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ABSTRACT

Horizontal gradient filtering on the Bouguer anomalata indicates contour values between -1.5
and 1.3. Zero contour zones are interpreted ast$aahd other abrupt geologic edges. Bouguer
anomaly field is characterized by negative valuesveen -90 and -10 mGal. Values of — 90
mGals are centred on the Jos - Bukuru Younger Brasomplex. Lower values at the eastern
side are separated from higher ones at the wesseda by a NW — SE diagonal line. The
anomaly contour closures trend in the E — W, NBA; § — S and NNW — SSE directions. Third
order polynomial trend surface fitting shows thatoar levels of the regional anomaly field in a
NNE — SSW direction, consisting of increasing N valtes. Map of the residual anomaly is
characterized by both negative and positive valbesveen -25 to +20 mGal§he negative
values are probably located on the intrusive yourgganite rocks while the positive values may
explain areas underlain by volcanic rocks. The oantclosures of the residual anomaly map
are oriented along the same directions as the Beugnomaly map but without any line
separating higher values from lower ones. Two and balf models of the residual anomaly
along profiles indicate depths up to 18.75 km foe plutonic rocks and 13.96 km for the
volcanic rocks. These large depths are attributedtiie presence of a large-scale fault
associated with the Romanche fracture zone in #seinent around the Jos - Bukuru Younger
Granite complex.

Key words: Positive, Negative, Anomaly, Residual and Grawitydeling.

INTRODUCTION

The topography of Nigeria is influenced by planad dinear structures resulting from ductile
and brittle deformational events (19). The struesugenerally have N — S, NE — SW, NW — SE
and sometimes E — W trends (17, 18, 29, and 31gioRal strikes of foliations in basement
rocks, lithologic boundaries, fold axes and axiahps maintain the N — S Pan-African imprint.
Numerous fractures and faults formed river vallay®ver the country.
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Local lineaments discernable are mostly fracturedidefined by joints that formed as a result of
tensional stresses. These form a network crosmguach other, which generally decrease in
width and size with increase in depth, as theycaramonly sealed up at depth by the lithostatic
pressure and/or siliceous materials. Because gediegfures are often large, structural analyses
are conducted on regional scales, to provide a oeimepsive look at the extent of faults,
lineaments and other structural features. Thusath@ications therefore require small-scale
imagery to cover the extent of the element of ggerThis study is intended to delineate new
structures and extend known ones. Accordingly it élp in gaining better understanding of the
structural set-up of the area of interest.

The study area constituting the Jos - Bukuru You@anite complex of North Central Nigeria
is shown in Fig. 1. It is bounded by latitudé€8® N and 1605’ N and longitudes ‘@6’ E and
9°10’ E., and forms part of Naraguta Southeast sh@@tof Federal Survey of Nigeria. It has an
estimated area of 2536.08 km
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Fig. 1: Location map of the study area

Literature Review

The Younger Granite Province comprises of Precambid Lower Paleozoic Basement rocks
into which the Younger Granites suites are empld&8)l The basement rocks cover about three
guarters of the province and consist of ancieninsexts (15, 22).

Electrical resistivity and magnetic methods wernestfiused in the study area along buried
channels that contained cassiterite, columbite atiebr accessory resistant minerals (24).
Magnetic, seismic, resistivity and gravity methadsre used in the search for basalt covered
alluvial cassiterite (16). Gravity surveys acrobs Younger Granite province show negative
Bouguer anomalies ranging from —94 to —25 mGal2 @nd 3).

Seismic, gravity and magnetic data have shown fioajor offshore fractured zones cutting the
Atlantic sea floor of West Africa coast. These auvedracture zones cut to the northeast on
approaching coast of Guinea at the north and tet®ihat a relatively short distance inland
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(6,10,14). Fracture zones tend to develop neaexisting zones of weakness inherited from
major orogenic activities in the continents (27grémagnetic anomalies and tectonic trends in
and around the Benue Trough of Nigeria show thatNigerian continental landmass contains
lineaments with definite magnetic signatures (éhanced by the presence of anorogenic ring
complexes. The lineaments possibly reflect majacttrre zones on the Atlantic sea floor off the
west coast of Africa (25). The works of Ajala (5¢amn Kaltungo and Ekanem (9) around the
Kerri-Kerri Formation offered evidences on extragtimin of fracture zones into the continental
landmass of Nigeria.

General Geology of the Younger Granites

In Nigeria about fifty separate Younger Granitesptexes are recognized with a total area of
7511 knf. The individual massifs range in size from 1036 kansmaller stocks of less than 2.59

km? with circular or elliptical outlinesSeveral cycles of intrusion occur within one compiad

the sizes of many of the structures are due tolameing and superposition of separate intrusive
cycles.

The Younger Granites are discordant, high-levelusibns, which transgressed all units of the
basement complex. They have been preceded by esdeasd volcanism and emplaced by ring
faulting and block subsidence. Granites and rhgslitnderlay more than 90 percent of the total
area of the province. Intermediate and basic ramésur in Emplacement of the Younger
Granites is associated with epeirogenic uplift (Z8)eir age is Jurassic. The Older Granites and
accompanying metamorphism of the basement reprdseitan African orogeny in Nigeria (13,
30). A great variety and number of Younger Gramitenplexes in Nigeria exhibit different
degrees of erosion. The large complexes of thePla®au (Jos - Bukuru and Sha - Kaleri),
involved much greater volumes of magma.

In most of the complexes, the volcanic rocks haikee been obliterated by later granite
intrusions or eroded to an extent that their oagpattern of distribution is conjectural. Where
the lavas are preserved they are invariably codfimghin the major peripheral ring faults. The
early groups are products of vent intrusion fromugr of vents aligned along ring-fractures. The
fractures extended to the surface and provided zohaveakness that facilitated the upward
passage of the magma. These same ring-fractuigpseindy served as the loci of intrusion of the
large ring-dykes. Pyroclastic rocks are abundawt t#ere are thick interactions of tuffs and
coarse agglomerates within the lava succession. |atee group of rhyolite includes both

intrusive and extrusive rocks that either extrudedhe surface or emplaced at shallow depth.

The emplacement of ring-dykes within circular armlygonal features initiated many of the
intrusive cycles. The emplacement of the ring-dykas directly succeeded the volcanic cycle
and many of the initial ring-fractures, which catthe distribution of the volcanic eruptions,
have also served as the loci of the ring-dykes. fiihg dykes are both smoothly acute and
polygonal. The ring dykes are generally steepctires and contact dipping outwards at angles
less than 8Dare rare. Some of the ring dykes are as muchlkam I widths. In the Younger
Granite province there is a practically continuseguence of intrusive forms from the narrow
ring dykes to large irregular granite plutons. Mariyhe smaller granite intrusions represent the
upper, flat-lying roof sections of the ring intrass and, some of these are remarkably shallow in
comparison with their lateral dimensions. Others stock and bosses with steeply dipping
contacts, which probably continued to a considerdebpth.

The granite pluton of the Jos Plateau exemplifieiseene mode of operation of large-scale
underground cauldron subsidence. Their emplacementited from segmentation and
foundering of large adjacent blocks of the basenartt accompanying rise of magma. The
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process continued intermittently, allowing indivedyphases to consolidate before the next stage
of intrusion. Cauldron structures were superimpaseatarlier ones in the cycle and piecemeal
stopping operated to blur the outlines of the o@gitectonic pattern. The Jos- Bukuru-Jarawa
group of granite intrusions is the best examplé&aaje-scale subsidence and superimposition of
structure.

MATERIALS AND METHODS

Methodology

The data sets for this study consist of a topographp of the Jos - Bukuru Younger Granite

complex and its environment on sheet 168 Naragutath®ast, a LaCoste and Romberg

gravimeter, a Nissan station wagon, global posiignsystem (GPS), computer hard and

software etc. Gravity field data were acquired vathhaCoste and Romberg gravimeter using

vehicle to establish spacing between gravity statiand acquiring data. The GPS was used to
determine the geographical position of the grasiations as well as their heights.

The main software used in the analyses of the tyraldta are Integrated Land and Watershed
Information System3.3 (2005) (ILWIS 3.3)), Surfd®03), Grapher5 (2004) and OriginLab7
(2002). ILWIS was applied in digitizing, extractiagd proper positioning of prominent features
using the Universal Transverse Mercator (UTM) syst&hird order regional polynomial trend
surface was fitted to the Bouguer anomaly fieldha same environment to obtain a general
surface view of the residual anomaly. Also thirdesrpolynomial fitting along profiles was used
to remove the regional anomaly field from the Boermgwanomaly field in an OriginLab7
environment in order to obtain the residual anonfad used for the models. Surfer8 and
Grapher 5 were used basically to compose the mapsogplot some terrain models. The gravity
software used for quantitative determination of veious bodies along the profiles is Cooper
(2003) Grav2dc for windows.

Distance measurements on this study used the temérédian scale factor of 0.9996. Clarke
1880 ellipsoid is applied since the study areatated south of 5° N latitude and south of the
equator. The coordinate system projection paranef@esented in Table 1.

Table 1: Coordinate System projection parameters fiothe study

Projection Datum | Datum Ellipsoid Ellipsoid Hemisphere Zone
Area Parameters
UTM Nigeria | Minna | A 6378249 Clarke, | Northern 32
1/f | 293.465 | 1880

Corrections to Gravity Measurements

In order to arrive at meaningful Bouguer anomalyues, drift, tidal, latitude, free air and
Bouguer corrections were applied to the raw obsema of differences between gravity
measured at a station and a base station.

Filtering

The horizontal gradient technique was used torfilbe data. The magnitude of the gradient
values range between -1.5 to 1.3. Zero gradientegahre interpreted as discontinuities such as
faults and other abrupt geologic discontinuitigse Tiltered map is shown on Fig. 2
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(a) Raster map (byital elevation map
Fig. 2: Horizontal gradient of the Bouguer anomalyfield

Quialitative Interpretation of the anomaly fields

Bouguer Anomaly Field

The Bouguer anomaly field is characterized by negatalues between -90 and -10 mGal (Fig.
3). The lowest values of — 90 mGals are centretherdos - Bukuru Younger Granite complex.
Lower Bouguer anomaly values at the eastern selagparated from higher ones at the western
side by a NW — SE diagonal line. The Bouguer angroahtour closures trend in the E — W, NE
— SW, N — S and NNW — SSE directions.

(a) Raster map (b) Digitaiatgon map

Fig. 3: Bouguer anomaly field

Regional — residual separation

The mapped potential field data are the sum ofdfiect of all sources causing a gravity
anomaly. An important technique is residual mappthgt is, to eliminate or reduce to minima
the effects of deep-seated, non-commercial sougts as little distortion of the resultant
anomaly as possible.
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Analytical methods are applied by using speciaefihg techniques. One of the simplest
methods is to subtract the result of a smoothitigrfor low pass filter from the original image.
The noise present in the original data is oftereaded when subtracting. Third order polynomial
trend surface fitting was used in an ILWIS envir@amhto define the regional field of the gravity
map shown in Figs. 4. Trend surface calculates| piakies by fitting one surface through all
point values in the map (12). Surface fitting isfpamed by least squares fit.

-21_E

Fig. 4: Regional anomaly field

The contour levels of the trend surface regioneldfiindicate a general NNE — SSW trend
consisting of increasing N — S values, which depttie thickening of the crust towards the
north.

The Residual Anomalies

Fig. 5 shows the map of the Bouguer residual anpmal raster and digital elevation
visualization after subtracting the regional angnfald from the Bouguer anomaly field. The
field is characterized by positive and negativeugalbetween -25 to +20 mGalhe negative
values probably correspond to the intrusive yourmgganite rocks while the positive values may
explain areas underlain by volcanic rocks. Like Boeiguer anomaly map, the residual anomaly
map also has its closures mainly oriented alongetheW, NE — SW, N — S and NNW — SSE
directions, but without any specific dividing liseparating the higher from the lower values
towards a particular direction.
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Fig. 5: Residual anomaly field

Quantitative interpretation of the residual anomaly

The mathematical problem of gravity interpretaticonsists of finding the mass distribution
whose gravitational fields are given on plane sig$a In this case, we are confronted with
determining the source from its potential whichfamunately, does not have a unique solution.
This is because of the insufficient information italale to determine the size and shape of the
source completely and unambiguously from its paaerfield. The difficulty arises in trying to
separate the physical size from the density ofjtaeitating mass.

The essence of quantitative interpretation is t@iobinformation about the depth to the gravity

body, its shape and size, and detail about itsityeimstwo possible ways. One is direct, where

the field data are interpreted to yield a physicaldel. The other is the inverse method, where
models are generated from which synthetic gravibpnaalies are generated and fitted

statistically against the observed data. The degfeketail is limited by the quality and amount

of available data and by the sophistication ofdbmputer software.

Table 3 shows the latitudes of the four gravimesactions (from top to bottom) used in the
models and Fig. 6 is the superimposed profile sesti(in the same order) on the Bouguer
anomaly map. The profiles were chosen so as taaoss major anomalies.

Table 3 Reference Latitudes of the profile sections

Profile Name Reference Latitude
GH1 10°03'50.37”
GH2 9%55'38.15"

GH3 9%45'08.72"
GH4 9°38'56.17"
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Fig. 6 Cross sections superimposed on Bouguer rastaeap

To minimize errors in interpreting the gravimetdata, third order polynomial regional curves
were fitted on the Bouguer anomaly fields usingg®@ii (2002) software. The residual anomaly
results shown in Fig. 7 along with the Bouguer eeglonal anomaly field curves were obtained
by subtracting these regional backgrounds fronBineguer anomaly fields.
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Gravity Modeling

To account for the residual anomalies, a Grav2dgorahm for gravity modeling was used.
Grav2dc is two and one half dimensional computémsoe developed by Cooper (2003). The
models were fitted using polygonal approximationtimod of determining gravity attraction of
polygonal cross section. Two and one half dimeradianodeling is an extension of two
dimensional modeling, but allows for end effect®éoconsidered (7, 23).

The interpreted results are given in Table 4, &edcorresponding models shown in Fig. 9. The
depths to the different rock bodies along the pesfivere controlled using depth estimation by
(4) in the area. The density values for the difiéreck units were taken from available literature
and typical values for basement rock units. Theeuggarts of the figures show observed and
calculated gravity data (profiles). The lower pastshe modeled in the figures show the rock
units after the adjustment of their depths.

Table 4 Interpreted results of the residual anomaés along profile sections

(a) Profile section GH1

Body No. Density Contrast ( Width Thickness Rock Type
x 10° kgm™) (km) (km)
1 0.100000 1.695 7.783 Volcanic
2 -0.17765 1.369 8.654 Plutonic
3 0.136125 1.108 10.096 Volcanic
4 0.190505 2.079 12.305 Volcanic
5 -0.264337 1.238 9.632 Plutonic
6 0.050000 0.978 10.928 Volcanic
7 -0.078300 1.108 10.593 Plutonic
8 -0.078488 1.853 9.615 Plutonic

(b) Profile section GH2

Body No. Density Contrast ( Width Thickness Rock Type
x 10° kgm™®) (km) (km)
1 -0.159133 4.747 12.500 Plutonic
2 0.499973 1.680 13.462 Volcanic
3 -0.147424 5.745 18.750 Plutonic
4 0.289085 1.906 11.075 Volcanic
5 0.232000 0.932 10.096 Volcanic
6 0.262500 1.108 13/962 Volcanic

(c) Profile section GH3

Body No. | Density Contrast (x| Width Thickness Rock Type
10° kgm) (km) (km)
1 -0.093500 0.587 11.058 Plutonic
2 0.173971 0.996 12.500 Volcanic
3 -0.264000 1.872 12.981 Plutonic
4 0.302841 1.760 11.538 Volcanic
5 -0.090250 1.619 12.825 Plutonic
6 -0.012000 0.782 9.690 Plutonic
7 -0.030360 1.094 11.058 Plutonic
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(d) Profile section GH4

Body No. | Density Contrast (x| Width Thickness Rock Type
10° kgm) (km) (km)
1 0.055000 0.782 12.019 Volcanic
2 -0.09000 1.043 12.500 Plutonic
3 -0.04400 0.717 13.462 Plutonic
4 -0.02070 1.434 13.463 Plutonic
5 0.006864 1.499 12.981 Volcanic
6 0.032917 1.857 12.019 Volcanic
7 0.078179 1.083 13.130 Volcanic

The simplest interpretation technique is to idgntibnes with different gravity characteristics.

Segments of the profile with little variations arensidered gravity ‘quiet’ and are associated
with rocks with low density (23). Segments showikwnsiderable variation are ‘noisy’ and

indicate gravity sources in the subsurface.
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Fig. 8: Interpreted models along the profiles
RESULTS AND DISCUSSION

GH1 has eight bodies (Table 4a and Fig. 8a). Fbwuoh bodies are suspected to be plutonic
rocks whose density contrast range between - (a080- 0.264 kg The range of width and
depths of these plutons are calculated at 1.108.&8%8 km, and between 8.654 and 10.593 km
respectively. The remaining four bodies along taee profile section have density contrast in
the range of 0.050 and 0.191 kdnwidth between 0.978 and 2.079 km; and depth 86810
12.305 km.

Six individual bodies were interpreted along pskection GH2 of which two are plutonics and
four are volcanics (Table 4b and Fig. 8b). The eanfjthe density contrasts for the plutonic
rocks varies between — 0.159 and — 0.147 &githe calculated widths ranges between 0.932
and 4.747 km, while the depth range varies from5@20 18.75 km. The four volcanic rock
units along the section have density contrast rafg@ 232 to 0.055 kg Their respective
widths and depths ranges are from 0.932 km to 1k@&@iéand from 10.096 to 13.962 km.
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Profile section GH3 model considers both the ineisand the volcanic rock units along the
traverse outcropping on the surface. The residoaimaly curve obtained with the third degree
polynomial fitting indicates five intrusive bodiesd two extrusive ones (Table 4c and Fig. 8c).
Density contrasts for the intrusive models varyaeen — 0.264 and — 0.012 kgniThe width
varies between 0.587 and 1.619 km. The depth etthfar the intrusive range between 9.690
and 12.981 km. The volcanic rocks occur in isofatwith density contrast ranging between
0.174 and 0.303 kgrhand between 0.996 to 1.700 km wide. The calculdesath ranges from
11.538 to 12.500 km.

GH4 has seven gravity anomaly bodies along itsilpreéction (Table 4d and Fig. 8d). Three of
such bodies are of plutonic origin while four ongied by volcanic activity. Like other profile
sections different density contrasts were usechevarious models and different widths and
depths were also revealed. The plutonic rocks tleosntrast is between -0.090 and -0.021 kgm
3. Their widths range from 0.717 and 1.434 km anptlterange is between 12.500 and 13.463
km. With a density contrast between 0.007 and OKeB&* for the volcanic rocks, the widths
calculated vary between 0.782 and 1.857 km. Thgerah depths attained is between 12.019 and
13.130 km.

CONCLUSION

The conclusions from this study are:

() The Jos - Bukuru Younger Granite Complex is charamtd by negative Bouguer
anomalies ranging from -90 to — 10 mGals. The kffié Bouguer values conform to the
regional.

(i) The contour levels of the residual anomaly valadisbietween -25 to +20 mGals. Also the
E - W, NE - SW, N — S and NNW — SSE closure padtare the main structural features of the
gravity residual anomalies in the area, which glsived the isolated nature of the intrusions.

(i) Two and a half dimensional gravity models of thebssuface structures identified
prominent deep seated faults along the profileigestin the area. The faults as revealed by the
gravity models attained maximum depth of 18.75 Hihe steepness of the gravity contours
supports possible relative displacement of the batkhe intrusive bodies of that magnitude.

(iv) The faults correlate with Romanche fracture zonewhf extrapolated into the Nigerian
landmass will cut across the Jos — Bukuru complex.
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