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Abstract The quality and durability of some marble
deposits from Nigeria as construction stones were evalu-
ated. Results indicate that the whitish-pinkish-greyish
marbles were pure to relatively pure (generally >85 wt%
calcite) and possess geotechnical properties that appeared
to be controlled largely by mineralogy and texture. While
the coarse-grained variety indicated good performance as a
result of favourable geotechnical properties such as rela-
tively high values of bulk density, specific gravity,
strength, and low water absorption, the fine- and medium-
grained varieties would likely perform marginally due to
comparatively poor geotechnical properties they possess.
Caution is, however, required particularly for outdoor
purposes, as weak constituents (chlorite and graphite) were
present in some samples and appreciable material loss was
recorded in all during laboratory experimentation. This
could denote, generally, that the quality of marble stones
may be progressively lowered by repeated changes of
temperature and other climatic conditions, as is the case in
a tropical region like Nigeria.
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Introduction

The level of development of a country is easily assessed, in
recent times, by the architectural designs, and quality of
finished buildings, public and residential. The demand for
both natural and synthetic stones and aggregates, especially
for construction of buildings and other purposes, has gen-
erally been on the increase the world over (Freedonia
2009). Construction stones, also referred to as building
(Boynton 1979) or cut stones, serve several purposes such
as monuments, gravestones, sculptures, and tiles for walls
and floors in offices, homes, industries and corporate
institutions, where aesthetic and luxurious styles are
uniquely valued. They could also serve as pulpits and alters
in churches, cathedrals and other worship houses. Car-
bonate rocks, especially limestone and marble, are com-
monly used as construction stones in most parts of the
world (Waltham 1994). Marble is, however, preferable, due
to some favourable geotechnical properties, such as high
strength and low porosity, it possesses (Alabi et al. 2013).

In Nigeria today, despite the high demand and abun-
dance of limestone and marble (McCurry 1976; Folami and
Ojo 1991; Emofurieta and Ekuajemi 1995; Fatoye and
Gideon 2013) in most parts of the country (Fig. 1), local
supplies of construction stones are still very inadequate.
The main reasons for this situation include limited number
of investors and operators, and unavailability or scarcity of
data on the quality and durability of those carbonate rocks
that have good potential as construction stones. Obaje
(2009) reported that only three marble deposits (Jakura,
Kwakuti and Igbetti) are exploited for local construction
stone production in Nigeria. Most other deposits are mainly
for production of lime for cement industries and other
purposes. The general under utilization of marbles in the
construction industry in Nigeria is also due to the fact that
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Fig. 1 Generalized geological
map of Nigeria showing states
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granitic rocks and other types of igneous rocks, which have
greater strength, quality and durability, abound.

In this study, samples from five different marble
deposits, all within the area underlain by the schist belt in
the Ukpilla area of Edo State (Nigeria), were subjected to
standard laboratory analyses. The aim was to evaluate the
potentials of the deposits as sources of construction stones.
The evaluation will not only assist in highlighting the
performance of deposits in some construction and building
projects but will also form part of the data base that could
guide current and future investors and operators interested
in the business of construction stone production in Nigeria.

Review of the geotechnical properties of marbles

The usability of marbles for most construction and building
purposes is largely dependent on their mineralogy and
geotechnical properties. While the mineralogical charac-
terization deals with the evaluation of mineral composition
and texture of the samples, geotechnical property assess-
ment is primarily concerned with strength and durability.
Fatoye and Gideon (2013) noted that strength of marble is
the measurement of its capacity to resist stresses and this
depends on the presence of defects, hardness of grains,
state of aggregation and degree of cohesion and inter-
locking of grains, among other factors.
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Fatoye and Gideon (2013) noted that as aggregates, the
average crushing strength of Nigerian limestone and mar-
ble varies between 55 and 186 MPa, while their average
specific gravity ranges from 2.70 to 2.86. Krynine and Judd
(1957) had earlier pointed out that high values of specific
gravity (>2.70) are indications of stability and durability of
rock materials in construction projects. Bangar (2005)
defines durability of a stone as its capacity to retain its
original size, strength and appearance throughout a long
period.

A major concern to most users of marble in construction
is the issue of its dissolubility under the influence of
unfavourable climatic conditions (Sowers and Sowers
1970). Fatoye and Gideon (2013) remarked that the surface
of marble crumbles readily when exposed to a moist, acid
atmosphere, but marble is durable in a dry atmosphere and
when protected from rain. The extent to which a rock is
dissolved by an acid is a function of both mineralogy and
porosity of such rock (Waltham 1994). Direct determina-
tion of porosity of rocks, especially crystalline rocks like
marble, is somewhat difficult. Parasnis (1962) has, how-
ever, found out that the in situ density of subsurface rocks
lies between their dry and wet densities. Hence, high
density contrast of dry to wet for a rock could be a sig-
nature of high porosity. Marble has a very low porosity
which ranges from 0.0002 to 0.5 % (Alabi et al. 2013).
Sodium and magnesium sulphate soundness test results,
however, give better understanding of the durability of
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construction rocks over time (Aghamelu and Okogbue
2013). Bates (1969) observed that the susceptibility to
polish and resistance to weathering of marbles are mainly
controlled by mineralogy and structure/texture.

Description of the study area
Location and accessibility

The marble deposits studied in this work are located within
the Igarra, Ikpeshi and Ukpilla (also known as Okpella)
areas, all within latitudes 7°00N and 7°30N, and longitudes
6°00E and 6°30N, of Edo State (Fig. 1). Edo is one of the
states that falls within the south geographical zone of
Nigeria. It has its capital at Benin City, an ancient city of
the Edo people, and also the historical headquarters of the
Bini Kingdom. The deposit areas are accessible through the
Benin-Lokoja-Abuja federal highway, as well as through
the Auchi-Ikpesi-Igarra highway. There is a local airport in
Benin City and a good network of intra- and interstate
highways that connect the capital city to the rest of the
cities in the country. Southwards of Benin City, a major
international seaport exists in the city of Warri, the com-
mercial centre of a neighbouring, crude oil-rich, Delta
State.

Climate and physiography

Two main climatic seasons exist in the Edo area of Nigeria,
the dry and the rainy seasons. The dry season begins in
October and ends in February—March. The rainy season,
which may also be referred to as the ‘wet season’, begins in
March and ends in October. While the dry season is
characterized by high atmospheric temperature, general
dryness and low relative humidity, the rainy season is
characterized by low atmospheric temperature, high vol-
ume of rainfall, as well as high relative humidity. The two
seasons are dependent on the prevailing winds blowing
over the country at different times of the year; the dry
harmattan wind from the Sahara and the marine wind from
the Atlantic Ocean. While the harmattan wind causes the
dry season, the marine wind brings about rainfall.
Temperature in the dry season ranges from about 20 °C
to approximately 40 °C and during the rainy season from
about 16 °C to about 30 °C. The average annual rainfall
stands at about 4000 mm. The climatic and vegetation
characteristics of the area are typical of that of a tropical
region, but locally range from rain forest in the north of the
area to swamp forest in the southern part (Inyang 1979).
The climatic conditions as experienced in the tropics are
commonly associated with chemical weathering or material
deterioration over time (Aghamelu and Okogbue 2013).

Obasi (2012) describes the landform as comprising undu-
lating low-land separated by hillrocks which represent
granites, especially in the northeast and southeast of Igarra.

Geology and occurrence of marble deposits
in Nigeria

The geology of Nigeria is made up of three major geo-
logical components (Obaje 2009), namely, the Precambrian
basement complex, the Jurassic younger granites, and the
cretaceous to recent sedimentary basins. A generalized
distribution of these geological components is presented in
Fig. 1; note that the younger granites have been incorpo-
rated into the basement complex in the figure for simplic-
ity. Obaje (2009) and Woakes et al. (1987), among other
researchers, gave detailed geological maps of Nigeria. The
basement complex is made up of the migmatite—gneiss
complex, the schist belts, the older granites and the unde-
formed acid and basic dykes. Oyawoye (1964), Burke and
Dewey (1972), Abaa (1983), Gandu et al. (1986), Rahaman
(1976, 1988) and Dada (2006) are some of the authors that
present detailed accounts on the origin, petrology, struc-
tural and descriptive features of the basement complex.

The marble deposits, which were re-crystallized from
the Precambrian limestone and other fine-grained clastics
and sedimentary carbonate rocks (Emofurieta and Ekua-
jemi 1995, Grant 1970; Gandu et al. 1986), are confined
within the southern schist belts of the western half of
Nigeria; west of longitude 8°E. The origin of the deposits is
likely to be dynamotherrnal, according to Bates (1969),
who pointed out that marble occurrence with schist and
gneisses is an evidence of a dynamotherrnal history. Other
rock types within the schist belt include phyllites, pelites,
quartzites, amphibolites and banded iron formation (Emo-
furieta and Ekuajemi 1995). Alabi et al. (2013) noted that
in addition to calcite and dolomite, marbles may contain
various percentages of other minerals of non-silicates such
as graphite, hematite, limonite and pyrite. The common
silicates in marbles are mica, chlorite, tremolite, wollas-
tonite, diopside and hornblende. According to Fatoye and
Gideon (2013), the marble deposits in the schist belt are
predominantly white and greyish when relatively pure.
This study observed the occurrence of pinkish variety
during the field work, and attributes it to hematite and other
impurities.

Notable occurrences of marble in Nigeria (see Fig. 1)
are the Igbeti, Elebu, and Kwakuti marble on the western
part and the Uba, Ukpilla and Jakura marbles on the eastern
part of the schist belts. Occurrences have also been
reported from the Igarra, Ikpeshi, Ubo, Ososo, and Atte in
Edo State (present study area), Idoani in Ondo State as well
as Osara in Kogi State (Folami and Ojo 1991). Others
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include Isale-Osin, Okelute, Oro (Kwara State), Takalafia
in the Fderal Capital Territory (Abuja), Toto-Muro Hill
(Nasarawa State), Kankata (Kaduna State), and Itobe (Kogi
State). Fatoye and Gideon (2013) estimated the marble in
the schist belt to be about 150 million metric tonnes, and
also pointed out that many other deposits are yet to be
discovered.

Materials and methods
Sampling

A total of 15 fresh crystalline, representative, bulk samples
were collected from different marble deposit quarries
within the Igarra, Ososo, Ukpilla and Ikpesi areas of Edo
State, Nigeria. Figure 2 shows the sample location distri-
bution, while Table 1 presents the field characteristics and
global positioning system (GPS) device readings of the
marble samples. The samples are herein numbered 1-15.
Most of the quarries, especially those within the Ukpilla
area, are owned by the Edo Cement Company, Ukpilla,
while those located elsewhere, like GeoWorks Limited, are
owned by private investors and operators.

The hand specimens were generally granoblastic in
texture, but could be grouped in fine-grained (<0.006 mm),
medium-grained  (0.006-2 mm) and coarse-grained
(>2 mm) categories judging from the predominant crystal
sizes. Colour of the samples ranges from whitish to greyish
to pinkish-white. However, there were no observed distinct
alternating layers or beds of different colours, textures or
compositions in the deposits, with respect to each sample
location. In other words, the deposits were uniform in
structural and physical attributes per location.

Laboratory testing

The various laboratory tests and testing procedures adopted
in this research are summarized in Table 2. Porosity (ap-
parent) was obtained by an indirect method of density
determination Parasnis (1962). This is done by immersing a
dry sample of known mass in water for 48 h. The percentage
increase in mass relative to the original mass of the sample
was then determined, and the apparent porosity recorded as
the difference between the wet and dry densities. Rock
specimens for the compressive strength tests were cut and
trimmed into circular cylinders having diameter of 80 mm
and height of 160 mm approximately. Sodium sulphate
soundness test was on aggregates passing through a 9.52-
mm sieve and retained in a 4.76-mm sieve. In order to ensure
accuracy of data and in accordance with testing guideline,
the recorded value for each parameter is an average of two or
more tests carried out on portions of a specimen. All the tests
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were carried out at the Material Laboratory of the Ministry
of Works and Housing, Abakaliki, Nigeria.

Results and discussion
Petrography

The results of the petrographic (modal) analyses are sum-
marized in Table 3. The table shows that the marble
deposits are pure to relatively pure. They consist predom-
inantly of calcite (ranging between 85 and 99 %) and
dolomite (ranging between 1 and 10 %), and are mostly
white in colour. Alabi et al. (2013) noted that absolutely
pure marble (100 % calcite) is brilliant white. The thin
section analysis supported the observed granoblastic tex-
ture of the hand specimens. It also buttressed the fact that
the samples could be grouped in fine-, medium- and coarse-
grained categories owing to disparity in the predominant
crystal sizes from one location to another. Calcite and
dolomite have good to fairly good physical properties,
which include reasonable hardness (average of 3 and 3.5-4,
respectively, on Moh’s hardness scale) and good stability
as constituents of construction rocks or aggregates.

Other minerals present, although in small to insignifi-
cant amounts in the marble samples, as shown in Table 3,
include quartz, muscovite, chlorite, tremolite, wollastonite,
graphite and hematite. The occurrence of these set of
minerals would have some implications in the usability and
durability of marbles as construction stones. For instance,
occurrence of quartz in rocks could increase the strength,
durability and polishing resistance of such rocks (Jaeger
and Cook 1969). This may, however, not be applicable
here, taking into account of the very low quartz content of
the studied marbles. Muscovite usually introduces minute
defects in rocks, thus could cause deterioration over time.
Chlorite and graphite are considered weak materials in
rocks. Their presence, even in small quantity, would ulti-
mately bring about deterioration in rocks (Krynine and
Judd 1957), and also introduce colouration in marbles;
green and grey (for example, samples 4 and 7), respec-
tively. Hematite is usually a common cause of pinkish
marbles, and would likely be responsible for pink
colouration of samples 2, 6, 11 and 15.

The fact that the marble deposits showed uniform tex-
ture (that is, no alternating layers or beds of different
textures or composition), with respect to locations, suggests
that their susceptibility to polish and resistance to weath-
ering would be uniform. Bates (1969) observed that the
occurrence of alternating beds or masses of calcite and
dolomite in marbles are undesirable because the two min-
erals frequently differ in colour, texture, and susceptibility
to polish and resistance to weathering.
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Table 1 Locations and field characteristics of samples of marble used in this study

Geological unit Sample no. Quarry location Texture Colour GPS reading
Northing Easting
Precambrian schist belt 1 Ososo Coarse-grained White 7.17N 6.15E
2 Ososo Medium-grained Pinkish 7.16N 6.22E
3 Ukpilla Coarse-grained Greyish-white 7.15N 6.26E
4 Igarra Fine-grained Grey 7.13N 6.13E
5 Ikpeshi Fine-grained White 7.12N 6.20E
6 Ososo Coarse-grained Pinkish-white 7.14N 6.18E
7 Igarra Fine-grained Grey 7.10N 6.09E
8 Ikpeshi Coarse-grained White 7.07N 6.25E
9 Ukpilla Coarse-grained Pinkish-white 7.11N 6.23E
10 Ukpilla Coarse-grained White 7.11N 6.28E
11 Ikpeshi Fine-grained Pinkish-white 7.06N 6.10E
12 Ikpeshi Coarse-grained White 7.09N 6.17E
13 Ososo Medium-grained White 7.23N 6.21E
14 Ikpeshi Fine-grained White 7.06N 6.29E
15 Ikpeshi Fine-grained Pinkish-white 7.08N 6.23E
:;;;lfeg ige;}sltilsn,;;tfgicedures Parameter Nature of sample Unit Test standard
Modal analysis Thin section - Point counting (Chayes 1956)
Geochemical analysis Powder wt% Semi-automatic x-ray fluorescence
Porosity Crushed % Indirect method (Parasnis 1962)
Water absorption Crushed % ASTM?® C127 (1988)
Bulk density Crushed kN/m? ASTM?* C29/C29M (1990a)
Specific gravity Crushed - ASTM?* C127 (1988)
Schmidt hammer rebound Lump % ISRMP (1978, 1981a)
Uniaxial compressive strength Cylindrical MPa ISRM" (1972)
Sodium sulphate soundness Crushed % ASTM? C88 (1990b)
% American Society for Testing and Materials
" International Society for Rock Mechanics
'(I;‘;lt)rlggia;i/s)uiltr?a(l);srilslofiilthe Mineral (wi%)  Sample no.
studied marble deposits 1 2 3 4 5 6 7 8 9 10 Il 12 13 14 15 Mean
Calcite 87 90 95 8 94 & 90 98 96 99 89 93 92 97 89 92
Dolomite 10 2 1 3 2 6 7 - 2 - 4 3 - 3
Quartz 2 1 2 - - 2 - 1 - 1 - 2 3 2
Muscovite - - -2 2 2 - 1 1 - - 2 1 - - 2
Chlorite - - 1 1 - - - - - = = - 1 - - =
Tremolite - = 1 3 - 1 - = 1 - - - - = 1 1
Wollastonite - - = 2 2 - - - - = 1 1 1 - 3 -
Graphite 1 - - 4 - - 3 - - - - - - - - =
Hematite -7 - - - 3 - - - - 4 - - - 3 -
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Major oxides

The results of the geochemical analysis on major oxides of
the marble samples are summarized in Table 4. The results
affirm the predominance of carbonate minerals in the
marble deposits. It is interesting to note that white variety
recorded CaO (>51.30 wt%) at amounts relatively higher
than amounts recorded in the greyish (<47.70 wt%) and
pinkish (<46.33 wt%) varieties. MgO and Fe,O; are
shown, in Table 4, to be appreciable only in those samples
that contained significant amounts of dolomite and hema-
tite, respectively. SiO, is generally low in all the tested
marble samples, reflecting a general low content of silicates.

Sowers and Sowers (1970) attribute specific gravity
values in rock to elemental contents, especially Fe and Mg.
In view of this, only samples 2, 3, 4, 6, 7, 11, 13 and 15
with appreciable MgO and Fe,Oj are likely to have high
specific gravity values. Presence of secondary carbonates
and volatiles in the marble samples can be inferred from
the appreciable values of loss on ignition (LOI;
31.17-44.79 wt%) recorded. LOI, according to Sayat and
Gonconglu (2009), is an indication of some degree of
alteration and of the presence of secondary volatile and
carbonate phases. Petrographical analysis on the marble
samples in this study had revealed presence of tremolite,
muscovite and chlorite which have volatile (hydroxide,
OH) components.

Porosity

The results of the indirect apparent porosity tests on the
marble samples are summarized in Table 5. All the tested
samples have their apparent porosity values fall below
0.50 %, and are likely to have resulted from cracks rather
than from pores. Theoretically, apparent porosity in most
porous (sedimentary or weathered) rocks is the total
amount of interconnected pores or pores available for water

absorption. Alabi et al. (2013) had earlier noted that mar-
bles due to their tight interlocking crystalline fabric have
very low porosity that ranges from 0.0002 to 0.5 %. It can
be seen in Table 5 that no established trend is possible with
respect to the porosity values of the tested marble deposits,
despite slight variations in mineralogy and textures of the
tested samples. This may buttress the fact that re-crystal-
lization that occurred during the metamorphism of the
carbonate rocks brought about a general and remarkable
decrease in the porosity of the transformed rocks.

However, it is interesting to note that marble samples
(samples 3, 4 and 13) that contained chlorite recorded
porosity values (>0.22 %) that are significantly higher than
the rest (<0.13 %). Chlorite is considered an impurity in
marble, and may have introduced interstitial defects in the
samples in question. Chlorite is a magnesium compound,
and it occurs in samples 3 and 4 alongside other magne-
sium compounds like dolomite and tremolite. Among the
tested marble samples, the purest (sample 10), with 99 %
calcite, recorded the lowest porosity value of 0.01 %.

Dearman (1981) deduced from his studies that micro-
porosity is a better indicator of carbonate rocks resistance
to weathering than strength. Since porosity generally con-
trols flow, it may well be right to assume that samples 3, 4
and 13 are most prone to dissolubility and acid attacks, thus
reduces the strength and suitability of these samples as
construction stones, especially when used outdoors. From
the same point of view, samples 5, 6, 9 and 15 with the
lowest porosity values should comparatively be the least in
terms of susceptibility to dissolution and acid attacks,
particularly when all the samples are exposed to the same
climatic conditions.

Water absorption

The results of the water absorption analysis are presented
in Table 5. Water absorption has been noted as an excellent

Table 4 Results of major oxides (wt%) analysis for the studied marble deposits

Oxide (wt%) Sample no.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Mean
SiO, 0.42 029 351 203 232 220 253 341 324 245 236 431 440 220 342 2.61
Fe, 03 - 7.16 246 1.34 - 292 287 - - - 6.82 - 201 - 5.46 2.06
MgO 5.86 143 383 398 1.84 510 485 416 310 1.03 310 2389 312 125 1.83 3.16
CaO 51.30 46.33 5521 48.20 56.02 49.08 47.70 54.07 5723 5549 54.62 5581 5453 5242 5815 53.08
AlLO; - - 0.44 0.38 0.47 042 - 0.16 032 - 045 051 049 - 0.35 0.27
K,O - - - 023 261 405 - 342 494 - - 4.63 324 - - 1.54
Lor 4242 44779 3455 4384 36.74 3523 40.05 3478 31.17 41.03 32.65 31.85 32.07 44.13 3144 37.12

— Below detection
# Total Fe

® Loss on ignition
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Table 5 Results of index

Sample no. Parameter

property tests on the studied
marble deposits

Apparent porosity (%)

Water absorption (%) Bulk density (Mg/m®)  Specific gravity®

0.03
0.02
0.22
0.35
0.05
0.02
0.05
0.09
0.02
0.01
0.13
0.03
0.45
0.03
15 0.02

O 0 N A A WD =

—_ = = = =
A W NN = O

0.64 2.38 2.68
0.33 2.62 2.70
0.68 2.63 2.74
0.73 2.67 2.85
0.40 2.58 2.69
0.43 2.56 2.73
0.70 2.52 2.87
0.41 2.46 2.73
0.42 2.47 2.71
0.21 2.54 272
0.63 2.71 2.70
0.61 2.75 2.78
0.85 2.62 2.74
0.65 2.51 2.73
0.43 2.35 2.76

# Measured as apparent specific gravity

indicator of strength of rocks (1957). Jaeger and Cook
(1969) listed texture and presence of weak materials among
the factors that control porosity in rocks. No definite sim-
ilarity in data trends appear to exist between the water
absorption and texture of the marble samples. It may,
therefore, be incorrect to predict, unlike in other rock types
such as granite and gabbro, that coarseness, especially for
the studied marble deposits, would introduce appreciable
minute (crystal to crystal) contacts and cleavages through
which water inflow is initiated. On a general note, however,
the smaller the grain or particle size the greater the surface
area exposure for chemical weathering (Bangar 2005).

A statistical data correlation of water absorption and
apparent porosity of the studied marble samples is pre-
sented in Fig. 3. As can be seen in the figure, a reasonable
positive correlation exists between the two parameters (that
is, water absorption and apparent porosity). To buttress this

0.9
0.8
0.7 . .
0s| ¢ ¢

0.5
04| ® o o
0.3

Water absorption (%)

R2=0.69
0.2 |*

0.1

0 0.1 0.2 0.3 0.4 0.5
Apparent porosity (%)

Fig. 3 Plot of water absorption against apparent porosity
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correlation trend further, sample 10 with the lowest
apparent porosity also recorded the lowest water absorp-
tion, while the highest water absorption was recorded in
sample 13 with the lowest porosity. The porosity and water
absorption results could suggest that deterioration is to be
expected, especially in sample 13, as inflow of water
(particularly, acidic water) into the material through the
available pores would result in development of secondary
porosity in the marble, and as well, cause further decom-
position of the weak constituents like chlorite.

Bulk density and specific gravity

The results of bulk density (BD) tests are presented in
Table 5. BD reflects the total density of material (including
the void contents). The lowest bulk density value
(2.35 Mg/m®) was for sample 15, while the highest value
(2.75 Mg/m3) was for sample 12. Krynine and Judd (1957)
had identified high amount of voids, high moisture content
and presence of weak or low-density minerals (especially
feldspars and clay minerals) as some of the factors that
could result in low BD values in rocks. Thus, presence of
voids and appreciable moisture are likely to be the cause of
low bulk density in sample 15. According to Sowers and
Sowers (1970), voids in crystalline rocks could result from
grain sizes/textural arrangement, structural features or
defects and degree of weathering. This would suggest
caution during the excavation, transportation and handling
of the marble deposits as these activities could easily result
in rock mass distortion or structural defects, thus lowering
their quality as construction stones.
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As shown in Table 5, the specific gravity (SG) of the
marble samples is between 2.63 and 2.79. This could be a
confirmation of the predominance of calcite in the marble
deposits. The average SG of calcite is 2.71 and that of
dolomite is 2.84. Jaeger and Cook (1969) had reported that
SG is a reflection of the amount of heavy elements (espe-
cially Fe and Mg) present in a rock. Okogbue and Agha-
melu (2013) got a perfect correlation when they plotted the
sum of Fe and Mg in the Abakaliki pyroclastics against the
SG of rocks. Eze (1997) also noted high specific gravity on
charnockites from Nigeria and attributed that to the rela-
tively high contents of iron-rich minerals. A comparison of
data in Tables 4 and 5 indicates that samples 4 and 7, with
the highest amounts of Fe plus Mg, also recorded the
highest amount of SG, 2.85 and 2.87, respectively. This
buttresses a relationship between heavy elements and
specific gravity. Although SG does not serve as a direct
means of determining potentially durable rocks, most
authors, for example Krynine and Judd (1957) and Reide-
nouer (1970), suppose that SG of about 2.65 and above
usually denotes stability and durability of rocks for most
construction purposes.

Schmidt hammer rebound

The results of the Schmidt hammer rebound tests on the
marble samples are presented in Table 6. Earlier
researchers, Roberts (1977) and Franklin and Dusseault
(1989), showed that the rebound number (R) depends upon

Table 6 Results of strength and soundness (25 cycles) tests on the
samples of the studied marble deposits

Sample Parameter
no- Schmidt ucCs Na,SO, soundness
hammer (%) (MPa) rebound number (%)

1 63 238 6

2 66 105 8

3 64 210 6

4 74 157 9

5 73 182 9

6 68 201 6

7 75 196 8

8 71 218 6

9 67 106 7

10 72 220 3

11 69 101 8

12 70 212 6

13 68 107 6

14 73 103 4

15 69 104 7

UCS unconfined compressive strength

the rock’s elastic properties. It has also been suggested that
the degree of surface irregularity, impact on surface,
moisture content, inhomogeneities in the rock fabric, size
and orientation of the test surface and degree of weathering
of the test surface could influence R values of rocks
(Krynine and Judd 1957; Eze 1997; Waltham 1994).
Despite the influence of these factors on R, Roberts (1977)
and Franklin and Dusseault (1989) observed that hard
rocks, including igneous rocks, would generally record a
high R that may be up to 60 %. The studied marble samples
may likely not be among those rocks for which moisture
content influences their R. Figure 4 reveals that there is no
correlation between R and water absorption.

The tested marble samples all have an R above 63,
despite their textural variation. The high R (higher than an
average igneous rock) recorded in all the samples, fine-,
medium- and coarse-grained samples alike, could be
attributable to high degree of crystallinity, achieved during
metamorphism of the carbonate rocks. It may also be due
to the predominance of a fairly hard and physical
stable mineral, calcite. Higher values of R in the marble
samples may translate to low suitability as construction
stones, as R commonly infers hardness of rocks; excessive
hardness would likely mean high resistance to polishing.

Unconfined compressive strength

As shown in Table 6, the unconfined compressive strength
(UCS) values of the tested samples range from 101 to
238 MPa. Eze (1997) had noted that a sound rock (devoid
of fissures and defects) should have UCS close to or above
200 MPa for it to be considered a good source for most
civil engineering works. The International Society for Rock
Mechanics (ISRM 1981a) has rated intact marble, along-
side limestone, sandstone and schist, as ‘strong’ on the
basis of field estimates and UCS that ranged from 50 to
100 MPa.

All the tested marble samples, including those with UCS
below 200 MPa, are likely to be favourable as construction
stones. This stems from the fact that the recorded UCS
values are well above 50 MPa, given as the lower limit for
a good construction stone by Waltham (1994). They would
equally serve well as cladding stone having recorded their
UCS above 100 MPa (Waltham 1994). Carthage marble
from Tunisia, with UCS of 52 MPa (Bredthauer 1957), and
Wombeyan marble, from the UK with UCS 68 MPa (Jae-
ger 1960), had both served as construction stones. How-
ever, judging from Eze’s (1973) point of view, samples 1,
3, 6, 8, 10 and 12 (with UCS above 200 MPa and rated as
‘very high strength’ rocks in Table 7) would likely perform
better than the rest of the samples. This is especially where,
as construction stones, they would be exposed to com-
pressive stresses.
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76 Sodium sulphate soundness
g 5 %
2 . * The results of sodium sulphate soundness tests indicate that
§ " ¢ . the studied samples have sodium soundness values that
e 70 ¢ range between 4 and 9 %. Soundness testing is aimed at
2 68 : ® * simulating extreme weathering conditions that rocks, such
E 5 " ¢ as carbonate rocks (1981), are likely to encounter under
,‘vé severe climatic setting, while the soundness value generally
£ % R?=-0.003 : ¢ indicates the mass that would be lost in such severe cli-
62 matic setting. Soundness testing assisted in indentify non-
0 0.2 0.4 0.6 0.8 1

Water absorption (%)

Fig. 4 Plot of Schmidt hammer rebound against water absorption

There is a general view that fine-grained rocks are
usually stronger than the coarse-grained, especially for
fresh igneous rock samples. With respect to the studied
marble samples, a situation that is different from this
general view was observed. All the samples with UCS
above 200 MPa are coarse-grained, while those with
UCS below 200 MPa are fine-grained. One of the pos-
sible explanations to this seemingly unique situation is
that there were some differences in the intensity of
tectonisation on the pre-existing carbonate rocks in the
area. Thus, the most tectonically affected carbonate rocks
formed marbles with coarser grains and higher strength.
It is also possible that calcite may have special proper-
ties in which its coarse-grained particle impacts higher
strength in fresh marble samples than its fine-grained
particle.

There is no correlation between UCS and water
absorption of the tested samples (see Fig. 5), thus sup-
porting the fact that the marbles could have some unique
engineering properties. Figure 6 shows that the correlation
coefficient (R*) of UCS against Schmidt hammer rebound
number is very negligible. Thus, no meaningful statistical
relationship exists between these two strength related
parameters. Their testing procedures differ significantly
and this might be responsible for the observed non-corre-
lation of data.

durable rocks (Aghamelu and Okogbue 2013). The
American Society for Testing and Materials (ASTM C 88
1990b) points out that the soundness value is a measure of
percentage of unsound constituents of an aggregate. A
durability class scheme, for some Australian sandstones,
developed by Spry (1989) is given in Table 8. In his work,
he rated sandstone aggregates with soundness values
between 0 and 1 % as most durable (Class A) and those
with soundness values between 10 and 100 % as least
durable (Class D). In between A and D, are classes B and
C, that translate to durable and less durable, respectively.

Following Spry’s (1989) durability rating, the marble
deposits fall within classes B and C. This could mean that
only two samples (8 and 10), which are among the purest
samples and rated as B, would survive chemical attacks
over a long period of time; significant mass loss started
after 10 cycles (see Fig. 7). On the other hand, the dura-
bility of the rest of the 13 samples, that rated as C, would
depend on the usage and exposure of the samples. Worth
noting is the fact the fine-grained variety recorded sound-
ness values that are higher than those recorded in the
coarse- and medium-grained varieties. Probable explana-
tion for this is that the smaller the particle sizes had
brought out greater surface area exposure for chemical
weathering (Bangar 2005), thus, more mass loss and
deterioration when subjected to alternate drying and wet-
ting condition as occurs in the tropics. Minty (1965)
reported that the percentage breakdown of rocks during the
sodium sulphate soundness test is inversely proportional to
particle size.

Table 7 Strength classification

of rock based on unconfined Description UCS* (MPa) Studied marble deposits® Remarks

compressive strength (UCS) Very low <6 _ No sample
Low 6-20 - No sample
Moderate 20-60 - No sample
High 60-200 2,4,5,7,9,11, 13, 14 and 15 9 Samples
Very high >200 1, 3, 6, 8, 10 and 12 6 Sample

* Data from ISRM (1981b)
® This study
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Fig. 5 Plot of unconfined compressive strength (UCS) against water
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Fig. 6 Plot of unconfined compressive strength (UCS) against
Schmidt hammer rebound number

Quality and durability of the marble deposits
as construction stones

For indoor uses

The indoor uses of marbles include sculptures, tiles for
walls and floors, as well as for pulpits and alters. For most of
these purposes, bright and uniform colouration, adequate
polishing quality and strength are required. Study suggests
that the marble deposits fairly well meet these criteria, and
are likely to perform well as indoor construction stones.
Contact with acids should, however, be minimal as study
indicates that they could deteriorate after long exposure to

acidic environments. A coarse variety should be the primary
target owing to their possessing better hardness and strength
than the fine- and medium-grained varieties. Presence of
defects could negatively affect the mass properties of these
marble deposits, hence, caution must be applied in all stages
of excavation and processing of the deposits.

For outdoors uses

Outdoors, marbles can serve as monuments, gravestones,
sculptures, and platform for inscriptions. The two major
factors that influence the utilization of marbles outdoors are
rock mass defects and dissolubility. Both factors are
dependent on the presence or absence of micro or macro-
structures and mineralogy. Study indicates that the marble
deposits sufficiently lacked macro and micro-structures
owing to a high degree of re-crystallization. The lack of
macro- and micro-structures is further buttressed by low
porosity and water absorption recorded in the samples. The
results of sodium sulphate soundness tests, however, reveal
that the marble deposits are prone to deterioration after a
long period of exposure; although the coarse-grained
variety show better durability signs than fine- and medium-
grained varieties. Carbonate rocks are generally soluble in
the presence of strong acids, hence, coating technology
may be applied to enhance the performance and durability
of the marble deposits outdoors, especially those that have
occurrences of weak materials like chlorite and graphite.

Conclusions

Qualitative and durability analyses on some samples of
marble from Nigeria revealed that the pure to relatively
pure marble deposits, especially the coarse-grained variety,
would likely serve well for most construction stone pur-
poses. The reason for this good rating was mainly due to
the fact that the tested coarse-grained samples, on average,
possessed favourable physical and geotechnical properties
such as relatively high values of bulk density, specific
gravity, Schmidt hammer rebound number and unconfined
compressive strength, as well as showed low porosity and
water absorption.

Table 8 Durability classification of rock aggregates based on sodium sulphate soundness (adapted from Spry 1989)

Material class Mass loss (%) Durability rating Marble sample Remarks

A 0-1 Most durable - No sample

B 1-5 Durable 8 and 10 2 Samples

C 5-10 Less durable 1,2,3,4,5,6,7,9, 11, 12, 13, 14 and 15 13 Samples
D 10-100 Least durable - No samples
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Fig. 7 Plot of soundness value
(percent mass loss) against
number of cycles (1-15 are
sample numbers)

Mass loss (%)

Probable explanation for this situation could be that the
predominance of reasonably hard and stable minerals
(calcite and dolomite), original sedimentological characters
inherent in the carbonate rocks and a very high degree of
re-crystallization that is associated with regional meta-
morphism, have most impact on the coarse-grained variety
than the rest. As for the fine- and medium-grained varieties,
their physical and geotechnical behaviours are somewhat
inappropriate, hence, they would likely perform in a lesser
manner than the coarse-grained samples.

The use of the marble deposits, especially for outdoor
construction purposes, would require caution. Weak con-
stituents (chlorite and graphite) and appreciable percent loss
in material size were recorded in all the samples during the
Na,SO, soundness testing. These could point to deteriora-
tion in service or progressive durability lowering over time,
especially when the marbles are exposed to acidic envi-
ronments, as is the case in most industrialized cities in
Nigeria, or repeated changes in temperature. Coating tech-
nology would help to enhance the effectiveness, service,
and durability of the studied Nigerian marble deposits.
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