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Abstract

Groundwater is the major source of drinking water in both urban and rural communities around
Chad Basin in Northeastern Nigeria. Besides, it is an important source of water for the
agricultural and the industrial sector. In this work, hydrogeological windows of the Upper
aquifer subzones of the Chad Basin around Bornu sub-basin have been studied. The research
involves collection of borehole logs from Borno State Water Board in which the position of each
borehole located on a topographic map at scale of 1:500,000. The thicknesses of Upper aquifer
subzones at different locations were screened with the top and bottom bed values subtracted from
their elevations. Contours of each corresponding values were drawn and contours of recharge
windows were demarcated. The results showed that the upper aquifer is divided into ‘a’, ‘b’ and
‘c’ subzones. It also revealed detailed structural behavior of hydrogeological openings that
enable the penetration of water from the surface to the three subzones of the Upper aquifer
through hydrogeological windows and vice versa. The upper a-subzone is connected to lower
upper c-subzone in the upper aquifer that subsequently permit flow of water to the Middle
aquifer. These hydrogeological windows are mostly located around Bama, Maiduguri, Damaturu,
Monguno, Damasack, Ngala and Kala-Balge. Conclusively, these windows are conduits of
recharge into to the upper zones and infiltrate to the Upper b-subzone of the middle aquifer and
contribute to balance abstracted water in middle aquifer for economic purposes.
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1. Introduction

The Chad Basin with an area of about 2,335,000 km? occupies a vast area with an altitude
between 200 m and 500 m above sea level in Central Africa [1-3]. The Borno Basin (Nigerian
sector of the Chad Basin) occupies approximately 10 percent of the Chad Basin and lies between
latitude 11°25'N to 13°30°N and longitudes 11°35'E to 14°35°E [3].
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The tectonic evolution of the Chad Basin can be traced back to the origin of the basin; it is a
large structural depression that lies within the border margin of five contiguous countries:
Nigeria, Chad, Niger Republic, Central African Republic and Cameroon Republic. The basin
belongs to a series of rift System and later rift Basins in Central and West Africa (Fig. 1). The
origin of the Basin is generally attributed to the rift system that developed in the early rift System
period when the African - Southern American lithospheric plates separated and the Atlantic
Ocean opened (Fig. 1). The sediments of Chad Formation in Bornu Basin are generally
horizontal with a slight northeast dip in the direction of Lake Chad with maximum dip angle of 5
-10° as measured on outcropping beds along River Ngadda. The tectonic frame work and
evolution of the Borno Basin (southern part of Chad Basin) took place during the evolution of
the West African Rift System Basin leading to sedimentation in the Basin and deposition of
Chad Formation as the youngest stratigraphic formation in the Borno Basin [4]. These evolution
and sedimentation activities in the Basin attracted the attention of many workers [5- 12]. The
most recent work on the structures of the basin showing an Isobaths map of the basement which
revealed the sedimentary column in Borno basin with maximum thickness of about 6000 m
within Maiduguri Sub-basin. Hydrogeologically important is the Chad Formation which
contained three sandy horizons separated by thick clays referred to as ‘Upper, Middle and
Lower’ aquifers. The recharge routes of the different aquifers in this sub-basin have not been
clearly understood. This work intends to produce elevation maps showing the upper and lower
elevations of the different aquifer subzones and demarcate the hydrogeological windows of the
different zones of the aquifer.
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Figure 1: Location map of Borno Basin within regional setting of West and Central African Rift

System (after Genik, 1992)
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2. Materials and Method

The study involved collection of relevant published and unpublished data, borehole logs and
Topographic map of the study area, (Sheet 4 on a scale of 1:500,000. The map was used as a
base map for location of boreholes and construction of the structural map. Satellite navigator
(GPS) and other field materials were also used for accurate documentation of locations and
elevations. Eighty boreholes were identified and mapped on the field and their logs collected
from Borno State water board Maiduguri and Yobe State water board for this study (Fig. 2).
Hydrogeological cross-sections along the boreholes were drawn to study various Chad
Formation units at subsurface. For the construction of the structural map, a cross-section along
A-B and C-D were constructed from values of the top and bottom of lithological logs. The values
were subtracted from the values of elevation of each borehole and contour lines were drawn at
selected contour intervals of 0, 50, 100, 150, 200, 250, 300 and 350. A perpendicular line A-B
and horizontal line C-D were drawn. The beginning and the end of the lines of cross-section
were indicated on a plane sheet, after which the plane sheet were placed on the cross-section
profiles on all the maps to mark out each contour value on the sheet. The contour values were
used to graduate a vertical axis while the horizontal axis was drawn using line of the cross-
section, on another plane sheet. Points of contour values were marked out from the vertical axis
and finally hydrogeological cross-section were drawn across profiles A-B and C-D where equal
lithologic logs were interpreted.
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Figure 2: Location map of the study area showing the distribution of the studied hand dug wells
and boreholes

Explanation; 1-Lake Chad in 1953 impenetrable surface in white and open water surface in light
blue; 2-Remnants of Lake Chad in 2011 in dark blue from Google Earth; 3-Rivers Channels; 4-
Borehole; 5- Hand dug wells; 6-Minor Road; 7-Major Road.
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3. Results and Discussion

From the results it can be interpreted that, the Upper zone of the Chad Formation consist of a -
subzones, b-subzones and c-subzone which was mentioned [13] but could not provide structural
evidence of the Upper a-subzone, b-subzone and c-subzone as presented in this work (Fig. 3).
From these three subzones, the borehole logs of the top and bottom of the subzones studied
revealed pinching of the bed as a result of erosions that wash sedimentary layers out before
subsequent sedimentations. These pinch-outs provide a hydrogeological window for the
migration of water from the surface during rainfall to the subzones (Fig. 4 to 8) around
Damaturu, Maiduguri, Gubio, Monguno, Bama, Damasack and extended to Dikwa, Ngala and

Kala Balge.
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Figure 3: Map of hydrogeological cross-section C-D of Chad Formation showing detailed
structural map of Upper Aquifer (UA) and piezometric level tapping Middle and Lower Aquifer
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Figure 4: Map of Elevation of bottom of Upper Aquifer a' sub-zones
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Explanation; 1-Lake Chad in 1953 impenetrable surface in white and open water surface in light
blue; 2-Remnants of Lake Chad in 2011 in dark blue from Google Earth; 3-Rivers Channels; 4-
Cross section along AB and CD; 5-Borehole; 6-Minor Road; 7-Major Road; 8-Boundaries of
Hydrogeological windows in the Upper Aquifer ‘a’ sub-zone; 9 -Contours of bottom of Upper ‘a’
sub-zone
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Fig"um}é 5: Map of Elevation ofm‘i:op of the Upper AquifeFi:”b' sub-zoné“s:'.”Explanati(;ﬁ";"1-Lake

Chad in 1953 impenetrable surface in white and open water surface in light blue; 2-Remnants of
Lake Chad in 2011 in dark blue from Google Earth; 3-Rivers Channels; 4- Cross section along
AB and CD; 5-Borehole; 6-Minor Road; 7-Major Road; 8-Boundaries of Hydrogeological
windows in the Upper Aquifer 'b' sub-zone; 9-Contours of bottom of Upper ‘a’ sub-zone.
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Figure 6: Map of Elevation of bottom of the Upper Aquifer ' b' sub-zones
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Explanation; 1-Lake Chad in 1953 impenetrable surface in white and open water surface in light
blue; 2-Remnants of Lake Chad in 2011 in dark blue from Google Earth; 3-Rivers Channels; 4-
Cross section along AB and CD; 5-Borehole; 6-Minor Road; 7-Major Road; 8-Boundaries of
Hydrogeological windows in the Upper Aquifer 'b' sub-zone; 9-Contours of bottom of Upper ‘a’
sub-zone.
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Figure 7: Map of Elevation of Top of the Upper Aquifer ' ¢' sub-zones

Explanation; 1-Lake Chad in 1953 impenetrable surface in white and open water surface in light
blue; 2-Remnants of Lake Chad in 2011 in dark blue from Google Earth; 3-Rivers Channels; 4-
Cross section along AB and CD; 5-Borehole; 6-Minor Road; 7-Major Road; 8-Boundaries of
Hydrogeological windows in the Upper Aquifer 'c’' sub-zone; 9 -Contours of bottom of Upper 'c’
sub-zone.
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Figure '8: Map of El'e\'/_ation of bdttom of the Up"p_)er AquifeF ‘¢ sub-zonés
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Explanation; 1-Lake Chad in 1953 impenetrable surface in white and open water surface in light
blue; 2-Remnants of Lake Chad in 2011 in dark blue from Google Earth; 3-Rivers Channels; 4-
Cross section along AB and CD; 5-Borehole; 6-Minor Road; 7-Major Road; 8-Boundaries of
Hydrogeological windows in the Upper Aquifer 'c' sub-zone; 9 -Contours of bottom of Upper 'c’
sub-zone.

[14] Studied the hydrogeological structures in Chad Formation where the Chad Formation was
divided into Upper, Middle and Lower aquifers (Fig. 9). Barber and Jones could not provide
detail of the Upper zones and Middle zones into upper a-subzones and lower b-subzones in
which the present study was able to provide detailed structural style in the Chad Formation (Fig.
10). Therefore, based on the interpretation of these hydrogeological structures, it can be
interpreted that, the middle aquifer receives its recharge directly from the upper zones of the a-
subzones (Fig. 10) where a-subzones of the upper aquifer is overlying Middle upper zones
structurally. This shows that, there is linkage between the Upper a-subzones and the Upper
Middle aquifer for the migration of rain water and vice versa. However, looking at this structural
map in Fig. 4, it can be deduce that, the hydrogeological windows are mostly located around
Maiduguri and its environs.
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Figure 9: Cross-section of the Chad Formation from Damboa to Lake Chad (Modified after ‘
Barber and Jones, 1960)
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Figure 10: Map of hydrogeological cross-section A-B of Chad Formation showing the three
aquifers, (Upper, Middle and Lower Aquifer). The middle Aquifer is separated into a and b
subzones.

4. Conclusion and Recommendation

From the study, a detail hydrogeological structure in Chad Formation of Chad Basin was study
and interpreted from previous drilled borehole logs were three substantive subzones were
recognise with minor ones which was not capture in these interpretation. From the study it was
clearly seen on the map that, the Upper zones of the Chad Formation consists of hydrogeological
windows that is responsible for the migration of rain water from the surface into the underlying
bed thereby recharging the aquifer which infiltrated into the middle aquifer through the Upper
zones in the middle aquifer and vice versa. However more detail study is needed to evaluate this
aquifer and interpret it further and fill the remaining gaps which may exist.
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