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ABSTRACT

The depths to the fractured Shale aquifer at various points within the study area were determined using the electrical
resistivity method. Twenty (20) vertical electrical soundings (VES) in the Schlumberger configuration were acquired with
ABEM SAS 1000 Terrameter with amaximum half current (AB/2) el ectrode spacing of 200m. We determined layer parameters
using partial curve matching techniqueswhile processing and modelling was carried out with the | PI2win™ software. The VES
results were interpreted to obtain layer parameters (aquifer thickness, resistivity and depth to aquifer) for the entire area.
Interpretative cross-sections taken along three profiles was used to delineate aquifer thickness and the depth to the fractured
shale aquifersinthe study area. Results show that aquifer thickness rangesfrom 5.5 mto 44.7m while depth to aguifer ranges
from 10.93mto 56.9m. Thesefindings are fundamentally very important and should be considered exploiting for water resources

inthe area.
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INTRODUCTION

Alex EkwuemeFederd Universty NdufuAlikewas
established in 2011 by the Goodluck Ebel e Jonathan
adminstration as part of effortsto increase accessto
tertiary educationin Nigeria. TheUniversity issituated
in Ikwo, on Asu River Shales of the Lower Benue
Trough. Shdeshavenumeroustiny poresintheir matrix
but very little or no permeability. Shalesareclassified
asaquicludesbecause of their low permesbility™. Itis
awell knownfact that Shalesintheir natural stateare
not aquifersdueto their low or near zero permeability.
Shd e permegbility could beimproved through fracturing

occasi oned by tectonic or human activities. The Benue
Trough represents the failed arm of an RRF triple
junction formed asaresult of the separation of South
America from the African continent in the early
Cretaceoud®”*3. The Benue Trough isgeographically
sub-divided into Upper, Middleand Lower regions?.
Thepresent study fallswithin theLower Benue Trough
and severd research works have been documented on
theapplication of dectricd res stivity method for ground
water searchin somepartsof theLower Benue Trought™
5,8-12,14-19] .

In the present study, we shall use the electrical
resstivity method to characterizefractured shdeaguifers
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withinAlex Ekwueme Federd University NdufuAlike.
The findings will be invaluable to ground water
development inthearea

THE STUDY AREA: LOCATION,
ACCESSIBILITY, TOPOGRAPHY,AND
GEOLOGY

Thestudy areaislocated between | atitudes6.113°
- 6.137°N and Longitudes 8.137° - 8.153° Ewithan
average elevation of 52m (Figure 1). The area is
access blethroughAbakdiki-Enyigba-lkwo or Onueke-
Ezzaroutes. Theareaissituated withinthetropica rain
forest of Nigeria Two seasonsareprominentinthearea
- dry andrainy seasons. It hasahumidtropicd climate
with hightemperature, withamean daily maximumand
minimum annual temperatures of 32.2°C and 23°C
respectively. Theannua rainfdl rateisabout 1820mm
whilemean daily temperature rangesfrom 30°C during

therainy season to about 34°Cinthedry season. The
annual mean of therdativehumidity intheareais71%
whiletherate of evaporationisabout 3.4mm/yr. Soil
temperature measurements at depths of 5cm, 10cm,
20cm, 30cm, 50cm and 100cm gavevalues of 32°C,
31°C, 30°C, 30.5°C, 27°C and 30°C respectively
whiletheaverage monthly sunshine hoursis about 6.6
hours (Federal University Ndufu Alike lkwo Weather
Station data). The study areaisdrained by the Ebonyi
River and its numerous tributaries. The pattern is
dendritic.

Geologicaly, thestudy areafalswithinthe Lower
Benue Trough. Thedominant lithology inthestudy area
isAsu River Group and comprisesof Shaleswhich are
generdly westhered, fissle, thinly laminated and highly
fractured and varies between greyish brownto pinkish
red in colour. The Asu River Group is the oldest
formation directly overlying the basement inthelower
BenueTrough.
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Figure1: Geology map of thestudy area
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MATERIALSAND METHODS

Thestudy started with literaturereview of studies
donein the study area and other areas with similar
geology in order to provideabackground for thestudly.
Thiswasfollowed by theacquigtion of 20 Schlumberger
vertical dectrica soundings(VES), withABEM SAS
1000 Terrameter and a maximum current electrode
(AB) spacing of 200 m. Thetechnique involvesthe
passage of current into the ground through apair of
current electrodes (AB) and measuring the resultant
potentia with another pair of potentid electrodes(MN)
(Figure2).

Figure2: Schematic of the Schlumber ger method
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The acquired data were converted to apparent
resistivity by multiplying with the Schlumberger
Geometricfactor K suchthat:

2

a® b
where ,,(F_ Z) represents the geometric factor for

the Schlumberger array. a = Half current electrode
spacing; b= Potentid e ectrode spacing; R = measured

resistance = \l—/ whereV =Voltageand | = current.

Theapparent resistivity vaueswereplotted onthe
ordinate (y-axis) againgt half current e ectrode spacing
on the abscissa(x-axis) on abi-logarithmic graph paper.
Modelling, processing and determination of layer
thicknesseswasdoneusing thelP12Win software. The
results were interpreted both qualitatively and
quantitatively to determine depthsto fractured Shale
aquiferswithinthestudy area.

RESULTSAND DISCUSSION

Layer parameters

TABLE 1: Layer parametersof thestudy area

VES No. L ayers Thickness (m) Depth (m) Resistivity (Qm) Inferr ed lithology
VES 1 1 0.983 0.983 1961 L aerite
2 2.18 3.17 622 brownish Shae
3 13.8 17 37.7 partly Fractured Shd e Grey
4 12 29 753 Fractured Shde
5 - - 1838 Hard Shde
VES 2 1 3.23 3.23 892 L aerite
2 53 8.54 212 brownish Shae
3 10.1 18.6 111 partly Fractured Shde
4 17 35.8 931 Fractured Shde
5 - - 1478 Dak Shde
VES 3 1 0.65 0.65 892.7 Laertie
2 2.13 2.78 170.6 brownish Shae
3 56 8.41 20.31 partly Fractured Shde
4 13 21.4 279 Fractured Shae
5 - - 15.63 Dak Shde
VES 4 1 05 05 789 L atertic soil
2 0.75 1.25 248 brownish Shale
3 19.8 21.1 79 partly Fractured Shde
4 21.1 43.2 119 Fractured Shae
5 - - 461 Dak Shde

(ContinueTABLE 1)

EXPLORATORY ENVIRONMENTAL SCIENCE RESEARCH




176

Original Research Article

Geoelectrical estimation of depth to fractured shale aquifers

EESR, 1(2) 2020

VES No. Layers Thickness (m) Depth (m) Resistivity (Qm) Inferred lithology
VES5 1 05 05 1379 Laterite
2 2.181 2681 489.7 brownish Shde
3 2.742 5423 911.7 Dark Shale
4 5.504 10.93 727 Fractured Shae
5 - - 26.49 Fractured Shae
VES6 1 053 0.53 676.1 Lateite
2 34 39 320.9 brownish Shde
3 8.2 1213 12.02 Fractured Shde
4 447 56.9 40.31 Fractured Shae
5 - - 1119 Dark Shale
VES7 1 08 0.8 634 Lateite
2 181 25 142 brownish Shde
3 461 7.18 32 Fractured Shd e Grey
4 29 36.2 164 Fractured Shde
5 - - 194 Dark Shale
VESS8 1 06 06 1184 laterite
2 44 49 165.6 brownish Shae
3 125 1743 35.28 Fractured Shde
4 1283 30.22 554.8 Dark Shale
VES9 1 1.69 1.69 1296 laterite
2 311 48 75.1 brownish Shae
3 525 10 265 Shde
4 198 29.8 204 Fractured Shae
5 - - 5318 Hard Shale
VES 10 1 05 05 594 Lateite
2 132 1.82 335 brownish Shde
3 10.3 12.1 86.3 partly Fractured Shde
4 21 331 211 Fractured Shde
5 - - 977 Dark Shale
VES 11 1 0.623 0.623 698.3 Laterite
2 53 59 160.6 brownish Shde
3 148 20.67 47.17 Fractured Shae
4 2552 46.2 3325 Hard Shale
VES 12 1 1.202 1.202 404.3 Shdey Lateritic overburden
2 6.044 7247 30.44 brownish Shde
3 6.884 1413 97.52 partly Fractured Shde
4 15.96 30.1 5.391 Fractured Shde
5 - - 900.5 Dark Shale
VES 13 1 05 05 330.1 Shaey Lateritic overburden
2 0.7 12 122.2 brownish Shae
3 17 29 12.18 partly Fractured Shde
4 26.75 29.63 34.42 Fractured Shae
5 - - 772.5 Hard Shale
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VES No. Layers Thickness (m) Depth (m) Redstivity (Qm) Inferred lithology
VES 14 1 1.23 1.23 1099 Laterite
2 7.61 8.84 146 brownish Shale
3 4238 51.6 434 Fractured Shale
4 - - 24.8 Fractured Shale
VES 15 1 0.5 05 1144 Laterite
2 1.9 24 327.3 brownish Shale
3 3.7 6.1 43.57 partly Fractured Shale
4 328 38.9 87.68 Fractured Shale
5 - - 28.12 Fractured Shale
VES 16 1 0.53 0.53 1268 Laterite
2 0.33 09 3651 brownish Shale
3 6.95 7.81 55.6 partly Fractured Shale
4 6.87 14.7 114 Fractured Shale
5 - - 341 Shale
VES 17 1 143 1.43 438 Leaterite plus shale
2 2.26 3.7 92.2 brownish Shale
3 6.15 9.84 405 Shale
4 174 27.3 135 Fractured Shale
5 - - 745 Hard Shde
VES 18 1 051 0.51 332 Loose superficid deposit
2 0.6 11 955 brownish Shale
3 0.34 1.44 112 partly Fractured Shale
4 141 15.6 52.2 Fractured Shale
5 - - 798 Hard Shde
VES19 1 214 2.14 913 Leterite
2 2.89 5.03 219 brownish Shale
3 7.46 12.5 148 partly Fractured Shale
4 164 28.9 13 Fractured Shale
5 - - 3993 Dak Shde
VES20 1 2.1 21 917 Latertie
2 3.82 5.92 311 Brownish Shae
3 9.98 15.9 107 Partly Fractured Shae
4 213 37.2 169 Fractured Shale
5 - - 2928 Dak Shde

Selected aquifer parameters

TABLE 2: Selected aquifer parameter sof thestudy area

40.31  Fractured Shde
16 Fractured Shde
35.28  Fractured Shae
204 Fractured Shae

VES Aquifer Aquifer Aqui_fe_r Inferr ed VES A_quifer Aquifer Aqui_fe_r I_nferred
NO. Thickness Depth Resistivity lithology No. Thickness Depth Resitivity lithology
(m) (m  (@m) (m) m)  (@m)

VES1 12 29 7.53 Fractured Shde VES6 447 56.9

VES2 17 35.8 9.31 Fractured Shde VES7 29 36.2

VES3 13 21.4 279 Fractured Shde VESS8 125 17.43

VES4 21.1 432 11.9 Fractured Shde VES9 19.8 2938

VES5 5504 10.93 72.7 Fractured Shde VES 10 21 331

211 Fractured Shae

(ContinueTABLE 2)
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VES Aguifer Aquifer Aq_ui_fe_r Inferr ed VES Aquifer Aquifer Aq_ui_fe_r I_nferred
No. Thickness Depth Resistivity lithology No. Thickness Depth Resigivity lithology
m (M  (Qm) m  (m  (am)
VES11 14.8 20.67 4717  FracturedShde VES16  6.87 14.7 114 Fractured Shde
VES12  15.96 30.1 5391  Fractured Shde VES17 17.4 27.3 135 Fractured Shde
VES13 26.75 29.63 3442  Fractured Shde VES18 14.1 15.6 52.2 Fractured Shde
VES 14 428 51.6 43.4 Fractured Shde VES19 16.4 28.9 13 Fractured Shde
VES 15 328 389 8768  FracturedShde VES20  21.3 37.2 16.9 Fractured Shde

Aquifer thicknessacrossthestudy area

We determined thevariationsof aquifer thickness
withinthestudy areaby eva uating three cross-sections
(AB,CD and EF) taken along the NE, NE-SW and
NS portionsof the study area(Figure 3).

Cross-section alongAB

Thecross-sectiontraversed VES 10,11,12,13,14,
15 and 16 with varying thicknessesalong the profile.
Thefractured Shaleaquifer thicknessrangesfrom 6.87m
at VES16to42.8mat VES 14.

Cross-section along CD

Thecross-sectiontraversed VES 3,4,5 and 6 with
thicknessvauesrangingfrom5.5mat VES5t044.7m

8.14 8.1417 8.142 8.143 8.144

Q 0.002 0.004

at VES6, with an averageof 21.1 m.
Cross-section along EF

The cross-section traversed VES 1,2,17,19 and
20withthicknessvaluesrangingfrom12mat VES1
to21.3mat VES 20, with an average of 16.82 m.

Depth toaquifer within thestudy area

The depth to the fractured Shale aquifer was
evaluated along three cross sections- AB, BC and
CD (Figure4).AB falswithin the southern section of
the study areaa ong an E-W direction, BC wastaken
along the NW-SW section of the study areawhile CD
falswithin the North Eastern section of thestudy area
(Figure4).

8.14T7

B8.145 8.146 8.148 8140

0.008 0.008

Figure3: M ap of the study ar ea showing aquifer thickness
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Figure4: Map of the study area showing aquifer thickness

Cross-section alongAB

The cross-section stretchesa ong an E-W direction within the southern portion of the study area (Figure5).
Theprofiletraversed VES 1,2,5 and 8. The depth to aquifer rangesfrom 10.93mat VES5t0 35.8mat VES 2
(Figureb).

Depth (m) VES1 VES 2 VES 5 VES 8

0 A B
5 —
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-

40— 35.8m

Figure5: Cross-section AB showing depth tothefractured Shaleaquifer
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Cross-section along CD

The cross-section was taken along the NW-SW flank of the study areaand cutsacrossVES6, 8 and 19
respectively. Thedepthto the aquifer rangesfrom 17.43mat VES 810 56.9m at VES6 (Figure 6).

Depth (m)

0—

5 —

10—

15

20—

26—

VES 6 VES 18 VES 19
c h. 4 D
15.6m
28.9m
56.9m

Figure6: Cross-section CD showing depth to thefractured Shaleaquifer

Cross-section along EF

Thecross-sectiontraversed VES 10,11,12,13, 14, 15 and 16 (Figure 7). The depth to the fractured Shale
aquifer rangesfrom14.7mat VES 16to 51.6mat VES 14 (Figure 7)

Depth (m)

o

5—

10—

15—

20

25—

30—

35 |

40—

45—

50

EXPLORATORY ENVIRONMENTAL SCIENCE RESEARCH

VES 14 VES 16
| I | I |
14.7m
20.67m
30.1m 2.0
33.1m
38.9m

VES 10 VES 11 VES 12 VES 13 VES 15

51.6m

Figure7: Cross-section CD showing depth to thefractured Shaleaquifer
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CONCLUSION

Thedectrical resistivity method hasproventobea
veritable tool for the delineation of depths to the
fractured Shdeaquifer a variouspointswithin thestudy
area. Thefractureswere mapped by thelr characteristic
lower resistivity values when compared with the
adj oining non-fractured shal es. Interpretative cross-
sectionstaken dong three profileswasused to ddineste
aquifer thicknessand the depth to the fractured shale
aquifersinthestudy area. Aquifer thicknessrangesfrom
6.87m to 42.8m while depth to aquifer ranges from
10.93mto 35.8m along profileAB. Thevariationin
aquifer depth rangesfrom 17.43m at VES 810 56.9m
at VES 6 aong profile CD while the depth varies
between 14.7mat VES 16to 51.6mat VES 14 along
profileEF

We however recommend that an hydro-chemical
study be carried out to ascertain the potability of the
water for both domestic and agricultural use.
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