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Abstract
Field, Geochemical and Airborne Geophysical data were integrated in mapping the iron ore deposit around 
Egnaeja and environs. This research aimed at providing detail geological information that would help in the 
exploitation of the iron ore deposit in the area through the identification of its precise location, determi-
nation of its quality and estimation of its probable reserve. From the aeromagnetic data, strong magnetic 
signatures that are associated with Iron ore mineralization are well-spread within the study area. The SPI 
depth estimate to the magnetic sources in the area varies between 20 and 100 m. Areas with high magnet-
ic intensity were observed to have high Thorium (Th) and Uranium (U) counts but low Potassium (K) count. 
Detailed geological mapping carried out indicates that pisolitic and oolithic ironstones outcrop in more 
than two-thirds of the study area. From field observation, the thickness of the deposits varied between 2 
and 16 m with an average of 9 m while the specific gravity varies from 3.13 to 3.97 with an average of 3.54. 
The overburden thickness varies from 0 to 10m indicating a high possibility of near-surface exploitation 
of this resource at a profit. Geochemical analyses of twelve representative samples from the study area 
reported that the percentage of Iron oxide (Fe2O3) in the samples ranges from 89.83 to 96.91% with an 
average of 93.04% while the phosphorus content varies from 0.53% to 1.75% with an average of 1.208% 
indicating high-grade iron ore deposit. An inferred reserve estimate of about 250 million tons of mineable 
ironstone deposit was calculated for the area. Although this inferred reserve of mineable iron ore deposit 
is quite encouraging, core drilling is recommended to inform adequate modelling of the reserve to make 
assurance a double sure prior to exploitation.

Keywords
Aeromagnetic aata, Egnaeja, Geochemistry, Ironstone, Mineralization, Reserve estimation

rich in iron oxides and vary in colour from dark 
grey, bright yellow, deep purple, to rusty red.

Exploration for iron ore based on its magnetic 
effects represents the earliest use of geophysics in 
mineral exploration [1]. Magnetic surveys to locate 

Introduction
Iron ores, which are normally found in the form 

of hematite, magnetite, limonite, goethite or sider-
ite, are rocks and minerals from which metallic iron 
can be extracted at a profit. The ores are usually 

http://en.wikipedia.org/wiki/Iron_oxide
http://en.wikipedia.org/wiki/Ore
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iron ore were carried out in Sweden as early as the 
middle of the seventeenth century. Magnetic sur-
veying has played a major role in the delineation of 
iron ore deposits [2].

Field Geological mapping brings geologists and 
geophysicists very close to rocks. Just as the say-
ing goes that the best geologist/geophysicist is one 
that has seen the highest number of rocks, field-
work becomes an indispensable aspect of geolog-
ical study.

Geochemical study has been as old as geology it-
self. This method reveals the chemical composition 
of rocks brought from the field and gives informa-
tion on the various geochemical facies of a given 
rock unit which helps in its accurate classification.

The magnetic signature observed within the 
vicinity of iron ore deposit depends, in no small 
measure, on the form of mineralization (whether 
magnetite or hematite) therein. The majority of the 
world's iron production comes from ores in Band-
ed Iron Formation (BIF). Such a geological environ-
ment gives rise to extremely large and complex 
magnetic anomalies. The BIF is strongly magnetic 
whereas the hematite ore has a minor magnetic re-
sponse.

The interpretation of data collected from such 
areas is complicated by the magnitude of the anom-
alies, which may be significant relative to the geo-
magnetic field where significant magnetite is pres-
ent, the presence of strong remanent magnetiza-
tion, demagnetization, and the markedly anisotro-
pic nature of the magnetic properties of the BIFs [3].

The ores themselves form by supergene enrich-
ment of BIF with magnetite being altered to hema-
tite. The ore appears as zones of reduced magnetic 
intensity within the magnetic BIF horizons. Howev-
er, this signature is not diagnostic and many similar 
but unmineralized 'lows' may occur. Since mineral-
ization processes can also affect the radioelement 
contents of rocks, radiometric data become anoth-
er useful tool in the identification of potential iron 
ore mineralization [4].

This study aims at providing detail geological 
information of the study area that would help in 
preparing a realistic plan for the exploitation of any 
available mineral resources in the study area with 
special reference to iron ore as well as determining 
the quality and estimating the probable reserve of 
the ore body.

Location, accessibility, and topography of the 
study area

The study area is located near Egnaeja village, 
Kogi state, North-central Nigeria (Figure 1). The 
actual area of interest with an approximate area 
extent of 11 km2 (54 cadastral units) is accessible 
through an un-tarred road via Agada-Egnaeja road 
(Figure 2). Also, accessibility within the study area 
is though available footpaths. The study area is an 
upland area with an elevation ranging between 300 
m and 540 m (Figure 3).

Geology of the Study Area
Review of the geology of Anambra Basin

The study area is located in the horseshoe-shaped 
Anambra Basin which covers an area of about 
40,000 km2 and opens up to the south-westward 
into the tertiary Niger Delta Basin (Figure 4 and Fig-
ure 5). It mainly consists of cyclic clastic sequences 
of sandstones, siltstones, mudstones, and sandy 
shales with interbedded coal seams.

Figure 1: Location map of the study area showing 
Egnaeja town, Kogi state.
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cambrian meta-sedimentary schist belts promi-
nently outcropping in the western half of the coun-
try. The Banded Iron Formation of Nigeria generally 
occurs in metamorphosed folded bands, associated 
with Precambrian Basement Complex rocks which 
include low-grade meta-sediments, high-grade 
schist, gneisses, and migmatites [13]. Three main 
facies have been identified: They are the oxide, sili-
cate, and sulphide facies.

ii. The Cretaceous sedimentary (oolitic) iron de-
posits occur prominently around Agbaja, Kotonkar-
fi, Nsude areas in the North Central and South-east-
ern zones of the country respectively. Although 
they are described as sedimentary, they are partly 

The Anambra Basin has always attracted inter-
est from both the scientific and commercial com-
munities due to its coal and gas-bearing potential. 
Several studies have been conducted in the basin 
concentrating on basin fluid dynamics [5], deposi-
tional environments [6], palynological sequences 
[7], seismic geo-history [8], hydrocarbon potentials 
and geochemistry of coals [9-11].

Iron ore occurrence in Nigeria
According to Hockey, et al. [12], two broad types 

of iron ore occur prominently in Nigeria. They are:

i. Banded Iron Formation (BIF) which occurs in 
folded bands and lenses associated with the Pre-

Figure 2: Location and accessibility map of the study area.
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currences are quite rare.

Localized geology of the study area
The study area falls within the Lokoja-Bassange 

Formation which is thought to be the equivalent 
of the Nkporo shales as defined along the eastern 
border of the Anambra Basin, as both are overlain 
by the lower coal measures [12]. Rocks in the area 
had regionally been described in the past by previ-
ous workers such as Jones and Hockey [13], Grant, 
et al. [14], and Hockey, et al. [12].

lateritic in character. The oolitic ironstone deposits 
are composed mainly of iron oxides and hydroxides 
especially limonite and maghemite, which follow a 
concentric structure in the ooliths. There are also 
hematite and goethite as siderite and gibbsite oc-

Figure 3: Elevation map around the study area.

Figure 4: Simplified geological map of Nigeria [10].

Figure 5: Generalised geological map of Eastern 
Nigeria showing Anambra Basin [17].

Figure 6: Localized geological map of the study area 
(Adapted from [12]).



Bukola et al. Int J Earth Sci Geophys 2020, 6:037 • Page 5 of 12 •ISSN: 2631-5033 |

Citation: Bukola AB, Ibeneme SI, Osizemete AG, Obioha YE, Abba AU (2020) Quality Assessment and Reserve Estimation of the Egnaeja 
Iron Ore Deposit, North-Central Nigeria using Integrated Approach. Int J Earth Sci Geophys 6:037

Signal (Figure 8), Source Parameter Imaging (SPI) 
depth to magnetic sources (Figure 9), etc. using Oa-
sis Montaj software with associated extensions of 
the package such as MAGMAP, SPI, etc. The ArcGIS 
software was used to extract structural features for 
interpretation and overlay various layers of infor-
mation, such as geology, magnetic data. The inter-
pretation was performed on screen in the Arc Map. 
Quality hardcopy results were produced directly 
there from.

Interpretation methodology consists of an in-
spection of the computer screen and hard-copy 
images, maps of the aeromagnetic data (TMI), Ana-
lytic Signal, SPI depth map, geological map, satellite 
images, ternary maps, SRTM map and other rele-
vant data.

Since Analytic Signal is useful in locating the 
edges of magnetic source bodies such as iron ore, 
particularly where remanence and/or low magnet-
ic latitude complicates interpretation; the Analyt-
ic Signal map (Figure 8) was used to delineate the 
boundary of potential iron ore area.

The observed magnetic field at every point is a 
vector sum of various components, such as the re-

The Lokoja-Bassange Formation overlies the 
basement unconformably with a coarse to gritty, 
locally conglomeratic angular sandstone. The se-
ries is a shallow water accumulation of sandstones, 
grits, conglomerates, and ironstones [12] (Figure 
6).

Materials and Methods
Geophysical data acquisition

A high resolution airborne magnetic data of part 
of 1:50,000 Sheet 247(SE) Lokoja (Figure 7) from 
Nigeria Geological Survey Agency (NGSA) was used 
for this interpretation with other data sets such as 
SRTM, radiometric, and field geological data. New 
aeromagnetic data were acquired with flight line 
spacing of 500 m, Tie line spacing of 20 m, and Ter-
rain clearance of 80 m, Flight direction is NW-SE 
while the Tie line direction is NE-SW.

Geophysical data processing and analysis 
methodology: The original Total Magnetic Intensi-
ty (TMI) grid (Figure 7) was processed, filtered and 
transformed to other grids which include Analytic 

Figure 7: Total Magnetic Intensity (TMI) map of the 
study area. Figure 8: Analytic signal map of the study area.
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During the field exercise, oolitic and pisolitic 
ironstone outcrops were encountered except for 
few areas where overburden prevents their expo-
sure. The overburden which consists of mainly hard 
lateritic material and humus soil in most places 
have thicknesses varying from 0 m to 10 m as ob-
served from a vertical section on a cliff within the 
survey area (Plate 1 and Plate 2) while the thick-
ness of the deposits varied between 2 m to 16 m 
with an average of 9m as observed from the field. 
Since the ironstone deposits occur as flat-lying bed-
ded deposits with approximate uniform thickness, 
the Planimetric method of Volumetric estimation 
was utilized in estimating the probable reserve.

Ten (10) blocks were delineated and mapped out 
during the field study and ten representative sam-
ples were collected (one sample per block) strictly 
for Specific Gravity determination. The reserve was 
estimated using the following relations:

( )10
i ii = 1

Total Volume of Reserve = A h∑         (2)

Where Ai = Area of the ith block.

hi = Thickness of the ith block.

gional field and the local field components. In ad-
dition to induced magnetism, rocks may also have 
a remanent magnetic component [15]. Remanent 
magnetism is the effect of the primary magnetic 
field at the time of rock formation. The total mag-
netic response is proportional to both the induced 
magnetism as well as remanent magnetism [16]. 
The regional field was assumed to be a first-order 
polynomial plane and it was derived by the least-
square fitting of a plane:

( ) ( )o 1 2T x,y  = a + a x + a y          (1)

Where x and y are unit spacing along the two 
axes of the blocks and ao, a1 and a2 are the coeffi-
cients of the plane. From this relation, the regional 
gradients along any line were calculated. This was 
achieved with the aid of Geosoft MAGMAP soft-
ware which is based on the least square (best-fit 
polynomial). The computed regional anomaly was 
subtracted from the total magnetic field intensity 
to obtain the field due to local geological events re-
ferred to as the residual magnetic map.

Field mapping/sample collection

Figure 9: SPI depth to magnetic sources.

Plate 1: Ironstone outcrop encountered during the 
field exercise.
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alies with high and low gradients and closures with 
varying amplitudes. Also, there are widespread 
short-wavelength signatures which are characteris-
tics of near-surface basement exposure or magnet-
ic material emplaced close to the surface.

Sedimentary terrains are usually characterized 
by long-wavelength signatures on the TMI which 
is an indication of very deep magnetic sources. 
Conversely, the study area is characterized by 
short-wavelength signatures which are indications 
of either intrusion or shallow magnetic sources. An-
alytic Signal map (Figure 8) also reveals a prominent 
magnetic source close to the surface around the 
study area. This was complemented by the com-
puted SPI depth magnetic sources (Figure 9) which 
also shows that the magnetic sources around the 
study area are close to the surface.

From the aeromagnetic interpretation, strong 
magnetic signatures that may be related to Iron 

2000Cubic feet per ton = 
62.5XSG

         (3)

Laboratory analysis
Over fifty (50) fresh samples were collected in 

the study area while twelve (12) representative 
samples from the major outcrops were analyzed 
for major oxides determination at the National 
Geosciences Research Laboratories, Kaduna to de-
termine its chemical and mineralogical composi-
tion. X-Ray Fluorescence (XRF) was carried out on 
all the twelve samples to determine their percent-
age mineral composition in terms of their oxides 
using standard technique.

Results and Discussion
Result of aeromagnetic and radiometric data

A qualitative interpretation of the Total Magnet-
ic Intensity (TMI) map of the area (Figure 7) shows 
some prominent linear and broad magnetic anom-

Plate 2: Ironstone outcrop encountered during the field exercise.
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ternary image of the radio-elements (Figure 14). 
These deductions from the aeromagnetic data in-
terpretation form the basis for the ground-truthing 
of the area while the TMI map and other maps gen-
erated were used as the base map for the detailed 
geological mapping.

Result of the field study
Detailed geological mapping carried out indi-

cates that ironstone outcrops in more than two-
thirds of the study area. The iron ore deposit 
which is of economic interest is mainly oolithic and 
pisolitic ironstone. The oolith varies from 0.5 mm 
to 2 mm in diameter. The ironstone deposit has a 
good outcrop exposure in the study area with an 
approximate area extent of 87,000 m2 from both 
field observation and aeromagnetic data interpre-
tation. The thickness of the deposit varied between 
2 m to 16 m with an average of 9 m as observed 
from the field. The overburden thickness varied 

ore mineralization are well-spread within the study 
area. The SPI depth estimate to the magnetic sourc-
es from the area varied between 20 m to about 100 
m, therefore the possibility of finding iron ore oc-
currence at the surface and near-surface is high. 
This assertion was confirmed during the geological 
mapping in the area. Iron ore in the sedimentary 
area of Nigeria usually occurs as pisolitic and oo-
lithic ironstones and is widespread within the study 
area.

Since mineralization processes can also affect 
radioelement contents of rocks, radiometric data 
of the area was processed and interpreted. The 
identified high magnetic intensity zone from the 
aeromagnetic data was marked by high Thorium 
(Th) and Uranium (U) count but low Potassium (K) 
count on the radiometric data (Figure 10, Figure 11, 
and Figure 12). The zone was also distinctly delin-
eated from the Th/K ratio map (Figure 13) and a 

Figure 10: Thorium count map. Figure 11: Uranium count map.
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of Fe2O3 as shown in the analyses results (Table 2). 
The percentage of Iron oxide (Fe2O3) in the samples 

from 0 m to 10 m from field observation but from 
the airborne geophysical survey, it varied from 2 
m to 30 m. The ironstone outcrops encountered 
during the field investigation (Plate 1 and Plate 2) 
were used to produce an ironstone occurrence 
map of the study area (Figure 15). Also, the out-
crops were superimposed on the Total Magnetic 
Intensity (TMI) map (Figure 16) and the Analytic 
Signal map (Figure 17) to map out the area extent 
of the ironstone deposit.

Result of the geochemical analysis
Geochemical analyses of ten (10) representa-

tive samples (one from each block) suggest that 
the Specific Gravity varies from 3.13 to 3.97 with 
an average of 3.54 (Table 1). From the analyses of 
twelve (12) representative samples from the study 
area for percentage oxide determination, it was ob-
served that all the samples contain an appreciable 
amount of Iron Oxides with varying percentages 

Figure 12: Potassium count map. Figure 13: Thorium/Potassium ratio map.

Table 1: Specific Gravity values of some ironstone sam-
ples.

Sample ID Specific Gravity
L9 3.13
L12 3.78
L20 3.76
L29 3.29
SP2 3.17
L25 3.97
SP6 3.68
SP10 3.20
SP8 3.72
SP3 3.67
MEAN 3.54
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ranges from 89.83% to 96.91% with an average of 
93.04%. The phosphorus content varies from 0.53% 
to 1.75% with an average of 1.208% (Table 2).

Reserve estimation
Area of each marked out block of the outcrop 

was used to multiply the average thickness of the 
ore body in that particular block to obtain its vol-
ume. The volumes of all the blocks were summed 
up to give the approximate total volume of the 
ironstone deposit using equation 2 above. The ap-
proximate surface area of the ironstone outcrop is 
86863.1062 m2 with an average thickness of 9 m. 
Applying equation 2, the average volume of iron-
stone is 781767.9558 m3 which is equivalent to 
27624309.39 ft3. Using equation 3, and taking the 
mean value of Specific Gravity for the ten blocks 
to be 3.54 yields a conversion term (cubic feet 

Figure 14: Ternary image map around the study 
area.

Figure 15: Ironstone occurrence map of the study 
area.

Figure 16: Ironstone outcrop map superimposed on 
the TMI.
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per ton) as 9.05. This value when multiplied with 
27624309.39 gives rise to 250,000,000 tons of iron-
stone.

Thus the area has an inferred reserve estimate 
of about 250 million tons of mineable ironstone de-
posit.

Conclusion and Recommendation
This research has shown that Egnaeja area has 

good quality ironstone deposit of economic value. 
An inferred reserve estimate of about 250 million 
tons of mineable ironstone deposit is quite prom-
ising and can yield much return on investment 
for any company that wishes to engage in the ex-
ploitation of this precious resource. Although this 
inferred reserve of mineable iron ore deposit is 
quite encouraging, core drilling is recommended to 
inform adequate modelling of the reserve to make 
assurance a double sure prior to exploitation.
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