X-RAY FLUORESCENCE AND STABLE ISOTOPES ANALYSES OF IKPESHI MARBLE, SOUTH

SOUTHERN NIGERIA

'Ikhane, Phillips Reuben; 'Oyebolu, Olalekan Olayiwola and 'Alaka, Afolabi Omotayo.
'Department of Earth Sciences, Olabisi Onabanjo University, Ago — Iwoye
Correspondence author E-mail: Ikhane.phillips@oouagoiwoye.edu.ng

ABSTRACT

Integration of X-ray fluor escence and stable isotope spectrometric techniques for quality assessment
and provenance study of exposed marble deposit at Fakunle Quarry, Ikpeshi, South Western Nigeria
constitute the fundamental aims of this research. Fourteen fresh (14) marble samples obtained at
different localities within the quarry were subjected to geochemical and isotopic analyses to ascertain
the quantitative abundance of major oxides and stable isotopes using X-Ray Fluorescence and
Thermo Fisher mass spectrometer respectively. The major oxides revealed by XRF analysis of the
marble samples are CaO, MgO, Si02, A1203, Fe203 and Na20 with percentage composition ranging
between 11.66 — 13.25, 7.75 — 9.65, 41.36 — 47.55, 12.36 — 15.23, 7.79 — 10.55 and 1.44 —
1.75respectively. Na20 + K20 value ranges between 1.48 and 1.78.The classification of marble in
relation to percentage of calcite-dolomite indicate a percentage range of -5 to 4% and 93-103% for
Calcite and Dolomite respectively. Chemical Index of Alteration (CIA) ranges from 45.16 to 51.59 %
and Chemical Index of Weathering (CIW) ranges from 46.19 to 52.30 %. Stable isotope ( [ —180) of
marble ranges from -10.50 to -7.00 with a corresponding value from 25.50 to 55.33.Interpretation of
the overall results indicates an impure quartz-rich dolomitic marble; metamorphosed from a low
carbonate sedimentary/meta sedimentary protolith which shallowly precipitated within a passive
marginal marine environment under humid condition. The high silica impurity can however be
attributed to the inordinate influx of terrigenous sediments during the precipitation process.
Weathering effect is minimal on the marble deposit. Conclusively, strong correlation is apparent

between the obtained geochemical result and the basement geology of the study area.
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INTRODUCTION

Marble is one of the industrial rocks presently gaining
prominence in the manufacturing sector of the Nigerian
economy (Alabi et al., 2013) because of its wide range of
industrial and domestic applications. Scott and Durham
(1984) identified about 204 end uses of raw marble and
lime (the calcined form of marble).The industrial use of a
marble body is largely determined by its composition,
required specification, end product and tonnage of deposit.
Broadly, however, the economic values of marble can be
classified under six main groups namely; metallurgical,
chemical, environmental, construction, refractory and
agriculture (Boynton, 1979). Each of these groups requires
some chemical specifications for the marble to be useful.
The research is aimed at determining the composition and
provenance of the marble deposit at Ikpeshi, Southwestern
Nigeria using X-ray fluorescence and stable isotope
analytical techniques.
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LOCATIONANDACCESSIBILITY

The study area is geographically located between
longitude 6°5'24"'E to 6°7'12"E and latitude 7°13'48"N to
7°16'48"'N, Southwestern Nigeria (Fig. la)and highly
accessible through a network of inter connected footpaths,
major and minor roads. Although area is plagued with a
rugged topography the availability of favourable derived
savannah vegetation provides easy accessibility to the
outcrops.
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Fig. 1a: Accessibility Map of the Study Area

Fig. 1b: Geological sketchMap of Africa indicating Nigeria within
reactivated Pan-Africandomain (Modified after Rahaman and Ocan,
1988)

LOCALGEOLOGY

The study area constitute part of the Nigerian basement
complex and schist belt in particular lying east in a mobile
belt of the West African Craton affected by the Pan-African
thermo tectonic events (Fig.1b). Lithologically, the study
area can be divided into three major rock groups which
include dolomitic marble, quartzite, gneisses with meta-
sedimentary cover.

Fig. 2: Outerop section in Fakunle Quarry site, Ikpeshi

MATERIALS ANDMETHODS

Fourteen spatially distributed marble samples within the
confines of the quarry (Fig.2) were collected for analyses.
Sequel to field activities, the marbles samples were
prepared on a silicon carbide disc and ultrasonically
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purified with methanol for 10minutes and dried at 110°C
for at least 2hours. Larger fragments were reduced to a
diameter of lem in a Spex shatter box, and further
pulverized and transferred into the representative sample
bags. Borate glass discs were then prepared for the X-ray
analysis by mixing 2g of ignited sample powder with 4g
lithium tetra-borate (Li,B,0,) and labeled. In a platinum
crucible, the mixture was melted together in an induction
oven for several minutes. The resulting melt obtained was
turned into a disc mould, and allowed to consolidate into a
glass disc on which the whole rock analyses were made
using an X-Ray Fluorescence spectrometer. Instrument
settings were at count of 800-1000 for standards and
100seconds for major elements/oxides

Analysis of stable isotope composition for carbon and
oxygen was done by using a Thermo Fisher DELTA V mass
spectrometer — connected online to a Thermo Fisher Gas
Bench II and a CTC Combi-Pal auto sampler. For the
decomposition of the fine-grained samples (approximately
0.2mg), H,PO, concentration was used in a 'He-flushed'
atmosphere heated to a temperature of 700°C (900°C for
dolomites); long-term precision turned out to be 0.06%0
for oxygen, and 0.05% for carbon, respectively.

RESULTAND DISCUSSION

The result of the X-Ray Flou rescence (XRF) and stable
isotope analyses conducted on the fourteen marbles
samples is depicted in Figure 3 and 4 respectively. In
descending order of abundance, the major oxides revealed
by XRF are SiO,, Al,0,, CaO, Fe,0,, MgO, and Na,O, with
a percentage composition range of 41.36 —47.55, 12.36 —
15.23,11.66 — 13.25, 7.79 — 10.55,7.75 — 9.65, and 1.44 —
1.75respectively (Fig. 3). Other compounds (oxides)
presents include P,0O, K,0Oand TiO,. Also stable isotope
(0-180) of the marble -10.50 to-7.00 (Fig. 4)
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Fig. 3: Result of XRF Analysis of Ikpeshi Marbles

In consonance with the classification scheme of
Goldschmidt et. al., 1955, a mean value of 12.35% and
7.75% for CaO and MgO, is strongly an indication of an
impure low-grade substandard dolomitic marbles.
Ca0O/MgO of Tkpeshi marble ranges from 1.26 — 1.60, with
seven out of the sample falling below the theoretical limit
of 1.39 proposed by Grant, et al., 1989. The average
content of silica (Si0,) in the samples is 44.8%; which can
be closely connected to the periodical influx of near shore
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Fig. 4: Result of Stable Isotope Analysis of Ikpeshi Marbles

clastic sediments into shallow crystallizing environment
of carbonate protolith, in response to sea level fluctuations
and possibly stream rejuvenation.

According to Clarke (1924), Na and K concentration in
marbles tend to decrease with increase in salinity.
Concentration of the total alkalis (Na,0+K,O) in the
sample ranges between 1.48 and 1.78 per cent; signifying a
slightly saline depositional environment at a relatively
shallower depth.
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Fig. 5: Total Alkalis Concentration in the Marble Sample

ALO, and Fe,0, occur substantially in the marble samples confirming its enrichment in aluminosilicates (clay minerals).
Figures 6 and 7 compares the chemical composition of sampled marble with typical calcitic and dolomitic marbles in other

environments respectively.
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Fig.9a: CaO-MgO-SiO, Ternary Diagram Classification by (Carr & Rooney, 1983)
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Fig. 14: Tectonic discrimination plot (after Roser and Korsch, 1986).
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The chemical index of alteration (CIA) ranges from 45.16- 52.26% while the chemical index of weathering
(CIW) ranges between 45.20 and 52.30%; both indicating weak to moderate degree of chemical
decomposition and weathering of the source materials respectively. The dot and line plot for CIA and CIW is
shown in figures14 and 15in that order.
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Fig 14:Dot plot of CIA against Al,O;of Ikpeshi Marble
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Fig. 15: Line plot of CIW of Ikpeshi Marble

Furthermore, the leaching of the highly mobile elements during active chemical weathering depleted Na and K contents in
the samples but conversely enhanced the partial transformation of the source rock to clay minerals. A plot of K,O against
ALO;, in figurel7a below depicts more clearly the preponderance of illite in the impure marble samples —a consequence of
chemical susceptibility of source area.
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Fig. 17b: Plot of Fe,O, versus MgO for Environment of Deposition
The plot of the Fe,0, against MgO predicts a marginal marine depositional environment for the marble protolith as shown

in figure 17b above.

DESCRIPTIVE STATISTIC OF THE ANALYSED RESULT

Analyzed statistical parameters aremean, median, standarddeviation, variance andrange. The mean value of SiO,,
AlO,,Ca0,Fe,0,,MgO,Na,0,MnO,K,0 andP,Oare 44.80, 13.81,12.35,9.46,8.87,1.59, 1.13,0.75,0.03, and 0.02
respectively. Table 1shows the descriptive statistic of the analyzed oxides.

Table 1: Descriptive Statistics of Analyzed oxides*M_Mean *MD_Median *SD_Standard Deviation *Var_Variance *R_Range *Min_Minimum

*Max_Maximum

Table 1: Descriptive Statistics of Analyzed oxides*M_Mean *MD_Median *SD_S tandard Deviation
*Var_Variance *R_Range *Min_Minimum *Max_Maximum

M MD S.D Var. R Min. Max. Sum
448 451 191 3.65 6.19 414 476 627
13.8 143 1.25 1.56 3.65 11.6 152 193
0.75 0.75 0.08 0.01 024 0.64 0.88 10.5
946 991 096 092 276 7.79 106 132
1.13 0.14 3.7 13.7 139 0.12 14 15.8
124 124 045 02 159 11.7 133 173
8.87 882 0.55 03 1.9 7.75 9.65 124
0.02 0.02 0.01 0 002 0.01 003 0.29
1.59 156 0.11 0.01 031 1.44 1.75 22.2
0.03 0.03 0.01 0 004 001 005 04
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Correlation was incorporated into the analysis to
highlight the relationship among metals, and
similarities in their geochemical behavior. The
analysis revealed a wide range of variation in the
correlation values as both positive and negative
correlation was established between some
compounds. The different range of correlation and

its indication is shown in Table 2.Strong correlation
between two oxides assertively suggests the
derivation of materials from same source but weak
correlation on the contrary is indicative of
derivation of heterogeneous source or derivation
from different source area

Table 2: Pearson correlation of the major oxides analyzed
OxidesSiO2 AbLO3; Ti02 Fe203MnO CaO MgO KoO Nax0 P05

Si0» 1

ALbO3; 0.36 1

TD, 0.49 0.76 1

Fe;O3 0.31 0.72 0.65 1

MnO 0.26 0.22 0.36 0.27 1
CaO 0.33 032 0.17 0.17 -0.1 1
MgO 0.56 0.59 0.71 0.61 041 0.36

1

KO 0.17 -0.2 0.02 041 0.27 -0.2 0.15 1

Na,0 0.68 0.21 0.39 0.36 0.45 0.46 0.56 0.14 1

P,0s 0.5 -0.2 -0.1 -0.2 0.04 0.18 -03 0.2 0.16 1

Figure 18 is a correlation plot of TiO, and Al,O, with a correlation coefficient of 0.5762.

y =0.0478x+ 0.0899
R?=0.5762
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Fig. 18: Correlation plot of TiO, against Al,O;
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Component Matrix Analysis

Table 3 shows Varimax rotated factor matrix of the linearly
uncorrelated components of the fourteen marble samples
in the study area. Component 1,2 and 3 accounts for
13.13%, 16.13%, 14.46% of variance, and 40.84%,

lkhane et al.,

56.96% and 71.41% of the total cumulative percentage of
the analyzed samples respectively. Predominant oxides
are: TiO,, Al,0,, MgO, Fe,O, and Na,0 (Component 1);
P,0,and K,O (Component2) and CaO (Component 3).

Table 3: Varimax rotated factor matrix of the linearly uncorrelated components

Oxides Component Percentage
% Cum.
! 2 3 Var. %

SiO, 0.71 0.36 0.2 40.83 40.83
Al, 04 0.75 -0.49 0.12 16.13 56.96
Tio0, 0.84 -0.25 -0.07 1446 7141
Fe 03 0.77 -0.2 -0.33 8.7 80.12
MnO 0.5 0.28 0.43 7.43 87.54
CaO 0.41 0.13 0.74 5.44 9299
MgO 0.88 -0.1 -0.03 3.06 96.05
K,O 0.19 0.53 -0.66 2.46 98.51
Na,0 0.7 0.47 0.22 1.35 99.86
P,05 -0.08 0.73 0.24 0.14 100
%Var. 40.83 16.13 14.46

Cum. % 40.83 56.96 7141

CONCLUSION

The XRF and stable isotope analyses of the fourteen
marble samples obtained from the study area clearly
revealed the predominance of SiO, (41.36 - 47.55), Al,O,
(12.36 -15.23), TiO, (0.64 - 0.88), Fe,0,(7.79 -10.55),
MnO (0.12-0.15), CaO (11.66 - 13.25), MgO (7.75 - 9.65),
K,0(0.012-0.3),Na,0(1.44-1.75)and P,0,(0.01 - 0.05).
All the sampled marble are almost entirely dolomitic, with
arelative percentage range of -5% — 4% for CaO and 93%-
103% for MgO. However, comparison of these samples
with other known marble environments a bruptly
signifiesa rather lower CaO and MgO content but with
high SiO,anomaly.All the marble sample falls within the
calc-silicate group and are poorly dolomitic. Bivariate plot
of K,O against Na,O, and also CaO against MgO (after
Crook, 1974) disparately indicates 'quartz poor' and 'quartz
rich' marble. The discriminant plot of Na,O/ALO, vs.
K,O/AlLQ, ratio asserts a sedimentary origin of the marble
(limestone) protolith. From the bivariate tectonic
discrimination plots of K,O/Na,O against SiO,, it can be
deduced that the protolith was precipitated along a passive
continental margin. The CIA and CIW values ranges
between 45.16 and 52.26%;45.20 and 52.30%; indicating
weak to moderate degree of weathering and alteration. Plot
of Fe,O,vs. MgO predicts a marginal marine depositional
environmental of the protolith. Strong correlation exists
between Na,O - SiO, (0.68), ALO, - TiO, (0.76), AL,O,-
Fe,0,(0.72), TiO,- MgO (0.71) indicative of same source
derivation; however, between SiO, - K,0 (0.17), SiO, -
P,0O, (0.15), TiO, - Ca0O (0.17), TiO,-K,0 (0.02), Fe,O, -
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CaO (0.17), CaO - P,0, (0.18), MgO - Na,0 (0.56), K,O -
Na,0, K,0-P,0,,Na,O - P,0O,(0.16) very weak correlation
exists, symptomatic of derivation from diverse source
area. XRF and stable isotope analytical results of the study
conclusively deduced a poor quality marble with high
silica impurity, derived from a hybrid sedimentary
protolith precipitated under a tropical humid condition
within a shallow marine environment along a passive
continental margin.
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