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Historical Review

More than 90 years have passed since the University Lju-
bljana in Slovenia was founded in 1919. Technical fields
were united in the School of Engineering that included the
Geologic and Mining Division, while the Metallurgy Divi-
sion was established only in 1939. Today, the Departments
of Geology, Mining and Geotechnology, Materials and Met-
allurgy are all part of the Faculty of Natural Sciences and
Engineering, University of Ljubljana.

Before World War II, the members of the Mining Section
together with the Association of Yugoslav Mining and Met-
allurgy Engineers began to publish the summaries of their
research and studies in their technical periodical Rudarski
zbornik (Mining Proceedings). Three volumes of Rudarski
zbornik (1937, 1938 and 1939) were published. The War
interrupted the publication and it was not until 1952 that
the first issue of the new journal Rudarsko-metalurski
zbornik - RMZ (Mining and Metallurgy Quarterly) was
published by the Division of Mining and Metallurgy, Uni-
versity of Ljubljana. Today, the journal is regularly pub-
lished quarterly. RMZ - M&®G is co-issued and co-financed
by the Faculty of Natural Sciences and Engineering Ljublja-
na, the Institute for Mining, Geotechnology and Environ-
ment Ljubljana, and the Velenje Coal Mine. In addition, it
is partly funded by the Ministry of Education, Science and
Sport of Slovenia.

During the meeting of the Advisory and the Editorial
Board on May 22, 1998, Rudarsko-metalurski zbornik
was renamed into “RMZ - Materials and Geoenvironment
(RMZ - Materiali in Geookolje)” or shortly RMZ - M&G.
RMZ - M&G is managed by an advisory and international
editorial board and is exchanged with other world-known
periodicals. All the papers submitted to the RMZ - M&G
undergoes the course of the peer-review process.

RMZ - M&G is the only scientific and professional periodi-
cal in Slovenia which has been published in the same form
for 60 years. It incorporates the scientific and professional
topics on geology, mining, geotechnology, materials and
metallurgy. In the year 2013, the Editorial Board decided
to modernize the journal’s format.

A wide range of topics on geosciences are welcome to be
published in the RMZ - Materials and Geoenvironment.
Research results in geology, hydrogeology, mining, geo-
technology, materials, metallurgy, natural and anthropo-
genic pollution of environment, biogeochemistry are the
proposed fields of work which the journal will handle.

Editor-in-Chief

Zgodovinski pregled

Ze ve¢ kot 90 let je minilo od ustanovitve Univerze v Lju-
bljani leta 1919. Tehni¢ne stroke so se zdruzile v Tehniski
visoki $olj, ki sta jo sestavljala oddelka za geologijo in ru-
darstvo, medtem ko je bil oddelek za metalurgijo ustano-
vljen leta 1939. Danes oddelki za geologijo, rudarstvo in
geotehnologijo ter materiale in metalurgijo delujejo v sklo-
pu NaravoslovnotehniSke fakultete Univerze v Ljubljani.
Pred 2. svetovno vojno so ¢lani rudarske sekcije skupaj z
Zdruzenjem jugoslovanskih inZenirjev rudarstva in meta-
lurgije zaceli izdajanje povzetkov njihovega raziskovalne-
ga dela v Rudarskem zborniku. 1zsli so trije letniki zbor-
nika (1937, 1938 in 1939). Vojna je prekinila izdajanje
zbornika vse do leta 1952, ko je izSel prvi letnik nove revi-
je Rudarsko-metalurski zbornik - RMZ v izdaji odsekov za
rudarstvo in metalurgijo Univerze v Ljubljani. Danes revija
izhaja Stirikrat letno. RMZ - M&G izdajajo in financirajo
Naravoslovnotehniska fakulteta v Ljubljani, Institut za ru-
darstvo, geotehnologijo in okolje ter Premogovnik Velenje.
Prav tako izdajo revije financira Ministrstvo za izobrazeva-
nje, znanost in Sport.

Na seji izdajateljskega sveta in uredniS$kega odbora je
bilo 22. maja 1998 sklenjeno, da se Rudarsko-metalurski
zbornik preimenuje v RMZ - Materiali in geookolje (RMZ -
Materials and Geoenvironment) ali skrajsano RMZ - M&G.
Revijo RMZ - M&G upravljata izdajateljski svet in medna-
rodni uredniski odbor. Revija je vklju¢ena v mednarodno
izmenjavo svetovno znanih publikacij. Vsi ¢lanki so pod-
vrzeni recenzijskemu postopku.

RMZ - M&G je edina strokovno-znanstvena revija v Slo-
veniji, ki izhaja v nespremenjeni obliki Ze 60 let. Zdruzuje
podrocja geologije, rudarstva, geotehnologije, materialov
in metalurgije. Uredniski odbor je leta 2013 sklenil, da po-
sodobi obliko revije.

Za objavo v reviji RMZ - Materiali in geookolje so dobrodo-
sli tudi prispevki s Sirokega podrocja geoznanosti, kot so:
geologija, hidrologija, rudarstvo, geotehnologija, materiali,

metalurgija, onesnazevanje okolja in biokemija.

Glavni urednik
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Influence of minor scandium and
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of Al and Al-5Mg alloy
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na mikrostrukturo Al in zlitine Al-5Mg
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Abstract

The article describes the effect of varying minor scan-
dium and zirconium quantities on the grain refinement
of the as-cast alloys Al-Sc, Al-Sc-Zr, and Al-5Mg-Sc-Zr, as
well as the distribution of either element in the phases
formed during the solidification, homogenisation an-
nealing, and ageing of these alloys. Scandium and zir-
conium in the Al-Sc-Zr and Al-5Mg-Sc-Zr alloys are
present in three metallographic formations: in the solid
solution of the aluminium matrix, as primary particles
Al (Sc, Zr), and as dispersive precipitates. The prima-
ry particles Al,(Sc, Zr), sized between 5 um and 10 um,
act as crystallisation nuclei during the solidification
of the alloys. As the EDS SEM analysis indicates, the
primary particles are not homogeneous: the scandium
and zirconium contents decrease from centre to edge.
Another manifestation of scandium and zirconium in
the Al-Sc-Zr and Al-5Mg-Sc-Zr alloys takes the form
of secondary precipitates. These precipitates exist in
the as-cast, homogenised, and aged alloys. Their sizes
range from 5 nm to 60 nm in the as-cast alloys, and
from 100 nm to 350 nm in the aged ones. The precip-
itate number density decreases with the annealing of
the alloys.

Key words: aluminium alloys, scandium, zirconium,
microstructure

Izvlecek

Clanek se osredinja na uéinek razli¢nih manjsih koli-
¢in skandija in cirkonija na udrobnenje zrn v osnovnih
zlitinah Al-Sc, Al-Sc-Zr in Al-5Mg-Sc-Zr in porazdelitev
obeh elementov v fazah, ki nastanejo med strjevanjem,
homogenizacijskim Zarjenjem in staranjem teh zlitin.
Skandjij in cirkonij v zlitinah Al-Sc-Zr in Al-5Mg-Sc-Zr
sta v treh metalografskih oblikah: v trdni raztopini alu-
minijeve matrice, kot primarni delci Al (Sc, Zr) in kot
dispergirani izloCki. Primarni delci Al (Sc, Zr) z veliko-
stjo od 5 um do 10 pm so kristalizacijske kali med strje-
vanjem zlitin. Kot je pokazala analiza EDS SEM, primar-
ni delci niso homogeni; vsebnosti skandija in cirkonija
se manjSata od sredine k robovom delcev. Drugi nacin
pojavljanja skandija in cirkonija je v obliki sekundarnih
izlockov. Izlocki se nahajajo v ulitih, homogeniziranih
in staranih zlitinah. Velikost izlo¢kov je 5-60 nm v uli-
tih in 100-350 nm v staranih stanjih zlitin. Gostota iz-
lo¢kov se manjsa z Zarjenjem zlitin.

Kljucne besede: aluminijeve zlitine, skandij, cirkonij,
mikrostruktura



74

Introduction

Scandium (Sc) has a considerable influence on
the microstructure and properties of alumin-
ium (Al) and its alloys. There are three main
reasons for adding Sc to aluminium alloys
(Al-alloys): (i) grain refinement during cast-
ing, (ii) precipitation hardening, and (iii) grain
structure control [, It has been demonstrated
that a small Sc addition in Al and Al-alloys pro-
duces Al Sc precipitates, usually termed dis-
persoids ""*. AL Sc dispersoids efficiently im-
pede the movement of grain boundaries, which
leads to recrystallisation resistance and to the
thermal stability of the crystal grains at higher
temperatures 2%, Beside the binary Al-Sc al-
loys, the Sc-containing alloys studied most ex-
tensively were the Al-Mg-Sc type alloys 371,

The beneficial effects of Sc are enhanced when
Sc is added to Al-alloys in combination with
zirconium (Zr) ™ * 7 8, The presence of both
elements in the alloy improves its recrystal-
lisation resistance, the stability of its crystal
grains during high-temperature annealing, and
its mechanical properties ™ *®l, These improve-
ments are due to the formation of very fine and
uniformly distributed Al,(Sc, Zr) precipitates,
which pin the grain boundaries™ 7 &% 11, The
Al,(Sc, Zr) precipitates have a core/shell struc-
ture with an uneven distribution of Sc and
Zr: a Sc-rich core is surrounded by a Zr-rich
shell [-% 10121 The presence of Zr prompts the
grain refinement action at lower concentra-
tions of Sc, starting from the mass fraction of
Scw = 0.18 % ™. It is for this reason that Sc is
introduced into commercial Al-alloys together
with Zr ™. A further advantage of the joint ad-
dition of Sc and Zr concerns the superplastic
forming of Al-alloys, where a fine-grained and

stable microstructure is the basic prerequisite
for good superplasticity. Recent researches
have shown that the combined additions of Sc
and Zr to Al-Mg alloys improve their superplas-
ticity more efficiently than the separate addi-
tion of either element does 3-1¢1,

The aim of our experiment was to establish the
influence of varying minor Sc and Zr quanti-
ties on the cast grain structure and to investi-
gate the distribution of Sc and Zr in the phases
formed during the solidification, homogeni-
sation annealing, and ageing of Al and Al-5Mg
based alloys.

Materials and methods

The experiments were conducted with Al and
Al-5Mg alloys containing either a minor addi-
tion of Sc or a combination of Sc and Zr. The
designation and chemical composition of each
alloy is shown in Table 1. The alloys were pre-
pared by laboratory induction melting, using
Al99.99 (w/%), Mg99.8, and the master alloys
AlSc2.1, AlZr7.5, and AlTi5B1. Three kilograms
of Al were melted in a graphite crucible, while
the Mg and the master alloys were added to
the molten Al at a temperature of (705+5) °C.
The melts were repeatedly cast into a wedge-
shaped copper mould, where they cooled to
ambient temperature at a rate of ~ 20 K s™.
The shapes of the cut castings are shown in
Figure 1. The microstructures of the alloys
were examined in their as-cast, homogenised,
and aged states. The as-cast alloys without Mg
were homogenised for 24 h at 600 °C and those
containing Mg for 4 h at 440 °C, followed by 4 h
at 460 °C. After the homogenisation annealing,
the alloys were aged for 4 h and 24 h at 400 °C.

Table 1: The chemical composition of the alloys investigated (in mass fractions, w/%)

Mark Alloy Si Fe Mn Mg Ti Zr Sc Al
A Al-0.3Sc 0.006 0.002 0.001 0.00 0.002 0.000 0.24 Bal.
B Al-0.3Sc-0.15Zr 0.008 0.017 0.001 0.00 0.002 0.147 0.28 Bal.
C Al-5Mg-0.2Sc 0.022 0.048 0.004 514 0.016 0.004 0.21 Bal.
D Al-5Mg-0.2Sc-0.15Zr 0.007 0.013 0.002 516 0.011 0.156 0.18 Bal.
E Al-5Mg-0.35S¢c-0.15Zr ~ 0.007 0.016 0.002 472 0.012 0.168  0.35 Bal.

RMZ - M&G | 2015 | Vol.62 | pp. 73-80

Smolej, A, Markoli, B., Nagode, A., Klobcar, D.



The examination methods were light micros-
copy, scanning electron microscopy SEM (JEOL
JSM - 5610 with an EDS detector), and trans-
mission electron microscopy JEOL 3100 (ISIS
EDXS with an acceleration voltage of 200 kV).
The metallographic investigations were fo-
cused on the grain microstructure, the primary
phases with Sc and Zr, and the secondary pre-
cipitates. The grain microstructure was estab-
lished by using Baker’s reagent. The average
crystal grain size was examined with the linear
intercept technique. The Sc and Zr contents in
the primary phases were checked by SEM EDS,
and in the secondary precipitates by the TEM
EDXS analysis. The sizes of the secondary pre-
cipitates were measured manually, and their
density was assessed by a visual count within
a set area of bright field TEM (BF TEM) images.

Results and Discussion

Figure 1 shows the macro- and micro-images
of crystal grains in as-cast alloys with varying
contents of Sc and Zr. The average sizes of the
grains are given in Table 2.

An addition of less than w(Sc) = 0.3 % does not
drastically reduce the grain size of these alloys.
The size of the crystal grains is unevenly dis-
tributed over the cross-sections of the castings.
On the other hand, the simultaneous addition
of Sc and Zr refines the grain size of the alloys
Al-0.3Sc-0.15Zr, Al-5Mg-0.2Sc-0.15Zr, and Al-
5Mg-0.35Sc-0.15Zr to 54, 41.5 um and 33 pm
respectively. All these alloys have an equiaxed,
nondendritic grain structure, usually with a
uniform grain size within each casting. A minor
addition of Zr - about w = 0.15 % in the Al-Sc
and Al-5Mg-Sc alloys - has an intensive grain
refining effect on the as-cast structure in spite
of the low Sc content.

Figure 2 shows the backscattered electron im-
ages (BSE images) of a nearly 10 pm square
particle within a crystal grain of the as-cast al-
loy Al-0.3Sc-0.15Zr (a, b), and its composition
analysis at spot 1 (c). The particle is composed
of Al, Sc, and Zr with its uneven distribution.
Figure 4 presents the contents of Sc and Zr at
various points of the particle as established
by the EDS analysis. The concentration of both

75

Figure 1: Macro- and microscopic images of crystal grains
in the as-cast A, B, C, D, and E alloys with varying Sc and Zr
contents.

Table 2: The average grain sizes of the alloys investigated

Alloy A B € D E
Grainsize o 5, 190 415 33
(hm)

elements decreases from centre to edge, but the
Zr content is higher at all analysed points. The
stoichiometric ratio of Al to (Sc + Zr), expressed
in average mass fraction (w), is about 3 : 1. The
ratio Zr : Sc in the particle varies from 1.5 to
approximately 1.9, with a mean value of 1.65.

Influence of Minor Scandium and Zirconium Additions on the Microstructure of Al and Al-5Mg Alloy
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Figure 2: BSE images of the particle in the as-cast alloy Al-0.35c-0.15Zr, with markings of the analysed spots 1-5 (a, b) and a

composition analysis of the particle at spot 1 (c).

NTF OMM LJ
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Figure 3: BSE images of the particle in the homogenised alloy Al-0.35c-0.15Zr, with markings of the analysed spots 1-5 (d, e) and

a composition analysis of the particle at spot 1 (f).

Figure 3 shows the BSE images (d, e) of the
particle with the composition (c), taken after
the homogenisation annealing of the Al-0.3Sc-
0.15Zr alloy at 600 °C for 24 h. The concentra-
tions of Sc and Zr are reduced in comparison
with the as-cast state of the alloy (Figure 4).
The contents of both elements are nearly equal
at all analysed spots, decreasing from centre to
edge. The decomposition of the particle chang-
es the stoichiometric ratio Al:(Sc+Zr). The
contour of the particle does not disappear de-
spite the long-continued homogenisation an-
nealing at a relatively high temperature.

When, on the other hand, Sc and Zr have been
added simultaneously, the Al-Sc-Zr and Al-
5Mg-Sc-Zr alloys in as-cast, homogenised, and
aged states contain not only large particles but
also nm-size precipitates. These precipitates,
shown in BF TEM and BSE SEM micrographs
(Figure 5), consist of Al, Sc and Zr. The average
quantitative composition of the precipitate, de-
termined by the EDS TEM analysis, is displayed
in Table 3. The average chemical composition
of the precipitates in the aged alloy is similar
in all states analysed and does not depend on
the ageing time. The distribution of Sc and Zr in
the precipitates is not evident from the BF TEM

RMZ - M&G | 2015 | Vol.62 | pp. 73-80

—4—Sc as-cast
~@—7r as-cast
20 Schom

w===Zr hOm.

Analysed spot

Figure 4: The Sc and Zr contents in the particles presented in
Figures 2 and 3, belonging to the as-cast and homogenised
alloy Al-0.35¢-0.15Zr.

micrographs. The Al-matrix close to the pre-
cipitates does not contain Sc or Zr, and the av-
erage stoichiometric ratio Al : (Sc + Zr) in the
precipitates is nearly 3 : 1. In addition, the EDS
SEM analysis reveals that the bright points in
the BSE image (Figure 5h) contain more Sc and
Zr than the surrounding Al-matrix does. These
results are in agreement with the data found
in literature: it has been reported by a num-
ber of researchers that dispersive precipitates

Smolej, A, Markoli, B., Nagode, A., Klobcar, D.
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Figure 5: The BF TEM image of Al (Sc, Zr) precipitates in the as-cast alloy Al-0.35c-0.15Zr (g); BSE (h) and BF TEM (i) images of
AIS(Sc, Zr) precipitates in the Al-0.35¢-0.15 Zr alloy, aged for 4 h at 400 °C.

in alloys of the Al-Sc-Zr type consist of Al, Sc,
and Zr with random distribution. The chem-
ical formula of the composed precipitates can
be noted as Al,(Sc, Zr) or, more correctly, as
Al (Sc, , Zr ) [n810],

The size and distribution of the precipitates in
the as-cast and aged alloy Al-0.3Sc-0.15Zr were
measured with the help of BF TEM micrographs.
The results are shown in Table 4. The smallest
precipitates with the highest density are found
in the as-cast alloy. The aged alloy, by contrast,
contains larger precipitates with a much lower
density. While the duration of the ageing time
has no considerable influence on their density,
longer ageing does slightly increase their size.
The size and density of the precipitates in the
TEM images are comparable with those in the
BSE images.

The microstructures of the quaternary Al-Mg-
Sc-Zr (D and E) alloys were investigated in the

same way as the Mg-less B alloy. The micro-
structures of these alloys were found to be very
similar to the Al-0.3Sc-0.15Zr (B) alloy, with
relatively large primary particles composed of
Al, Sc, Zr, and dispersive Al,(Sc, Zr) precipitates.
Figure 6 shows the BSE images of primary par-
ticles in the as-cast (j, k) and homogenised (1)
Al-5Mg-0.35Sc-0.15Zr (E) alloy. In shape, size,
and composition, they equal the particles in
the Al-0.3Sc-0.15Zr (B) alloy. The secondary
Al,(Sc, Zr) precipitates are present in D and E
alloys - as-cast, homogenised, and aged - and
their characteristics are similar to the precip-
itates in the Mg-less Al-0.3Sc-0.15Zr (B) alloy.

The average grain sizes of the investigated as-
cast alloys Al-0.3Sc (A) and Al-5Mg-0.2Sc (C)
are 295 pum and 190 um respectively. Alloys with
less than w(Sc) = 0.3 % show no grain refine-
ment effect. According to the Al-Sc phase dia-
gram, the eutectic pointoccurs atapproximately

Table 3: The average composition of the precipitates and of the Al-matrix in the aged Al-0.35¢-0.15Zr alloy (in mass, w/%, and

amount fractions, x/%)

w/% x/%
Place State
Al Sc Zr Al Sc Zr
Precipitate 4h,400°C 76.72 14.26 9.02 87.23 9.73 3.03
Precipitate 24 h, 400 °C 73.76 15.01 11.23 85.68 10.46 3.86
Al-matrix 24 h, 400 °C 99.97 0.04 0.01 99.98 0.02 0.00

Table 4: The average size and density of the precipitates in the as-cast and aged alloy Al-0.35c-0.15Zr

State Precipitate size Precipitate density
As-cast 5-60 nm ~ 320 precipitates/1 um?
Aged 4 h, 400 °C 100-300 nm ~ 5-6 precipitates/1 pm?
Aged 24 h, 400 °C 150-350 nm x 6 precipitates/1 pm?

Influence of Minor Scandium and Zirconium Additions on the Microstructure of Al and Al-5Mg Alloy
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Figure 6: BSE images of the primary particles in the as-cast (j, k) and homogenised (1) alloy Al-5Mg-0.355¢-0.15Zr (the E alloy).

w(Sc) = 0.55 % and at a temperature of
659 °CL 46171 The maximum solubility of Sc in
Al in the solid state is w(Sc) = 0.35 %*. When
an aluminium melt with a hyper-eutectic con-
tent of Sc is slowly cooled, the first phase in the
melt will be Al.Sc 1248l The Al Sc phases, fcc
with a lattice parameter of 0.4105 um, act as
potential nucleation sites for aluminium crys-
tal grains®™ ¢ The investigated Al-0.3Sc and
Al-5Mg-0.25Sc alloys reveal no Al Sc particles:
this agrees with the data that it is only Sc ad-
ditions greater than the eutectic composition
(w(Sc) = 0.55 %) that act as grain refiners of al-
uminium castings, due to the formation of pri-
mary particles during solidification [ 68171,
The minimum Sc level required for grain refine-
ment can be reduced by the simultaneous addi-
tion of a minor Zr content to the alloys. In the
alloys investigated - Al-Sc-Zr and Al-5Mg-Sc-Zr
- Scand Zr are present in three forms: in a solid
solution of Al, as primary phases in the form of
square or rectangular particles sized between
5 pm and 10 um, and as fine dispersive precip-
itates.

NTF OMM L.J

The composition of the primary particles is
not homogeneous: the Sc and Zr contents de-
crease from centre to edge. The average ratio
Al : (Sc + Zr) is nearly 3 : 1, which is in accor-
dance with the chemical formula Al (Sc, Zr) ™ *.
The Al,(Sc, Zr) particles are the first to form
in the melt, thus serving as effective crystalli-
sation nuclei during the solidification of the
residual melt, which results in a fine-grained
microstructure. This is demonstrated by the
BSE images of the as-cast alloy Al-5Mg-0.35Sc-
0.15Zr, which reveal the presence of Al,(Sc, Zr)
particles within some crystal grains (Figure 7).
The reason why such particles are not evident
in all grains is the variety of their orientation
and of their cross-sections, resulting from the
preparation of the metallographic samples.

As indicated by the EDS SEM analysis, the Zr
content in the centre of the primary particles is
higher than the Sc content. On the basis of the
Al-Zr and Al-Sc phase diagrams® 18-201 35 refer-
ences for the Al-Sc-Zr type alloys, it is believed
that Al Zr precipitates first form from the melt

18knm

NTF 0OMM LJ

Figure 7: BSE images of the as-cast alloy Al-5Mg-0.355c-0.15Zr containing Al (Sc, Zr) particles.
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by peritectic reaction at about w(Zr) = 0.1 %.
This is followed by the precipitation of Al,Sc
on the AL Zr %21, The uneven distribution of
Sc and Zr in the particles is due to the further
diffusion of both elements during the cooling
of the alloy after solidification. In the new-
ly formed composed particles Al,(Sc, Zr), Zr
replaces a part of the Sc content required for
achieving the critical size of Al,Sc as a crystal-
lisation nucleus *#. Thus the addition of about
w(Sc) = 0.2 % and w(Zr) = 0.1 % significantly
refines the grain sizes of Al and Al-Mg type al-
loys at a much lower content of the costly Sc %,
and therefore Sc is introduced into commerecial
aluminium alloys together with Zr ™. However,
the mechanism by which the primary particles
containing Sc and Zr are formed in Al and Al-al-
loys is still not entirely explained.

Another manifestation of Sc and Zr in the
Al-Sc-Zr and Al-5Mg-Sc-Zr alloys takes the form
of fine secondary precipitates. According to the
literature on the subject, these dispersive pre-
cipitates have a core/shell structure where the
composition of the core differs from that of the
surrounding shell. These precipitates, desig-
nated as Al,(Sc, Zr), are coherent with the ma-
trix [810-12 They consist of a core containing Al
and Sc (AL,Sc) and surrounded by a Zr-rich shell
(Al,Zr) 'L The distribution of Sc, Zr and Al in
the secondary precipitates differs from that in
the primary Al,(Sc, Zr) particles, which is due to
the different diffusion rates of Sc and Zr during
solidification and in the solid solution " 21,
The precipitation in the secondary precipitates
starts with the nucleation of nearly pure Al,Sc,
whereas Zr precipitates on Al,Scnuclei atalater
stage [l The Al,(Sc, Zr) precipitates were found
in all three forms of the Al-Sc-Zr and Al-5Mg-
Sc-Zr alloys: homogenised, aged, and as-cast.
This can be explained with the short incubation
period (= 102 s) of the Al,Sc nuclei ® " ??, Evi-
dently, dispersive Al,(Sc, Zr) precipitates form
in the Al-solid solution even while the castings
are still cooling after solidification. These dis-
persive precipitates are effective in pinning the
dislocations and in impeding the movement of
high-angle boundaries, thus causing resistance
to recrystallisation and improving the thermal
stability of the fine-grained microstructure at
higher temperatures [7-8 11,
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Conclusions

The article describes the effect of varying mi-

nor scandium and zirconium quantities on the

microstructure of the alloys Al-Sc, Al-Sc-Zr,

Al-5Mg-Sc, and Al-5Mg-Sc-Zr. The findings of

the research include the following:

— Scandium and zirconium are present in the
investigated alloys Al-Sc-Zr and Al-5Mg-Sc-Zr
in three metallographic formations: (i)
in solid solution, (ii) as primary particles
AlL(Sc, Zr), and (iii) as dispersive precipi-
tates.

— There is no grain-refining effect in as-
cast alloys Al-Sc and Al-5Mg-Sc with less
than w(Sc) =0.3 %. The addition of about
w(Zr) = 0.15 % significantly refines the grain
sizes of the Al-0.3Sc and Al-5Mg-0.2Sc alloys.

— The primary particles Al,(Sc, Zr), sized be-
tween 5 pm and 10 pm, act as crystallisation
nuclei during the solidification of the alloys.
The composition of the primary particles is
not homogeneous: the Sc and Zr contents de-
crease from the centre to the border areas,
with the Zr content exceeding that of the Sc.
The presence of Mg in the alloys does not al-
ter the formation of primary particles.

— Another manifestation of Sc and Zr in the
Al-Sc-Zr and Al-5Mg-Sc-Zr alloys takes the
form of secondary precipitates. They are
found in as-cast, homogenised and aged al-
loys. The size of the precipitates ranges from
5 nm to 60 nm in as-cast alloys, and from
100 nm to 350 nm in aged alloys.
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Abstract

Petrogenesis and functional applications of the talcose
rocks in Wonu-Apomu and Ilesa areas, southwestern
Nigeria, were undertaken. Petrographic studies of the
talcose rocks showed talc with variable amounts of an-
thophyllite, and chlorite. X-ray diffraction studies of the
talcose rocks further revealed the presence of Al-bear-
ing pyrophyllite (19.0 %) and Cr-bearing clinochlore
(14.5 %), which have similar physical characteristics
and diffraction peaks with talc and chlorite, respective-
ly thus increasing the intensity of talc and chlorite on
the x-ray diffraction charts.

Chemical data of the talcose rocks showed that
the Wonu-Apomu samples are more siliceous
(ca. 55.62% Si0,) than the Ilesa samples with ca.
52.35%. Trace element data showed higher Cr
(>3 600 pg/g), Ni(>1620 ug/g) and Zn (> 160 pg/g)
contents in the Ilesa talcose rocks. Petrogenetic indices,
including low K, Rb, Rb/Sr (< 0.29), K/Rb (< 49.55),
Ni/Co (< 1.05), Ga/Y (< 1.05) and Ca0/AL0Q, (< 0.72)
suggested tholeiitic basalt precursor for the talc bodies.
The composition, physical and industrial characteris-
tics of the talc bodies supported functional applications
as fillers, filters and absorbents in ceramics, paints,
rubber, paper, plastic, roofing materials and textiles.

Key words: talcose rock, mineralogy, geochemistry,
petrogenesis, functional applications

Izvlecek

Predmet preiskave sta bili doloCitev petrogenetskih
znacilnosti in ocena uporabne vrednosti lojevec vsebu-
jo¢ih kamnin s podrocij Wonu-Apomu in Ilesa v jugo-
zahodni Nigeriji. S petrografskimi preiskavami kamnin
so ugotovili razen lojevca Se razlicne deleze antofilita
in klorita. Rentgenske difrakcijske preiskave kaZejo na
prisotnost Al-vsebujocega pirofilita (19,0 %) in Cr-vse-
bujocega klinoklora (14,5 %), ki imata podobne fizikal-
ne lastnosti in difrakcijske vrhove kot lojevec, iz ¢esar
izhaja zvecana intenziteta lojevca in klorita na rentgen-
skih difrakcijskih diagramih.

Iz podatkov kemijske analize je mogoce sklepati,
da vsebujejo vzorci iz Wonu-Apomuja ve¢ kremena
(povpr. 55,62 % Si0,) od vzorcev iz Ilese, ki ga imajo
povprecno 52,35 %. Analize slednih prvin kazejo v
prvih ve¢ Cr (> 3 600 pg/g), Ni (> 1 620 pg/g) in Zn
(> 160 pg/g) kakor v vzorcih lojev¢evih kamnin iz Ilese.
Petrogenetski kazalci, med drugim nizek K, Rb, Rb/Sr
(< 0,29), K/Rb (< 49,55), Ni/Co (< 1,05), Ga/Y (< 1,05)
in Ca0/AlL0, (< 0,72), nakazujejo, da je bila izvirna ka-
mnina lojevca tholeiitni bazalt. Glede na sestavo lojev-
Cevih teles in njihove fizikalne ter industrijske znacil-
nosti ugotavljajo, da je mogoc¢e kamnino uporabljati kot
polnilo, material za filtre in kot absorbent, v keramiki,
izdelavi barvil, gume, papirja, plasti¢nih snovi, kritine

in v tekstilni industriji.

Klju¢ne besede: lojevCeva kamnina, mineralogija, geo-
kemija, petrogeneza, uporabna vrednost
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Introduction

Talc bearing rocks and their protolithic amphi-
bolites are common features of the Precambri-
an schist belts, which are largely confined to
the western part of Nigeria (Figure 1). In the
Ilesa schist belt of southwestern Nigeria, they
occur in localities such as Wonu-Apomu, Ile-Ife,
Isaobi near Ilesa, Ikirun and Esa-Oke. With-
in the Ilesa schist belt, talc bodies are closely
associated with mafic and ultramafic bodies,
mostly amphibolites and metasedimentary
units such as quartzites and pelitic schists 7,
Various mineralogical and textural varieties of
the talcose rocks have been identified by work-
ers such as 8%, The four major mineralogical
types according to Elueze and Akin-Ojo ™% are
the talcose, tremolitic, chloritic and anthophyl-
litic varieties. Furthermore, studies on the re-
gional occurrences and comparative industri-
al applications of various talc occurrences in
southwestern Nigeria have also been carried
out [10, 11].

Industrial appraisals of various talc bodies
from southwestern Nigeria have also been in-
ferred from their textural, mineralogical, chem-
ical and geotechnical attributes -8, Most of
these investigations on the amphibolites and
various talcose occurrences within the Precam-
brian basement complex tend to emphasize
their field relations, petrological descriptions,
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Figure 1: Map of southwestern Nigeria showing the location
of Apomu and llesha areas.
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mineralogical attributes and aspects of in-
dustrial applications, with little effort on the
petrogenetic affinity. Mineralogical and chem-
ical data were generated in the present inves-
tigation to unravel the petrogenetic affinity
and petrochemical trends of the talcose rocks
in Wonu-Apomu and Ilesa areas. The function-
al applications were also evaluated based on
physical and thermal characteristics of the tal-
cose bodies.

Location and Geology of study
areas

The Wonu-Apomu area is delineated by lati-
tude 7° 15" and 7° 19’ N and longitude 4° 3’ and
4° 6'E (Figure 2); while the Ilesa area is defined
by latitude 7° 31" and 7° 38’ N and longitude
4° 38" and 4° 45’ E (Figure 3). The Precambrian
basement complex rocks in Nigeria have been
classified into three major groups. These are
the ancient migmatite-gneiss-quartzite com-

1 2

Kilometres

Pegmatite

Older granite

P. Porphyntic

M. Medium-grained
C. Coarse-grained
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Figure 2: Geological map of Wonu-Apomu area (modified
after Akin-Ojo ).
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plex, the schist belts and the Pan African intru-
sive series (Older Granites). Others minor rocks
include unmetamorphosed felsic and mafic in-
trusives 91,

The Wonu-Apomu and Ilesa areas lie within
the schist belts of the basement complex of
southwestern Nigeria characterized by migma-
tites and granitic gneiss, low to medium grade
metasedimentary and metavolcanics rocks, no-
tably quartzite and quartz schist, amphibolites
and talc schist. Others are porphyritic granite
and pegmatites (Figures 2 and 3). Talc schist
occurs as narrow, northerly trending, and lens-
shaped discontinuous bodies within the amphi-
bolite at Pagbo, Wonu, Baale and Laduntan in
the Wonu-Apomu area (Figure 4). In Ilesa area,
the talc schists occur within biotite schist and
amphibolitic rocks. They contain essentially
talc with subordinate amounts of anthophyllite,
pyrophyllite and chlorite. Chalcopyrite, pyrite,
pyrrhotite and chromite, though intensively
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Figure 3: Geological map of llesa area (modified after
Kehinde-Phillips 7).
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Figure 4: Talc schist outcrop in Wonu-Apomu area.

altered, are also present in some samples 2%,
The mineralogy, feel, colour, texture, area ex-
tent, and the degree of weathering of the tal-
cose rocks vary with location. The chlorite con-
tent of the talc-schist is reflected in its greenish
colour, while the weathering effect is indicated
by brownish colouration due to iron oxidation.

Materials and Methods

Forty samples of talc schist were collected from
outcrops in Wonu-Apomu and llesa areas. The
samples were selected for thin sectioning, X-ray
diffraction studies and chemical analysis. Thin
section of talc-schist and amphibolite samples
were prepared and examined under petro-
graphic microscope. X-ray diffraction (XRD)
study of the talc schist samples were carried
out in order to identify mineral phases that
could not be identified with optical characteris-
tics. Ten representative samples were selected
from Wonu-Apomu and llesa areas. The sam-
ples were pulverized, pressed into an alumini-
um sample holder and analysed using Panalyti-
cal X’ pert Pro diffractometer. Diffraction peaks
obtained in 26 degrees and nm-values were
compared with established standards and in-
terpreted with reference to the Joint Commit-
tee on Powder Diffraction Standards, Tables of
X-ray powder diffraction patterns 21,

Twenty (20) talc samples were pulverized into
fine powder and analysed at the Activation
Laboratory in Ontario, Canada using the In-
ductively Coupled Plasma-Mass Spectrometry
(ICP-MS). The ICP-MS technique was used for
the determination of major and trace element

Petrogenesis and functional applications of talcose rocks in Wonu-Apomu and llesa areas, southwestern Nigeria
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composition of the talc bodies, which include
Sio,, Al0,, Fe,0,(T), MnO, MgO, Ca0, Na,0, K,0,

273
Tio,, P,0,, Ba, Sr, Y, Zr, Zn, Rb, Co, Cu, V, Ga, Cr

and Ni.2 i
Pellets of raw pulverized talc were produced
using a mechanical press. The pellets were
dried in an oven set at 105 °C and the natu-
ral moisture content (NMC) determined. The
pellets were fired in a kiln to temperatures of
(950, 1 000, 1 050 and 1 100) °C for 2 h. The
loss on ignition (LOI) was determined from the
weight difference of the dried and fired sam-
ples. The linear shrinkage (LSK) was measured
and calculated from the percentage decrease in
diameter of the pellets after firing. The water
absorption capacity was estimated from per-
centage weight increase after immersion in wa-
ter for 24 h. Bleaching test for colour improve-
ment was carried out on 10 samples by soaking
2gin5mlof 1.0 M and 2.0 M HCl for 24 h.

Results and Discussion

Petrography

Thin sections of the talcose rock show flaky ag-
gregates and plates of talc (Figures 5-7). Laths
of anthophyllite and chlorite are also observed
(Figure 5). Aggregates of prismatic needles and
radiating fibres of anthophyllites and pyrophyl-
lite were observed in the thin section of the talc
schist. The talc-pyrophyllite-chlorite Wonu-
Apomu samples are generally greyish to cream
white in colour while the anthophyllite-pyro-
phyllite-chlorite rich types are brownish to
grey. Anthophyllite is pleochroic from colour-
less to yellowish and green in thin section. Pyro-
phyllite, anthophyllite, chlorite and clinochlore
are commonly present in both talcose bodies. A
greenish or brownish tint in colour is observed
with increase in chlorite and/or anthophyllite
content. The pyrophyllite rich varieties are
schistose in texture and cream-white in colour.
The talc sample has a strong soapy feel. In thin
sections, the talc schists are observed as flaky
aggregates and platelets of talc (Figures 5-7).
Pyrophyllite (ALSi,0, {OH},) occurs as fibrous
aggregates and rosettes around fine-grained
matrix of flaky talc. The pyrophyllite crystals

RMZ - M&G | 2015 | Vol.62 | pp.81-93

have properties similar to those of talc and are
observed as foliated masses in the talc schist.
Laths of anthophyllite are also present with
subordinate chlorite and clinochlore.

Figure 5: Photomicrograph of Wonu-Apomu talcose rock
showing talc and anthophyllite crystals (40-times, crossed
polars).

Figure 6: Photomicrograph of Wonu-Apomu talcose rock
showing plates of talc (T) (40-times, crossed polars).

Figure 7: Photomicrograph showing plates of talc in the llesa
talcose rock (40-times, crossed polars).

Bolarinwa, A. T., Adeleye, M. A.



X-ray diffraction

X-ray diffraction studies revealed the presence
of talc, anthophylite and substantial quanti-
ty of pyrophyllite and clinochlore (Table 1).
Strong peak of pyrophyllite is close to those of
talc and anthophyllite. The chromium bearing
clinochlore has similar reflection peaks with
chlorite. Talc was identified at (9.5, 28.6, 48.8,
and 59.4) 26 values (Figs. 8 and 9). Peaks of py-
rophyllite occur closely with those of talc and
anthophyllite at (9.5, 19.4 28.9, 29.4) 26 values.
Anthophyllite peaks are recorded at values of
26 (9.6,10.7,19.8, 27.6,29.1 and 31.2).

Table 1: Mineral composition (%) of talc schist from
Wonu-Apomu and llesa areas

Minerals 1 2 3 4 Mean
Talc 30 32 21 24 26.75
Pyrophyllite 20 20 18 18 19.0
Anthophyllite 21 18 28 22 2225
Chlorite 14 15 16 20 16.25
Clinochlore 14 14 16 14 14.5
Others 1 1 1 2 1.25
Total 100 100 100 100 100

1-2: Wonu-Apomu Talc-chlorite-anthophyllite schist
3-4: llesa Talc-anthophyllite-chlorite schist

Chlorite in association with clinochlore, a chro-
mium-bearing monoclinic chlorite was iden-
tified at 26 values of (6.2, 12.4, 18.6, 25.0 and
31.2).Chlorite is a hydrous silicate of aluminiun,
ironand magnesium (Mg, Fe) Al(AlSi,) O, (OH),
while clinochlore with the chemical composi-
tion (Mg, Fe, Al), (Si,Cr) O, , (OH), is a monoclin-
ic crystal that is distinctly biaxial and optical-
ly positive as observed under the petrological
microscope. The average clinochlore compo-
sition was about 14 % in each of the ten sam-
ples analysed. The total chlorite content (in-
cluding clinochlore) of the talc schist samples
was about 30 %, which was responsible for the
greenish colour of most of the samples. The
mineralogical data of the whole rock samples,
using the peak height ratio showed that they
are composed of about 30 % talc, 20 % pyro-
phyllite, 21 % anthophyllite, 28 % chlorite and
1% unidentified minerals.

Comparative studies of the Ilesa and Wonu-
Apomu talc-schist with those of Oke-Ila, Iseyin,
Baba-Ode and Erin-Omu (Table 2) showed that
the Ilesa and Wonu-Apomu samples are high-
er in pyrophyllite and anthophyllite but lower
in talc and tremolite/actinolite contents. The
range values of talc for Ilesa and Wonu-Apomu
samples is 21-32 % while those of Oke-Ila
is about (58-81 %) and Iseyin (48-59 %) [,

Table 2: Comparison of mineral composition (%) of the llesa and Apomu talc schist with some other talc bodies in southwestern

Nigeria

Minerals 1 Tl;s Stll: Y 4 |2m Ol;enila 4m (1;?;1(1:1) Baba-Ode | Erin-Omu
Talc 30 32 21 24 | 58 66 81 |59 52 48 24 74 59
Pyrophyllite 20 20 18 18 - - - - - - - - -
Anthophyllite | 21 18 28 22 - - - - - - 9 3 6
Z‘t’;‘:gﬂg - - - -] 18 20 10 |28 26 33 | 48 7 24
Muscovite - - - - - - - - - - - 6 2
Chlorite 14 15 16 20 22 12 8 |12 21 17 16 - 7
Clinochlore 14 14 16 14 - - - - - - - - -
Others 1 1 1 2 2 2 1 1 1 2 1 1 2
Total 100 100 100 100 | 100 100 100 |100 100 100

1-2: Wonu-Apomu talc-chlorite-anthophyllite schist
3-4: llesa talc-anthophyllite-chlorite schist

Oke-lla: talc-tremolite chlorite schist ['*
TTSC: talc-tremolite schist, Iseyin ['*

Baba-Ode: talc-tremolite chlorite anthophyllite schist ¢!
Erin-Omu: talc-tremolite chlorite anthophyllite schist ['®

Petrogenesis and functional applications of talcose rocks in Wonu-Apomu and llesa areas, southwestern Nigeria
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Table 3: Major (%) and trace element composition of talc schist of Wonu-Apomu and llesa areas

1 2 3 4 5 6 7 8 9 10

Sio, 52.29 51.43 52.23 61.15 61.01 52.42 52.82 521 52.24 52.15
ALO, 4.16 43 3.62 0.84 0.77 5.2 4.99 5.22 53 5.14
Fe,0,, 8.34 7.83 8.27 3.94 3.75 9.54 9.26 9.38 9.42 9.33
MnO 0.14 0.13 0.15 0.48 0.05 0.15 0.14 0.14 0.14 0.14
MgO 28.59 27.89 29.18 30.04 30.06 26.54 26.67 26.03 26.46 26.02
Ca0 2.7 3.17 2.59 0.06 0.05 1.39 1.34 1.38 1.31 1.38
Na,0 0.04 0.01 0.11 0.03 0.03 0.08 0.07 0.01 0.01 0.01
K,0 0.06 0.05 0.11 0.01 0.02 0.03 0.01 0.08 0.06 0.01
Tio, 0.19 0.20 0.187 0.2 0.02 0.09 0.1 0.1 0.11 0.11
PO, 0.03 0.03 0.03 0.01 0.01 0.03 0.02 0.03 0.03 0.03
LOI 4.42 4.65 4.21 481 4.79 5.22 5.24 5.33 5.27 5.1
Total 100.96 99.7 100.59 101.57 100.56 100.69 100.66 99.8 100.41 99.42
Trace element (ng/g)

Ba 32 30 37 9 10 15 14 18 15 15
Co 69 69 70 71 73 72 70 69 70 69
Cr 1880 1820 1870 1030 1190 3770 3720 3640 3670 3610
Cu 70 60 70 10 10 20 10 10 10 10
Ga 7 6 5 2 2 8 8 8 8 8
Ni 1110 1080 1150 1670 1750 1710 1650 1620 1650 1640
Rb 29 6 4 3 2 2 3 2 2 2
Sr 10 12 9 2 2 4 3 4 4 4
\' 78 80 67 5 5 48 46 45 48 45
Y 34 25 33 2 2 10 10 11 11 11
Ir 17 14 13 8 8 20 11 15 17 18
Zn 50 60 60 40 70 220 170 160 170 190
K/Rb 0.002 0.007 0.0021 0.003 0.008 0.013 0.003 0.033 0.025 0.004
Rb/Sr 2.9 0.5 0.44 1.5 1 0.5 1 0.5 0.5 0.5
K/Ba 0.002 0.001  0.0002 0.001 0.002 0.002 0.001 0.004 0.003 0.001
Ga/Y 0.2 0.24 0.152 1 1 0.8 0.8 0.727 0.727 0.727
Rb/Y 0.85 0.24 0.12 1.5 1 0.2 0.3 0.182 0.182 0.182
Na/K 0.6 0.178 9.83 2.675 1.337 2.38 6.25 0.111 1.042 0.892
Ba/Rb 1.1 5.0 9.25 3.0 5.0 7.5 4.66 9.0 7.5 7.5

1-5: Wonu-Apomu samples
6-10: llesa samples

Petrogenesis and functional applications of talcose rocks in Wonu-Apomu and llesa areas, southwestern Nigeria
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Baba-Ode and Erin-Omu talc contents are ca.
49 % and 59 % respectively. Chlorite, on the
other hand, is 14-20 % for Ilesa and Wonu-
Apomu, while those of Oke-Ila and Iseyin are
(18-22 %) and (12-22 %) respectively. [t must
be noted that pyrophyllite and anthophyl-
lite, which occur prominently in the Ilesa and
Wonu-Apomu samples are absent in the Iseyin
and Oke-Ila samples.

Anthophyllite, an orthorhombic amphibole is a
major constituent in the Ilesa and the Apomu
talc-schist while tremolite, a monoclinic am-
phibole, which is one of the major constituents
in the Oke-Ila, Iseyin, Baba-Ode and Erin-Omu
talc-schist are absent in the Wonu-Apomu and
Ilesa samples (Table 2). Anthophyllite is sta-
ble only at low temperatures. When heated to
about 400 °C, it may alter to a monoclinic am-
phibole, such as, tremolite. The heat for the
conversion of the anthophyllite to tremolite
in the areas where they occur could have been
provided by the granitic intrusives around the
talc bodies.

Geochemistry

Chemical data show that the talcose rocks of
the study areas are highly siliceous with an
average value of 55.62 % and 52.35 % SiO, for
Wonu-Apomu and Ilesa samples, respectively
(Table 3). Also magnesia contents ranges be-
tween 27.89-30.06 % and 26.02-26.67 % for
the Wonu-Apomu and Ilesa talcose samples.
Alumina (0.77-4.3 %), Fe,0, (3.75-8.345 %)
and CaO (0.05-3.17 %) contents of Wonu-
Apomu talcose rock show lower values and
a wider range within samples when com-
pared to the Ilesa samples with 4.99-5.55 %,
9.26-9.54 % and 1.31-1.39 % for ALOQ,, Fe,0,
and CaO contents, respectively. Some samples
from Wonu-Apomu, however, exhibit high sili-
ca (> 61 %) and magnesia contents (> 30 %),
but correspondingly low Al O, (< 2 %), Fe,0,,
(< 4 %), CaO (0.05 %) and MnO contents
(Table 4). These samples are higher in talc
content than others (Tables 2, 3 and 4). The
abundances of Si0,, MgO, ALO., FeZOS(t) and
CaO between Wonu-Apomu and Ilesa samples
invariably reflect subtle mineralogical differ-
ences between samples. The MnO, Na,0, K,0,
TiO, and P,0O, concentrations are generally low
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(< 0.05 %) and are not strikingly varied with-
in samples. The loss on ignition (LOI) does not
generally exceed 5.4 %.

As observed from Tables 3 and 4, Ilesa talcose
samples are enhanced in Cr (> 3 600 ug/g),
Ni (> 1 620 pg/g) and Zn(> 160 pg/g), while
Wonu-Apomu indicated an average concentra-
tions of 1 558 pg/g, 1 353 pg/g and 56 ug/g for
Cr, Ni and Zn, respectively. Other trace elements
such as Ba, Co, Cu, Ga, Rb, S1; V, Y and Zr are gen-
erally low and do not show any marked trend.
The talcose rock showed SiO, enrichment,
probably due to the effect of chemical weath-
ering. Hydrothermal alteration accompanied
by serpentinization of the tholeiitic protoliths
was reflected in high MgO (26.34-29.15 %) and
Fe,0,, (6.43-9.39 %) contents of the talcose
rocks. The relative chemical mobility of Na, Ca
and K during secondary alteration processes is
largely displayed by strong depletions of these
Na, Ca and K oxides in the talcose samples rela-
tive to the protolith amphibolites (Table 5) [22.

The Ba (24 pg/g), Sr (7 ng/g) and Rb (9 ng/g)
concentrations in the talcose rocks are gener-
ally low compared to the amphibolites with-
in the area (Table 5). This trend is also due to
their chemical instability during secondary
alteration processes. On the other hand, Cr
(3684 ug/g) and Ni (1 654 pg/g) contents, as a
result of their chemical immobility even under
hydrothermal alteration, which commonly pro-
duce talc, serpentine and chlorite from mafic
and ultramafic rocks showed distinctive chemi-
cal enrichment trends in the talcose rocks. The
values for Co (ca. 70 pg/g) remain unchanged
in both the talcose rock and the amphibolites
(Table 4). These could serve as exploration
guide for basemetals and platinum group ele-
ments (PGE) in the area.

Functional potentials of the talc bodies

The physical and industrial properties of the
talcose body include determination of natu-
ral moisture content (NMC), loss on ignition
(LOI), linear shrinkage (LSK), water absorption
capacity (WAC), firing colour and pH. Results
obtained from these tests (Table 6) served as
basis for the evaluation of functional poten-
tials of the talc bodies. The results showed
that the NMC ranged from 5.00 % to 6.55 %.
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Table 4: Average chemical composition of Wonu-Apomu and llesa talcose rocks compared with other talcose rocks elsewhere in

89

Nigeria
Wonu-Apomu Ilesa Iseyin (TTCS) SW Nigeria (TTAS)

Mean Range Mean Range Mean Range Mean Range
Sio, 55.62  51.23-61.15 | 52.35 52.15-52.82 54.70 53.61-55.35 55.01 46.82-55.37
ALO, 2.74 0.77-4.3 5.17 4.99-5.3 3.54 1.86-4.84 2.52 1.19-2.86
Fe 0, 6.43 3.75-8.34 9.39 9.26-9.54 6.50 5.75-7.25 4.50 3.20-4.50
MnO 0.19 0.05-0.48 0.14 0.14-0.15 0.16 0.10-0.25 0.05 0.004-0.13
MgO 29.15 27.89-30.06 | 26.34 26.02-26.67 27.20 22.06-30.38 30.04 29.13-32.04
Cao 1.71 0.05-3.17 1.36 1.31-1.39 443 2.76-5.32 1.50 0.41-4.47
Na,0 0.04 0.01-0.11 0.05 0.01-0.08 0.22 0.16-0.32 0.01 0.01-0.02
K,0 0.03 0.01-0.11 0.04 0.01-0.08 0.03 0.01-0.06 0.02 0.01-0.02
Tio, 0.16 0.02-0.2 0.10 0.09-0.11 Nd Nd Nd Nd
P,0, 0.02 0.01-0.03 0.03 0.02-0.03 0.02 0.02-0.3 0.06 0.05-0.13
LOI 4.58 4.21-4.81 5.23 5.1-5.33 2.99 1.82-4.88 6.00 3.60-5.41
Total 100.68 100.2 99.86 99.71
Trace element (ug/g)
Ba 24 9-37 15 14-18 Nd Nd Nd Nd
Co 70 69-73 70 69-70 71 52-80 Nd Nd
Cr 1558 1030-1880 | 3684 3610-3770 826 806-897 2000 Nd
Cu 44 10-70 12 10-20 Nd Nd Nd Nd
Ga 4 2-7 8 8 Nd Nd Nd Nd
Ni 1352 1080-1750 | 1654 1620-1710 1278  1034-1702 1500 Nd
Rb 9 2-29 2 2-3 Nd Nd Nd Nd
Sr 7 2-12 4 3-4 Nd Nd Nd Nd
\' 47 5-80 46 45-48 Nd Nd Nd Nd
Y 19 2-34 11 10-11 Nd Nd Nd Nd
Ir 12 8-17 16 11-20 Nd Nd Nd Nd
Zn 56 40-70 182 160-220 69 58-82 Nd Nd
K/Rb 0.004 0.001-0.008 | 0.0155 0.003-0.033 Nd Nd Nd Nd
Rb/Sr 1.27 0.44-2.9 0.6 0.5-1.0 Nd Nd Nd Nd
K/Ba 0.011  0.001-0.002 | 0.002  0.004-0.006 Nd Nd Nd Nd
Ga/Y 0.52 0.15-1.0 | 0.756 0.727-0.8 Nd Nd Nd Nd
Rb/Y 0.74 0.24-1.5 0.21 0.182-0.3 Nd Nd Nd Nd
Na/K 2.92 0.18-9.83 | 2.136 0.111-6.25 Nd Nd Nd Nd
Ba/Rb 4.67 1.10-9.25 7.23 4.66-9.00 Nd Nd Nd Nd

Nd: Not determined
TTCS: Talc-tremolite schist, Iseyin ['4
TTAS: Talc-tremolite/actinolite schist, SW Nigeria '
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Table 5: Comparison of the major (%) and trace element (%) composition of the amphibolites and the talcose rocks in Wonu-

Apomu and llesa areas

*Amphibolite Talcose rocks
Wonu-Apomu Ilesa Wonu-Apomu Ilesa
Mean Range Mean Range Mean Range Mean Range

Sio, 4891 44.79-50.62 | 47.27 44.86-49.10 55.62 51.23-61.15 52.35 52.15-52.82
ALO, 15.11 14.01-16.41 | 17.29 15.20-20.22 2.74 0.77-4.3 5.17 4.99-5.3
Fe, 0, 13.31 12.27-14.62 | 1244 11.56-13.34 6.43 3.75-8.34 9.39 9.26-9.54
MnO 0.13 0.07-0.23 0.11 0.08-0.14 0.19 0.05-0.48 0.14 0.14-0.15
MgO 9.84 8.08-12.15 9.52 7.85-11.16 29.15  27.89-30.06 2634 26.02-26.67
Cao 9.33  8.72-10.00 9.50 8.11-10.55 1.71 0.05-3.17 1.36 1.31-1.39
Na,0 1.52 1.13-1.88 1.87 1.28-2.72 0.04 0.01-0.11 0.05 0.01-0.08
K,0 0.73 0.46-0.99 | 0.732 0.55-0.85 0.03 0.01-0.11 0.04 0.01-0.08
Tio, 0.05 0.25-0.88 0.61 0.39-0.86 0.16 0.02-0.2 0.10 0.09-0.11
P,0, 0.03 0.01-0.05 0.03 0.02-0.05 0.02 0.01-0.03 0.03 0.02-0.03
Lol 0.31 0.25-0.35 1.46 0.24-0.35 4.58 4.21-4.81 5.23 5.1-5.33
Total 99.69 99.86 100.68 100.20

Trace elements (pg/g)

Ba 184 86-350 137 88-231 24 9-37 15 14-18
Sr 123 106-143 122 106-145 7 2-12 4 3-4
Rb 33 26-40 34 27-46 9 2-29 2 2-3
Cr 79 58-92 63 45-94 1558 1030-1880 3684 3610-3770
Co 71 40-85 62 48-82 70 69-73 70 69-70
Ni 64 24-98 57 25-85 1352 1080-175 1654 1620-1710
Ir 55 48-62 56 46-66 12 8-17 16 11-20
Y 37 26-45 37 25-45 19 2-34 11 10-11

* Wonu-Apomu and llesa amphibolites ?*

The LOI ranged between 4.21 % and 5.27 %.
The LSKvalues are generally low (2.33-4.40 %).
The WAC ranged from 8.05 % to 10.00 % while
the pH of the slurry produced from the talcose
rock ranged between 8.00 and 8.35 indicat-
ing alkalinity (Tables 6 and 7). The pH values
and the LOI compare favourably with those of
talc bodies from Erin-Omu, Iseyin, Oke-Ila and
Baba-Ode (Table 7) all in southwestern Ni-
geria [*>1%181, On the other hand the WAC is low-
er than those of the Erin-Omu and Baba-Ode
samples and comparable to that of Oke-Ila but
higher than that of Iseyin (Table 7). The vari-
ation in the mineralogical compositions and
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textures of the talcose rocks from one area to
the other is reflected in the results of the fir-
ing tests presented. Generally, the results are
comparable to other similar talc bodies with-
in the schist belts of south-western Nigeria as
reported by Durotoye and Ige Y. The colour
of the raw talcose pellets changes from green,
brown, grey or cream to shades of red, yellow
and cream after firing (Table 6). Bleaching of
the talcose rocks yielded white to off-white co-
loured samples with increasing concentration
of the HCl acid used.

Based on the foregoing the talc bodies of
Wonu-Apomu and Ilesha areas are assessed
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as viable industrial raw materials in coloured
ceramics including insulation ceramics [,
They could also function as filler and extender
in paints %, paper, roofing materials and tex-
tiles after screening to remove gritty particles,
which are mainly quartz 5?71, The talc bodies
could be used to improve the stability and ri-
gidity of plastic goods at high temperatures
based on the specifications of Noble 28, It must
be noted that pyrophyllite is commonly used
for the same purpose as talc. The high content
of trace elements in the talc bodies, notably Cr,
Ni, Co, Cu, V and Zn would not permit utiliza-
tion for pharmaceutical purposes. Also, chemi-
cal data are not within the specifications of the
American Society for Testing of Materials ! for
the manufacture of powder, creams and soaps.
However, the bleaching test suggested that they
could serve as absorbents for oil, grease and
other chemicals.

91

Conclusions

Talcose rocks from Wonu-Apomu and Ilesa ar-
eas contain talc, pyrophyllite, anthophyllite and
chlorite (clinochlore). Comparative studies of
these talc bodies with those of Erin-Omu, Ise-
yin, Oke-Ila and Baba-Ode showed that the for-
mer is higher in pyrophyllite, anthophyllite and
chlorite (clinochlore) but lower in talc and lack
tremolite/actinolite contents.

Chemical data for the talcose rock showed that
they are siliceous. Petrochemical trends of the
major and trace element data of the talcose
rocks reflected some subtle relationships to
the amphibolites in the areas. Trace elements
concentrations of the talcose rocks indicated
enrichments in Cr, Ni, Cu, V and Zn relative to
the amphibolites within the area. Petrogenetic
indices suggest tholeiitic basalt precursor for
the talc bodies .

Table 6: Industrial properties of Wonu-Apomu and llesa talcose rocks

1 2 3 4 5 6 7 8 9 10
NMC 5.20 5.35 5.20 6.20 6.55 5.00 5.26 5.10 5.44 5.00
LOI 4.42 4.65 421 4.81 4.79 5.22 5.24 5.33 5.27 5.10
LSK 4.40 3.83 4.27 2.40 2.33 2.54 3.60 3.38 3.42 3.33
WAC 8.54 8.33 8.05 9.48 10.00 8.05 8.40 8.55 8.40 8.35
Raw colour =~ Brown Brown Green Cream Cream Brown Green Brown Brown Brown
Fired colour Red Red Yellow  White  White Red Yellow Red Red Red
pH 8.35 8.30 8.33 8.00 8.10 8.30 8.26 8.34 8.30 8.25

NMC - Natural moisture content (%)
LOI - Loss on ignition (%)

LSK - Linear shrinkage (%)

WAC - Water absorption capacity (%)

Table 7: Result of physical and industrial test on Wonu-Apomu and llesha talcose rocks compared to similar rock types in SW

Nigeria

This study Erin-Omu Iseyin Oke-Ila Baba-Ode
NMC 5.00-6.55 Nd Nd 7.50-8.90 Nd
LOI 4.21-5.27 2.87-4.11 1.45-6.03 3.75-5.28 4.25-4.41
LSK 2.33-4.40 1.01-1.81 0.25-2.0 2.45-3.50 1.01-1.52
WAC 8.05-10.00 13.25-16.25 6.96-11.65 4.21-5.80 15.14-18.25
pH 8.00-8.35 8.01-8.21 Nd 7.5-9.5 8.01-8.21

This study - Wonu-Apomu and llesa areas
NMC - Natural moisture content (%)

LOI - Loss on ignition (%)

LSK - Linear shrinkage (%)

WAC - Water absorption capacity (%)

Petrogenesis and functional applications of talcose rocks in Wonu-Apomu and llesa areas, southwestern Nigeria
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The Wonu-Apomu and Ilesa talc bodies possess
requisite mineralogical, chemical and industri-
al specifications for use as raw materials in the
manufacture of ceramics, paints, rubber, paper,
textile, plastic, roofing materials and textiles.
They can also be used as absorbent. However,
they might not be appropriate for use in the
pharmaceutical, powder, creams and soaps
manufacturing industries without rigorous
beneficiation, which might not be economical.
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Abstract

For the entire area of municipality of Krsko the anal-
ysis of slope stability has been done. The analysis
is based on publicly available geological data (MOP,
Ministry of environment, ARSO - Slovenian Environ-
ment Agency etc.) and engineering - geological rock
classification. Based on this a map of slope stability was
produced. As a result the map is showing the maximum
slope angles where the landslides start to appear.

Key words: municipality of Krsko, GIS, slope stability
analysis, stability map, stability classes, applied geology

Izvlecek

Za obmocje obcline Krsko je bila s programom IDRISI
izdelana analiza stabilnosti pobocij. Analiza je temeljila
na osnovi javno dostopnih geoloskih podatkov (MOP,
Ministrstvo za okolje, ARSO - Agencija Republike Slo-
venije za okolje itd.) in inZenirsko-geoloSke klasifikaci-
je kamnin. Na osnovi te analize je bila izdelana karta
stabilnosti pobocij, ki kot rezultat prikazuje mejne na-
klonske kote, pri katerih se za¢nejo pojavljati plazovi.

Klju¢ne besede: obcina Krsko, stabilnostna analiza,
GIS, stabilnostna analiza pobocij, karta stabilnosti,
razredi stabilnosti, aplikativna geologija
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Introduction

Long-term impact of exogenous factors such
as surface weathering, river and stream ero-
sion, and groundwater flow, cause changes
on the surface of the terrain and weaken the
rock strength. Such action can cause a kind of
balance collapse between the gravity and the
inner strength of rock. These two reasons are
the main factors for development of the land-
slides. GIS - Geographical Information System
is designed to work with databases or, for inte-
gration, observation, analyses, processing and
plotting of spatially oriented data, as well [*.
Litostratigraphic geological units of the re-
searched area are for this basic outline summa-
rized in a condensed form after the Basic Geo-
logical Map (OGK) - sheet Zagreb ™ and sheet
Novo Mesto 34, with corresponding explanato-
ry notes. The oldest rocks in this area belong to
Middle Triassic - Anisian.

Triassic - T

Anisian T - In the time of sedimentation in
the Anisian stage a dolomite formed, with in-
tercalations of bedded limestones. Dolomite is
mostly of dim grey color, occasionally bedded
and generally massive. Sometimes it is also
brecciaed. There are no fossil remains in the
dolomite. It lies concordantly on the Lower Tri-
assic (Scythian) beds, and its age can be deter-
mined only by its stratigraphic position. It can
be found north of Krsko.

Ladinian T}~ Above the Anisian dolomite in the
Krsko hills between the Sava valley and Bucka,
and northwest of Krsko, lies indurated mas-
sive, rarely thick-bedded dolomite with cherts.
This dolomite is lightly grey, coarse-grained
and changes into dolomitized limestone. As it
is partly porous, it resembles the Cordevolian
dolomite. In its upper part are present layers
and lenses of black chert. In this dolomite one
can also find lenses of green and violet tuff with
interlayers of silicified tuff and cherts.

Late Triassic T, - Upper Triassic Dolomitve can
be found in the Gorjanci hills, south of Catez.
Lightly grey massive and sometimes thick-bed-
ded dolomite prevails, with layers of dolo-
mitized limestones. Upward it changes into
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bedded and lightly weakly bedded white and
lightly grey coarse-grained dolomite with chert
layers and lenses.

Cretaceous - K

Late Cretaceous K, - Upper Cretaceous beds lie
mostly trangressively on Middle and Upper Tri-
assic dolomites. On the surface they outcrop in
the vicinity of Krsko and Gorjanci hills, south of
Krska vas and Borst. Elsewhere they are mostly
eroded or present as small erosional patches.
Lithologically they are developed as a typical
flysch, as an alternation of sandstones, marls,
siltstones, calcarenites or marly limestones
with layers of cherts and chaotical breccias.

Miocene - M

M} (Tortonian) - Middle Miocene Tortonian
sediments appear south of BreZice and CateZ in
the area of Mrzla vas in the Gorjanci hills. From
a lithological point of view the sediments are
very diverse. In the lower parts one can find
breccias, loosely consolidated conglomerates,
and above yellow and white marly limestone.
Some beds of porous lithotamnian limestone
also appear, which changes into a sandy and
marly limestone and marl. The latter contains
thin beds of sandstone.

M/ (Sarmatian) - In the area of Libna, Krska vas
and Gazice Upper Miocene beds outcrop at the
surface, consisting mostly of marl and clayey
marl.

Pliocene - Pl

Pl! (Early Pontian) - Early Pliocene rocks out-
crop at the terrace near Brezice. They are de-
veloped as a grey massive clayey marl and
marlstone. Above it are continuously sediment-
ed the Late Pontian (PI?) sand, sandy clay and
sandy marl.

Plio-quarternary (PL,Q)

A vast part of the studied area is build of
Plio-Quaternary sediments (Pliocene/Pleisto-
cene). In the lower part of these beds one can
find grey and brown loam with quartz pebbles.
On this base a 100 m thick sand and gravel ter-
race has been deposited. The terrace is covered
by sandy clays, sand, silt and clayey gravel.

Koren, E., Vizintin, G.



Quarternary (Q) - a, a ,;

The complete basin is covered by fluvial grav-
el terrace of the Sava river. The thickness of
this terrace is estimated to be 12 m in average
(from 7 m to 20 m). It consists of sand and grav-
el of various granulation, and pebbles are most-
ly carbonate. After deposition, the river has
incised fluvial terraces (a, to a,) and drained
oxbows. The latter are more abundant in the
vicinity of villages Brege and Skopice. They are
filled by organogenic clays and silts, and the en-
vironment is mostly marshy. Sandy and gravel
terrace is sometimes covered by lentoid beds
of silty and clayey sands. Their thickness varies
from some decimeters to several meters.

Tectonics

The complete Krsko basin is a young tectonic
syncline depression, filled by Quaternary fluvi-
al sediments. The subsidence of this area has
started already in the Miocene and has intense-
ly continued in Late Pliocene. The subsidence
also took place in the Middle Pleistocene (neo-
tectonics) and is active in the present time.
The syncline belongs to Zagorje Tertiary basin
and forms its southeastern part. The syncline
axis lies in the SW-NE direction. The north-
ern boundary of the syncline is represented
by the horst of Krsko hills and the anticlyne
of Bohor and Orlica, and the southern limb by
the horst of Gorjanci hills. In the base of Krsko
syncline, below the Tertiary clastic sediments,
the Middle and Upper Triassic limestones and
dolomites appear. These rocks are intensely de-
formed and fractured.

Table 1: Inclination angles depending on the rocks type &
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Background and methods

For the purpose of stability analysis the rocks
have been classified in the appropriate slope
classes according to the Table 1. The results of
classifications process, which was made on the
basis of indication in Table 1, are presented in
Table 2. As can be seen from Table 2 a strongly
conservative approach has been selected. De-
cision on conservative approach is based on
relatively small scale lithologic information ?-*
and in lack of information of rainfall impact on
the rock stability °-7). As it is very well known,
significant impact on rock and slope stability
is attributed to rainfall ™ ¢ Unfortunately the
impact is strongly depending on the type of
rainfall duration, moisture content in soils and
rocks, vegetation, seismic risk etc. Many of pa-
rameters mentioned before can’t be directly in-
cluded in topical analyses due to lack of knowl-
edge on their impact on the rock formation "],
so to avoid them, only slope and lithological
information with conservative transition ap-
proach to engineering geology information
were selected.

The basic data for the rock slopes stability map
were derived from geological data and DMR
map - (Digital Terrain Model) with a cell size
of 25 m x 25 m (Figure 1). Based on the DMR
data the map of terrain slopes has been done
(Figure 2). The creation of slopes map was
completely made by Idrisi program using Slope
function inside the Surface Analysis (Figure 3).
The slopes map is only the first step in a way to
the final rock slopes stability map.

Classification Name Inclination classes Stable inclinations
igneous and metamorphic rock above 50°
carbonates rock

rocks -

lastites soil
C
rock to 50°
soil
soft rocks tertiary sediments
rock
gravely soils (gravel fill)
revailing cla to 40°
soil mixed soils (clay and gravel fill) P — Y
prevailing gravel
lake, marsh and marine sediments to 12°

Idrisi as a tool for slope stability analysis
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Table 2: Inclination angles derived from geology map

Rock description Age Slope (°)
Alluvial deposits al 15
Alluvial deposits: mostly sand to clay al 10
Alluvial deposits: gravel to clay a 15
Limestone, breccia K2 50
Limestone and dolomite, breccia and conglomerate 012 50
Limestone, limestone breccia, silicified limestone, chert with parts of dolomite J1+2 50
Limestone, silicified limestone, chert ]3 50
Limestone and dolomite with chert, marl, shale and tuff T22 40
Limestone marls, sandstone, sand and conglomerate 2M31,2 35
Limestone and sandstone 1, M31 35
White limestone M22 50
Breccia, conglomerate, shell, claystone, marl, limestone and chert K2 40
Dolomite with layers of mica mudstone, sandstone, shale and shaley limestone T1 44
Dolomite, marly limestone, mica shale and sandstone T1 40
Dolomite, limestone, shale, chert and tuff T2 35
Clay j 10
Clay and loam with pieces of chert P, Q 10
Clay and clay with gravels Pl Q 10
Clay, gravel sg 15
Shale, calcarenite and limestone breccia K14, 5 35
Clay and sandy marl with inlays of sand and sandstone M32 35
Shale, limestone with chert, calcarenite and tuffs T22 35
Shale, limestone with chert, marl and limestone breccia K1, 2 35
Terra rossa ts 10
Quartz sand P13 35
Marl, marly limestone, limestone and sandy marl M22 35
Marl, marly limestone, limestone and sandy marl M31 35
Marl, marly clay, send, conglomerates PI11 10
Sea clay 012 10
Limestone M22 50
Massive limestone, partially dolomite T31 50
Massive limestone and dolomite marl T21 50
Massive granulated dolomite T31 50
Massive granulated dolomite T32+3 50
Soft clayey marl M32 20
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Rock description Age Slope (°)

Shale, quartz sandstone and conglomerate C P 40
The lowest terrace: gravel, sand, clay al 15
Organic and bioclastic limestone, sandstones, lime and clayey marl 2, M22 40
Sand M, Pl 30
Sand and gravel with a few inserts of clay and sandy marl Pl1 30
Sand, sandstone, sandy clay, sandy marl and shale with coal 0oL, M 20
Sand, sandy marl and clay P112 15
Composite limestone T32+3 50
Limestone, marly limestone with chert J,K 50
Dolomite with chert T32+3 50
Slope debris S 35
Massive dolomite T21 50
Gravel, sand and clay PLQ 15
Red and greenish sandstone, siltstone, and conglomerate, claystone P22 40
River sediments in gravel terraces and erosion remnants - mostly felsic gravel P, Q 35
Brown and green marl, sandy marl, marly limestone and grey or red limestone with K2 35
inserts of breccia

Weathered brown clay PL,Q 10
Mine works 10

Grey to black partially stratified limestone K11 50
Grey marl M32 40
Grey marl and sandy marl M31 40
Grey marl, white and brown sandy marl, sandstone and quartz sand M22 40
Grey stratified and white grained dolomite T2+3 50
Grey stratified dolomite, tuff, limestone, dolomite breccia and conglomerate T22 40
Grey clay g 10
Grey and brown clay PL, Q 10
Stratified limestone with chert T31 50
Well rounded conglomerate pr 35
Diabase and tuff bb 25
Below micritic limestone and hard marl, up clayey marl M31 40
Gravel and sand of middle river terrace a2 35
Light grey densely stratified limestone J1,2 50
Light grey massive dolomite and dolomite with chert T2,3 50
Light grey stratified limestone J1+2 50
Light grey stratified and massive dolomite with limestone inclusions T21 50
Conglomerate of first river terrace t 50

Idrisi as a tool for slope stability analysis
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Figure 1: Map of digital elevation model municipality of Figure 2: Map of slopes.
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The second step was based on the geological
12 data described before. In this step the geolog-
ical information was transformed to the rocks
maximum allowable inclinations. As a result of
this transformation (Figure 4) a Map of maxi-
mum rock slope stability was made (Figure 5).
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Discussion and results

The first two maps were needed for the further
rock stability analysis. The combination of data
derived from Map of slopes (Figure 2) and Map
of maximum rocksslope stability (Figure 5) using
Idrisiimage calculator was made (Figure 6). The
process can be described with the equation (1):

Slopes

RS =
Max. rock stability (D

To do the final map of stability (Figure 7) it was
necessary to obtain the so called normalized
values of relative slopes (Equation 2).

Slopes

norm. value =1 - pry
Max. rock stability (2)

And finally using a Reclass command (Figure 8)
4 classes of stability were defined. The first:
very stable (1-0.8), second: stable (0.8-0.5),
third: conditionally stable (0.5-0) and the
fourth: unstable with the values below 0.
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Figure 6: Map of the relative slopes.
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Conclusion

For the entire area of municipality of Krsko an
analysis of stability has been done using Idrisi
GIS. Generally available public geological and
topographical data were used for analyzing and
processing described maps. It needs to be em-
phasized that during the process the data on
intensity of rainfall were not included due to
their absence on a smaller scale.

Because of the fact, that rainfall precipita-
tions were not included in the process of slope
stability analysis, the demands of stability were
placed higher as they would be. Considering
these facts the classes of stability were made
on the more conservative approach than they
would be in case the data on intensity of rainfall
precipitations were available.

Analyses and maps like these presented are
generally helpful especially for urbanists for
creation of urban plans. At the same time they
are very helpful for prediction of landslide oc-
currence especially in the populated areas in
the period of heavy rainfall.
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Abstract

The Niger Delta is a prolific petroleum sedimentary
basin in the Gulf of Guinea and is posed with a major
challenge of overpressure development in many of its
fields. Integrated study, utilising 3D seismic data and
well logs from four wells, namely; OBL_1, OBL_2, OBL_4
and OBL_5 was carried out in the offshore Niger Delta.
The study aims at evaluation of structural influences
on pressure development, detection of overpressure
zones and consequently examining the risk involved
in drilling. Log signatures show decrease in density log
values and corresponding increase in sonic log read-
ings in wells OBL_1, OBL_2 and OBL_4. Well OBL_5, re-
veals increase density log values but decrease sonic log
readings. Two regional and few minor faults observed
to penetrate the overpressure zones were mapped out
and integrated with the surfaces of the tops of the over
pressured zones to generate three stratigraphic zones.
Aside from under compaction mechanism, the region-
al faults penetrating the surfaces generated across the
overpressure intervals could have influenced pressure
development in the wells.

Key words: pore pressure, risk assessment, Niger Delta

Izvlecek

Za vrsto naftnih polj v bogatem naftnem obmocju delte
reke Nigra v Gvinejskem zalivu je znacilen pojav viso-
kih pritiskov. Na predobalnem delu Nigrove delte so
izvedli kompleksno raziskavo na osnovi tridimenzio-
nalne seizmike in karotaznih podatkov iz Stirih vrtin,
in sicer OBL_1, OBL_2, OBL_4 in OBL_5. Namen je bil
oceniti vplive geoloSke zgradbe na razvijanje pritiskov,
ugotoviti prostorsko porazdelitev pritiska in doloci-
ti stopnjo tveganja pri globinskem vrtanju. KarotaZni
podatki pri¢ajo o manjSanju gostote in s tem poveza-
nim narasc¢anjem zvoc¢nih karotaznih meritev v vrtinah
OBL_1, OBL_2 in OBL_4. Nasprotno so v vrtini OBL_5
ugotovili nara$¢anje vrednosti gostotnih in zmanjseva-
nje zvoc¢nih karotaznih meritev. Dva regionalna in ne-
kaj manjsih prelomov, ki potekajo ¢ez pasove visokih
pritiskov, so kartirali in povezali s podatki iz teh pasov
ter opredelili tri stratigrafske cone. Ugotovili so, da ute-
gnejo vplivati na razvijanje visokih pritiskov v vrtinah
razen mehanizma kompakcije tudi regionalni prelomi,
ki potekajo Cez intervale pod visokim pritiskom.

Klju¢ne besede: porni pritisk, ocena tveganja, Nigrova
delta
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Introduction

Drilling in an overpressure zone without taking
precautionary measures can pose serious chal-
lenges. Hydrocarbon within the pore structures
of sedimentary rocks tend to migrate from high
pressured zones to relatively low pressured
zones of a basin. However, if the formation is
isolated or laterally sealed by impermeable
clay or shale bed, such that pressure cannot be
dissipated through connected pores to regions
of low pressure, the formation remains under
abnormally high pressure M.

High pore pressure fluids are encountered
worldwide in formations ranging in ages from
Paleozoic to Cenozoic era and may be encoun-
tered in shale-sand sequences and/ or carbon-
ate-evaporite sections at depths ranging from a
few 100 m below the earth’s surface to depths
exceeding 6 100 m (2. Therefore as explora-
tion and exploitation of hydrocarbon move
into deeper water environment, pore pressure
analysis has become an important asset in the
team'’s planning process I,

Pore pressure analysis serves as a useful tool
in many areas. In exploration, it is useful for
detecting presence of hydrocarbon seals, map-
ping of hydrocarbon pathways, analysing trap
configuration and for basin modelling. It also
serves as a great tool in drilling as it helps in
understanding mechanisms and influences of
overpressure development on hydrocarbon ac-
cumulation ™. For example; almost half of the
gas production in the South Louisiana (Tertia-
ry) in USA has been from a 600 m thick interval
around the top of abnormal pressure zone .
Authors ¢ established that the best zone to
look for gas accumulation is in the over pres-
sure region and in the formations above such
area. In line with this assertion, it becomes nec-
essary to critically examine pore pressure anal-
ysis as an integral procedure in exploration.
Like most petroliferous sedimentary basins in
the world, the Niger Delta basin is posed with
the challenge of overpressure development in
most of its oil fields !. This study therefore at-
tempts to evaluate the influence of structures
on pore pressure development, detection of
over pressure zones as well as examine drilling
risks in the Niger Delta Basin, Nigeria.
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Study area and regional geology
setting

The study area, OBL field, lies between Lati-
tudes 4° N-6° N and Longitudes 4° E-9° E in the
south western offshore region of Niger Delta,
Nigeria (Figure 1) and falls within the Chev-
ron Nigeria Limited Concession. The base map
showing location of study wells is shown on
Figure 2.
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Figure 2: Base map of the study area produced using Petrel
software.

In the Niger Delta, clastic wedges were de-
posited along the failed arm of a triple junc-
tion system. Originally, the Delta was formed
during the break-up of the South American and
African plates during the Late Jurassic [ 11,
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The two rift arms that followed the southwest-
ern and southeastern coasts of Nigeria and
Cameroon developed into the passive continen-
tal margin of West Africa; whereas, the third
failed arm formed the Benue Trough which is
located under the Gulf of Guinea, offshore Ni-
geria. After an early history of rift filling in the
Mesozoic, the clastic wedge steadily prograded
into the Gulf of Guinea during the Tertiary as
drainage expanded into the African craton with
consequent subsidence of the passive margin.
These upward- coarsening strata, offlapping
the continental margin (Niger Delta), have
been divided into three diachronous litho-
stratigraphic units, namely from oldest to
youngest; the Akata, Agbada and Benin Forma-
tions (Figure 3; ['>131). The Akata Formation is
the oldest of the units and comprised mainly
marine shales which range in age from Eocene
to Recent. The Agbada Formation overlies the
Akata Formation and made up of alternating
deltaic sandstones with shale. Its age ranges
from Eocene to Recent. The Benin Formation
is the youngest in the lithostratigraphic succes-
sion, and comprises sandstone, grits, claystone
and streaks of lignite. Its age ranges from Oligo-
cene to Recent.

The Niger Delta is subtly disturbed at the sur-
face but the subsurface is affected by large scale
synsedimentary features such as growth faults,
rollover anticlines and diapirs 3!, The struc-
tural style, both on regional and on field scale,
can be explained on the basis of influence of the
ratio of sedimentation to subsidence rates. The
different types of structures are namely, sim-
ple non-faulted anticline rollover structures,
faulted rollover anticline with multiple growth
faults or anticline faults and complicated col-
lapse crest structures [*°. Others are sub-paral-
lel growth fault (k-block structures) and struc-
tural closures along the back of major growth
faults (Figure 4)

Continental-margin collapse structures ex-
ert control on depositional and stratigraphic
patterns within the Niger Delta clastic wedge
(Figure 4). At the largest scale, these structures
extend laterally along depositional strike near-
ly across the entire Niger Delta (hundreds of
kilometers), defining “mega structures” **! and
associated “depobelts” that are tens of kilome-
ters wide perpendicular to the shoreline 13161,
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Six regional depobelts were deposited during
the 25 million years from early Miocene to pres-
ent. Depobelts tend to become finer-grained,
laterally away from areas of most rapid delta
progradation and basin ward away from areas
of most rapid growth fault development ™31
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Figure 3: Stratigraphic columns of the three formations in the
Niger Delta "%,
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Smaller-scale faults and associated structural
deformation accommodating collapse of depo-
belts tend to be more complex near the progra-
dational axis of the delta than at its margins.
This pattern of deposition continues still today,
with extensional development of growth faults
on the modern shelf and slope and compres-
sional uplift near the toe of the slope 1718,

Materials and methods of study

Data Acquisition

The data set utilized in this study were ac-
quired from Chevron Nigeria Limited, Lagos,
Nigeria and comprised 3-D seismic volume in
SEG-Y format and well logs in LAS format. Four
wells namely, OBL_1, OBL_2, OBL_4 and OBL_5
with relative positions across 2D seismic sur-
vey as shown in Figure 2 were used. The com-
posite logs utilized include among others; gam-
ma ray, sonic, density and resistivity logs. The
3-D seismic volume on the other hand covers
in-lines and cross lines ranges of 5 800 to 6200
and 1480 to 1700 respectively.
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Figure 5: Seismic and fault interpretations of the study area.
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Methods of Study

The methods of study entailed analysis of the
data set by integration of petrel software with
well logs and 3D seismic volume for strati-
graphic and seismic interpretations. Lithology
delineation and well correlation were done
by observing gamma ray log signatures across
the four wells. Similarly, readings on density
and sonic logs were observed for overburden
assessment and delineation of overpressure
intervals respectively. Major and minor faults
were picked at intervals of 10 on in lines and
reflected on the cross lines across the planes
on the seismic section (Figure 5). Synthetic
seismogram was generated across the study
wells and was utilized in seismic-well tie; thus,
enhancing picking of seismic horizons across
seismic section for generation of time structur-
al contour maps.

Results and discussion

Lithology Identification and Well
Correlation

In lithology identification across wells OBL 1,
OBL 2, 0BL 4 and OBL 5; increase and decrease
from the baseline on gamma ray log were in-
terpreted as shale and sand intervals respec-
tively. The four wells located within the study
area penetrated two distinct lithological zones;
as depicted by the litholog on the second track
of the wells (Figure 6). Zones with yellow and
dotted patterns indicate sand unit, while zones
with black and dash-line patterns indicate
shale units.

Zone one (1) lies between 0 m and 1 676 m
(0-5500 ft) and is composed predominantly of
sand unit. Based on the blocky signature of the
gamma ray log and the predominantly sandy
lithology, the zone could be inferred to be the
Benin Formation . Zone two (2) extends from
1676 m (5500 ft) to about 3 505 m (11 500 ft)
which can be further delineated into upper and
lower sections as reported by Doust and Omat-
sola [*3), The upper section (1 676 m (5 500 ft)
to 2 286 m (7 500 ft)) shows thicker sand inter-
vals compared to the alternating shale laminae
which may be indicative of the upper Agbada
paralic sequence based on the concept of 3,
The lower section on the other hand (2 286 m
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(7 500 ft) to 3 505 m (11 500 ft)) has thicker
shale units which increases with depth com-
pared with the alternating sands. This zone
characterised the Lower Agbada paralic se-
quence and is an indication of gradation into
deeper portion of the basin . It is assumed
that the Akata Formation was not penetrated
by the wells, probably due to its overpressured
nature 2%; however, seismic section of the study
area covers this zone (Figure 5).

From Figure 5, seismic reflection patterns be-
tween 0 ms and 1 350 ms two-way travel time;
shows low amplitude, parallel and discon-
tinuous types. Based on regional studies and
seismic reflection patterns observed within
this interval; the zone could be inferred to be
the Benin Formation 121, Similarly, reflection
patterns at interval between 1 350 ms and
2 800 ms two-way travel time shows high am-
plitude, parallel continuous reflection and fault
zones which are diagnostic of Agbada Forma-
tion (Figure 5). Below this depth, chaotic reflec-
tions are observable which is inferred to be the
Akata Formation (Figure 5).

Based on the relative positions of the wells on
the base map on Figure 2, the wells were cor-
related in the order, OBL-2, OBL-5, OBL-1 and
OBL-4 as shown on the well section in Figure 6.
These wells seem to have some units with good

Low amplitude,
parallel discontinuous
seismic reflection

High amplitude,
parallel continuous
reflection

Chaotic reflection
patterns

Figure 6: Lithology identification and well correlation.

correlations, based on the lithologies and simi-
lar log motifs, which may be indicative of simi-
lar depositional processes and environment 22,

Detection of Overpressure Zones
Overpressure detection is based on the premise
that pore pressure affects compaction-depen-
dent geophysical properties like bulk density,
velocity and porosity. An overpressured interval
displays geophysical characters different from a
hydrostatic reservoir such as decrease in densi-
ty log values and increase in sonic log values .
Burst ! established that the principal reason
for this abnormality in velocity and density logs
readings in shale units is attributed to the pres-
ence of trapped interstitial water in pore spac-
es of shale layers which could not escape before
being sealed. Consequently, the trapped fluids
within the pore spaces of the shale unit inev-
itably begin to support overburden pressure
which slows down the mechanical process of
compaction by increase in pore pressure which
consequently resist further compaction ! Log
signatures show decrease in density log values
and corresponding increase in sonic log read-
ings at delineated overpressure intervals of
(42.57 m, 84.43 m, 34.75 m, 30.02 m, 58.81 m,
63.95 m, 75.50 m, 119.86 m, 93.56 m) in well
OBL_1, (152.4 m, 31.12 m, 25.14 m, 25.67 m,
146.74 m) in OBL_2 and (35.84 m, 61.08 m,
21.28 m) in OBL_4 (Figures 7-9). Based on the
findings of authors [® 2}, incomplete dewater-
ing and compaction could have occurred in the
sediments within the delineated overpressure
intervals, resulting in slight increases in sonic
log values and consequent reduction in density
log readings at these intervals. However, densi-
ty and sonic log readings in well OBL_5 reveal
hydrostatic pressure condition as log readings
show no deviation from normal, thus indicat-
ing a normal compaction trend (Figure 10).
This view corroborates the findings of 4. The
intervals, depth to top and base of these over-
pressure zones in the study wells are shown on
Table 1.

Arising from regional study, predominantly san-
dy lithology and depth of delineated overpres-
sure zone in well OBL 4 (1 597.82 m (5 239 ft)
to 1 619.10 m (5 311.68 ft), Figure 11)); the
mechanisms or causes of overpressure devel-
opment at such a relatively shallow depth may

Pore pressure detection and risk assessment of OBL oil field, offshore Niger delta, Nigeria
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not necessarily be due to under compaction.
Tissot and Welte ?°! established that the gen-
eration of biogenic gas by anaerobic bacteria
which occurs during diagenesis at depths rang-
ing from a few hundredths of metres to about
1 500 m or more in sedimentary rocks could be
a possible cause of overpressure. However, the
pressure posed by these sources may be short-
lived. Gas generation at shallow depth could be
the possible cause of overpressure observed at
such a shallow depth in OBL_4. Similar obser-
vations have been made in the Gulf of Mexico,
where a major cause of overpressure was for-
merly attributed to under compaction. A de-
tailed study by Hunt ¢ has shown convincing
evidence that generation of gas by decomposi-
tion of organic matter from freshly deposited
mud could be a major cause of overpressure
development.

Risk Assessment

Influence of Faults on Overpressure
Development

As aids to structural studies, two major faults
and some minor faults picked at intervals of
10 across the seismic planes were mapped.

The observed faults penetrate all the overpres-
sure zones delineated. The major faults F1 and
F2, show sub-parallel relationship and extend
up to 70 % across the breadth of the region
as shown on the structural time maps and 3D
grids on Figures 11-16. Fault F3, an antithet-
ic fault, extends to about 25 % across the map
and lie discordantly against faults F1 and F2
(Figures 13-16).

Four surfaces, representing the tops of over-
pressure zones across wells OBL 1, OBL 2 and
OBL 4 were mapped out (Figures 11, 13, 15 and
16) and observed to be penetrated by the re-
gional, antithetic and synthetic faults. The co-
lour legend indicates increasing depth from the
top (red) to the base (purple).

Surface map 1 represents the top of over-
pressure zonel, delineated at depth of about
1 676 m (5498.7 ft) (Figure 11). The influence
of the antithetic and synthetic faults at this
depth seems to be unnoticed, compared with
zones at greater depth. This could be interpret-
ed to be the base and top of Benin and Agbada
Formations. Such structures have been report-
ed by Doust and Omatsola 3.

Table 1: Depth to Top and Base of Overpressure interval in OBL_1, OBL_2 & OBL_4

l\‘I/Z fI:le Ogsll;gr(eg‘s]lzl;'e Top (m) Base (m) Thickness (m)
OVZ1 884.49 927.06 42.57
OVZ2 1379.66 1464.09 84.43
OVZ3 1674.70 1709.45 34.75
OVZ 4 2256.04 2286.06 30.02
OBL_1 OVZ5 2 464.64 2523.44 58.81
OVZ6 2 644.48 2708.43 63.95
OVZ7 2775.95 2851.44 75.50
OVZ8 2911.83 3031.69 119.86
0vVZ9 321233 3305.89 93.56
0OVZ1 762.00 914.40 152.4
OVZ2 1372.44 11 403.56 31.12
OBL_2 OVZ3 1911.21 1936.39 25.14
0VZ 4 2260.26 2285.93 25.67
OVZ5 2 398.26 2539.00 140.74
0OVZ1 135691 1392.75 35.84
OBL_4 OVZ2 1460.39 1521.47 61.08
OVZ3 1597.82 1619.10 21.28
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Figure 11: Time structure map 1 - Top of overpressure zonel
above the faults at depth of about 1 676 m.
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Figure 12: 3D grid showing geometry of faults and position
of surface 1 across the faults.

Figure 13: Time structural map 2 - Top of over pressure zone 2
across the fault at depth of about 2 257.54 m.
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Figure 14: 3D grid showing geometry of faults and positions
of surfaces 2, 3 and 4 across the faults.

RMZ -M&G | 2015 | Vol.62 | pp. 105-115

Figure 15: Time structure map 3-Top of overpressure zone 3
across the fault at depth of about 2 400.95 m.

Figure 16: Time structural map 4 - Top of over pressure zone 4
across the fault at depth of about 2 744.73 m.

Surface maps 2 and 3 represent tops of over-
pressure zones 2 and 3, delineated at depths of
about 2 257.54 m (7 406.63 ft) and 2 400.95
m (7 877.13 ft) respectively (Figures 13 and
15). These zones are penetrated more deeply
by the regional growth faults, antithetic and
synthetic faults; indicating that they have pen-
etrated the Agbada Formation. The antithetic
fault F3, plays a significant role in trapping of
hydrocarbon within the reservoir especially,
around the fault assisted closure as depicted
by contour values of 2 010 to 1 990 on surface
map 2 (Figure 13); as most of the wells were
sunk around this closure.

Similarly, surface map 4, represents overpres-
sure zone 4, delineated at depth 2 744.73 m
(9 005.02 ft). The map shows a massively fault-
ed zone penetrated by the regional growth
faults F1& F2, antithetic fault F3 and synthetic
faults F4 (Figure 16). This zone most proba-
bly represents the lower portion of the Agba-
da Formation because of its proximity to the
over pressured Akata shale. Tuttle % proposed

Nton, M. E., Ayeni, M. D.



the top of Akata shale as the most pressurized
zone in the Niger Delta. It implies that pressure
regime would be higher in this zone due to its
proximity to Akata Formation than zones in
shallower depths. Weber 2% reported the oc-
currence of overpressure in some sand units
isolated by faults in the Gulf of Guinea. Similar
occurrence may be observed in sand reservoirs
in well OBL 1, at depth greater than 2 895 m
(9 500 ft), which seem to be isolated due to the
intense influence of the major, antithetic and
synthetic faults; thus resulting in high pore
pressure. There is need for caution when drill-
ing such zones. Of all the wells sunk around the
antithetic fault F3, all indicate overpressure in-
terval exceptin OBL 5 well (Figure 10). The rea-
son for this in OBL_5 may be due to the dissipa-
tion of pressure through the faults to shallower
reservoirs up dip.

Faults are known to possess capacity for over-
pressure development where sealing units are
present P Studies have shown that the sealing
ability of a fault is dependent on presence of
over 25 % shale/clay smears along the fault (281,
Generally, the soft over pressured Akata shale
in the Niger Delta basin rises up to fill the fault
zones, thus enhancing the sealing capability of
faults 281, Apart from under compaction, over-
pressure development in wells OBL 1, OBL 2
and OBL 4 may also be attributed to sealing
faults.

Summary and recommendations

Bore hole logs comprising gamma ray, densi-
ty and sonic logs in four wells offshore west-
ern Niger Delta, Nigeria were integrated with
3D-Seismic section for pore pressure detection
and structural studies. At the upper sections of
the wells, high sand: shale ratio was delineat-
ed while at the deeper sections shale ratio in-
creased. Two regional, antithetic and synthetic
faults characterized the study area. They are
observed to penetrate beyond the four over-
pressure intervals represented as surfaces and
stratigraphic zones; thus showing the magni-
tude and influence of these faults in overpres-
sure development within the study area. Of the
four wells analysed, wells OBL_1, OBL_2 and
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OBL 4 showed overpressure intervals, while
none is evident in well OBL_5. Owing to the rel-
ative positions of the wells across the regional
fault and the rate of sedimentation in the Niger
Delta, sealing faults that penetrated the basin
could have also influenced overpressure devel-
opment in the study wells.

Arising from pressure conditions in wells
OBL_1, OBL_2 and OBL_4; evaluation of pore
pressure development, well bore stability,
formation strength and related uncertainties
should be carried out prior to drilling other
wells in the study area. It is suggested that a
standard drilling, well design and well opera-
tion program should be aimed at ensuring safety
of lives, environment and cost effectiveness [?°!.
As part of the assessment and releases for oil
mining lease in developed nations, Canada pre-
cisely; pore pressure prognosis and formation
strength assessment are important criteria that
must be met B%,

Faults play an important role in hydrocarbon
accumulation in the Niger Delta basin; as many
of the hydrocarbon reservoirs within this basin
are structurally controlled ). However, there
may be some risk involved in drilling through
the overpressure zones, penetrated by the re-
gional faults F1, F2 and other minor faults.
These faults may serve as conduits for pres-
sure communication from deeper formations
to shallower depths especially in gas -charged
zones, thereby posing problems when a shal-
low formation is being drilled. Often times
when this happens, the reservoir may not be
encountered at all leading to loss of capital.
Sometimes, wells may be re-cemented, to drill
later or completely abandoned as reported by
Mohamad BY and O‘Connor 2, Fault gouges
around the fault zones may cave-in into the
well bore during drilling, thereby causing the
drill string to get stuck due to the instability or
incompetent nature of lithologies around the
fault zones.

It is recommended therefore, that evaluation of
pore pressure development, well bore stability,
formation strength and related uncertainties
should be carried out. Comprehensive studies
onregional sealing potential of the faults across
the basin would help reduce drilling risk and in
planning of drilling activities.

Pore pressure detection and risk assessment of OBL oil field, offshore Niger delta, Nigeria
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Abstract

Surface water from the Asa and Agba dams, which
hitherto supply water to Ilorin metropolis is inade-
quate, hence the need to supplement with water from
boreholes. Forty two boreholes drilled into migma-
tites, granite gneiss and quartzite in Ilorin area were
evaluated. Borehole data showed varied overburden
thickness (1.00 m to 36.00 m). The static water level
(SWL) contour map showed a radial groundwater flow
pattern trending in the NE-SW and NW-SE directions,
which is consistent with the structural trends in the
area. Estimated yields of the boreholes ranged from
0.30 1/s to 2.75 1/s. Pumping/recovery test of four
selected boreholes showed increase in productivity
from granite gneiss (transmissivity, T = 11.42 m?®/d;
permeability, K = 494 x 10 m/d) through migma-
tites (T =13.4 m®/d; K= 6.93 x 10' m/d) to quartzites
(T=17.56 m3/d; K=9.54 x 10" m/d). The groundwa-
ter occurrence in the area is adjudged to be moderately
high. Strong correlation coefficients (+0.99) exist be-
tween Vertical Electrical Sounding (VES) and borehole
log indicating that the success of borehole in the area
depends strongly on production of VES report. Based
on this study, minimum borehole depth of 33 m is rec-
ommended for the area.

Key words: groundwater, basement complex, borehole
yield, aquifer, Ilorin

Izvlecek

Povrsinska voda iz zajezitev Asa in Agba ne zadostuje
potrebam deZelne prestolnice llorina, zato iS¢ejo do-
datne vodne vire z vrtanjem. Na obmocju Ilorina so
izvrtali dvainstirideset vrtin v migmatitih, granitnem
gnajsu in kvarcitu. Debelina prevrtanega preperinske-
ga pokrova je med 1 m in 36 m. Iz razporeda plastnic
na karti stati¢ne gladine podtalnice je videti, da gre za
radialni vzorec teCenja podtalnice v smereh NE-SW
in NW-SE, kar tudi ustreza geoloski zgradbi obmocja.
Ocenjene izdatnosti vrtin so med 0,30 1/s in 2,75 1/s.
Crpalni preizkusi v §tirih izbranih vrtinah pri¢ajo o na-
rasc¢anju izdatnosti od granitnega gnajsa (prevodnost,
T=11,42 m3/d; prepustnost, K = 4,94 x 10 m/d) prek
migmatitov (T = 13.4 m?®/d; K = 6.93 x 10* m/d) do
kvarcitov (T = 17,56 m3/d; K = 9,54 x 10! m/d). Vire
podtalnice na preiskovanem obmocju so ocenili za
zmerno izdatne. Visoki korelacijski koeficient (+0,99)
med rezultati vertikalne elektricne karotaze (VES) in
karotaznih profilov vrtin pri¢a o moc¢ni povezavi uspe-
Snosti vrtin od opravljene vertikalne elektri¢ne karota-
Ze. lz raziskave izhaja, da je na tem obmocju priporoclji-
va minimalna globina vrtanja 33 m.

Klju¢ne besede: podtalnica, kamnine podlage, izdat-
nost vrtine, vodonosnik, obmocje Ilorina
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Introduction

Rapid population growth, due to rural-urban
migration resulted in increase in the number of
commercial and industrial activities in Ilorin area.
This population growth in turn is responsible
for the rapid increase in water demand and per-
sistent water shortage in the area. Water supply
from Asa and Agba dams could no longer meet
the water demand of the populace contrary to the
report of Oluyide ™, which stated that Ilorin area
has excess water and that boreholes are unnec-
essary. As a result of water inadequacy, the State
Government decided to look for additional and
sustainable water sources that can supplement
water supply from the existing dams through the
introduction of various water supply schemes.
These water supply schemes include drilling of
numerous boreholes. However, as laudable as
this policy seems, it was not supported by ade-
quate geological and hydrogeological baseline
data, which include information on the degree of
weathering and fracturing of the crystalline base-
ment rocks and hence, the high number of low
yield and outright unproductive wells reported
in the area. Alao @ investigated the occurrence of
lateritic brick-clay within the weathered profiles
at Okelele/Dada of Ilorin Local Government area.
It is believed in this study that the occurrence of
such interstitial clay in large quantity within the
weathered basement could result in low yields.
Other published works on the groundwater situa-
tions of the Ilorin area include those of Oyegun ©*!
who identified water resources, development and
management strategies in Kwara State, includ-
ing Ilorin, based on a few borehole data, which is
grossly inadequate to generalize the groundwa-
ter situation of the study area. Olasehinde  and
Olasehinde and Taiwo ! compared the geological
and geophysical exploration methods for ground-
water in the basement complex of the study area.
They were able to establish positive relationship
between the two exploration techniques. Offodile
1 studied the groundwater occurrence in base-
ment complex of Nigeria with reference to Pam-
po, a village in the southern outskirts of the study
area. The study was based on pumping test of a
single borehole. A single borehole is considered
inadequate to study the groundwater potential of
such a large area.
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The objectives of this study were to determine the
hydrogeological characteristics of the rock units
within Ilorin metropolis, to evaluate the influence
of geology on the groundwater flow and develop-
ment in the area, to assess the groundwater oc-
currence with a view to determine whether the
groundwater of Ilorin metropolis could serve as
additional and sustainable water supply sources.

The Study Area

Ilorin arealies between longitude 4°30’ E-4°37" E
and latitude 8° 26’ N-8° 33’ N (Figure 1). It covers
an approximate area of 200 km? The sampling
areas include Agbo-Oba in the west, Airport in
the southwest, Sobi Hill in the northwest, Oyun
in the northeast, Tanke and Fate in the east. The
study area is underlain by the Precambrian base-
ment rocks, which comprise of migmatite, granite
gneiss and quartzite. The area falls between semi
arid in the north and sub-humid in the south. It is
characterized by two main seasons: Wet season -
(March - Mid October) and Dry season - (Mid Oc-
tober - March). Rainfall is moderate with annual
average of 1 250 mm. Humidity is relatively low.
It is about 50 % between June and August. The
annual mean temperature is 27 °C.

The area is well drained by various streams and
their tributaries. The distributaries show den-
dritic drainage pattern. The main rivers are Asa
and Agba Rivers, while minor rivers include Oyun
and Aluko rivers. The terrain is undulating and
dissected by rivers and streams. The highest alti-
tude is about 1 200 m above sea level correspond-
ing to the top of Sobi Hill (migmatite), while along
major streams the altitude is about 250 m above
sea level. The vegetation cover is basically Guinea
savannah with ruminant tropical forest.

Geology and Hydrogeology of the
Area

The llorin area is part of the Precambrian base-
ment complex of southwestern Nigeria (Figure 1).
The main rock types that characterize the geology
of the area are migmatite-gneiss, granite gneiss
and quartzite (Figure 2). Intrusions of pegmatite,
dolerite dykes and quartz veins cut across the ma-
jor rock units in the area. The migmatite-gneiss
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complex is presumably the oldest rock in the
basement complex of Nigeria . It is the most
abundant and the most widespread in the study
area. It is foliated and jointed. The migmatite is
closely associated with quartzite in the southeast-
ern part. Granite gneiss extends from the eastern
to the southeastern part. Mineral components of
the migmatite and granite gneiss are mainly mi-
croline, quartz, plagioclase, biotite and muscovite.
The constituent quartz and few mica grains in the
quartzite of the area are recrystallised with inter-
locking mosaic textures. Other rock types include
pegmatite and quartz veins within the migmatite
and the granite gneiss. They are of few millime-
ters to about a metre. They are concordant or dis-
cordant unmetamorphosed rock bodies cutting
across foliation planes in the gneisses.

These crystalline basement rocks are generally
older than 500 million years and contain negligi-
ble amount of groundwater when not weathered
or fractured. However, significant aquifers may
develop within those areas with thick weathered
overburden and most importantly, fractured bed-
rock ®. Annor and Olasehinde ! noted that the
basement complex of Ilorin area has varied weath-
ered horizons as well as fractured rocks. The frac-
tured rocks represent the deeper aquifers, which
are overlain by shallow porous lateritic soil cover.
Although, these rocks have low groundwater con-
tent, places abound where there are thick weath-
ered, gritty overburden and fractures which aid
groundwater accumulations. Areas with high clay
contents are usually characterised by low per-
meability and poor aquifer conditions. Pegmatite
and quartz vein filled fractures in the migmatite
and quartzite of Ilorin metropolis are generally
NS and NW-SE while those in the granite gneiss
are NS and NE-SW (Figure 2).

Methodology

Collection of hydrogeological data from 42 bore-
holes within the three main rock types, namely
migmatite, granite gneiss and quartzite in Ilorin
metropolis were undertaken. Thirty seven (37)
of the boreholes were sited within migmatite,
four (4) within granite gneiss and one (1) within
quartzite. The hydrogeological data were collect-
ed in November 2005 when the boreholes were
completed. Location and elevation of each of the

borehole above sea level was measured with Geo-
graphical Positioning System (GPS) equipment [,
The static groundwater level in the boreholes was
determined using dipper water level indicator.
Computation of static water level, above sea lev-
el (SWL, ) from static water level, below ground
level (SWL, ) and elevation above sea level (E, )
were carried out.

Depths to basement, depth to the overburden and
basement aquifers, as well as, aquifer thickness
were extracted from borehole log reports. Also,
Vertical Electrical Sounding (VES) data on depth-
to-basement were taken to facilitate comparison

Figure 1: Generalised geological map of Nigeria showing the
location of llorin area.
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with borehole log. Yields from selected boreholes
were estimated. Correlation of the borehole pa-
rameters with estimated yields and Vertical Elec-
trical Sounding (VES) report with borehole-logs
were carried out. Computation of aquifer param-
eters [Transmissivity (7) and Permeability (K)]
from constant pumping/recovery test was car-
ried out, for 8 h, using 1HP submersible pump.
The static water levels (above sea level) (SWL )
for the 42 boreholes were computed and used
to produce SWL contour map which was used to
determine the groundwater flow direction in the
study area. The pumping and recovery test data
are presented in supplementary Tables S1-S8 and
Figures S1-S10.

Results and Discussion

The borehole data are presented in Table 1 with
the summary in Table 2. The geological and struc-
tural map of the area is presented in Figure 2.
Summary of the pumping and recovery tests are
presented in Table 3. Results of correlations of
the borehole parameters are presented in Table 4.
Other details are presented as supplementary Ta-
bles and Figures.

The depth of boreholes in the study area ranged
between 19.50 m and 67.60 m with mean val-
ue of 33.59 m (Table 1). Borehole productivity
in the area is not strictly a function of the total
depth drilled as reflected in some deep boreholes
(> 30 m) with low yield (BH15, 23, 28 and 30),
and some shallow boreholes (< 30 m) with high
yield (BH 13, 25, and 36) (Table 1). However, it
is recommended that the depth of borehole to be
drilled in the area must not be less than 33.00 m
so that the borehole can penetrate the fractured
basement and to create sufficient space for water
accumulation within the hole. The SWL contour
map showed a radial groundwater flow direction
in the study area (Figure 3). It is multidirectional,
trending in the NE-SW and NW-SE directions. This
is consistent with the structural trends in the area
(Figure 2).

Depth to basement varies between 1.00 m and
36.0 m with a mean value of 12.23 m (Tables 1
and 2). Borehole log report shows that twenty
four of the forty two boreholes have overburden
thickness of less than 10 m (Table 1). The over-
burden is characterized by lateritic and clayey
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formations which constitute an aquitard. Aquifer
thickness is between 3.00 m and 30.00 m with a
mean value of 12.03 m (Table 2). Most of the aqui-
fers occurred in the saprolite of the weathered
zone and the fractured basement. However, in the
northwestern part of Ilorin metropolis around
Okelele and Dada area (BH 35 and BH 38), rea-
sonable amount of groundwater occur within the
thick overburden on highly fractured migmatite.
Estimated yield (Tables 1 and 2) ranged between
0.30 1/s and 2.75 1/s. This determines how suc-
cessful a borehole is, and showed the maximum
rate a borehole can sustain reasonable drawdown
in the study area. The average value of 1.60 1/s;
suggested a high groundwater potential for the
study area. This is in agreement with the yield of
1.5-201/s obtained by Offodile [6] for aquifers in
some crystalline basement rocks in Nigeria.
Results of the Pumping/Recovery tests
(Table 3) showed transmissivity (7) values be-
tween 9.11 m3®/d and 17.56 m?/d, averaging
13.43 m3/d, and permeability (K) values be-
tween 4.52 x 10'm/d and 9.54 x 10" m/d with
mean value of 6.65 x 10! m/d. Generally, the
pumping/recovery test of the four (4) select-
ed boreholes showed increase in borehole pro-
ductivity from granite gneiss (T = 11.42 m3/d;
K = 494 x 107! m/d) through migmatites
(T=13.4m?/d; K=6.93 x 10" m/d) to quartzite
(T=17.56 m3/d; K=9.54 x 10 m/d). The highest
values of T (17.56 m3/d) and K (9.54 x 10'm/d)
occurred in the borehole drilled through quartz-
ite reflecting the highly fractured nature of
the metasediment, while the lowest values
(T'=9.11 m?®/d and K = 5.35 x 10" m/d) are ob-
tained in boreholes within the granite gneiss
(Table 3). It can therefore be said that bore-
hole productivity increases from granite gneiss
through migmatite to quartzite in the study area.
However, value for storativity could not be ob-
tained due to lack of observation wells to be used
for the pumping / recovery tests.

Borehole parameters are correlated in order to
obtain baseline data and relationships, which
can serve as a guide to borehole site and drill
depth recommendations that could be applied
in related basement areas. Correlation results
(Table 4) showed very high positive values for
Yield/T (0.96), and moderately high positive value
for Yield/Aquifer thickness (0.50). These showed
very strong and strong dependence of yield on
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transmissivity and aquifer thickness respectively.
However, for Yield/Total depth and Yield/depth
to basement, the correlation values are low (0.26
and 0.28 respectively). This indicated weak de-
pendence of yield on the two parameters. Yield/
SWL gave an extremely low correlation value
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of +0.004, which suggested borehole yield does
not depend on SWL in the area. Correlation of VES
data with Borehole-logs also gave a very high pos-
itive value of 0.99. This confirmed that the VES re-
sults obtained from the area are very reliable and
can be used for borehole location.

Table 1: Borehole Data of llorin metropolis (Source: Field Survey, 2005)

BH Depth to basement Depthto Aquifer Estimated

]]3:;1. Borehole location SWL("E') SWL(“‘J depth P (m) aqll)lifer thi?:kness yield

(m) (m) (m) BHLog VES (m) (m) /s)
BH1 Ikokoro street 9.50 290.50 46.60 5.00 6.50 15.00 30.00 2.00
BH 2 Sango Area 8.20 301.80 34.60 19.00 22.50 22.00 9.00 1.50
BH 3 Union Bank 11.50 288.10 53.60 2.00 5.00 39.00 12.00 2.20
BH 4 Tanke 5.00 305.00 46.60 15.00 16.00 15.00 21.00 1.50
BH 5 11t Kewu 8.00 312.00 37.60 9.00 10.00 12.00 21.00 1.80
BH6 Oyun 7.40 307.60 37.60 9.00 10.00 9.00 22.00 1.90
BH7 Golf Club 16.90 295.10 67.60 3.00 6.00 42.00 5.00 2.40
BH 8 Pakata 6.30 323.70 26.00 9.00 10.00 9.00 6.00 0.30
BH9 Ile Seriki 7.60 317.40 27.60 8.00 12.00 11.00 16.00 1.50
BH 10 Olorunshogo 5.90 304.00 21.00 15.00 16.00 15.00 8.00 1.30
BH11 Tanke lledu 5.90 299.10 36.00 15.00 17.00 15.00 18.00 1.75
BH12 Gaa Akanbi 4.30 325.70 33.00 3.00 5.00 33.00 12.00 2.70
BH 13  Alore Primary School 5.30 319.70 27.00 18.90 33.00 21.00 9.00 2.00
BH 14 Ile Oloje 7.20 303.80 26.25 24.00 21.00 18.00 10.00 1.50
BH15 Airport 5.00 357.00 34.00 24.00 28.00 25.00 4.00 1.25
BH 16 Ile Iya Balogun 7.30 316.70 32.00 6.00 9.00 6.00 15.00 1.50
BH17 Ile]Jimba 4.50 313.50 26.00 6.00 8.00 6.00 12.00 1.90
BH 18 Ode Alfa Nda 7.90 315.10 38.20 18.00 22.00 18.00 12.00 2.00
BH 19 Parliament Village 6.00 339.00 21.50 6.00 7.00 6.00 7.00 1.30
BH 20 Kitibi’s residence 5.40 326.6 30.00 15.00 17.50 20.00 15.00 2.10
BH21 C.A.C. Taiwo road 6.25 303.75 33.00 15.00 16.00 15.00 8.00 2.00
BH 22 Ojatuntun 5.00 300.25 30.75 1.00 1.50 3.00 27.00 2.75
BH 23 Railway station 11.30 239.70 38.00 3.00 4.00 3.00 15.00 1.00
BH 24 Akerebiata 5.80 300.20 29.00 12.00 14.00 12.00 12.00 1.95
BH 25 Baboko/Eruda 7.50 297.50 26.00 15.00 16.00 15.00 12.00 1.80
BH26 Agbo-Oba 7.00 293.00 19.50 6.00 6.50 6.00 15.00 1.80
BH 27 Popo Giwa 4.00 326.00 21.00 6.00 7.50 12.00 9.00 1.50
BH 28 FGC, Ogigi 6.00 343.00 40.00 7.00 9.00 10.00 6.00 1.00
BH29 Olunlade 3.00 337.00 38.00 10.00 12.50 20.00 17.00 1.35
BH30 Ita Alamu 8.00 329.00 40.00 8.50 10.00 10.00 3.00 0.40
BH31 Idera 4.00 303.00 31.00 7.00 9.00 12.00 6.50 1.25
BH 32 Oloje Housing Estate 4.00 316.00 31.00 5.00 6.00 6.00 18.00 2.00
BH33 G.S.S. Ilorin 6.80 293.20 22.00 6.00 8.50 6.00 3.00 0.35
BH 34 Oko Olowo Garage 8.00 321.00 33.00 7.00 8.00 10.00 8.00 1.40
BH 35 Okelele 5.30 319.70 27.00 18.00 19.00 21.00 9.00 1.50
BH 36 Banniarea 5.75 318.25 24.00 9.00 10.00 9.00 9.00 1.90
BH 37 Gaa Osibi 7.00 329.00 33.00 8.50 10.00 15.00 5.00 1.45
BH 38 Dada 6.00 324.00 29.00 27.00 28.00 23.00 12.00 1.60
BH 39 Ita Kudimo 6.00 298.00 32.00 7.00 8.00 22.00 6.00 1.20
BH 40 Ile Ikare Okelele 9.00 324.00 39.00 36.00 38.00 24.00 12.00 1.50
BH 41 Ile Gbongbon Okelele 7.00 328.00 33.00 33.00 34.00 18.00 15.00 1.30
BH42 L€ Oniponmo 800 32200 39.00  24.00 26.00 24.00 12.00 1.60

Okelele
SWL,,-Static Water Level , , BH - Borehole,

SWL,,

- Static Water Level

und level

vy VES —Vertical Electrical Sounding
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Table 2: Summary of Borehole data of llorin metropolis

SWL SWL BH Depth to Depth to Aquifer Estimated

(bel) (ash) depth basement (m) aquifer thickness yield

BH
(m) (m) (m) Lo VES (m) (m) (1/s)

4
Minimum 3.00 288.50 19.50 1.00 1.50 3.00 3.00 0.30
Maximum 16.90 357.00 67.60 36.00 38.00 42.00 30.00 2.75
Mean 6.80 313.84 33.59 12.23 14.15 15.86 12.03 1.60
Standard 2.66 15.63 9.99 8.06 8.30 11.39 6.43 0.52

deviation
SWL, - Static Water Level (below ground level), BH - Borehole,

WL,

, - Static Water Level

bove seatevey VES — Vertical Electrical Sounding

Table 3: Summary of the results of constant-rate pumping and recovery tests

Pumping T-value T-value  Average K-value — K-value  Average

r;cs(;\;:;y BHNo. Rock type f;‘::lrsn/ (l;;l‘ f;‘l(:lr;l/ ;{;I‘ (m;I'/d) fl('gr;loljl' f{:nllolir (x 11(0_1
) m/d) m/d) m/d)
1 BH 29 Granite gneiss 8.99 9.24 9.11 5.28 5.43 5.35
2 BH 4 Granite gneiss 13.07 14.38 13.72 4.35 4.7 4.5
3 BH 10 Migmatite 11.48 16.21 13.84 6.37 9.00 7.68
4 BH 24 Migmatite 11.39 14.54 12.96 5.42 6.92 6.17
5 BH 12 Quartzite 16.37 18.75 17.56 9.09 10.00 9.54
Minimum 8.99 9.24 9.11 4.35 4.70 4.52
Maximum 16.37 18.75 17.56 9.09 10.00 9.50
Mean 12.26 14.62 13.43 6.10 7.21 6.65
BH = Borehole, PT = Pumping test, RT = Recovery test, T = Transmissivity, K = Permeability
Table 4: Table of correlation of borehole data from llorin metropolis
;/0 Parameter Correlated gg::g‘:;z;ﬁ Implications
1  Yield/Total depth 0.26 Yield weakly depends on the total depth.
2 Yield/Aquifer Thickness 0.50 Yield moderately depends on aquifer thickness.
3 ‘(((i)ei/l::ir/bDuerI()itehntfhki):lfr?:slz; t 0.28 Yield weakly depends on overburden thickness.
4  Yield/SWL 0.004 Yield is almost independent of static water level.
Yield/Transmissivity 0.96 Yield depends strongly on transmissivity of aquifer.
6  Borehole log/VES 0.99 Detection of subsurface structures strongly depends on VES.
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Figure 3: Static Water Level (SWL) above sea level Contour
map of the Study Area showing the groundwater flow
direction.

Conclusions

Groundwater occurred in the weathered and frac-
tured zones of the basement rocks underlying
[lorin metropolis. The groundwater flow direction
is generally radial and multidimentional, trend-
ing mainly in the NE-SW and NW-SE directions,
which is consistent with the fracture pattern in the
area. Borehole productivity increases from granite
gneiss through migmatite to quartzite. It can be
concluded that the groundwater potential of Ilorin
metropolis is moderately high, judging from the
values of the aquifer parameters, transmissivity
(T), permeability (K) and yield, which are consis-
tent with data of good aquifers in the crystalline
basement complex of Nigeria.

Observation wells should be used during pumping
testin order to determine average storativity of the
aquifers. Further studies should involve pumping
of borehole water for several days to reach equilib-
rium. This would permit assessment of the ground-
water using specific capacity rather than aquifer
parameters. The groundwater of Ilorin area can
be harnessed through boreholes to support the
existing dams however, computation of safe yield
is necessary for proper groundwater planning, de-
velopment and management.
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Tables S1-S8 and Figures S1-S10.

Table S1: Pumping Test of Borehole (BH 29) and (BH 4) in granite gneiss of llorin metropolis

Borehole (BH 29) in granite gneiss Borehole (BH 4) in granite gneiss
Time Water level Time Water level Time Water level Time Water level
i) (Draw- down, S) ) (Draw- down, S) ] (Draw- down, S) ] (Draw- down, S)

(m) (m) (m) (m)
1 3.105 85 6.040 1 5.205 85 8.099
2 3.230 90 6.115 2 5.352 90 8.199
3 3.271 100 6.175 3 5.484 100 8.225
4 3.271 110 6.263 4 5.610 110 8.360
5 3.472 120 6.324 5 5.785 120 8.451
6 3.575 130 6.410 6 5.812 130 8.525
7 3.652 140 6.505 7 5.903 140 8.580
8 3.794 150 6.613 8 5.981 150 8.642
9 3.839 160 6.721 9 6.091 160 8.795
10 4.030 170 6.800 10 6.180 170 8.805
12 4.030 180 6.901 12 6.297 180 8.875
14 4.176 190 6.984 14 6.365 190 8.993
16 4.275 200 7.072 16 6.444 200 9.192
18 4.340 210 7.183 18 6.540 210 9.275
20 4.455 230 7.254 20 6.641 230 9.388
22 4.596 250 7.331 22 6.721 250 9.465
24 4.663 270 7.430 24 6.782 270 9.530
26 4.701 290 7.531 26 6.884 290 9.622
28 4.877 310 7.610 28 6.992 310 9.720
30 4.945 330 7.699 30 7.100 330 9.801
35 5.076 350 7.792 35 7.203 350 9.890
40 5.170 370 7.881 40 7.298 370 9.967
45 5.293 390 7.979 45 7.406 390 10.065
50 5.384 410 8.067 50 7.492 410 10.184
55 5.455 430 8.157 55 7.585 430 10.275
60 5.531 450 8.247 60 7.665 450 10.351
65 5.620 470 8.325 65 7.763 470 10.415
70 5.735 490 8.413 70 7.822 490 10.487
75 5.845 75 7.901
80 5.957 80 7.985
Location: Borehole (BH 29) Olunlade Borehole (BH 4) location: Tanke
SWL:=3.00m SWL (Static Water Level) =5.00 m
Average pumping rate (Q) = 1.28 /s Average Pumping Rare (Q) = 1.82 /s
Type of Pump: 1 HP Pumping Duration =490 mins

Type of Pump = 1 HP Submersible
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Figure S1: Pumping Test curve of borehole (BH 29) in granite Figure S2: Pumping Test Curve of Borehole (BH 4) in granite
gneiss of llorin metropolis. gneiss of llorin metropolis.

Table S2: Recovery Tests of Borehole (BH 29) in granite gneiss of llorin metropolis.

Y
v RWL (R;//L_ £ (490 + ) t v RWL (m) (RWL-  t(490+t) v
(min) (m) (min) (min) SWL) (min)
SWL) (m)
(m)

1 8.263 5.263 491 491.00 85 4.677 1.635 575 6.76
2 8.111 5.111 492 246.00 90 4.635 1.635 580 6.44
3 7.966 4.966 493 164.33 100 4.594 1.594 590 5.90
4 7.810 4.810 494 123.50 110 4.559 1.559 600 5.45
5 7.656 4.656 495 99.00 120 4.519 1.519 610 5.08
6 7.506 4.506 496 82.66 130 4.439 1.439 620 4.76
7 7.357 4.357 497 71.00 140 4.404 1.404 630 4.50
8 7.207 4.207 498 62.25 150 4.372 1.372 640 4.26
9 7.058 4.058 499 55.44 160 4.379 1.379 650 4.06
10 6.907 3.907 500 50.00 170 4.307 1.307 660 3.88
12 6.761 3.761 502 41.83 180 4.277 1.277 670 3.72
14 6.746 3.746 504 36.00 190 4.245 1.245 680 3.57
16 6.601 3.601 506 31.62 200 4214 1.214 690 3.45
18 6.455 3.455 508 28.22 210 4181 1.281 700 3.33
20 6.303 4.303 510 25.50 230 4.146 1.246 720 3.13
22 6.163 3.163 512 23.27 250 4114 1.114 740 2.96
24 6.017 3.017 514 21.41 270 4.083 1.083 760 2.81
26 5.872 2.872 516 19.84 290 4.053 1.053 780 2.68
28 5.352 2.742 518 18.50 310 4.018 1.018 800 2.58
30 5.607 2.607 520 17.33 330 3.984 0.984 820 2.48
35 5.472 2.472 525 15.00 350 3.950 0.950 840 2.40
40 5.352 2.352 530 13.25 370 3911 0.911 860 2.32
45 5.242 2.242 535 11.88 390 3.871 0.871 880 2.25
50 5.143 2.143 540 10.80 410 3.876 0.876 900 2.19
55 5.053 2.053 545 9.90 430 3.875 0.874 920 2.13
60 4.968 1.968 550 9.16 450 3.874 0.874 940 2.08
65 4.898 1.898 555 8.53 470 3.874 0.874 960 2.04
70 4.836 1.836 560 8.00 490 3.874 0.874 980 2.00
75 4.773 1.773 565 7.53
80 47231 1.723 570 7.13

SWL=3.00m t/ = time since start of recovery

Time of pumping = 490 min t = time since start of pumping

Borehole location: Olunlade RW.L. = Recovery water level

Average pumping rate (Q) = 1.28 I/s S =Residual drawdown

SWL = Static Water Level

Evaluation of groundwater occurrences in the precambrian basement complex of llorin metropolis, southwestern Nigeria

125



126

Table S3: Recovery Tests of Borehole (BH 4) in granite gneiss of llorin metropolis

s s
t/ RWL (RWL-  t(490 + 1)) o v RWL (RWL-  t(490+t)
(min) (m) SWL) (min) (min) (m) SWL) (min)
(m) (m)

1 10.265 5.265 491 491.00 85 7.865 2.865 575 6.76
2 10.124 5.124 492 246.00 90 7.767 2.767 580 6.44
3 9.989 4.989 493 164.33 100 7.713 2.713 590 5.90
4 9.864 4.864 494 123.50 110 7.664 2.664 600 5.45
5 9.741 4.741 495 99.00 120 7.608 2.608 610 5.08
6 9.627 4.627 496 82.66 130 7.552 2.552 620 4.76
7 9.524 4.524 497 71.00 140 7.499 2.499 630 4.50
8 9.423 4.423 498 62.25 150 7.445 2.445 640 4.26
9 9.324 4.324 499 55.44 160 7.387 2.387 650 4.06
10 9.225 4225 500 50.00 170 7.331 2.331 660 3.88
12 9.138 4.138 502 41.83 180 7.272 2.272 670 3.72
14 9.053 4.053 504 36.00 190 7.218 2.218 680 3.57
16 8.971 3.971 506 31.62 200 7.160 2.160 690 3.45
18 8.895 3.895 508 28.22 210 7.101 2.101 700 3.33
20 8.819 3.819 510 25.50 230 6.501 1.501 720 3.13
22 8.749 3.749 512 25.27 250 6.438 1.438 740 2.96
24 8.680 3.680 514 21.41 270 6.376 1.376 760 2.81
26 8.612 3.612 516 19.84 290 6.317 1.317 780 2.68
28 8.545 3.545 518 18.50 310 6.259 1.259 800 2.58
30 8.450 3.450 520 17.33 330 6.201 1.201 820 2.48
35 8.416 3.416 525 15.00 350 6.144 1.144 840 2.40
40 8.451 3.451 530 13.25 370 6.088 1.088 860 2.32
45 8.288 3.288 535 11.88 390 6.032 1.032 880 2.25
50 8.228 3.228 540 10.80 410 5.906 0.906 900 2.19
55 8.170 3.170 545 9.90 430 5.905 0.905 920 2.13
60 8.113 3.113 550 9.16 450 5.904 0.904 940 2.08
65 8.057 3.057 555 8.53 470 5.904 0.904 960 2.04
70 8.022 3.022 560 8.00 490 5.904 0.904 980 2.00
75 7.969 2.969 565 7.53
80 7.919 2.919 570 7.13
SWL=5.00m t/ = time since start of recovery
Time of pumping =490 min t = time since start of pumping
Borehole location: Tanke RW.L. = Recovery water level
Average pumping rate (Q) = 2.23 I/s S=Residual drawdown

SWL = Static Water Level

¥=0.8715Ln(x) + 0.8423
1000

s w M

Rl usl dmwonn 8 ()

7t

Figure S3: Recovery Test curve of Borehole (BH 29) in granite Figure S4: Recovery Test Curve of Borehole (BH 4) in granite
gneiss of llorin metropolis. gneiss of llorin metropolis.
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Table S4: Pumping Test of Borehole (BH 10) and (BH 24) in migmatite of llorin metropolis

127

Time Water level Time Water level Time Water level Time Water level
(min) (Draw- down, S) (min) (Draw- down, S) (min) (Draw- down, S) (min) (Draw- down, S)
(m) (m) (m) (m)
1 5.105 85 7.621 1 5.095 85 7.950
2 5.165 90 7.690 2 5.145 90 8.020
3 5.210 100 7.790 3 5.185 100 8.167
4 5.273 110 7.910 4 5.295 110 8.284
5 5.381 120 8001 5 5.390 120 8.385
6 5.422 130 8.118 6 5.484 130 8.740
7 5.480 140 8.201 7 5.567 140 8.594
8 5.595 150 8.299 8 5.561 150 8.692
9 5.677 160 8.430 9 5.725 160 8.790
10 5.725 170 8.510 10 5.789 170 8.881
12 5.790 180 8.624 12 5.894 180 8.950
14 5.881 190 8.711 14 5.993 190 9.015
16 5.964 200 8.815 16 6.110 200 9.115
18 6.125 210 8.920 18 6.215 210 9.192
20 6.190 230 9.014 20 6.321 230 9.324
22 6.273 250 9.105 22 6.435 250 9.444
24 6.344 270 9.210 24 6.522 270 9.524
26 6.405 290 9.333 26 6.616 290 9.651
28 6.499 310 9.416 28 6.701 310 9.765
30 6.536 330 9.504 30 6.775 330 9.850
35 6.666 350 9.619 35 6.872 350 9.949
40 6.774 370 9.705 40 6.984 370 10.023
45 6.872 390 9.800 45 7.101 390 10.101
50 6.980 410 9.910 50 7.233 410 10.210
55 7.025 430 10.002 55 7.334 430 10.314
60 7.192 450 10.092 60 7.448 450 10.420
65 7.283 470 10.172 65 7.535 470 10.500
70 7.394 490 10.255 70 7.621 490 10.587
75 7.430 75 7.704
80 7.515 80 7.892
Location: Borehole (BH 10) Olohunsogo Location: Borehole (BH 24) Akerebiata
SWL (Static Water Level) =5 900 m SWL (Static Water Level) =5 800 m
Average Pumping rate (Q) = 1.62 1/s Average Pumping rate (Q) = 1.731/s
Time of pumping = 490 min Time of pumping =490 min
Type of Pump: 1 HP Submersible Type of Pump: 1 HP Submersible
Time |mins) y=1.0426Ln(x) + 3.5385
1 10 100 1000
e — e 0+ e e
1 10 100 1000
D+ S 21

12 12
Figure S5: Pumping Test Curve of Borehole (BH 10) in Figure S6: Pumping Test Curve of Borehole (BH 24) in
migmatite of llorin metropolis. migmatite with overburden aquifer in llorin metropolis.
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Table S5: Recovery Tests of Borehole (BH 10) in migmatite of llorin metropolis

s s

/ 4
S N
SWL) (m) SWL) (m)
1 10.102 4.202 491 491.00 85 7.555 1.655 575 6.76
2 9.949 4.049 492 246.00 90 7.513 1.613 580 6.44
3 9.799 3.899 493 164.33 100 7.468 1.568 590 5.90
4 9.648 3.748 494 123.50 110 7.422 1.522 600 5.45
5 9.496 3.596 495 99.00 120 7.378 1.478 610 5.08
6 9.346 3.446 496 82.66 130 7.333 1.433 620 4.76
7 9.196 3.296 497 71.00 140 7.291 1.391 630 4.50
8 9.047 3.147 498 62.25 150 7.246 1.346 640 4.26
9 8.898 2.998 499 55.44 160 7.200 1.300 650 4.06
10 8.750 2.850 500 50.00 170 7.155 1.255 660 3.88
12 8.644 2.744 502 41.83 180 7.109 1.209 670 3.72
14 8.540 2.640 504 36.00 190 7.066 1.166 680 3.57
16 8.450 2.550 506 31.62 200 7.002 1.122 690 3.45
18 8.370 2.470 508 28.22 210 6.917 1.077 700 3.33
20 8.300 2.400 510 25.50 230 6.927 1.027 720 3.13
22 8.250 2.350 512 25.27 250 6.874 0.974 740 2.96
24 8.199 2.299 514 21.41 270 6.770 0.870 760 2.81
26 8.150 2.250 516 19.84 290 6.720 0.820 780 2.68
28 8.102 2.202 518 18.50 310 6.663 0.763 800 2.58
30 8.053 2.153 520 17.33 330 6.662 0.762 820 2.48
35 8.010 2.110 525 15.00 350 6.662 0.762 840 2.40
40 7.964 2.064 530 13.25 370 6.661 0.761 860 2.32
45 7.918 2.018 535 11.88 390 6.661 0.761 880 2.25
50 7.814 1914 540 10.80 410 6.660 0.760 900 2.19
55 7.829 1.929 545 9.90 430 6.660 0.760 920 2.13
60 7.779 1.879 550 9.16 450 6.660 0.760 940 2.08
65 7.734 1.834 555 8.53 470 6.660 0.760 960 2.04
70 7.686 1.786 560 8.00 490 6.660 0.760 980 2.00
75 7.642 1.742 565 7.53
80 7.598 1.698 570 7.13
SWL=5.00m t/ = time since start of recovery
Time of pumping = 490 min t = time since start of pumping
Borehole location: Olohunsogo RW.L. = Recovery water level
Average pumping rate (Q) = 1.62I/s SWL= Static Water Level
S’ =Residual drawdown
e y = 0.8877Ln{x) + 0.2685

1 10 100 1000
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Figure S7: Recovery Test curve of Borehole (BH 10) in
migmatite of llorin metropolis.
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Table S6: Recovery Tests of Borehole (BH 24) in migmatite of llorin metropolis

s

v RWL (RWL- £(490 +1) L v RWL (R;//L_ L@90+0) v
(min) (m) SWL) (min) (min) (m) (min)
SWL) (m)
(m)

1 10.442 4.642 491 491.00 85 7.401 1.601 575 6.76
2 10.297 4.498 492 246.00 90 7.361 1.651 580 6.44
3 10.154 4.354 493 164.33 100 7.316 1.516 590 5.90
4 10.009 4.209 494 123.50 110 7.269 1.469 600 5.45
5 9.866 4.966 495 99.00 120 7.224 1.424 610 5.08
6 9.726 3.926 496 82.66 130 7.180 1.380 620 4.76
7 9.583 3.783 497 71.00 140 7.140 1.340 630 4.50
8 9.439 3.639 498 62.25 150 7.100 1.300 640 4.26
9 9.299 3.499 499 55.44 160 7.060 1.260 650 4.06
10 9.158 3.358 500 50.00 170 7.019 1.219 660 3.88
12 9.123 3.323 502 41.83 180 6.978 1.178 670 3.72
14 8.987 3.187 504 36.00 190 6.938 1.138 680 3.57
16 8.855 3.055 506 31.62 200 6.893 1.093 690 3.45
18 8.725 2.925 508 28.22 210 6.858 1.058 700 3.33
20 8.594 2.794 510 25.50 230 6.822 1.022 720 3.13
22 8.461 2.661 512 25.27 250 6.790 0.990 740 2.96
24 8.338 2.538 514 21.41 270 6.757 0.957 760 2.81
26 8.228 2.428 516 19.84 290 6.718 0.918 780 2.68
28 8.128 2.328 518 18.50 310 6.683 0.883 800 2.58
30 8.038 2.238 520 17.33 330 6.651 0.851 820 2.48
35 7.958 2.158 525 15.00 350 6.615 0.815 840 2.40
40 7.881 2.081 530 13.25 370 6.580 0.780 860 2.32
45 7.826 2.026 535 11.88 390 6.550 0.750 880 2.25
50 7.766 1.966 540 10.80 410 6.549 0.749 900 2.19
55 7.711 1911 545 9.90 430 6.548 0.749 920 2.13
60 7.668 1.868 550 9.16 450 6.548 0.748 940 2.08
65 7.601 1.801 555 8.53 470 6.548 0.748 960 2.04
70 7.560 1.760 560 8.00 490 6.548 0.748 980 2.00
75 7.507 1.707 565 7.53
80 7.453 1.653 570 7.13
SWL=5800m t/=time since start of recovery

Time of pumping = 490 min
Borehole location: Akerebiata

Average pumping rate (Q) = 1.73 /s

SWL= Static Water Level

(8]

Residu al drawdown 5' (m)
£ w

m

8-

Figure S8: Recovery Test Curve of Borehole (BH 24) in

migmatite of llorin metropolis.

y = 0.8188Ln(x) + 0.0943

1000

t = time since start of pumping
RW.L. = Recovery water level
S = Residual drawdown
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Table S7: Pumping Test of Borehole (BH 12) in quartzite of llorin metropolis

Time (min) Water level Time (min) Water level
(Draw- down, S) (m) (Draw- down, S) (m)

1 4.396 85 7.105
2 4.455 90 7.185
3 4.536 100 7.295
4 4.625 110 7.395
5 4.741 120 7.523
6 4.850 130 7.595
7 5.018 140 7.747
8 5.057 150 7.762
9 5.125 160 7.815
10 5295 170 7.892
12 5.360 180 7.978
14 5.450 190 8.058
16 5.550 200 8.128
18 5.601 210 8.237
20 5.715 230 8.304
22 5.830 250 8.423
24 5.924 270 8.507
26 5.997 290 8.589
28 6.095 310 8.684
30 6.185 330 8.790
35 6.290 350 8.890
40 6.375 370 8.995
45 6.447 390 9.081
50 6.455 410 9.163
55 6.570 430 9.230
60 6.690 450 9.302
65 6.763 470 9.385
70 6.814 490 9.471
75 6.950

80 7.015

Location: Borehole (BH 12) Gaa-Akanbi
SWL (Static Water Level) =4.30 m
Average Pumping Rate (Q) =2.23 1/s
Pumping Duration: 490 min

Type of Pump = 1 HP Submersible (Grundfos)

Time (mins)
1 10 100

Figure S9: Pumping Test Curve of Borehole (BH 12) in

quartzites of llorin metropolis
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Table S8: Recovery Tests of Borehole (BH 12) in quartzites of llorin metropol

s

s

/ /

SWL) (m) SWL) (m)
1 9.321 5.021 491 491.00 85 6.353 2.053 575 6.76
2 9.170 4.870 492 246.00 90 6.294 1.994 580 6.44
3 9.022 4.722 493 164.33 100 6.241 1.941 590 5.90
4 8.873 4.573 494 123.50 110 6.157 1.857 600 5.45
5 8.728 4.428 495 99.00 120 6.137 1.837 610 5.08
6 8.582 4.282 496 82.66 130 6.092 1.792 620 4.76
7 8.297 4.137 497 71.00 140 6.048 1.748 630 4.50
8 8.162 3.997 498 62.25 150 6.003 1.703 640 4.26
9 8.027 3.862 499 55.44 160 5.961 1.661 650 4.06
10 7.897 3.727 500 50.00 170 5.918 1.618 660 3.88
12 7.897 3.597 502 41.83 180 5.873 1.573 670 3.72
14 7.768 3.468 504 36.00 190 5.829 1.529 680 3.57
16 7.648 3.348 506 31.62 200 5.786 1.486 690 3.45
18 7.527 3.227 508 28.22 210 5.745 1.445 700 3.33
20 7.427 3.127 510 25.50 230 5.705 1.405 720 3.13
22 7.332 3.032 512 25.27 250 5.664 1.364 740 2.96
24 7.239 2.939 514 21.41 270 5.621 1.321 760 2.81
26 7.149 2.849 516 19.84 290 5.577 1.277 780 2.68
28 7.064 2.764 518 18.50 310 5.532 1.232 800 2.58
30 6.981 2.681 520 17.33 330 5.482 1.182 820 2.48
35 6.911 2.611 525 15.00 350 5.432 1.132 840 2.40
40 6.851 2.551 530 13.25 370 5.376 1.076 860 2.32
45 6.786 2.486 535 11.88 390 5.326 1.026 880 2.25
50 6.724 2424 540 10.80 410 5.277 0.977 900 2.19
55 6.673 2.373 545 9.90 430 5.246 0.946 920 2.13
60 6.623 2.323 550 9.16 450 5.245 0.945 940 2.08
65 6.571 2.271 555 8.53 470 5.245 0.945 960 2.04
70 6.517 2.217 560 8.00 490 5.245 0.945 980 2.00
75 6.465 2.165 565 7.53
80 6.405 2.109 570 7.13
SWL=4300m t/ = time since start of recovery

Time of pumping =490 min
Borehole location: Akerebiata
Average pumping rate (Q) = 2.23 I/s
SWL = Static Water Level

¥

Residual drawdown, 5°(mj)
£ L

[

y=0.8173Ln(x) + 0.491
1000

0s'= 188

Figure S10: Recovery Test Curve of Borehole (BH 12) in
quartzites of llorin metropolis.

t = time since start of pumping
RW.L. = Recovery water level

$/=Residual drawdown
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Abstract

In this article the current state of production and pro-
cessing of basalts in Uzbekistan, the quality of the
products and condition of basalt processing train of
machines of industries are analyzed.

The reasons of low production level and basaltic rock
processing, including low production potential of train
of machines of basalt processing plants and insignifi-
cant choice, and ill-quality of products are identified.
Ways to increase the volume of basaltic rock produc-
tion and product quality through cleaning the rock
from sludge, hydroxide, salts and ashes (further sludge)
are proposed. Opportunities of expansion of the range
of the products by typification and application of new
technologies on basalt processing are discussed.

Key words: basaltic rock, production, processing, pro-
duct quality, product range, basalt clearance

Izvlecek

V tem c¢lanku se analizira sedanje stanje proizvodnje in
predelave bazaltov v Uzbekistanu, kakovost proizvede-
nih bazaltnih izdelkov in tudi palete bazaltnih proizvo-
dov, izdelanih v podjetjih za predelavo bazalta v repu-
bliki Uzbekistan. Ugotovljeno je, da je razlog za nizko
stopnjo proizvodnje in predelave naravnega bazalta v
nepomembnem gospodarskem podrocju in slabi kako-
vosti izdelkov.

Podani so nacini povecanja obsega proizvodnje narav-
nega bazalta in izboljSanje kakovosti proizvedenega ba-

zalta z izpiranjem gline.

Klju¢ne besede: naravni bazalt, proizvodnja, predela-
va, kakovost izdelkov, paleta izdelkov, bogatenje narav-

nega bazalta
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Introduction

The need of a national economy of the Repub-
lic of Uzbekistan for materials from local raw
materials, to a large extent, is defined by broad
use of composite and fire-resistant materials
based on glass-like, carbon and ceramic sub-
stances, and other substitutes. However, not all
above-mentioned materials are made in our re-
public, but products from them are widely used
in household appliances, car manufacturing,
aircraft construction, industry, etc. In this re-
gard, in the XX century scientists of a number of
the countries have offered a material, received
from the mountain rock - basalt, environmen-
tally friendly and harmless for health. Success-
es achieved by scientists and specialists of Rus-
sia, Germany, USA, Japan, India, China and some
other countries long ago and successfully put
into practice the use of basalt. Nowadays the
opportunity of obtaining various types of valu-
able materials that are of huge use for mankind
is not a secret -3,

Uzbekistan is one of the leading countries of the
world with rich natural basalt resources. There
are more than ten non-governmental basalt
processing organizations in Uzbekistan; how-
ever 2 or 3 of them work continuously. There-
fore, volume of basalt processing in Uzbekistan
is about 25-30 t/d 1.

It is necessary to note that basalt processing
plants of Uzbekistan, mainly, specialize on the
production of basalt-fibrous materials which
are used as heat insulation material. These
plants lack good technical equipment and ef-
fective methods of basalt production. As a rule,
time consuming methods of basalt mining that
at the same time incur big expenses are used,
and in practical terms, technological solutions
directed to increase the product quality are not
applied, which hinders the expansion of basalt
products’ choice.

Currently, country’s need for heat-insulating
fibers is completely met. Requirements put be-
fore this materials mostly include quality such
as fire resistance and fire safety, temperature
stability, water resistance and acidity, absence
of gas emission when heated, low density and
durability in the conditions of variable thermal
and climatic loads, etc. don’t conform to mod-
ern standards.
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Field of application of the basalt products in the
world market extends very intensively. Day af-
ter day there are new basalt products like basalt
plates and mats, pipes and rebar, cardboards
and sound absorbers, reinforcing and compos-
ite materials, metal substitutes and balls, and
so forth. However, as it was noted above, the
power of the existing enterprises on the basalt
processing don’t meet the requirements of do-
mestic market.

Thus, significance of a problem of basalt min-
ing increase and quality improvement is due
to growth of needs for basalt production and
steady demand for it, not only in our Repub-
lic, but also in the international market. That’s
why, efficiency of using rich basalt mines of
Uzbekistan through increasing basalt rock
mining, quality improvement and expansion
of basalt products’ choice, development of new
currency-saving methods of basalt processing
are now mostly important requirements. These
will improve the quality of rocks’ processing,
facilitate the economic development of basalt
processing plants of the Republic and create
additional workplaces.

Materials and methods

Basalt winning
In Uzbekistan’s nature, mainly surficial depos-
its of basalt rocks are observed; average diam-
eter of each is about 250-300 mm. 4. There-
fore, basalts are mined only opencast with the
usage of baby blasting workings. After this,
rocks are sent to plants’ location wherein ba-
salts are bucked to necessary fraction size.
Analysis of basalt winning processes in “Gava-
say”, “Asmansay” and “Aydarkul” shows that all
basalt processing plants are located at some
distance from the deposit. In some cases, this
distance is about 700 km and more which in
fact increase the cost for transportation of the
raw material and influence on the net price of
finished product. Share of other vehicles and
other mining and processing equipment is not
big. It is possible to note following reasons for
such situation:
— frequent use of manual skills for unloading
or loading works;

Abdurakhmanov, S. A., Rashidova, K. R, Mamatkarimova, B. Kh, Sattorov, Kh. L.



use of technical means with a low productiv-
ity;
use of non-standard melting or other equip-
ment;
small investments to the growth of produc-
tivity of basalt processing enterprises;
small experience and absence of highly qual-
ified specialists.
Frequent use of manual skills for unloading or
loading works, application of nonconvention-
al stripping methods are explained by plant
management with low cost, the low power of
the enterprise, shortage of means, semi-auto-
mated or automated loading and discharging
equipment. In turn, application of non-stan-
dard melting ovens or other equipment, hin-
dering the growth of enterprise’s development
is explained by the high cost of equipment of
good quality, its delivery and assembly, and also
low-level of investments in this area.
Researches showed that none of the advertis-
ing companies carried out an advertisement of
domestic manufacturers-producers for the last
10-15 years. Building a basalt processing en-
terprise next to basaltic deposit is an actually
costly process. Delivery of fuel and energy re-
sources to mountainside and to area, and back
to enterprise’s location is not effective option
for the solution of this question.
At the same time, development of the winning
and production volume on basalt processing is
impossible without the development of pow-
erful train of machines on loading-unloading
basaltic products. Basalt processing enterpris-
es due to lack of financial resources so far can-
not solve this problem. That’s why, optimum
alternative solution here is the use of modern
methods of basalt winning, transportation and
processing.
Considering the abovementioned, we propose
following solution to be applied in the basalt
production:
— to build basalt processing plants next to ba-
saltic deposits;
— to find alternative production solutions to
increase the domestic basalt winning;
— to use modern basalt processing methods;
— to apply new technologies, including initial
rock processing on the deposit;

About basalt production and ways to improve basalt product quality

— to apply methods that provide the quality
improvement of the raw material and even-
tually the final product which, in turn, will be
cheaper in net price.

Quality improvement of basaltic rock

At the research, we have identified that after
crushing, basaltic rocks are subject to melting
process. Currently, plants are not designed to
clean or sort the basaltic rocks.

The analysis of technological processes in this
area shows that basaltic product manufactur-
ers in our country think that sorting is not a
necessary process as crumbles after crushing
into particles are sent to melting furnace, and as
aresult they get low-quality basalt fibrous-heat
insulating material. Such factor as: grain size
and rock form; dust-like and cledgy particles
in basaltic content; availability of hazardous
rocks; availability of detrimental impurities in
basaltic content; radioactivity and salinity of
basalts, their typification and properties are
not considered.

Absence in technical literature is revealed of
data on influence of slimes on the quality of the
basaltic fibrous materials that can cause early
corrosion of insulated object. Producers of ba-
salt products consider that the absorptivity of
a basaltic crumbles doesn’t influence on its fur-
ther processing; the raw material doesn’t dete-
riorate, and not influenced by an atmospheric
precipitation. As a result basalt crumbles are
often stored even in the open air. There is also
no proof that the remained salts on heat-insu-
lating basaltic-fibrous materials do not cause
early corrosion of insulated object. At the same
time, it is established that basalt fibrous mate-
rials intensively absorb water, crude air and be-
come wet in hostile environment .

While studying basaltic-fibrous heat-insulating
materials, after their use for several years, we
have identified the corrosion on the surface of
pipes. This phenomenon can be explained by
the fact that basaltic rocks have been processed
without cleaning the slimes from its content.
Corrosion can be observed both underground
pipes and ground pipes. The cause can be ex-
plained by the high water absorption of basal-
tic-fibrous materials and the availability of salt
in the wool content.
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As arule, availability of slimes in basalts can be
explained by the salinity of soil in basaltic de-
posits and rocks. According to the data, salinity
of irrigated lands in our Republic is high, and
this includes lands where big basaltic depos-
its are located. For example, average salinity of
lands in Namangan region (“Gavasay” deposit
location) reaches up to 28 %, Jizzakh region
(“Asmansay” deposit) - 85.4 % and Navoi re-
gion (“Aydarkul” deposit) - 92.9 % 57,

Figure 1: Typical corrosion in long-term use of basaltic-
fibrous materials for insulation.

Table 1: Study results of pipes surface corrosion resistance.

Thickness of basaltic

Influence of salts on the quality, working ca-
pacity and durability of basaltic heat-insulating
materials are studied through observing the
pipelines in Navoi region where basaltic-fi-
brous heat-insulating materials of various di-
ameter, produced by local manufacturers. Data
and results of observation are given in Table 1.
Big corrosion layer is observed on the surface
of pipes which were traditionally wrapped
around by basaltic heat-insulating, thickness of
which is 50-80 mm. Also, we have revealed that
corrosion layer under basaltic heat-insulating
material with 100 mm reached 0.5 mm.

Study and analysis of the consequence of using
heat-insulating materials, obtained from not
refined basalts showed that they are inclined
to corrosion. We also revealed that heat-insu-
lating materials together with slimes salts like
NaCl, KCl and Cacl. Such mixtures while re-
mained in basaltic fibers easily cooperate with
environment and with water space. High water
absorption of absorption cotton causes corro-
sion. This, in turn, decreases the terms of using
final product and object where they are used
which provides early loss of useful properties
of basaltic fibers and cause destruction of the
equipment as well.

For final assessment of the rock quality, we
studied the condition of basalts through ex-
perimental way. For this purpose, we select-
ed rocks at random from “Gavasay”, “Asman-
say” and “Aydarkul” with weight 200 kg from
each. Samples of rocks were divided into two
parts - 100 kg each. In the first part - 100 kg
was put into sluicing process for cleaning the
rocks from slimes.

Relative degree of humidity of adjacent regions, 68-90 %

Ne heat-insulating material, Corrosion layer Corrosion layer Corrosion layer
[mm)] thickness, after thickness, after thickness, after
5 years, [mm] 8 years, [mm] 10 years, [mm]

50 0.33 0.87 1.3

80 0.19 0.41 0.92

3 100 0.11 0.27 0.51
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Table 2: Study results on the identification of corrosion time of metals while using “basaltic fiber’, obtained from various basalt

deposits
Deposits
Ne  Name of indicators
“Gavasay” “Asmansay” “Aydarkul”
Corrosion starting time on pipes _ _ _
1 (basalt without refining), year 6-8 56 24
2 Corrosion startl-ng time on pipes 12 10-12 10-12
(basalt after refining), year
Corrosion starting time on the surface of
3 . . 5 3 1
working parts of equipment, year
4 Salinity level of basalt deposit soil, % 28 85.4 92.9
5 Corrosion starting time on the surface of 12 12 12

working parts of equipment, year

m before
washing

 after
washing

Corrosion time heat-
insulating material, year

Figure 2: Histogram of objects’ usage period when basalt
fiber is used as heat-insulating material before and after
washing-out the basaltic rocks: 1 — indicators of basaltic
deposits in “Gavasay”; 2 - indicators of basaltic deposits
in “Asmansay”; and 3 - indicators of basaltic deposits in
"Aydarkul”.

First, we processed not-refined basalts and
then refined basalt rocks underwent the
experiment. Later, we wrapped pipes with
obtained heat-insulating materials and
observed. Experiment took 12 years - until the
first appearance of corrosion layer on pipes.
Study results are given in Table 2.

We found out that more slimes were removed
from “Aydarkul” deposit rocks. Long-term use
of materials was observed in basalts obtained
from “Gavasay” deposit. Results are given in
histogram in figure 2. Histogram shows that
the earliest corrosion can be observed in
object where fibers obtained from “Aydarkul”
are used, that is maximum after 4 years and
“Asmansay” - after 6 years. Results showed that
if basalts rocks are refined and washed, then
the appearance of corrosion can be prolonged
to average 3.5 times which proves the idea

About basalt production and ways to improve basalt product quality

of efficiency of cleaning slimes from basaltic
rocks.

Therefore, it is perspective to remove slimes
from the surface of basalts by way of washing
out with specialized equipment - wash
trammel. Doing so, one can reach the decrease
of time waste on the technological process.
Such approach can be easily succeeded with
the help of latticed wall of wash trammel which
in this case plays a role as sieve, the size of
which is matched to the size of basaltic rock
particles simply.

After all, there is a practical interest in the
quality indicators of basalts and their heat-
insulating materials which prolonged the
exploitation period of pipes to about 2 times
(histogram, Figure 3)

It is established that quantity assessment
of slime content in basaltic deposits of
“Gavasay”, “Asmansay” and “Aydarkul” is of
high priority. Each tested 200 kg of basaltic

200

180

160
140

120
100
80
60
40
20

Figure 3: Indicators of mechanical cleaning basalts in
“Gavasay’; “‘Asmansay” and “Aydarkul” basaltic deposits.
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rocks carry slimes, but in a different amount:
“Gavasay” - 1 %, “Asmansay” - 1.5 % and rocks
of “Aydarkul” - 2 %. In case is manufacturers
want to get higher results, these indexes play
very important role.

Analysis of the demand volume to the products
of basalt processing plants shows that heat-
insulating product from basalts are used
in: energy industry, construction, road and
automobile construction and so forth %, At
the same time, because of the difference of
properties and material composition of basalts
in various deposits, there is no opportunity
for direct use of modern technologies in
Uzbekistan. Therefore, one of the possible
options of increasing the effectiveness of
using basaltic raw material and organization
of production of ecologically clean products it
is necessary to develop rational technology of
local basalt processing with the consideration
of local deposits’ soil salinity.

Altogether, new technologies of basaltic rock
processing and new directions of using dif-
ferent products produced from basaltic rocks
shows their infinite possibilities. Consequently,
perspective direction of using basaltic primary
resources of Uzbekistan and obtaining standard
products are to conduct a thorough study of ba-
salts and expand production potential of plants
based on given parameters of properties, ma-
terial composition and concentration of basalt
mixtures. Doing so, to achieve the production of
high-quality products of various purpose and
saving currency means of the country.

Conclusion

Current status of mining and quality of basalt
product in Uzbekistan are studied. As a result,
we have established unprofitable use of ba-
saltic primary resources, low quality of basalt
products and limited variety of product. Addi-
tionally we have found that infinite opportuni-
ties of using local basaltic rocks.

[t is also established that volume of basalt win-
ning can be increased by following ways:

— improving train of machines based on the ex-

isting one;
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— improving existing technologies on the ba-
salt processing and modernization of pres-
ent equipment;

— increasing the volume of production on the
processing and production of basaltic prod-
ucts with the use of new technologies, based
on the creation of administered production
in total which paves an opportunity to spar-
ingly and thinly spend energy resources and
ease the zero-emission processing of basal-
tic rocks;

Expansion of product variety can be fulfilled

though:

— basalt typification based on given parame-
ters of properties, material composition and
cleaning basaltic rocks from slimes;

— rock sorting on the processing stage which
improves the useful properties of basalt
products’ durability;

— development of rational technologies on ob-
taining basaltic products in a wide array of
choices and with given physical-chemical pa-
rameters and their application in the prob-
lem solving of different tasks;

— creation of new types of basaltic products
with improved properties: fire-resistant,
corrosion-resistant, dielectric permittivity,
water-absorption and water-yielding capac-
ity, acid-resistant, alkaline-resistant, porosi-
ty, thickness, solidity, and so on;

— development of new methodology and rec-
ommendations on the study and use of ba-
saltic products for their practical application
in the agriculture of Uzbekistan, countries of
CIA, and particularly in enterprises of min-
ing and smelting branch.
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