem sandstone (Oshe 2006). The relatively high magnetic signatoibserved
in the sandstone (BS in Figure 2a) was describeddae et al., (2006). He indicated that the sandstas some
iron oxide element in them and this may explairréatively high magnetic signature. Relatively lawomaly
(BSH in Figure 2a) with intensities ranging fron254 to 1246 nT was also observed just close taitloalar
feature (BS in Figure 2a). This feature, BSH, whig@s also observed around BS and VS, was delineatéite
well-known Buem shale described by Jones (1990)e9¢1990) described the shale in the area to teel ruf
having low magnetite content hence producing lowvgmesic signature.
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Figure 2. (a) Residual Magnetic Intensity, RMI gmdp. (b) Reduction to the pole (RTP) image (using
inclination of -11.1 and declination of -4.9

Reduction to the pole, RTP filter was applied te RMI grid to observe the magnetic anomaly direotlgr the
magnetic source bodies that cause the anomaly landt@ remove the influence of magnetic latitudetba
residual anomalies. Both RMI (Figure 2a) and RTBdm(Figure 2b) displayed similar magnetic featuoesin
the RTP grid, the high anomalies of the RMI grideveeen as low while the low anomaly are seengis fihis
observation was attributed to the area (low magriatitude) where the data was acquired. At low megig
latitude, high magnetic signatures are normallyeobsd as low signatures and vice versa (Gunn el 997).
The RTP map show more significant features sucétrastures and lithology than the RMI grid. At tbentre
zone (BS in Figure 2b) some features observed @nRNIl were now seen as linear features trendinthén
south-north direction. Moreover, other featureg.(¢he low magnetic signature (VS in Figure 2b) &igh
magnetic signature (BV in Figure 2b)) which were dearly seen in the RMI image (Figure 2a) werensin
the RTP. Interestingly, some high (pink) featurethe RMI image remained high (pink) in the RTP gmaThis
may be to the fact that the magnetization of thesative body may not be as a result of remnant etagtion.
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Example was the magnetic signature BJ found atvisdern part of the area. This feature was intéggras the
jasper in accordance to what Jones (1990) repdrediescribed the jasper in the area (around Kwemngkto
be interbedded with some iron oxide content and tton oxide content may be responsible for thehhig
magnetic signature in that region (BJ). Folding(lR1Figure 2b) of the Buem volcanic rock (BV) (&ed at the
south western corner which trends south-northeast3ed by the collision between the Buem formadiah the
Voltaian formation (Kennedy, 1964) was well definadhe RTP image (Figure 2b). Some magnetic cetdra
observed in Figure 2b were interpreted as theltifioal contacts. Prominent was the Buem sandsioiethe
Buem shale contact (white lines, SS in Figure 2b).

The RTP grid was draped over the digital elevatap (DEM) of the area and viewed in 3D (Figure t®ahelp

visualize the relation between the magnetic intgresid the elevation of the area. Interestinglg, rédatively high

magnetic signature (BS) located at the south-ckeptaia of the area was seen to have a close relatith the

topography of the area. This confirms the desaiptlones (1990) gave concerning the sandstonesiarda as
being found in areas of high elevation. Anotheriobs location where this observation can be cleselgn was
the Alavanyo mountain range (Blay, 2003).
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Figure 3. () RTP drape over DEM viewed in 3D (Ré&igh magnetic signature and blue- low magnetic
signature). (b) Analytic signal image.

The analytical signal, AS, filter was applied te tRMI grid to observe the source positions of thegnetic
anomaly regardless of direction and remnant mazgiiin in the sources since analytical signal dependent of
the direction of the magnetization of the magnetarce. Figure 3b (analytical signal map) shows, thmst
prominent features, the high analytic signal amgkt runs in an approximately south—north (SN) dioecalong
the western border of the area. Three major magazeties i.e. high magnetic anomalous zone definéBhY,
intermediate magnetic anomalous zone (BS) and lagmetic anomalous zone (BSH and VS) were delineated
(Figure 3b). The high magnetic signatures (BV)led ainalytical map were the volcanic rocks (Bell &rdok,
2003) which were found around the south-westerh gfathe area and trend in the south—north direcfiigure
3b). Lithological contacts portrayed by a sharp ngdig contrast were delineated; prominent amongthere
the volcanic-shale contact (white line in Figurg 8hd the Buem-Voltaian contact (black line in Feg8b). Osae
et al., (2003b) described the outcrop of the Buamistone as having a lens-shape body (thick imiddle and
thin at the edge) and overlap in lines to form mageaof hills. This description of the sandstone whswn in
figure 3b as doted black lines around BS.

The TDR filter was applied to the RMI and the RTiRIdgo determine structures (fault and folds), tlaitacts
and edges or boundaries of magnetic sources, gneirty both weak and strong magnetic anomalies@ade
the near surface source magnetic features that asm@ciated with geological structures of the afdaangle
derivative (TDR) of RMI helped locate the edgedasfmations, especially at shallow depths by usheytheory
that the zero contours are the edges of the foomg8alem et al., 2007). It was observed that &re zontours
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estimate the location of abrupt changes in magretsreptibility values. The zero contour lines his tgrid
(Figure 4b) were represented by a yellow colour.
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Figure 4. (a) TDR calculated from RTP image. {BR calculated from RMI.

Figure 4a displays most structural feature of tteaauch as the faults, inferred faults, contamtsl, to some
extent the shape of some lithology. Some litholagimit (e.g. BJ, BB and BS in Figure 4a) in theaaare
accentuated. Prominent of these features are b marked with blue polygon, BB (in Figure 4a)tet south-
western part of the area and this was interpresetthe basalt with some associated volcanic rocldeasribed

by Jones (1990). The jasper which Jones (1990)ridesicto be around Kwamekrom was clearly delineated
(marked with a red polygon, BJ, in Figure 4a). Tleéineated jasper had an area cover of about 93§8cquare
meter). Junner (1940) reported that the sandstamabke area to be strongly folded and showed greate
deformation (faulted) than the Buem Volcanics. Tdiservation is accentuated in the TDR image (BSguare
4a). This feature, BS, believed to be the Buem stangés was seen to be highly faulted and deformbis.
deformation and folding was as a result of the rtieetectonic event that occurred about 600 m.a dgoes
1990). The linear anomalies believed to be thrasks$ were also seen at the northern part (markedyellow

line in Figure 4a) of the area. According to Jo(iE390) these thrust faults relates to the eastam Rfrican
orogenic event which occurred several years imtnghern part of the study area. TDR image (Figdi@snd
4b) also show different lineaments and contactthéarea. Prominent lithological contacts obseraar] the
shale-sandstone (C1), the Buem-Voltaian (C2) armd Mblcanic-Shale (C3) in Figure 4b. Some structural
lineaments (faults) e.g. F1, F2 and F3 were dei@tehy observing the abrupt change between theiymsind
negative magnetic anomalies (Figure 4b).
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Figure 8 shows the interpreted geological strusture the area delineated from the magnetic datasdt
superimposed on the TDR image. These structures wegrated with the information from the RMI grid
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(Figure 2a), RTP grid Figure 2b, analytical siggat (Figure 3b) and TDR grid (Figure 4a). The nugve a
rough idea about the geological structural contnodl lithology deformation of the area. It shows tiigh
structural deformation (folding and shearing) ia Buem sandstones.

Figure 5. (a) Interpreted fault, folds and contatigerimposed on the TDR image. (b) Rose diagtawisg
the lineaments orientation of the study area.

The orientation and the length of the lineamentastéd from aeromagnetic images were displayed riosa
diagram to analyse the spatial distribution of diments and in order to contribute to the undergtgndf the
structures of the study area. The rose diagranm{ahi-frequency), Figure 5b, shows trends in noaothtts (N-
S), east-west (EW), northeast southwest (NE-SW) raorthwest southeast (NW-SE) direction. Out of &8@e
extracted lineaments, 21 % (representing the l&rgesnds in the NS direction with 11% striking time EW
direction. 6% also strikes in the northeast souttw®IE-SW) and another 6 % trending in the northwes
southeast (NW-SE) direction. The area was dominbted series of SN and EW trending structures and a
interpreted as higher degree of shearing and faultiay have been formed during thermo-tectoniosiagtin

the Buem volcanic formation (Kennedy, 1964).

3.2 Interpretation of Radiometric Data

Airborne radiometric survey measures the spatiatribution of three radioactive elements (potassiim
thorium-Th and uranium-U) in the top 30-45 cm oé tharth’s crust (Gregory and Horwood, 1961). The
abundances of K, eTh and eU are measured by dejeb gamma-rays produced during the natural aatiice
decay of these elements. Changes in the concenmtratithe three radioelements eU, eTh, and K acaomp
most major changes in lithology; hence the methasl heen used as a geological mapping tool in meegsa
(Wilford et al., 1997). On regional scale airbogamma-ray spectrometry data have often been usieentfy
several features, such as: limits of geologicavimees, sedimentary basin and overprinted structueads
(Direen et al., 2001). It has also proven to beeful method for the study of geomorphology antssdine area
was divided into radiometric domains (regions) lbdas@on the concentration, shape and abrupt chahge o
radiometric concentration in the radiometric imageundaries of the individual lithological domais® seen as
abrupt changes in the radiometric concentration.
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From Figure 6a, low potassium concentration waeMesl at the left side of the grid (VL), and simila
observation was seen at the upper left cornereofitka. This observation coincides with the Voli&d (Figure
1la) which was observed in the study area. Low aunaton was recorded because water body adsorb the
potassium radiation form the underlying rocks préiey the radiations from been detected by the tspeeter.
Since radiometric survey uses the assumption aduakof soil and the top 30 cm soil was able tecad most
of the radiated radioactive element from the unyegl rocks or the lithology. High concentrationkfwas also
observed at the south-west corner (B in FigureoBdle area. B was suspected to be basalt desdipddnes
(1990); Osae et al., (2006) as being alkaline hading high concentration of K. High concentratioh
potassium concentration was found at the centr8HEh Figure 6a) part of the area. This coincidéth whe
shale region mapped from the analytical signal fkagure 3b) of the magnetic data. This shows thatshale
in the area has high concentration of K and camttrébuted to the description given by Osae et (2I006)
concerning Buem shale. Osae et al., (2006) destebele in the area as emitting more gamma raysdtieer
sedimentary rock in the area.
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Figure 6. (a) Gamma spectrometric image for Patas$K) concentration. (b) Gamma spectrometric ienfiy
thorium (eTh) concentration.

Anomalies in the thorium data in Figure 6b helpeaprthe lithology and lithological boundaries of #vea. The
thorium, eTh map shows three distinct regions ofithm concentration in the area. The high concéptran
eTh marked by black polygon (Figure 6b) corresptimthe shale and other weathered sediment in the. ar
These weathered sediments are believed to havimatgd from the rock (sandstone) in the high eleddands
in the region (Jones, 1990). The relatively highaatration of eTh was associated with the sandsitorthe
area (Figure 2) and this coincides with the higtvated lands in the area. Prominent of this radhtihigh eTh
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anomaly was observed around the Alavanyo high laktigseover, the low concentration of eTh marked by
white polygon observed at the western part of tiea @oincides with the Volta Lake in the area. Thiicates
the fact that the water body may block the emissioradiogenic element (thorium) of the underlylitigology.

The uranium image shows good definition in mapimg Volta Lake (marked by black polygon in Figueg 7
and certain geological formations such as B. Tht&ufe B, registered high Uranium concentratiorerigstingly,
the circular body (B) which was observed in the @hld Potassium map was also observed in the eU Thap.
feature coincides with the Basalt which Jones (1@R&cribed to be located around that south wegtarnof
the area. Unlike the K and the eTh maps, eU majtamt clearly delineate the distinct boundary testw most
of the lithology of the area. The obvious boundaeyween the sandstone and the shale which ardycéesm in
the eTh map (Figure 6b) and Potassium map (FigayevBs not observed the Uranium map. This may keealu
the fact that the image (Figure 7a) shows shorteleangth anomalies corresponding to noise causethdy
variations in atmospheric radon concentrationsnduthe course of the survey resulting in significstneaking
in the image. This was a typical feature foundrianium images (Minty, 1997), in spite of the praieg steps
the dataset was subjected to.
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Figure 7. (a) Gamma spectrometric image for Uraniatd) concentration (b) Ternary map of Study area
(RGB=KThU)
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The radiometric data are displayed as a ternarywidpcombined intensities of potassium (K), thonigeTh),
uranium (eU) concentration given in red, green, blug colour respectively. The radiometric respsrisethe
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ternary map, to some extent, correspond with tihfase geological map of the study area (Figure Elm the
ternary map, the Volta Lake can easily be delirkkas having low concentration of the three radiagen
elements (depicted by a black colour in Figure The contact between the shale and sandstoneKigune 7b)
in the area was also observed. The high concemtrafi K, Th and U, marked with the black polygonnoide
with the shale and weathered sediment in the ateehwDsae et al. (2006) and Jones (1990) desctibd in
the area. The high K with low U and Th concentrativhich was depicted by a magenta colour coincidés
sandstone in the area and interestingly it alsncidés with the high elevated land in the areaaeCx al. (2006)
reported that the sandstones in the area are rigrimahd at the highlands or the elevated regionthé area.

TAFON

TI00N
_\W

700N

Figure 8. (a) Ternary map draped over DEM and vitime3D. (b) Interpreted lithological map from the
radiometric dataset.

The ternary image was draped with the DEM of theaafFigure 8a) to observe the behaviour the three
radiogenic elements, K, U and Th with the elevatibrvas observed that the high elevated regiorthénarea
coincided with the high K concentration as welll@as U and Th concentration (magenta colour in Fég8a)
and this was interpreted as sandstone. Moreowstatmls were seen to coincide with high concentratiball
the three radiogenic elements, K, U and Th. Infaiomafrom the Uranium image (Figure 7a), Potassimmage
(Figure 6a), Thorium image (Figure 6b) and the &gynmage (Figure 7b) alongside published articed
geological map of the area was combined to geneaatithological map of the study area (Figure 8b).
Information from aeromagnetic dataset, airbornéoradtric dataset and published literature of tremawvere put
together to produce a regional geological map efgtudy area (Figure 9) which consists mainly ef Buem
formation and the Voltaian sediment. The integrajedlogical map (Figure 9) shows the various libgatal
units and the geological structures in the area.

It can be observed from this map (Figure 9) thatBhem sandstones (BS) are associated with diffeegimes

of tectonic activities producing faults and fold$is can be attributed to the thermo-tectonic eteatt occurred
within the Buem formation about 600 m.a. (Kennetl964; Jones, 1990; Osae et al., 2006). Most of the
delineated structures found within the sandstdd8) (at the central and eastern part of the avedgdanic rocks
and the basalt (western part of the area) strikestlgnin the N-S and E-W direction.
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Figure 9. Proposed Geological Map of the Study Area

3.3 Quantitative Interpretation

Three profiles which are perpendicular to the strikrection (N-S) of the formation were chosen asrthe
residual aeromagnetic intensity map of the areadtimate the depth to magnetic bodies and possildy
intensity (susceptibility). Two depth source mod&ike and contact models) were assumed and tlegithd to
basement were estimated. The profile A-Al (line)3b&s a 30-km section of a flight line which cute shale,
sandstone and the basalt in the area and runsoeasst. 106 solutions were generated with the dikelel and
the model for the contact generated 72 and 34isolitespectively for profile A-Al. The depth toseanent of
A-Al ranged from 103.11 m to 857.99 m and the magramomaly values varied from -1140.27 nT to -1337
nT. The depth to basement of the contact modelsikalow (103.11 to 717 m) as compared to the dikeeh
(114.41 to 857.99 m).
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Figure 10. Werner deconvolution solutions from agnetic profile A-Al over the study area: (a) residu
magnetic intensity profile [nT], (b) depth [m], (skisceptibility contrast [SI]. (d) A simplified gegical section
of the interpreted geological map

Table 1. Depth to basement estimation of magnetic body

Dike Contact Magnetic Anomaly (nT)
Minimum Maximum Minimum Maximum Minimum Maximum

Line 357 114.41 875.99 103.11 717.33 -1140.27 -1327.13

Profile (A-Al)

Line 375 Profile 101.15 1866.34 100.36 983.71 -1214.33 -1397.33
(B-B1)

Line 457 Profile 131.00 1605.24 113.82 846.28 -1270.13 -1302.81
(C-C1)

From Table 1, it was seen that the depth to baseofethe contact model for the three selected @®fivas
shallow (ranging from 100.36 m to 983.709 m) as parad to the dike model (ranging from 101.15 m to
1866.34 m). This was because dike model anomalyrecat a greater depth than the contact model
(Mushayandebvu et al., 2001). Since the area idlynossedimentary rocks the dyke model is the lmastlel

for the area.

4. Conclusion

In order to map the lithology and geological stames map of the study areairborne radiometric and magnetic
datasets collected over the area were processedrdnahced. The magnetic image enhancing filterfeghto
the residual magnetic intensity (RMI) using redatio the pole (RTP), analytic signal, first veaticlerivative
(1vD), Tilt derivative (TDR) and upward continuatigUC). These filters helped define the lithologica
boundaries, intersection of geological structufaslts, folds and contacts. The Tilt derivative ({@Dproved
very useful for the delineation of the contacts amabt of geological structures in the area. Théoradtric data
provided geochemical information of uranium (U)priam (Th) and potassium (K) and proved valuable in
delineating bedrock lithology of the area suchresBuem shale, sandstone, and part of the Volsgdiments.
The radiometric dataset was also valuable in tieektion of the Volta Lake and the lithologicalntacts of the
various rock formations. The interpretation of thigh-resolution airborne magnetic dataset hasigeava
synopsis of the regional geology (lithology) as Ivea further insight into structural controls oéthrea. It also
shows a detailed assessment of various lithologynanth-south striking of the geology in the arBlae depth to
basement of the formations within the study area @etermined using the contact model and the dikdefs.
The contact model produced shallow depth ranged6f36 m to 983.709 m while the dike model on thHeeot
hand produced depth range of 101.15 m to 1866.3drrthe basement rock. This was because dike model
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anomaly occurs at a greater depth than the comtadel (Mushayandebvu et al., 2001). The dyke medeims
to best fit the study area.
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