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Abstract

This work focuses on the estimation of lithological and the mineralogical contents of rocks in parts of the Niger
Delta basin, Nigeria. Gamma ray, sonic and density logs from oil exploration wells were used to delineate the
different lithologies, transit times, porosities and bulk densities at various depths points for three wells in the
same location. The results show that shale is denser than sandstone, and matrix densities are higher than bulk
densities. The determined matrix densities range between 2.32 g/cm® and 2.87 g/cm® which compare closely to
established lithological and mineralogical standards of the Niger Delta. The significance of this study is that in
the absence of core data, the technique used in work can aid in the identification and establishment of
lithological and mineralogical contents of rocks, and in the estimation of petrophysical parameters such as
acoustic velocity, compaction factor, porosity, permeability, fluid content. The results of this work can be used

in reservoir and basin analysis.

Keywords: matrix density, bulk density, lithological, mineralogical, well-log data, porosity, Niger Delta.

INTRODUCTION

The formation materials of the Niger Delta basin are
made up of clastic sediments deposited in the
Cenozoic era in marine environment. The Niger Delta
is distinctively made up of three major stratigraphic
units; the Benin, Agbada and the Akata formations;
and the predominant rock types of the Niger Delta are
shale, sandstone and limestone. The particles or
grains of these rocks are distinguished based on the
differences in their shapes, sizes and mineral
compositions and also the age and time of their
deposition (Short and Stauble, 1967). Rocks are
classified based on the lithologic chemical
composition such as: quartz, feldspar, mica,
pyroxene, amphibole, dolomite etc. Other rocks are
lithologically classified based on their texture such
as; obsidians, porphyritic rocks, wvesicular rocks,
pyroclastic rocks etc. There are some other rocks
classified according to the shape of the formation
particles such as; conglomerates and breccia, while
some other rocks are also classified based on the
particle sizes, mode of deposition or crystallization
and mineralogy especially the lithology of the Niger
Delta; these are sandstone, shale, siltstone, limestone,
dolomite  ([Plummer and McGreary, 1993;
Tamunobereton-ari et al., 2011b). The lithological
features of rocks such as texture, size, shape colour,
streak, specific gravity, lustre, tenacity, density etc,
are basically influenced by the mineralogical content
of the rocks.
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THEORETICAL BACKGROUND

Rock densities are among the least variable of all
geophysical parameters. The density of a rock is
dependent on both its mineral composition and
porosity of the bulk rock formation. Variation in
porosity is the main cause of density variation in
sedimentary rocks. Thus, in sedimentary rock
sequences, density tends to increase with depth due to
compaction and with age, due to progressive
cementation. Knowledge of rock density is necessary
in gravity survey especially in Bouguer and terrain
corrections and for the interpretation of gravity
anomalies. It can aid in reservoir rock identification
by Lithology delineation, it’s also useful in the
detection of gas-bearing formations, the identification
of evaporites and in ore content evaluation for mining
activities (Kearey et al., 2002).

It has been stated that the value of the matrix density
taken depends upon the lithology of the interval
under question (Andrea et al., 1997). For sandstones,
the density of quartz is 2.65 g/cm®, and for
limestones, the density of calcite is 2.71 g/cm3. Clay
minerals have varied grain densities. Often core data
is used to provide accurate matrix densities for
particular intervals. Care must be taken within some
lithological intervals because the composition of the
matrix may change. For example, the grain density
for clean sandstone is that of quartz (2.65 g/cm®).
However, if there is a variable amount of biotite
present mixed in with the sand, the bulk density of
the rock can rise to 2.84 g/cm® because biotite has a
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density of 2.9 g/cm®. This scenario is encountered in
some North Sea reservoirs. Analysis shows that an
error of 0.01 g/cm® in the matrix density gives an
error of 0.5% in the calculated porosity, which gives
an error of almost 10% if a matrix density of 2.65
g/cm® is assumed for sand that has an actual density
of 2.84 g/cm® due to additional biotite [Bosch et al.,
2002; Andrea et al., 1997).

(a) Density Log

A formation with a high bulk density has a high
number density of electrons. It attenuates the gamma
rays significantly, and hence a low gamma ray count
rate is recorded at the sensors. A formation with a
low bulk density has a low number density of
electrons. It attenuates the gamma rays less than a
high density formation, and hence a higher gamma
ray count rate is recorded at the sensors. The density
of electrons in a formation is described by a
parameter called the electron number density, n.. For
a pure substance, number density is directly related to
bulk density, and we can derive the relationship in the
following way.

The number of atoms in one mole of a material is
defined as equal to Avogadro’s number N (N =
6.02x10%). The number of electrons in a mole of a
material is therefore equal to NZ, where Z is the
atomic number (i.e., the number of protons, and
therefore electrons per atom). Since the atomic mass
number A is the weight of one mole of a substance,
the number of electrons per gram is equal to NZ/A.
However, we want the number of electrons per unit
volume, and we can obtain this from the number of
electrons per gram by multiplying by the bulk density
of the substance, pp,. Hence, the electron number
density is:
NZ

ne :pr (1)

where: n, = the number density of electrons in the
substance (electrons/cm3), N = Avogadro’s number
(6.02x10%), Z = Atomic number (no units), A =
Atomic weight (g/mole), p, = the bulk density of the
material (g/cm?).

Thus, the gamma count rate depends upon the
electron number density, which is related to the bulk
density of a substance by Eq. (1). The bulk density of
a rock depends upon the solid minerals of which it is
composed, its porosity, and the density of the fluids
filling that porosity. Hence, the formation density
tool is useful in the determination of porosity, the
detection of low density fluids (gasses) in the pores,
and as an aid in lithological identification.

The relationship between electron number density
and the bulk density is given by Eq. (1). Note that
there is a linear relationship between the electron
number density and the bulk density, and the
remaining parameters in the equation are either
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constant for a given element (A and Z), or universally
constant (N). Table 1 shows the values of A, Z, Z/A
and 2Z/A for common elements in the, crust (Glover,
2013).

Table 1: Atomic number and mass data for common
elements in the Earth crust.

Element [Z T[A [ ZA [ 2zA
H 1 1.0079 0.9922  1.9843
C 6 12.0111  0.4995  0.9990
o] 8 15.9994  0.5000  1.0000
Na 11 229898  0.4785  0.9569
Mg 12 243120  0.4936  0.9872
Al 13 269815  0.4818  0.9636
Si 14 28.0860  0.4985  0.9970
S 16 320640  0.4990  0.9980
cl 17 354530  0.4795  0.9590
K 19 391020  0.4859  0.9718
Ca 20 40.0800  0.4990  0.9980

Note that Z/A is close to 0.5 for all elements except
hydrogen, which is almost unity.

We define a new parameter called the effective
number density pe, where p, = 2 ng/N.

27

Pe= N Py @

For rocks that are composed of more than one
element, Eq. (2) is valid providing that Z is the mean
atomic number and A is the mean atomic mass. For
most elements, the constant term is almost unity
giving a one to one calibration. For hydrogen the
equation breaks down. We can examine the effect of
the hydrogen on Eq. (2) by carrying out a calibration
of the tool in limestone saturated with fresh water,
where its density is accurately known. This
calibration provides the relationship

pa = 1.07 X pe — 0.188 3)
Equation (3) can be rewritten as:
p,+0.188
= 4
Pe= 107 @

where p, is the apparent density (that read by the
tool). For water-filled sandstones, limestones and
dolomites the tool reading is almost identical to the
actual bulk density. Where bulk density is unknown,
if the apparent and the effective densities are known,
then the relationship of equations 2, and 4 can be
used to determine the bulk density of a formation
(Glover, 2013).

(b) The Effect of Fluid on Density

The porosity may also be in error if the fluid density
is misjudged. The fluid existing in the zone of the
rock measured by the formation density tool is
usually mud filtrate. The density of these fresh and
salt waters is approximately 1.0 g/cm® and 1.1 g/cm®
respectively. However, these vary with temperature
and composition, so accurate values for the actual
reservoir formation water at the relevant reservoir
temperatures should be used wherever possible. Such
data can be obtained from samples of reservoir fluid
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from Reservoir Fluid Temperature (RFT) analysis, or
from the analysis of mud filtrate, bearing in mind that
the tool measures the invaded zone, so the relevant
fluid density to use in the porosity calculations is
most often the mud filtrate density. Mud filtrate
densities are now corrected automatically for
temperature and pressure in most petrophysical
software [Kearey et al., 2002; Telford et al., 1978;
Etu-Efeotor, 1997; Glover, 2013).

(c) Identification of Lithology

When used alone, the density log is not a good tool
for identifying most lithologies. This is because most
rocks have a wide range of densities resulting from
their varied mineralogical compositions and their
variable porosities. For example, shales have bulk
densities ranging from 1.8 to 2.8 g/cm® and have
variable clay mineral densities. Sandstones,
limestones and dolomites all have bulk density ranges
that overlap each other and that of shale. However,
when used with the neutron log, the combination is a
very good lithological determination method [Kearey
et al., 2002; Bosch et al., 2002; Reynolds, 1997).

The propagation characteristics of acoustic waves and
their velocities; depend on the elastic constants and
densities of the formation materials, that are
dependent on their lithologies and depth of burial,
Lithologic characteristics had significance influence
on the amplitude level, frequency composition, and
duration of surface ground shaking during seismic
event. Therefore, the detailed description of local
geological conditions at any site is critical for the
assessment of seismic risk for microzonation studies
and for the seismic design and retrofit of important

facilities and long structures (Assimaki et al., 2006;
Delahaye et al., 2009).

(d) Identification of Evaporites

Evaporites are often found in a very pure state, and
have clearly defined densities. If evaporites are
recognized within a log sequence, their type may be
determined directly and unambiguously from the
formation density log bulk density value.

(e) Recognition of Accessory Mineralogies

Thin bands of anomalously high or low density
within a single lithology, or a change in the character
of the density log within a single lithology indicates
that there are additional mineral present. Examples of
this may be: Thin bands of siderite in shales show
thin density peaks, thin bands of carbonate nodules in
shales or sandstones show thin density peaks, thin
bands of carbonate in shales or sandstones show thin
density peaks, thin bands of heavy or radioactive
placer minerals show thin density peaks, and
dispersed micas in sandstones show increased
densities in affected zone.

Mineralogies and lithologies that lower the density
locally if present in thin bands include lignite, coal,
anthracite or increased organic matter in a shale.
Mineralogies and lithologies that increase the density
locally if present in thin bands include pyrite, siderite,
basalt and gneiss (Glover, 2013). Table 2 shows
approximate density ranges some common rock types
and ore minerals.

Table 2: Approximate density ranges of some common rock types and ores (Glover, 2013; Milsom, 1996)
Rock/mineral types | Density Rock/mineral Density Rock/mineral types | Density

(g/cm?) types (g/cm?) (g/cm?)
Alluvium (wet) 1.96-2.00 Halite 2.10-2.40 Quartzite 2.60-2.70
Shale 2.06-2.66 Granite 2.52-2.75 Amphibolite 2.79-3.14
Sandstone 2.05-2.55 Granodiorite 2.67-2.79 Chromite 4.30-4.60
Limestone 2.60-2.80 Basalt 2.70-3.20 Pyrrhotite 4.50-4.80
Chalk 1.94-2.23 Gabbro 2.85-3.12 Magnetite 4.90-5.20
Dolomite 2.28-2.90 Gneiss 2.61-2.99 Pyrite 4.90-5.20
Anorthosite 2.61-2.75 Cassiterite 6.80-7.10 Galena 7.40-7.60

MATERIALS AND METHODS

Matrix densities can be determined from lithological
and mineralogical characteristics of the rock body. In
the Niger Delta basin, lithologies are determined
from core data and it was established that the rock
matrix consists mainly of sandstone, shale and
limestone components. Also, elemental analysis of
the core samples with X-Ray Diffraction (XRD)
spectrometry reveals the mineralogy of the
lithologies, which made it clear that sandstone
component consists mainly of quartz; limestone
component consists of mainly calcite while shale
component which is made up of clay minerals
consists of kaolinite and illite with their unique
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densities (Andrea et al, 1997). Well data reveal about
the geological structures and the lithologies of the
subsurface. Well lithology analysis aims at estimating
lithological and reservoir properties from logs
characteristics. On the average, shale constitutes
more than 75% of the clastic infill in sedimentary
basins and overlie most hydrocarbon-bearing
reservoir. The knowledge of the structural properties
of shale is important for its evaluation as hydrocarbon
source potential or a seal/cap rock (Hun et al., 1986;
Sheriff, 1991; Bosch et al., 2002; Johansen et al.,
2004).
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For the purpose of this work, gamma-ray, sonic and
density logs were used to determine the lithologic
components of the formation of the area of study, the
porosity and the matrix densities. Composite logs
containing gamma-ray, sonic and density logs for
three different wells were digitized at 5m depth
interval to obtain the raw well data for the
determination of the parameters of interest. The
gamma-ray log was used to delineate the subsurface
geologic formation to its lithologies; by reading the
API values of the log signatures to determine the
sand/shale percentages in order to be able to use the
appropriate compaction correction factor at the
intervals (Tamunobereton-ari et al., 2011a),
compute for the porosity values. The sonic log was
used to obtain the transit time, which was used to
compute for porosity as shown by equation (5) below
(Schlumberger, 1987; Wyllie et al., 1956).

At —At
¢=C log ma @ % (5)
Atyyq
¢= Prma ~Po X@% (6)
Pma — Pt 1

where ¢ is porosity, py is the bulk density read from
the log, pma is the density of the matrix, which was
deduced and ps is the pore fluid density, which is a
constant for different fluid types. Ati,q = Transit time
from the log, Atm, = Transit time of matrix and is a
constant for different matrices, and C = Compaction
correction factor.

The density log was digitized to obtain the bulk
density values at different depth intervals. Combining
equations 5 and 6, we have:
1 100
¢ C Iog OO pma 5% (7)
AtIog 1 pma pf 1

We then resolve Eq. 7 to obtain matrix density pma,
this is given as:

:pr(Atlog ) Pl or
" ClAtg,— Ama) At
o —p
ma= [ A\ ®)
(¢-1)

Equation (8) is then used to compute for the matrix
densities at different depths, saturated with different
fluids (freshwater = 1.0 g/cm®, saltwater = 1.1 g/lem®,
oil = 0.9 g/cm®, and air = 1.29 g/cm®) by substituting
the appropriate values of the parameters in the
equation. The computation was made for three wells
(A, B and C) under consideration and the values
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presented by Tables 3, 4 and 5 respectively in the
result section.

RESULTS AND DISCUSSION

The numerical data obtained from the digitized logs
and the computed values for the parameters of the
three wells (Wells A, B and C) are presented by
Tables 3, 4 & 5 showing the selected depth intervals,
API values, transit times, porosities, bulk densities
and the matrix densities for formations saturated with
different  fluids. Considering the observed
relationship between the parameters for the three
wells as delineated by the gamma-ray logs; shale is
denser than sandstone. It is also evident that matrix
densities are higher than the bulk densities. The
results also show that aside the mineral content of the
solid rock materials, the porosity, the type of fluid
and the volume of the fluid account for the magnitude
of the dry solid matrix density of the formation. For a
given bulk density at a given depth of a formation;
the matrix density when the formation is assumed to
be saturated with oil is greater than when it is
saturated with freshwater, and that saturated with
freshwater is greater than when it is saturated with
saltwater, also the matrix density when saturated with
saltwater is higher than when it is saturated with air.

Figs. 1, 2 and 3 below are graphical presentation of
the plots of bulk densities against matrix densities
that clearly show matrix densities being greater than
bulk densities in all the wells at various depths. The
distinct ranges of percentage variations of matrix
density from bulk density at discrete depth points
through the entire logged depths of the wells when
saturated with different fluids are presented by Table
6. The average percentage variations of matrix
densities from bulk densities of the wells when
saturated with different fluids are also shown by
Table 6. Though, the wells are all of the same
location yet even at same depth point, the bulk
densities and the matrix densities of the three well are
never the same and the average percentage variations
of the matrix densities from the bulk densities varied
differently.

Taking water as the reference fluid, and to establish
the reliability of the average percentage variations of
matrix densities from that of the bulk densities so
deduced, we resolved for the average matrix densities
variations within same well when saturated with
different fluids and the results presented by Table 7
were obtained showing approximate uniformity for
the three wells.
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Table 3: API values, transit time, porosity, bulk density and computed matrix densities with respect to depth for

well A.
Matrix

Transit Bulk Density for fresh H,O | Matrix Density for | Matrix Density for | Matrix Density for
Depth GR Time Porosity Density saturated  formation | Oil saturated | salt water saturated | Air saturated
(m) (API) | (us/ft) % (glem®) (g/cm®) formation (g/cm?®) formation (g/cm®) formation (g/cm?®)
2240 74 100 21 2.15 2.46 2.48 2.43 2.38
2245 88 95 20 2.30 2.63 2.65 2.60 2.55
2250 90 120 25 2.25 2.67 2.70 2.63 2.57
2255 94 119 25 2.25 2.67 2.70 2.63 2.57
2260 100 118 25 2.25 2.67 2.70 2.63 2.57
2265 105 115 24 2.25 2.64 2.68 2.61 2.55
2270 90 115 24 2.25 2.64 2.68 2.61 2.55
2275 92 110 23 2.26 2.64 2.67 2.61 2.55
2280 105 95 20 2.25 2.56 2.59 2.54 2.49
2285 100 95 16 2.35 2.61 2.63 2.59 2.55
2290 100 122 26 2.25 2.69 2.72 2.65 2.59
2295 90 98 14 2.35 2.57 2.59 2.55 2.52
2300 106 89 14 2.40 2.63 2.64 2.61 2.58
2305 80 94 19 2.25 2.54 2.57 2.52 2.48
2310 105 100 17 2.35 2.63 2.65 2.61 2.57
2315 105 93 15 2.35 2.59 2.61 2.57 2.54
2320 70 94 16 2.25 2.49 2.51 2.47 2.43
2325 90 94 19 2.23 2.52 2.54 2.50 2.45
2330 90 93 19 2.23 2.52 2.54 2.50 2.45
2335 45 94 19 2.15 2.42 2.44 2.40 2.35
2340 45 91 18 2.15 2.40 2.42 2.38 2.34
2345 46 94 19 2.15 2.42 2.44 2.40 2.35
2350 118 100 21 2.34 2.70 2.72 2.67 2.62
2355 100 94 19 2.33 2.64 2.67 2.62 2.57
2360 105 91 18 2.34 2.63 2.66 2.61 2.57
2365 89 94 19 2.20 2.48 2.50 2.46 2.41
2370 92 91 18 2.15 2.40 2.42 2.38 2.34
2375 90 86 13 2.35 2.55 2.57 2.54 2.51
2380 67 90 22 2.15 2.47 2.50 2.45 2.39
2385 75 90 18 2.24 2.51 2.53 2.49 2.45
2390 105 90 18 2.44 2.63 2.78 2.73 2.69
2395 105 90 15 2.44 2.69 2.71 2.68 2.64
2400 74 85 12 2.30 2.48 2.49 2.46 2.44
2405 100 90 15 2.40 2.65 2.66 2.63 2.60
2410 120 93 15 2.45 2.71 2.72 2.69 2.65
2415 107 93 15 2.35 2.59 2.61 2.57 2.54
2420 115 94 16 2.43 2.70 2.72 2.68 2.65
2425 110 99 18 2.43 2.74 2.77 2.72 2.68
2430 90 95 20 2.20 2.50 2.53 2.48 2.43
2435 92 90 18 2.20 2.46 2.49 2.44 2.40
2440 88 90 18 2.25 2.52 2.55 2.50 2.46
2445 62 89 14 2.20 2.39 2.41 2.38 2.35
2450 75 89 18 2.24 2.51 2.53 2.49 2.45
2455 90 90 18 2.25 2.52 2.55 2.50 2.46
2460 60 91 18 2.18 2.44 2.46 2.42 2.38
2465 75 91 18 2.20 2.46 2.49 2.44 2.40
2470 70 90 14 2.25 2.45 2.47 2.44 2.41
2475 92 91 15 2.36 2.60 2.62 2.58 2.55
2480 100 91 15 2.34 2.58 2.59 2.56 2.53
2485 100 93 15 2.35 2.59 2.61 2.57 2.54
2490 90 91 15 2.35 2.59 2.61 2.57 2.54
2495 104 95 24 2.15 2.51 2.54 2.48 2.42
2500 104 100 21 2.23 2.56 2.58 2.53 2.48
2505 91 99 25 2.17 2.56 2.59 2.53 2.46
2510 100 100 21 2.24 2.57 2.60 2.54 2.49
2515 65 90 14 2.20 2.40 2.41 2.38 2.35
2520 60 90 14 2.20 2.40 2.41 2.38 2.35
2525 62 90 14 2.20 2.40 2.41 2.38 2.35
2530 45 90 14 2.20 2.40 2.41 2.38 2.35
2535 60 90 17 2.17 2.41 2.43 2.39 2.35
2540 91 82 12 2.43 2.63 2.64 2.61 2.59
2545 60 88 14 2.20 2.40 2.41 2.38 2.35
2550 75 90 14 2.23 2.43 2.45 2.41 2.38
2555 75 92 19 2.25 2.54 2.57 2.52 2.48
2560 105 86 13 2.35 2.55 2.57 2.54 2.51
2565 104 90 15 2.40 2.65 2.66 2.63 2.60
2570 60 90 14 2.23 2.43 2.45 2.41 2.38
2575 45 80 10 2.3 2.44 2.46 2.43 2.41
2580 55 90 14 2.24 2.44 2.46 2.43 2.39
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2585 45 89 17 2.17 241 2.43 2.39 2.35
2590 60 87 13 2.24 2.43 2.44 241 2.38
2595 59 88 14 2.25 2.45 2.47 2.44 2.41
2600 55 89 13 2.2 2.38 2.39 2.36 2.34
2605 45 90 14 2.2 2.4 2.41 2.38 2.35
2610 55 90 17 2.16 2.4 2.42 2.38 2.34
2615 56 89 14 2.2 2.4 2.41 2.38 2.35
2620 44 88 14 2.25 2.45 2.47 2.44 2.41
2625 48 90 17 2.17 241 2.43 2.39 2.35
2630 103 90 18 2.33 2.62 2.64 2.60 2.56
2635 88 90 18 2.24 2.51 2.53 2.49 2.45
2640 74 89 11 2.35 2.52 2.53 2.50 2.48
2645 74 89 11 2.35 2.52 2.53 2.50 2.48
2650 59 90 17 2.16 2.4 2.42 2.38 2.34
2655 73 88 11 2.35 2.52 2.53 2.50 2.48
2660 75 90 18 2.25 2.52 2.55 2.50 2.46
2665 120 89 14 2.43 2.66 2.68 2.65 2.62
2670 100 89 14 2.37 2.59 2.61 2.58 2.55
2675 60 80 10 2.25 2.39 2.40 2.38 2.36
2680 105 88 17 2.25 2.51 2.53 2.49 2.45
2685 88 91 18 2.25 2.52 2.55 2.50 2.46
2690 110 90 14 2.38 2.6 2.62 2.59 2.56
2695 90 90 14 2.34 2.56 2.57 2.54 2.51
2700 75 90 14 2.25 2.45 2.47 2.44 2.41
2705 74 90 14 2.27 2.48 2.49 2.46 2.43
2710 122 92 19 2.33 2.64 2.67 2.62 2.57
2715 74 90 14 2.25 2.45 2.47 2.44 2.41
2720 50 89 14 2.27 2.49 2.49 2.46 2.43
2725 119 90 15 2.45 2.71 2.72 2.69 2.65
2730 121 90 15 2.55 2.82 2.84 2.81 2.77
2735 89 90 18 2.3 2.59 2.61 2.56 2.52
2740 120 90 18 2.34 2.63 2.66 2.61 2.57
2745 112 91 15 2.47 2.72 2.75 2.71 2.68
2750 88 89 14 2.39 2.62 2.63 2.60 2.57
2755 87 89 14 2.45 2.69 2.70 2.67 2.64
2760 125 90 15 2.45 2.71 2.72 2.69 2.65
2765 120 109 19 2.45 2.79 2.81 2.77 2.72
229%
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Fig. 1: Plot of Bulk Density against Matrix Densities of formations saturated with different fluids for Well A
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Table 4: API values, transit time, porosity, bulk density and computed matrix densities with respect to depth for

well B.
Matrix
Transit Bulk Density for fresh H,O | Matrix Density for | Matrix Density for | Matrix Density for

Depth | GR Time Porosity Density saturated ~ formation | Qil saturated | salt water saturated | Air saturated
(m) (API) | (us/ft) % (g/cm®) (g/lcm®) formation (g/cm®) | formation (g/cm®) formation (g/cm?®)
1725 105 130 33 2.15 2.72 2.77 2.67 2.57
1730 90 110 23 2.25 2.62 2.65 2.59 2.54
1735 37 112 25 2.15 2.53 2.57 2.50 2.44
1740 75 117 25 2.26 2.68 2.71 2.65 2.58
1745 105 93 19 2.24 2.53 2.55 2.51 2.46
1750 87 90 18 2.34 2.63 2.66 2.61 2.57
1755 113 95 20 2.27 2.59 2.61 2.56 2.52
1760 45 90 17 2.1 2.33 2.35 2.30 2.27
1765 44 115 26 2.05 2.42 2.45 2.38 2.32
1770 45 120 32 2.03 2.51 2.56 2.47 2.38
1775 31 109 24 2.13 2.49 2.52 2.46 2.40
1780 110 111 24 2.33 2.75 2.78 2.72 2.66
1785 100 125 26 2.27 2.72 2.75 2.68 2.61
1790 105 130 27 2.24 2.70 2.74 2.66 2.59
1795 90 128 27 2.28 2.75 2.79 2.72 2.65
1800 97 123 26 2.3 2.76 2.79 2.72 2.65
1805 93 121 25 2.33 2.77 2.81 2.74 2.68
1810 97 121 25 2.34 2.79 2.82 2.75 2.69
1815 105 125 26 2.33 2.80 2.83 2.76 2.70
1820 105 119 25 2.34 2.79 2.82 2.75 2.69
1825 93 118 20 2.37 2.71 2.74 2.69 2.64
1830 97 110 23 2.3 2.69 2.72 2.66 2.60
1835 119 119 20 2.35 2.69 2.71 2.66 2.62
1840 107 117 25 2.34 2.79 2.82 2.75 2.69
1845 107 120 20 2.35 2.69 2.71 2.66 2.62
1850 105 128 27 2.34 2.84 2.87 2.80 2.73
1855 105 120 25 2.34 2.79 2.82 2.75 2.69
1860 106 119 20 2.35 2.69 2.71 2.66 2.62
1865 103 102 17 2.4 2.69 2.71 2.67 2.63
1870 110 117 20 2.35 2.69 2.71 2.66 2.62
1875 112 116 20 2.38 2.73 2.75 2.70 2.65
1880 112 115 20 2.35 2.69 2.71 2.66 2.62
1885 105 119 25 2.34 2.79 2.82 2.75 2.69
1890 95 114 24 2.34 2.76 2.79 2.73 2.67
1895 65 100 18 2.24 2.51 2.53 2.49 2.45
1900 57 100 21 2.14 2.44 2.47 2.42 2.37
1905 45 110 25 2.1 2.47 2.50 2.43 2.37
1910 113 115 24 2.33 2.75 2.78 2.72 2.66
1915 60 96 20 2.13 2.41 2.44 2.39 2.34
1920 105 129 16 2.27 2.51 2.53 2.49 2.46
1925 120 129 27 2.3 2.78 2.82 2.74 2.67
1930 115 110 19 2.35 2.67 2.69 2.64 2.60
1935 115 122 25 2.26 2.68 2.71 2.65 2.58
1940 105 120 25 2.3 2.73 2.77 2.70 2.64
1945 117 120 20 2.35 2.69 2.71 2.66 2.62
1950 107 109 19 2.4 2.73 2.75 2.70 2.66
1955 106 119 25 2.34 2.79 2.82 2.75 2.69
1960 119 111 19 2.35 2.67 2.69 2.64 2.60
1965 119 115 24 2.33 2.75 2.78 2.72 2.66
1970 115 100 17 2.4 2.69 2.71 2.67 2.63
1975 115 119 25 2.3 2.73 2.77 2.70 2.64
1980 115 119 25 2.24 2.65 2.69 2.62 2.56
1985 92 104 18 2.39 2.70 2.72 2.67 2.63
1990 110 119 20 2.4 2.75 2.78 2.73 2.68
1995 107 105 18 2.35 2.65 2.67 2.62 2.58
2000 74 109 24 2.16 2.53 2.56 2.49 2.43
2005 45 92 18 2.14 2.39 2.41 2.37 2.33
2010 118 109 23 2.34 2.74 2.77 2.71 2.65
2015 105 105 18 2.37 2.67 2.69 2.65 2.61
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Table 5: API values, transit time, porosity, bulk density and computed matrix densities with respect to depth for

well C.
Matrix
Transit Bulk Density for fresh | Matrix  Density | Matrix Density for | Matrix Density for
Depth GR Time Porosity Density H,0 saturated | for Oil saturated | salt water saturated | Air saturated
(m) (API) | (us/ft) % (glcm®) formation (g/cm®) formation (g/cm®) | formation (g/cm?®) formation (g/cm®)
1650 115 120 25 2.3 2.73 2.77 2.70 2.64
1655 104 126 21 2.36 2.72 2.75 2.69 2.64
1660 44 135 36 1.95 2.48 2.54 2.43 2.32
1665 104 120 25 2.2 2.60 2.63 2.57 2.50
1670 103 120 25 2.24 2.65 2.69 2.62 2.56
1675 75 120 25 2.3 2.73 2.77 2.70 2.64
1680 103 124 26 2.26 2.70 2.74 2.67 2.60
1685 103 124 26 2.27 2.72 2.75 2.68 2.61
1690 89 120 31 2.14 2.65 2.70 2.61 2.52
1695 91 129 32 2.04 2.53 2.58 2.48 2.39
1700 90 130 33 2.04 2.55 2.60 2.50 2.41
1705 50 130 35 2.03 2.58 2.64 2.53 2.43
1710 119 120 25 2.3 2.73 2.77 2.70 2.64
1715 104 125 26 2.25 2.69 2.72 2.65 2.59
1720 105 120 25 2.25 2.67 2.70 2.63 2.57
1725 104 125 26 2.25 2.69 2.72 2.65 2.59
1730 103 129 27 2.25 2.71 2.75 2.68 2.61
1735 106 120 20 2.34 2.68 2.70 2.65 2.60
1740 100 125 26 2.23 2.66 2.70 2.63 2.56
1745 105 119 20 2.34 2.68 2.70 2.65 2.60
1750 105 118 20 2.34 2.68 2.70 2.65 2.60
1755 105 120 20 2.34 2.68 2.70 2.65 2.60
1760 103 110 19 2.34 2.65 2.68 2.63 2.59
1765 103 123 26 2.25 2.69 2.72 2.65 2.59
1770 106 123 26 2.25 2.69 2.72 2.65 2.59
1775 104 125 26 2.26 2.70 2.74 2.67 2.60
1780 103 130 27 2.25 2.71 2.75 2.68 2.61
1785 104 122 26 2.27 2.72 2.75 2.68 2.61
1790 91 115 24 2.3 2.71 2.74 2.68 2.62
1795 105 120 25 2.27 2.69 2.73 2.66 2.60
1800 103 122 21 2.34 2.70 2.72 2.67 2.62
1805 89 125 21 2.35 2.71 2.74 2.68 2.63
1810 93 130 33 2.19 2.78 2.83 2.73 2.63
1815 95 129 27 2.3 2.78 2.82 2.74 2.67
2 Table 6: Percentage Variations of Average Matrix
[ Densities from Average Bulk Densities Saturated
27 with different Fluids for the different Wells
20 Fluid | Well A (%) Well B (%) Well C (%)
z'zsg Range | Ave | Rang | Ave Range | ave
245 e
7 e Fresh | 5.74- 10.1 | 9.56- 1410 | 11.70- 16.12
s 1 Water | 16.36 1 20.96 21.37
g 22
g 215 oil 6.25- 10.8 | 10.28- 15.04 | 12.69-  17.20
I 1667 5 22.38 23.23
2 Salt 5.34- 943 | 8.70- 1315 | 11.03-  15.01
19 Water | 15.09 19.48 19.78
12345678 910111213141516171819202122232425262728293031323334 Air 4.56- 8.05 7.49- 11.27 9.65- 12.80
12.45 16.34 16.73
Depth points
——BulkDensity (g/cm3) ——Matrix Density (H20) (g/cm3) Table 7: Percentage Variations of Average Matrix
ma"‘*gm“vf”‘fﬁcmz = Matrix Densitysat Water (/) Densities Saturated with different Fluids from that
== Matrix Density Air (g/cm.
Fig.3: Plot of Bulk Density against Matrix Saturated with fresh water for the different Wells

Densities of formations saturated with different fluids

for Well C

Well Fluid Qil Saltwater Air
Well Freshwater ~ +0.07%  +0.07% +0.20%
CVeII Freshwater ~ +0.07%  +0.07% +0.20%
\?Vell Freshwater ~ +0.07%  +0.07% +0.20%
C
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CONCLUSIONS

The analysis and interpretations of the data obtained
and computed values affirmed the already established
lithologic sequence of the Niger Delta basin, which is
majorly composed of sandstone, shale and limestone
with mineralogical components of quartz, clay
minerals and calcite respectively. Matrix densities of
all the three wells are higher than their respective
bulk densities. It is also clear that shale and limestone
are denser than sandstone, and the presence of a
given fluid in a formation greatly influences the
magnitude of the bulk density of that formation. The
findings of this work can aid in the identification and
establishment of hydrocarbon reservoir rock, aquifer
and ore minerals for mining for economic benefit.
The approach of this work can also be employed to
determining other petrophysical parameters where
they are not known such as: acoustic velocity,
compaction factor, porosity, permeability, fluid
content etc. The matrix densities from Tables 3, 4,
and 5 have the ranges from 2.32 g/cm? to 2.87 glem®,
which corresponds to the density ranges of the dry
solid matrix ranges for sandstone, shale and
limestone with their mineral constituents as shown by
Table 2.
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