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ABSTRACT.

In this study a detailed investigation was carried out into the
mineralogy, geochemistry and industrial properties of Naraguta clay on the
Jos Plateau, Nigeria located within latitudes 8°51" and 8°54"N and
longitudes 9°57" and 1()°()()"E. Visually, the clays arc classified as reddish-
brown and greyish. Microscopic study of the samples reveals the presence
of muscovite, quartz grains, feldspar and biotite in various proportions. The
mincralogical studies show that the clay minerals present in the samples of
both clay types are illite, smectite, kaolinite, chlorite, vermiculite,
halloysite, palygorskite and montmorillonite, while quartz and opaque

minerals are the non-clay components.

The samples contain high percentages of Si0,, K,0/Na,0 and Fe,03
content (> 3.0%) contributed to the reddish-brown colour of some of the
clays. These together with the mineralogy indicate that the clays probably
originated from silica-rich rocks such as migmatite and granite that are
abundant in the study area. The two clay types can easily be distinguished
by ther liquid and plastic limits. The average values of the liquid limit falls
in the range of 49.67% for the reddish-brown clays and 47.63% for the

greyish clays; the plastic limit is 29.48% for the reddish-brown clays and



33.19% for the greyish clays. The average plasticity index is 20.20 for the
reddish-brown clays and 14.62 for the greyish clays. These results indicate
that the brick products from these clays will have tensile strength and
toughness. The average specific gravity of these clays (2.04 - 2.38g/cm’)
suggests that the clays are made up of mixed clay minerals and heavy
minerals like iron oxide. The assessment of the industria suitability of
these clays based on their physical properties indicates that they have
sufficient mouldability and reddish-brown tones when fired. Also, the
atterberg limits and linear shrinkage values of these clays are within the
ranges of various industries such as the Naraguta Bricksworks Factory and

the Nigerian Mining Corporation Bricks Products Limited.
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CHAPTER ONE
INT g 4
1.1 N AND . ES LITY
The area of study lies within latitudes 8'S1" and 8"S4"N and
longitudes 957" and 10"00"E. The study area is very accessible by the
Jos - Bauchi trunk 'A’' road and by several secondary roads and footpaths
(Figure 1.1).
1.2 RELIEF AND DRAINAGE
The general relief of the study area comprises of plains surrounded
by Older Granite intrusives and migmatites, which form isolated hills.
The hills are affected by weathering and erosion. The hills are capped by
laterite, which also occur in the surrounding plains. The study area is
drained in a dendritic pattern, with principal direction of the flow in
NW - SE direction (Fig. 1.1).

1.3 CLIMATE, VEGETATION AND SOIL COVER

The Naraguta area is on an elevation of about 1000m above mean
sea level. It has cool climatic conditions compared to other towns in

Northern Nigeria. The dry season, which starts usually from
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November to March, is dominated by cold, dry and dusty harmattan winds.
During this period, there may be little or no precipitation, and the relative
humidity will be low (about 10%) (Alford and Tuley, 1974).

S _

The rainy season usually commences from M;ly to September
annually. The relative humidity during this season is usually very high
(> 85%) (Alford and Tuley, 1974). The vegetation in the study area is
characterised by savannah-type shrubs, scattered trees and grasses. The soil
types are generally tropical brownish and reddish-brown clays and alluvial

sediments.

1.4 SETTLEMENTS AND LANDUSE

The settlements in the study area include Naraguta Hausawa and
surrounding villages called Yelwa, Barakin Russo, Barakin Yampita,
Gamajigo, ete. The settlements are well populated and distributed. The
main land use is farming. The common crops grown in the area include
acha, millet, maize, guinea corn, potatoes. -uocoyulﬁ. carrots and animal

husbandry (goat, cattle and poultry).



Lok

LV e

5 LITERATURE REVIEW

* Numerous workers have exhaustively researched the Jos Plateau
Tinficlds. Falconer (1911) made the earliest study of the Nigerian
Basement Complcx.*Wilson (1922) described the general geology 6f the
Basement Complex. Bain (1926, 1934) studied the g(izology of the
Busgment Complex around Bau‘chi- and the Younger Intrusive rdcks of
Kudaru Hills in the northeast, respectively. Oyawoye (1959, 1962, and
1972) studied the geology of the aurca around Bauchi. The Basement

Complex and the Younger Granite Province were mapped in detail by

Falconer and.Racburn (1923), Raeburn (1924) and Mcl.eod et. al. (1971).

'Rcsedrchcrs such as Eowdcn & Turner (1974j; and Tke (1_979)' Aba’a

~(1976) undertook the geochemistry and petfology of specific rescarch areas

within Naraguta Sheet 168. Olayemi (1973) reported on the exis;ence of
suitable clays in Naraguta, which accordiqg to him met the illduéuial
specilication for bricks 111;1king. ‘Kogbe (1975) carried out mineralogical
analysis of the greyish—bl'a‘ck clays of Sabon Gida Mine (Jos' Plateau).
Tukura (1990) discussing low-scale construction matcrials made miention
of Naraguta clays as suitable for bricks production. Olubodun & Mogbo

(1991) in their unpublished personal communication guide to the Naraguta



Brickworks Factory mentioned the existence of alluvial and residual clays
in Naraguta.

Etu-Efeotor (1984) examined the mineralogical composition of the

“n

major clay deposits in the eastern Niger Delta and evaluated their
suitability for industrial applications. He concentrated his investigation on
the physical analysis and x-ray diffractometry of the clay samples. He
concluded that the mineralogical composition and the physical
characteristics of the mdjor clay deposits were directly related to their
economic and industrial utilisation. Emofurieta and Salami (1988) carried
out a comparative study on two kaolin deposits in south-western Nigeria. In
their investigation, the mineralogical and geochemical characteristics of
two genetically different kaolin deposits were studied for comparison. The
two deposits are the Ibadan residual kaolin deposit in Oyo State and the
Oza-Nagogo sedimentary deposit in Edo State. Their study indicated that
the results show a very high percentage (> 85%) kaolinite in both deposits.
However, quartz was reported to occur in subordinate amount (= 14%) in
both kaolin types whilst illite whose value was given to be less than 3%
was restricted in occurrence in the Ibadan deposit. They concluded that

geochemically, the total alkali contents, low amounts of Fe,O. + MgO +



Ti0O; un& the non-aclive or 1}0:1—cor1'osivc nature of the clgys were marks of
their g;)Od quality.

Amadi and T:me (1989) carried out an investigation into the
alteration slchcmc of some 2:1 layer clays fron_l the Ealsemgnt Cmﬁplex
a;_‘pund Abuja area. _T'hey reported that the x-ray diffraction and chemical
anléllyscs of the soils in Abuja area. They reported that the x-ray diffractiop
and chemical anaiysés of the soil in the Abuja area indicated the ddminance
of 2:1 and 1:1 layers clays. They claimed that 2:1 clays were found to be
concentrated within the first 10 to 20 metres corresponding to the depth
~ range occupied by both the lateritic and reddish-brown soils units. They
also reported that the base salurationl shows a pl'ogx'esé;ion decrease with
depth béyond that "active clay’ zone and that the cation exchange capacity
(C.E.C.) varied from 23.04 - 13.56 me/100g. In their conclusilon, they
indicated that the relationship between the pattern of variatién n C.E.C.
values and the concentration of fhe' 1:1 layer clays with depth was
attributed to changes in the topography in the ;;‘-\buja area.

Eluézc and Bolariln\;a (1995) carried out an assessment of function_al
applitation of lateritic clay bodies in Ekiti énvironmcnlt located in south-
western Nigeria. They stated that the notable clay occu,rrences. were those

developed over the Precambrian Basement Complex. They identified



reddish-brown and brownish residual clay to overlie the migmatite gneiss
near Isan and greyish clays over the Banded Biotite Gneiss in Ara-ljero.
Their mineralogical analyses portrayed kaolinite as the dominant clay
5o
mineral in the area, while illite and montmorillonite were present in lesser
quantity. S10, 59%. AlLO; 18% and Fe,0, 8% were identified to constitute
more than 80% of the bulk chemical compositions of the clays. They also
reported that the clay bodies generally had considerable chemical
compositions through the Ara-ljero clay, which was noted to indicate the
presence of montmorillonite, show slight enhancement in CaO compared to
the Isan body. In their assessment l.nI' the industrial suitability based on
physical properties, they found that the clay bodies possessed adequate
mouldability and reddish tones when fired. The loss in ignition, linear
shrinkage and water adsorption capacity values of the samples were given
to be within the ranges of various commercial specifications. In their
conclusion, it was indicated that the general assessment of the chemical,
mineralogical and physical characteristics of the residual bodies show that
they are quite amenable to beneficiation. They suggested that with
appropriate processing, the deposits could serve as raw materials for paint

ceramic, bricks and structural wares. They gave rough reserve estimations



of 7.5 and 6.4 million tonnes for the Isan and Ara-ljero occurrences,

respectively.

b

1.6 AIM, OBJECTIVE AND LIMITATION OF PRESENT STUDY

The main aim of this study is to carry out detail investigation into the
mineralogy, geochemistry and industrial properties of Naraguta clay on the
Jos Plateau, Nigeria. This project was taken because no researcher has
worked on this aspect of the Naraguta clay deposits.

The objective (';I’ this study include:

(1) to undertake a detailed study of the mineral components of the

clay samples from the Naraguta area;

(i1)  todetermine the elemental composition and relate same to (1);

(111)  to ascertain the gculcchnicul properties of the clay samples;

(iv) synthesis of the above with a view to deducing the quality and

properties of the Naraguta clay.
To achieve these objectives, the clay samples were subjected to
microscopic observation, mineralogical studies using x-ray diffractometer
and geochemical analyses using atomic absorption spectrophotometer at
the Centre for Energy Research and Training (C.E.R.T.) Laboratory, Zaria

and the Kaduna Polytechnic, Mineral Resources Engineering Laboratory,



Kaduna, Nigeria, respectively. Also, representative samples from each
location were tested in the laboratory for their geotechnical properties.
The major limitation to this study was the unavailability of depth
" &.
drilling equipment. Though sampling was not limited to the surface of the
clay bodies, nevertheless, due to the lack of deep depth drilling equipment,

the measurement of the depth could not be ascertained for the purpose of

the clay reserve computation.



CHAPTER TWO

GEOLOGICAL SETTING, SAMPLING AND LABORATOTY

PROCEDURE

2.1GEOLOGICAL SETTING

2.1.1 MIGMATITE AND GNEISSES

The migmatites and gneisses in the study area are Precambrian in

age, and were affected by the Pan-African orogeny (600 + [50 Ma)

(Grant., 1971). They consist of alternating light and dark coloured bands.
The bands vary in width from 10 ¢cm to 22 ¢cm and in colour from whitish,
grey and cream. Though, they are largely obscured by surface soils in most
parts of the study area, they outcrop at the outer boundary. The dominant
minerals present are amphiboles, biotite, quartz and feldspars. Some of the
feldspar grains were measured to range between 1.5 cm to 6.1 cm.
Foliatioﬁ is found in the migmatites and gneisses of the study area. Biotite
is the main mafic mineral and it always shows good orientation whether in
diffusely scattered flakes or as coarse aggregates that indicates foliation in

NW-SE direction. Table 2.1 at Appendix I, page 56, shows the attitude of

0



joints in the migmatite and gneisses of the study area. Field evidence
suggests that the joints assisted in the rapid decomposition of these rocks.

Migmatites are one of the dominant rock types in the study area.

2.1.2 OLDER GRANITES

The Older Granites are found in the study area around Barakin
Russo, Gamajigo, Yampita, etc. (Figure 1.1 at back cover). They are Pan-
African in age (Grant, 1971, McLeod, et. al., 1971). Minerajogically,'the‘
Older Granites are composed mainly of quartz, plagioclase, microcline,
biotite and muscovite. The feldspars were found to be greyish-white to
pinkish in colour. Accessory minerals usually present include apatite,
spene, epidote, tourmaline, garnet, chlorite and zircon. There are extremely
few quartz dykes in the Older Granites and they have a preferred
orientation of NNW - SSE direction, which is suggestive of the direction of
the flow of the hydrothermal fluids (Figure 2.1). Data on joints in the Older
Granites are shown in Table 2.2 at Appéndix II, page 57. These data
indicate that the dominant direction of the joints is in NW-SE (Fig. 2.1).
The number of joints and their preferred orientation seem to have
contributed greatly to the level of weathering in these rocks. The Older

Granites are the second most dominant rock types in the study area.
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F1G 2.1 AZIMUTHAL DISTRIBUTION OF JOINTS IN THE.OLDER
GRANITE SHOWING PREFERRED ORIENTATION IN NW-SE
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2.1.3 YOUNGER GRANITES

The Younger Granites are Jurassic in age (Jacobson 1947; Freeth,
1969). The Younger Granites cover a large extent of the Jos Plateau. They
extend up to Alr region of Niger Republic (Tumer, 1963 and 1968). These
rocks are petrologically distinctive series of granites commonly associated
with minor gabbros, syenites and rhyolites. They occur as ring-complexes
and they are distinguishable from the surrounding Older Granites. This is
because'IYounger Granites usually occur as rocky hill massifs, whereas the
Older Granites usually have smooth forms. The joints in the Younger
Granites have variable orientation as indicated in Tables 2.3 and 2.4 at
Appendices III & IV, pages 58 - 59. The frequency distribution of the
joints shows a spread around 0° - 30° and 300° - 330° orienta;tion. These
data indicate that the dominant direction of joints is in NNE - SSW (Figure

2.2).

2.1.4 OLDER BASALTS

The Older Basalts occur as few outcrops in the western part of the
quarter sheet in Tsofo, Gidan Hardo and Dangana villages. They have been
weathered and now occur mainly as lateritic basalts. They are Tertiary in

age (McLeod et. al., 1971). They are referred to as Older Basalts because

13



FIG. 2.2 AZIMUTHAL DISTRIBUTION OF JOINTS IN YOUNGER
GRANITES SHOWING PREFERRED ORIENTATION IN NNE-SSW



other basalt types of latter geological age occur in the Younger Granite

- Province ol Nigeria.
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2.2 SAMPLIN AMPLE PREPA 1ON &

AB ‘RE

2.2.1 SAMPLING

The fieldwork was conducted in February 1994. Samples were
collected from different vertically exposed sections of the clay deposits
(Figure 1.1 at back cover). Sampling was done at regular intervals of 0.25m
in most cases with aid of a hammer and hand shovel. Sampling was done
taking into cognisance variation in colour, grain-size and mineralogy. A
total of thirty samples were collected and preserved in closed polythene

bags.

The reddish-brown clays are found mostly distributed in the eastern
part of Barakin Naraguta and in the north-western part of Naraguta
Hausawa (Fig. 1.1 at back cover). On the other hand, the greyish clays are
found widely distributed in the central part of the study area in such places
as Barakin Russo and part of Barakin Naraguta. In terms of area of
distribution relationship, the reddish-brown clay deposits occur outflanking

the greyish clay deposits.



2.2.3 SAMPLE PREPARATION

Eight representative samples (labelled NH2, NH3, NH4, RNGI,
RNG2, RNG4, RN(]i and RNGO6) were removed from the thirty samples
collected from the field. These eight representative samples were soaked in
distilled water for three days, sedimented, dried and grounded in a hand
mortar and then later sieved using mechanical shaker to 63pm grain

fractions.

2.24_LABORATORY PROCEDURES

2.24.1 X-RAY DIFFRACTOMETRY

The samples powders were analysed using the x-ray diffractometer
model Phillips PM 9920/05 at the (?emrc for Energy Research and Training
(C.E.R.T.) Laboratory, Zaria, Kaduna State, Nigeria. The instrument was
adjusted and set at 3°/20/minute from 0" to 30" using Ni-filtered FeKa
radiation. Check results were obtained before the samples were run on the
istrument. X-ray diffraction curves were interpreted using the America
Society for Testing Materials (A.S.T.M.) powder data file and also by
comparing peaks of notable intensities with those of standard minerals

established by Brown (1951) and Carrol (1971) (Figs. 2.3 - 2.5). The

17
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various identified mineral species in the samples are presented and

discussed in Chapter Three.



2242 ATOMIC ABSORPTION SPECTROPHOTOTOMETRY

A total of seven different clay samples (NH2, NH3, NH4, RNGI.
RNG2, RNG4, RNGS and RNG6) were prepared for analyses. One gram of
each sample was weighed into a Teflon crucible, and moistened with
distilled water. Hydrofluoric acid was then added and the content in the
crucible was evaporated to dryness on a sandbath at 300°C. The residue
was then dissolved in 10ml 1:1 HCI and distilled water. Then 10ml of
saturated boric acid was added to stabilise the ions in the solution. It was
then made up to 100ml by adding distilled water, shaken vigorously using a
mechanical shaker until a uniform solution was obtained. The atomic
absorption spectrophotometer machine GBC model 903, donated to the
Kaduna Polytechnic, Nigeria by the Centre for Immigration Services
(C.L.S.). Germany., was emploved in these investigations to determine the
following elements: Si, Al, Mn, Fe, P, Ti, Ca, Mg, Na and K. These
elements were determined as oxide percentages using their equivalent
weights. Before the samples were fed into the atomic absorption
spectrophotometer machine, known standards were run on it and the results
were recorded for calibration. The results of the geochemical analyses of

the clay samples are presented and discussed in Chapter 4, page 34.
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2243 DETERMINATION OF LIQUID LIMIT

The BS 1377 method was used for the liquid limit determination -
usiﬁg Casagrande apparatus (Capper et al., 1971). A paste of the test soil
was prepared and placed in the cup levelled .off horizontally and divided by
cutting a groove using a standard grooving tool. The two halves of the solil
gradually flow together as the cup was repeatedly dropped into the base at
the rate of two drops per second. The number of drops (blows) required to
close thé bottom of the groove over a distance of 13mm was recorded. The
water content in the clay sample was then determined. The test was
repeated five times and the water content of the paste (sample) was
increased each time for each sample test. Care was taken so that the
number of blows lied within the range of 10 to 60. A graph was then
plotted of water content {WC) against number of blows (N) for the test.
The liquid limit (L1} is defined as the water content (WC) at which 25
blows a\re required to close the bottom of the groove over a distance of
13mm. Table 5.1 and Tables 5.2 - 5.8 (Appendices V - XII, pages 60 - 67)

show the results of tiquid limits tests for the samples.

23



2244 DETERMINATION OF PLASTIC LIMIT

Employing BS 1377 method, 20 gram of each sample was used for
the determination of the plastic limit (PL) (Capper et al, 1971). The
moisture content for each sample was adjusted so that a thread '/; inch in
diameter was formed. Uniform roll pressure was maintained throughout.
The thread was placed in a container and oven-dried, cooled and weighed.
The moisture content was later determined ‘and recorded. The plastic limit
results for the clay samples are shown in Table 5.1 and Tables 5.2 - 5.8

(Appendices V - XII, pages 60 - 67 ).

2245  DETERMINATION OF LINEAR SHRINKAGE

The BS 1377 method was used by taking a portion of the sample at
(or very close to) a semi-cylindrical container of 14 ¢cm length (Capper et
al.,, 1971). The weight of each sample mould was recorded. Then the
samples were placed in an oven at temperature of 105°C for a period of 24
hours. The samples were then allowed to cooled and the changes in length
were measured and the samples were re-weighed (Table 5.1 and Tables
59 - 5.15 at Appendix V and Appendices XIII - XIX, pages 60 and
68 - 74). The linear shrinkage (ls) is given as the ratio of the decrease in

length of samples to the original length and it is expressed in percentage.



Mathematically, Is= ((lo-If)x 100%)/ lo
where
Is = linear shrinkage:
lo = original length of channel;
If = final length of channel.
Using the above formula, the linear shrinkage was computed for all the
samples and the results are recorded in Tables 5.9 - 5.15 at Appendices

XIII - XIX, pages 68 - 74.

2.24.6 D g i F 1 AV

The standard procedure given by the Geotechnical Committee on
Nomenclature for Soil Mechanics was used in the determination of the
specific gravity of the clay samples (Bowles, 1984). Three different
specific density-measuring bottles, which were labelled BNI1, BN2 and
BN3 were used. Each bottle was weighed in grammes and the values were
recorded and the measured weight was designated as 'wl', Chosen quantity
of the clay samples were then added into these bottles and weighed and the
new weights were designated as 'w2'. Water at temperature of 4’C was then
added to fill the entire bottles with clay samples inside them and

re-weighed and the new weights were designated as 'w3'. Finally, the



specific density measuring bottles were emptied, cleansed and filled with
water at 4°C and weighed and the new weights were designated as 'w4',

T};e specific gravity (Gs) in g/cm’ units for each clay sample was
computed using the formula given below:

Wt. of unit vol. of any solid (clay sample)

Wt. of unit volume of water at 4°C
e, Gs = (W2-wih[(wd-wl)-(w3-w2)]
where
(W2 - wl) = Wt. of soil (clay sample)
[(wd - wl) - (W3 - w2)] = Wt. of water displaced by soil at 4°C
= Wt. of unit volume of water at 4°C.
The results of the specific gravity determinations of the clay samples are

given in Tables 5.16 - 5.22 at Appendices XX - XXVI, pages 75 - 81.
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CHAPTER THREE

MINERALOGY OF THE NARAGUTA CLAY SAMPLES
[

3.1  VISUAL DESCRIPTION OF THE CLLAY SAMPLES

Below are the detailed visual descriptions of the partially weathered
samples. The summary on locations and visual description is given in

Table 3.1.

3.1.1 SAMPLE RNG2, 1LOC. 400M E BARAKIN NARAGUTA |

The colour of this sample is reddish-brown. It has fine-grained

texture, and there is an even distribution of fine-grained minerals.

3.1.2 SAMPLE RNG3, LOC. 850M, NW BARAKIN NARAGUTA

This sample has reddish-brown colour and it is fine-grained. The
major megascopic mineral in this sample is quartz. The other mineral types

were virtually unidentifiable.



SAMPLE LOCATION . SAMPLE | IDENTIFIED | % ! REMARKS |
NO. COLOUR = MINERALS | ESTIMATE __
RNG2 400m E Barakin Naraguta | Reddish-brown | None - | Very fine-grained minerals and evenly distributed.
RNG3 850m NW Barakin Reddish-brown | Quartz 20 | Massive lumps.
- Naraguta _ __
._ RNG4 1000m NE Barakin Reddish-brown | Quartz, 35 ‘Component grains medium-grained. __
Naraguta Biotite, 10
opagques 8] !
RNGS5 650m NW Naraguta Reddish-brown | Feldspar grains 25 Feldspar partially weathered, sample is fine-grained. |
Hausawa _
NHI 1000m E Barakin Russo Greyish Quartz, 15 Fine-grained texture.
_ . Feldspar, 30
- _ Muscovite 5 -
NH2 400m E Barakin Russo | Greyish Quartz, 20 Massive, earthy lumps.
_ Muscovite 5




1

3.1.3 SAMPLE RNG4, LOC. 1000M NW NARAGUTA HAUSAWA

* This sample is redclish—brow_n in colour. Some grains included in the

sample are medium-grained in texture. Some ol these grains were
Jae

identified as Quartz,_ biotite angl opaques. The opaques appear granular in

fo’rm and also it has sub-conchoidal 'l'1°ucttlfc. They seem to have metallicll

lustre. The biotite present is black in Cbloilr' ahd it has lamella p.latc's'

without crystal outline, and it appears to have perfect cleavage. It implics

that the clay in this sample did not reach maturity.

3.1.4 SAMPLE RNGS, LOC. 650M NW NARAGUTA HAUSAWA

This sample is reddish-brown in colour. Tt is.fine-grained. There is
an abundant distribution of the fine clayey matrix and partially weathered

feldspar grains.

3.1.5 SAMP[_,IC NHI1, LOC. 1000M E BAB_AKIN RUSSQ

The colour of this sample is grey. The Itex.ture is [‘iné-grui.ned. Quartz_,
feldspar and muscovite ﬂalées werre seen 'a.s inégascbpic minlerals in the
sample. They were easily identified in comparison to .the finer grained
unidentified clayey materials. The muscovite flakes are white in colour and

have massive form. The muscovite [lakes are translucent. Quartz grains
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seen are white in colour and have massive form. Vitreous lustre was
observed. The feldspar grains are pinkish in colour and they are granular in

form. They possess perfect cleavage planes and vitreous lustre.

This sample is grey in colour and earthy. It also contains massive
lumps. Though the finer grained materials could not be identified visually.

the identified megascopic minerals included quartz and muscovite.

3.2 MICR TUDIES OF THE CLAY SAMPLES

Though it was difficult to distinguish clay mineral types using this
method, it was necessary to note the presence of megascopic minerals that
could be used to study the probable provenance of the clays. The major
minerals identified in the samples are muscovite, quartz, feldspar and
opaques (Table 3.2). Microscopically identified minerals are generally in
the minor component of the total volume of the sample. The muscovite is
silvery white in colour and present as aggregates of minute flakes. Quartz
is colourless and has regular to sub-angular form. The identified K-feldspar

is pinkish in colour and it is massive in form. Some of the unidentified



TABLE 3.2 RESULTS OF MICROSCOPIC OBSERVATION OF CLLAY SAMPLES

RNG2 RNG3 _ RNG4 RNG5 m | - m
MINERAL REDDISH- REDDISH- | REDDISH- REDDISH- NHI1 (GREY) % | NH2 (GREY) % REMARKS
BROWN % BROWN % | BROWN % BROWN %
__
Muscovite - - . 10 . 3 5
| | | |
Quartz - | 30 _ 5 _ - 10 25
| .&c _
; | !
Feldspar - - - 30 5 -
Opaques - - 1.5 1.5 . -
Others (Bulk 100 70 83.5 68.5 82 70
fines)

Y



opagques minerals appear black in olour, with rounded, tabular, massive or

granular forms with metallic lustre.



3.3 ERA ICAL CHA ERISTICS

The x-ray diffractogram results (Figures 2.3 - 2.5, pages 18 - 20)
show that the dominant mineral content of the clays are illite, smectite,
kaolinite, chlorite, vermiculite, palygorskite, halloysite, montmorillonite,

while goethite and quartz constitute the non-clay components.

3.4  SPECIFIC GRAVITY

The reddish-brown clay samples have an average specific gravity of
2.15g/em’ and the values ranged between 1.64 - 2.43/cm’. The specific
gravity determinations of the samples were carried out at the Soil
Mechanics Laboratory, Ahmadu Bello University, Zaria, Nigeria. The
greyish clay samples have lower specific gravity values which ranged
between 2.10 - 339 g/em’ with an average value of 2.28 g/em’
(Table 5.16 - 5.22 at Appendices XX - XXVI, pages 75 - 81). It is here
assumed that the iron oxide content in the clay types may be responsible
for the difference in specific gravity values. These results suggest that the
samples have mixed clay minerals and other heavy metallic (oxide)

minerals.

el
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CHAPTER FOUR
GEOCHEMISTRY

4.1 CHEMICAL COMPOSITION

The results .of the major element analysis of the representative
samples from the study area in comparison with some reference samples
are shown in Table 4.1. The chemical plots (Figs. 4.1 - 4.3, pages 36 - 38)
show the distribution of the selected oxides in the samples in relation to the
reference samples, thereby aiding the classification of the clay types vis-a-
vis the chemical compositions. A more detailed discussion on these oxide

components analysed is given below:

4.1.1 SILICA (SiQ-)

The reddish-brown clays have an average SiO, of 47.93%, which is
lower to the SiO, (57.00%), value in the greyish clay samples. The §i0,
content of the greyish clays compares favourably with the values for

refractory bricks (Parker, 1967; Emofurieta et al., 1992).
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TABLE 4.1 CHEMICAL ANALYSIS OF NARAGUTA CLAYS IN COMPARISON WITH SOME REFERENCE SAMPLES

OXIDE/ Greyish Clays Reddish-Brown Clays Reference Samples q
SAMPLE
NO. . _
| __NH2 NH3 NH4 RNGI | RNG4 | RNG5S | RNG6 S M P E
Si0; 60.50 56.20 54.29 48.03 | 49.30 47.70 46.70 67.50 38.67 | 51.00-70.00 | 39.97
ALO; 24.7] 29.25 28.01 33.8] 33098 34.22 30.28 26.50 9.45 25.44 24.66
MnO Trace Trace Trace Trace Trace Trace Trace - . - 0.01
Fe;0; 1.90 1.50 2.30 2.30 2.80 3.70 3.80 0.50-1.20 2.70 0.50-2.40 332
P,0: 0.03 0.02 0.03 0.03 0.05 0.02 0.02 . = - .
TiO; 112 1.10 1.14 1.23 1.24 1.27 1.24 0.10-1.00 - 1.00-2.80 | 20.20
Ca0 0.50 0.75 0.65 0.62 0.75 0.88 0.80 0.18-0.30 | 15.84 | 0.10-0.20 0.46
MgO - 0.09 - 0.50 0.08 . 0.08 0.10 0.10-0.19 8.50 0.20-0.70 0.27
K,O 1.50 1.57 2.08 1.30 1.29 1.08 1.00 1.10-3.10 2.76 = 0.48
Na,O 1.98 1.35 1.45 1.20 1.20 1.15 1.20 0.20-1.50 2.76 0.80-3.50 1.78 |
1.OI 6.38 6.25 7.04 8.30 8.30 7.30 8.09 - - - 16.14 |
#§  Ceramics (Singer and Sonja, 1971) P Refractory Bricks (Packer, 1967)
M Brick Clay (Murray, 1960) Ubulu-Uku Clay (Emofurieta et al., 1992)

Naraguta clay samples were taken from Barakin Russo, Barakin Naraguta and Naraguta Hausawa areas (Fig. del)

W
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4.1.2 ALUMINA (ALO:)

The reddish-brown clays have an average Al;O; of 33.0;,7;"/0. The
greytsh Iclays, on the other hand, have an average of 27.16% Ai:O;. The
individual and average oxides content of the greyish clays meet the
‘industrial specifications for ceramics and refractory bricks (Table 4.1, page
35). On the other hand, the average oxide content in the reddish-brown
clays is higher than those in all th.e reference samples. Al,O; is usually a
product of the chemical weathering of silicate rocks. It is usually present as

elemental oxide composition of kaolinite.

4.1.3 MANGANESE OXIDE (MnQ)
The content in all the samples is in trace amount. This has significant

implication to the industrial specifications, wherein there are no recorded

values in Nigeria except for Ubulu-Uku ¢lay, which has 0.01% value.

4.1.4 FERRIC OXIDE (Fe:0:)

The reddish-brown clays have an average Fe,O; content 3.40%,
which is higher than that of the greyish clays (1.90% Fe,0O;). The values for
the reddish-brown clays satisty the industrial specification for brick clays.

On the other hand, the ferric oxide content in the greyish clays satisfies the
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industrial specifications for ceramics (Singer and Sonja, 1971; Murray,
1960). The enrichment of the reddish-brown clays in Fe,O5 have resulted
from the selective removal or leaching of silica and other soluble elements
5o
by water. This qualifies the clay to be used in the burnt bricks industry at
Naraguta, Jos, Nigeria, where the clay is currently being exploited. The
reddish-brown colour of burnt bricks is apparently due to the pl‘CSC‘IICC of
free ferric oxide in the refractory clay samples. According to Plummer and
Rowmary (1947), clays with Fe,O5 > 2 - 3% fire to pinkish and/or reddish-
brown colour, whereas clays of lesser Fe,Oy content develop cream or buff
shades. Nevertheless, appropriate mixing of the two clay types yields firing

reddish-brown colour.

4.1.5 PHOSPHORUS OXIDE (P,0O5)

The P>Os content in the samples ranged between 0.02 - 0.05%. The
reddish-brown clays have a higher average P,05 content of 0.03%, while

the greyish clays have an average P,Os (0.027%) value.



4.1.6 TITANIUM OXIDE (TiQ-)

The reddish-brown clays have a higher average TiO, (1.25%)
content than the greyish clay types, which have an average content of TiO,
(1.12%); The two clay types satisty the industrial specification for
refractory bricks (Table 4.1, page 35). Parker (1967) gave acceptable

industrial specified ranges for refractory bricks to lie between 1.00% to

2.80%.

4.1.7 POTASH AND SODA (K,0 + Na,0O)

The average content of K;O + Na;O in the samples is 2.76%. This
content is in agreement with the industrial specifications listed in Table 4.1,
page 35, for brick clays. The industrial specification value given by Searle
(1957) for brick clays corroborates the average K,O + Na,O (2.76%)

content obtained for Naraguta clays on the Jos Plateau, Nigeria.
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CHAPTER FIV

GEOTECHNICAL PROPERTIES OF NARAGUTA CLAYS

54 LIQUID LIMIT

The liquid limit of the reddish-brown clay samples ranged between
38.00% to 60.00% with an average value of 49.70%. On the other hand. the
liquid limit of the greyish clays ranged from 41% to 52% with an average
value of 47.63%. The reddish-brown clayl has higher liquid limit value
compared to the greyish clays. The liquid limit of the Naraguta clays meets
the industrial specification for burnt bricks, ceramics and pottery

production (Table 5.1 at Appendix V, page 60).

5.2  PLASTIC LIMIT

The reddish-brown clay samples have an average plastic limit of
29.50% and the ranges of the values are between 24.50% to 33.11%. The
greyish clay samples have a higher average plastic limit of 32.94%. It
ranged between 23.43% to 46.97%. The average plastic limit value of
Naraguté clays meet the industrial specification (12.60% - 37.90%) for

burnt bricks and pottery production (Table 5.1 at Appendix V, page 60).
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5.3 PLASTICITY INDE

The reddish-brown clay sampies have an average plasticity index of
20.20 and the values ranged between 13.46 to 29.25. On the other hand, the |
greyish clays have an average plasticity index of 14.62 and the values
ranged between 5.03 to 26.07. The average plasticity index value for the
reddish-brown clays are closer to the values for the Erusu residual clay
reference sample. These results suggest that the reddish-brown clays are
probably residual in origin. On the other hand, the average plasticity index
value of 14.62 for the greyish clays is quite close to the 15.00 given for the
Abraka Amai brick clay (Table 5.1 at Appendix V, page 60). By
implication, therefore, the results of the plz‘asticity index for the Naraguta
clays suggest that proper mixing of the two differentl clay types would yield

better burnt brick products.

54 LINEAR SHRINKAGE

The average percentage .shrinkage data correlate very well \&ith the
data obtained in plasticity index. It is obvious from the results that the
reddish-brown clay samples have an average linear shrinkage of 4.52% and
the values ranged between 2.14% to 7.86% while the greyish clays have

average linear shrinkage of 8.57% to 12.86% (Table 5.1 and
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_zwerug.e percentage shrinkage thalf the reddish-brown clay szimplcs. As a
result of the differcnce in the physical characteristics of .thcsc Claysl, niixing :
of the greyish clays to&the reddish-brown clays in an acceptable ratio of 1:2
~ have been demonstrated by the Naraguta Burnt Brickworks Factory to yield
better, durable and crack resistant bumt bricks, which are usually fired at

very high temperatures of > 900°C.



CHAPTER SIX

DISCUSSION, CONCLUSION AND RECOMMENDATIONS

Ko .

6.1 DISCUSSION

Visual. observation of the partiully weathered samples revealed the
prese.nc.e of the fol]owingl mincrals: quartz (15% - 35%), feldspar (25% -
30%), botite (»1:0%). ;11L|sc0vitc (5%) and opaques (5%). The result of'_ the
binocular microscopic obseljvqtiogls of the partially 'weatheréd sam’plcs 15 in
agreement with that of the visual observation. Illis. assumed that tﬁe central
areas of the clay depos.its‘went_ through comblete chemical dccompositio'n :
because feldspar was not detcctéd in the diffractograms of the samplé:s.
Muscovite and biotite were probably décompbsed to chlorite and
halloysite, while feldspar was probably decomposed to  kaolinite,
Mineralogical result _shows thatl the dominant clay minerals present in the
samples are illite, smectite, kaolinitc, chlorite, vermiculite, halloysite,
{Jzilyg01'skite and montmorillonite. ‘The palygorskite and montmorillonite
clay rﬁinerals_ are rare in the reddish-brown clays, while they are
conspicuous in the greyish clays. It may be inferred that palygorskite and
“montmorillonite and the higher content of kaolinite i1_1 the greyish clays

could have resulted in the increase of the average plastic limit value of
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32.94% compared to the reddish-brown clays, which have average plastic
limit value of 29.50%. The average specific gravity values of the reddish-
brown and the greyish clays agree with the mineralogical result in
confirming that there are wide ranges of mixed clay minerals present in the
samples along with heavy metallic minerals probably magnetite and
ilmenite.

The geochemical results corroborated the mineralogical data. A
comparison of the chemical compositions of the reddish-brown clays with
brick clays (Murray, 1960) shows that the average SiO, percentages are
almost similar. The alumina contents are quite high. Nevertheless, the
reddish-brown clays meet the industrial specification for brick clays (Table
5.1 at Appendix V, page 60). On the other hand, a comparison of the
compositions of the grey clays with refractory brick clays (Parker, 1967)
indicates that the greyish clays have a lot of chemical similarity to the
industrial specification for refractory brick clays (Table 5.1 at Appendix V,
page 60). The absence of feldspar in the mineralogical data is suggestive of
the complete chemical decomposition of the source rocks. This is reflected
in the excessive increase in Al,Os; content in the samples.

According to Emofurieta and Salami (1988), the dominant

contribution of ALO; in any clay deposit is kaolinite [AlSi>Os(OH),].
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They further stated that Al,O; and SiO, could be used as direct reflectors of
the purity of any clay deposit. The contents of Al,O; and SiQO; in Naraguta
clays (2-4.21% - 34.22% and 46.70% - 60.50%, respectively} suggest that
these clays are pure and suitable for burnt bricks and refractory
applications.

Elueze and Bolarinwa (1995) stressed that mouldability and reddish-
brown coloration after firing are among the most relevant physical
parameters for bricks and refractory brick clays. The industrial properties
of Ithe Naraguta clays suggest that linear shrinkage increases with
increasif.lg depth of clay occurrence (Table 5.1 at Appendix V, page 60).
This might not be unconnected with the gradational increase in clay size
materials coupled with the greater concentration of illite and smectite at

depth. This observation agrees with the findings of Kogbe (1975).
| The geotechnical properties investigated revealed that the reddish-
brown clays have a lower mouldability compared to the greyish clays. The
results further confirmed that the greyish clays have a higher plastic limit
than thf.; reddish-brown clays. The reddish-brown and greyish clays meet
the industrial specifications for burnt brick and refractory brick clays,
respectively. As a result of the differences in the physical properties of

these clays, mixing of the greyish clays to the reddish-brown clays in an
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_ucceptub[é ratio of 1:2 have been demonstrated by the Naraguta Burnt
Brickworks Factory to yield bcttef,' durable and crack-resistant burnt brick
produéts, which are usu&:ullly fired to 900°C. The average percentages ‘'of
. silica (510} in the clays proffer an explanation for the crushing sltrcngth of
the clays.

The lield evidcncc, visual and binocular microscopic observations of
“partially weathered samples, laboratory investigations and analyses of
éonn[}letcly weathered samples cor1firm¢d that two mjor types of claysl,
r'mmelyz._rcddish—brown and greyish clays occur_in Naraguta. Alsc)? the
" results suggest that the reddish-brown ciays are residual and originufcd as
weathering  products  of migmatites, while the greyish clays welle
transported and they probabiy originated from the Older Granites of the

study area. o

6.2 CONCLUSION

Muscovite flakes, quai‘tz, feldspar and biotite were hsually identitied
in the partially weathered samples. Binoculaf microscopy allso conﬁrmed.
the prese.ncc of thesc minerals. The mineralogical data sh(}wé that the
dominant clay minerals present in the samples are itlite, smectite, kaolinite,

chiorite, vermiculite, halloysite, palygorskite and montmorillonite. The
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' highcf average percentage plastic limit and mouldability of the greyish
clays than that of the reddish-brown clays ts traceable to the distribution
and of palygorskile and montmorillonite. Specific gravity results on the
o .
_samples indicated that there is wide'raﬁg_e of mixed clay minerals preseht
along vﬁith heavy metallic minerals, which Iwere observed as 6paquegl

The geocﬁcmical results corroborated the mineralogical data. The
compariébn of the geocherﬁical results of the clays with the industrial
specifications ingicatcs that the reddish-brown clays meet the industrial
specifications .1'01' brick - Cl.ays, Iwhille the | greyish cla.ys‘ nlleet .t-he
speciﬂpations for refractory clays. The result alsé shows that thé_ clay
samblcs are pure and suit-abl.e [or bricks and reffactory applicutionS.

The average liquid Jimit of the reddish-brown clays is 49.70%, while
that of the gréyish clays is 47.63%. The reddish-brown clays have a higher
average liquid limit value compared to that of the grcyisIh clays, The
reddish-brown clays have an average plastic limit of 29.50%, whercas the
greyish clays h;ivc a higher average value of 32.94%. These results are in
agmcnl_lént with the crushing strength of these clays: the greyish clays have
higher érushing strength compared to the reddish-brown clays. The
reddish-brown clays have an average plasticity index of 20.20, whercas the

greyish clays have an average value of 14.62, The reddish-brown clays
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“have a higher plasticity index than the .greyish clays. The reddish-brown
clays havé a lower average pcrc;:nmge lincar shrinkage 4.52% compztfed to
the greyish clays, whose value is 8.57%. The physical propcrti.es
investigation -of these clays indicated that they met the 1ndustnal
spccilﬁcatio.ns for bricks and refractory applications.

Ficld evidence and the bvarious in.vcstiga_{ions and results indicﬁtcd
that there are two major types of clays in the study area, namely: the
reddish-brown and the grelyish clays. In addition, the rcsﬁlts suggest thlul
the reddish-brown clays are probably residual and originated from the
migmatites. On the other hand, the evidence also suggests that the grpyish
clays may have bccn transported and therefore sedimentary with. (.)l.dc:r

Granites origin.

6.3 RECOMMENDATION

A ;:o:npuny called Naraguta Burnt Brickworks Factory is presenily
exploiting these clay deposits. The company’s specifications and rqsezirch
. b o '

findings, if any, were not available for comparative study despite efforts
made towards that end. The Naraguta Burnt Brickworks Factory utilises

these clays if1 the production of burnt bricks on a large industrial scale, Tlhie

rescarch findings of this project would be to the benefit of this company
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and intercsted investors in these clay deposits. It has, however, been

observed that certain burnt brick products from the Factory had cracks in

them. Against this background, the following recommendations are made:

A

F

[urther investigation is nceded as follow-up olf_ this pi‘csent
study; ' o -
detailed research into the thermal characteristics of Naraguta
clays should be carried; -

rese_arch nto beiter processing and appropriate beneticiation
of the various deposits is required for improvement of the
illineralogical, chemical and industrial Iqualities ol "the
deposits; | | | | | y
deep depth éamplin g of the deposits should be carried out;
clo_sel‘y spaced exploratory drilling with a view to establishing

the accurate clay reserves is urgently required.

s
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APPENDIX /

TABLE 2.1 ATTITUDE OF JOINTS IN MIGMATITE/GNEISS IN
STUDY AREA AROUND NARAGUTA HAUSAWA

L_ AZIMUTH | DENSITY | ROCK UNIT i
| o N75° I/mclrc 1 © Gneiss
N30 2mewe _GEGC(.'_' ]
._“__“_NF)BO_ - | - ’,IIIE-U'; - _t S (_II'I:..IH? R :
N33 1 - 3Ymetre Ml‘s:,m atite |
-_"__—IQ‘?_ST{&}O— B ‘m%:'t_l;*_— —F-T Mlgl}'llltlit! o \
SN Umewe T Migmatite ‘
N30 2mewe | Gneiss
A - B T E Guew
L-_ _'____I\FMSD_'_P-' o | /metre - Migmaﬁle . I
___________________ _| J
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APPENDIX [T -

TABLE 2.2 FREQUENCY DISTRIBUTION OF JOINTS IN OLDER
GRANITES AT BARAKIN RUSSO

CLASS FREQUENCY %

0?- 30" - 25 10.64

30° - 60" | 20 1 8.51
60 - 90° 15 6.38
270° - 300" ' 25 | 10.64
3007 - 330¢ 75 31.91
330° - 360" | 75 31.91




APPENDIX - /:/Z
1 _

TABLE 2.3 ATTITUDE OF JOINTS IN THE YOUNGER

GRANITES AROUND NARAGUTA STUDENTS VILLAGE

~ AZIMUTH | DENSITY |  ROCKUNIT |
F— N33 ] Umewe | Younger Granite |
fﬂ_“—n_ﬁilﬁz'fr_ e 2/metre A N
- N4 | 2/metre B L
7L 2metre | "
CoN2s" L 2Umetre '
TN e | .
~ NI0° - F'_“Tﬁ]ﬁﬂc" - ]
TN [ mewe |
CON3LY - 2metre | |
N 2fmetre |
- N288” | 3/metre o ___:
O Nag” L Bmete 1
- N308" | 3metre T = ]
N3 | /mewe A {
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TABLE 2.4 FREQUENCY DISTRIBUTION OF JOINTS IN
YOUNGER GRANITES AROUND NARAGUTA STUDENTS
VILLAGE

CCLASS | FREQUENCY | %
o | & | dssd

S30%-60" | 12 930 N

I | | (L —
60" - 0p° 6 4.65
e —— e e —— s
270" - 300° 6 465
S300°-330" 0 30| 2326
- 330"-360° 2 | 930
B N (N




APPENDIX. [y

TABLE 5.1 PHYSICAL PROPERTIES OF NARAGUTA CLAYS

__SAMPLE TYPE __REDDISH-BROWN CLAYS T GREVE HCLAYS - | _REFERENCE SANPLES |

| __ ] | | |

SAMPLENO. | RrnG1 | RNG2 | RNGé | ONH2 | NH3 . NH4 | Nps A | B

__..Iﬂowx_m;ml,._ﬂm._._.l_wf 1030 933 oI T 030 100 [ i35 T NI — o —
Depth | | | __ ! | _ m E
% ol S —— —te—e e b 3200 T v e———d —i "

Liquid Limiy | 3800 [ sT00 60.09 | dlo0 52.00 4950 | 4800 T 38 | 5250
| | __ | | [ (29.80-43.00) |

|
——e e —
. - - W ! S ——
1

Plastic Limit | 2453 B U308 Tt 4697 | 2343 36.13 1712603790 T 3435
{ l |

|
! | | .
.__f||||l|.I|.III |||||||I.|I|.I.Il__r-|.l|lplrul T ———— e .II..LI]..II! e —— |.|L|I.I|. ||.i|.|._|||.||| l|||l.-blrl|il1rrlI]H||mJI|mrnnx|lulllpllf|[rlllllr-|-||.| |.|||[I.1|[I...1I.Ir.|||rl._
/

Plasticity Index ‘ 1346 | 1789 | 3933 [ 1550 | 3503 | 2607 ] 87 ] 15 | 2820

_ | | | | |_(0.25-1.23) | ﬂ

._r. rlr.l.lllli.tl|iI|,I||I1|I1IJ|II..II.r|rr|I|i qT——t B e e ————
_ % Shrinkage __ 7286 | 213 ] 3.57 | 7.14 - 1071 11386 T 35— 029 ] 0.50
_ | I [

r-ir! T e A S X SEN— S (0.25-1.23) | |
| Average Specific 209 | 233 2.04 | 2.27 [ 232 2.14 238 ] - -]
Gravity (g/em’® ) ‘ ol ‘

|
_ _ | _ _ _ _
F.fllllf:!llll’lll[i]l:]’lplif!l[li[liL:llaF’!flf!lLlliiilf —— e e ——— e L e

A Abraka Amai O,._.M% {(Emofurieta et al,, 1994)

. B Erusu Ciay (Residual) {Emofurieta et al., 1994}

I S T
iy o



APPsabix VL - TARE 572 RNG( AT7EfseRe MIs Lesul7

Liquid Limit. 38%  Plastic Limit: 24 54% Plasticity Index: 13.46%  Linear Shrinkage 786 %
Soil Description: Reddish-brown clay | : -
Type of Test i 1 i | EL | LL L | _
No. of blows/shrinkage % : 46 35 22 18" 11 _
Container No. IS | 16 _.,.J 9% 41 i
Wi o_.:_m soil and container % 22 00 __ 22.90 | 2090 19.00 ¢ 72 80 F o _
Wt. of dried soil and container " 18.80 19.10 ”_ 17 9 _ 1550 | 17.50 | | | '

| I
W of container % 8.80 a2 e 7 = _ _ V _ _
Wi, of dry soil (Wd) % 10.00 | 10.20 9.90 _ 7.50 12.70 __ _ M
Wt of moisture (Wm) % | 320 _ 380 300 i 3.10 530 “ __ h ‘
Moisture content 100 (Wm/Wd) % 32.00 | 37.25 | 30 30) _ 41.33 | 41,73 _ __ ) [ m
._,..:x of Test ! _ _ _ “ 4_ PL | PL PL l_
*9 of blows/shrinkage %o | | m m ! _ - | =~ [ = _
ﬁoam_nﬂ No. | | | | 17 J2 _ 16°
Wt of wet soil and containar % _ . | _ v | . 13.20 | 15 1 " 16 50
Wi. of dried soil and container % _* __ “_ . 13.80 | 1380 1500
Wi of container % __ﬁ ﬁ_ | v 820 8.20 910
Wt of dry soil (Wd) % __ _" . . 560 | 560|590
Wit of moisture (Wm) % m H 140 1.30 1.50
Moisture content 100 (Wm'Wd) % __ _ ) ' . 25.00 23.21 2542




APFENDIA_ VL

vii = TAdeE &4

Lo X - :
NC | AT IERSERG aMiTy RESULT

Liguid Limit: 51 % Plastic Limit:  33.11 % Plasticity Index:- 17.89 % Linear ms_.w.:wmmm.. 214%
Soil Deseription: Reddish-brown clay |
Tvpe of Test . - LL LL LL LL LL | - ]
No. of blows/shrinkage % 43 33 22 * I8 12 I
Container No. | 13 34 158 | 68 42 | ]
Wi of wet soil and Sﬁmm:nn % 29.10 2600 23.20 22 80 24 20 - ;
[ Wt of dried soit and moamiﬁ‘ Ya _ 22.30 w 213 30 18.00 17.60 14.90 ’
Wi, of container % 510 820 2.00 840 180
Wt of dry soil (Wd) % 1340 1230 10.00 520 1919 | _
Wi of moisture {Wm) % 6.60 350 3.20 5.210 330 ! _
Norsiire cantent 100 (W W) % T 1583 FTET 5200 36,52 3318 _
Type of Test | __ ] P A _PL_
No. of blows/shrinkage % i . - .
Container No. # ; . Gm 131 _ 143
i3 _ :
Wi of wel soil and container % - £4.20 m 14,60 13.80
Wi of dried soil and container % _ 12.30 “ 12.80 12001
_.ﬂﬁ. of comtainer % — 240 T 8064 3.00
Wit. of dry soil {Wd) % £0.10 4.80 4.06
Wi of moisture (Wm) % | ) 1.70 1.80 130
Moisture conent 100 (Wa/Wd) % 1685 | 3750 45.00




Append /X VJ/ —  TABLE 5.4 RNG6 ATTERBERG LIMITS RESULT

Liquid Limit.  60.09 % Plastic Limit 3084 % Plasticity Index 2925% Linear Shrinkage 257%
_Soil Description Reddish-brown clay |
Type of Test | L | e | e | 1L LL__| __ | _
No. of blows/shrinkage % _ 16 7 33 24 7 19 12 _ _ _ M
Container No , 4| 39 130 i 24 55 _ _
Wi. of wet soil and container % _ 24.50 __ 21 ..mo 2 * 0 _. 22.00 : 22 530 4 4 _r M
, | _
Wt of dried soil and container % 18.60 _ 17.00 | 16.50 7 1680 | 16.00 | _ “ i
Wi, of container % 830 | 8 30 8.00 7 800 8.50 | _h _
Wi of drv soil (Wd) % 10.10 _ 850 8 30 * 8 80 7.50 | __ _
| | | ]
Wi of moisture (Wm) % i 5.90 4.80 520 | 520 6.30 __
Maisture content 100 (Wm/Wd) % 3842 m 5647 _ 2‘ 18 _ 59.09 8667 | i
Type of Test _ _” T ~ PL_ | PL__| PL
No of blows/shrinkage % _ _ | * | [ i ! S Vs
Container o m _ _ _ | o _ 35 _H 180 _ 175
Wt of wet sail and container % “ _ . h_ | { _ 12.60 13.30 14.00
: _ .
Wi. of dried soil and container % m. _ | ﬂ 11.50 12.50 12.50
W1 of container % * 8 40 8 80 7.50
Wt of dnv soil (Wd) % . _ 3.10 3.70 5.00
W1t of moisture (Wm) % m 1.10 100 1.50
Moisture content 100 (Wm/Wd) % _. 3548 27.03 30.00
|




APFEND 1K 7% - TABLE 5.5 NH2 ATTERBERG LIMITS RESULT

Liquid Limt. 41 % Plastic Limit 2522 % Plasticity Index: 1550% Linear Shrinkage: 7.14%
Soil Description Greyish-brown clay
Type of Test . ] e | L | LL LL |
No. of blows/shrinkage % 47 ﬁ 35 7 23 M i8 11 4
Container No 173 | 177 __ . 137 _ 179 29
| | a
Wi. of wet soil and container % 2470 | 2370 _ 20.40 “_ 23.20 25 80
Wi1. of dried sotl and comainer % 19.80 _ 2} 30 i 1680 7 18.50 u 9 80 7 _ | _
Wt. of container % 7.90 | 750 | 7.90 _ 8.00 790 7 _"
Wi of dry soil (Wd) % _ 11.90 “ 13.00 * 890 _ 10.50 | 1190 _ v _
W', of moisture (Wm) %o 4.90 F_ 520 \ 3.60 _. 4.70 __ | 6 00 __ m \
Moisture content 100 ?a.:._}ad.v % 4115 _ $0.00 _ 40,43 4476 __ 50 42 _ 7 V =
| i i | |
Type of Test _ - | ! _ |_| . PL L_ PL | m_.
No. of blows/shrinkaze % _ A | | s N
Container No | | " _ | it | 61 | 33
Wt of wet seil and container % _ w , # _ ‘ _ 26.90 26 70 26 90
Wt of dried soil and container % _ “ | “ m % 23,50 25 50 2380
Wit of container % __ | _ | _ | _ 20,30 20,90 _ 20,70
Wt of dny soil (Wd) % | | M - _ ._ 500 160 510
Wt. of moisture (Wm) % __ _ 1.40 120 1.10
Moisture content 100 (Wm/Wd) % m __ ~ h 28.00 26.09 2157




s ee—
APPENDIX X - TABLE 5.6 NH3 ATTERBERG LIMITS RESULT

Liquid Limit 52% Plastic Limit 46 97% Plasticity Index 5.03% Linear Shrinkage 1071%
Soil Description Greyish-brown clay
Type of Test | LL | LL m LL | LL | L | _ “ __
No. of blows/shrinkage % _ 40 | 35 | 22 | 18 ._ I | . __ _ _
Container No | 128 ._ 172 _ 164 | 64 57 | ~
W1. of wet soil and container % * 13.90 _ 16 10 m 15.00 15.00 | 16 70 m __ | __
Wit of dried soil and contatnar % _ (200 | 13.90 _ 12.30 12.50 13.80 __ __ B

| ! .. _
Wt of container % , 800 800 | 790 | 290 330 | _ _ |

| I "
Wt of dny soil (Wd) % _ +00 ) 3.90 | +.60 _ 460 | 530 _ . __ .
| ! | [ '

Wt of moisture (Wm) % _ 160 | 220 _ 250 _v 2 50 290 “ __ | )
Moisture cantent 100 (Wm/'Wd) % d_ 47 30 __ 37.29 5435 _" 5435 5472 _, m _ o

| .
Ty pe of Test _ | —d | | ) | PL T PL PL
No. of blows/shrinkage % | _ | . 2 .

! | |

Container No u | 29 AR 3
Wi of wet soil and container % ! m _ 1350 | 13.90 L
Wt of dried soil and container % “ _ , _ _ “ _ 12.00 __ 1160 __ 120
Wt of container % . __ | __ ;_ _ 8.00 __ .m:o w g
Wt of dry soil (Wd) % ___ - _ _ | _ | 100 | ,._oj 3
W1 of moisture (Wm) % | _ ! _. | ﬁ 1.50 | 230 I
Mouisture content 100 (Wm/Wd) % _ w = . | J_ , . “ _— 37.50 63 89 39

| _ _
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Liquid Limit:  49.50%

Soil Description:

Greyish-brown clay

TABLE 5.7 NH4

Plastic Limit

Plasticity Index:

2607 %

Linear Shrinkage

12 86%

Type of Test

LL

LL

No. of blows/shrinkage %

-4

1

Container No

—t

164

Wt of wat soil and conlainer %

14.10 |

2310

Wt of dried soil and container %

|
|
_
|
T

I
L

17.00

Wt. of container %

8 ()

7 9N

Wi of dry soil (Wd) %

4.30 |

910

Wt of moisture (Wm) %

o

610"

Moisture content 100 (Wm/Wd) %

lsd

Lh
(el
=

6

"3

Tyne of Test
No of blows'shrinkage %

-

Container No

Wt of wet soil and container %

12 80

Wt of dried soil and container %a

[1.80

Wt of container %

7 80

Wt of dry soil (Wd) %

400

Wt of moisture (Wm) %

Moisturs content 100 (Wm/'Wd) %,




. APENO[x wJf . TABLE 58 NH5_ATTERBERG LIMITS RESULT

CQ:&.CE:., 4895 Piastic Limit: 36.13% - Plasticity Index:.  11.87% Linear Shrinkage. 3.37%
Soil Description: Grevish-brown ciay . _.
Tvpe of Test T b1t i L i LL LL
~No. of blows'shrinkage "o ) 44 33 2] 17 12
Container No. 71 34 149 34 163
Wt of wet soil and containzar % 13490 2260 15.50 20,30 16.00 1
2 ;
Wi of dried soil and conwiner %, 13,50 16.30 13.00 16.00 13.00 _
Wt of container % “r 8350 | § 50 300 | 830 19| ,
Wt of dry soil (W) % m 3.00 v 8.00 500 ] T30 510 |
Wt of moisture (Wi} % 240 7 350 250 430 3.00 *
Moisture content 100 (Wny'Wdx% 48.00 | 4375 _ 50.01 _ 384 | 5882 _ .
i : !
Type of Test _ “ | PL _ PL . PL
[ No of blows/shrinkage % _ | _ . . V-
Container No. | ) H i 178 27 13
Wi of wet soil and container % M ﬂ [2.56 1282 13.20
Wi of a.:wn_ soif and container %o ) 4 L1.00 1450 {250
W of container % ; _ w 7.80 3 u,.o 8.3
Wit of drv soil {Wd} % | w 310 3.00 120
Wi of motsture (Wm) q.,\.m ” : _ m t 50 m.wo 0.7
\oisture contens (00 (Wm/Wd) % ﬂ | _ 13.39 SRR 16.67



AIENDIX X/

TABLE 5.9 SAMPLE RNGI LINEAR

SHRINKAGE RESULT

_Wt of dried soil = container = 267.80g B
Wt. of container = 235.80¢g
Original _n:mn:ﬁ length before shrinkage = 14.00g
Final channel length mmmﬁ shrinkage = 12.90¢

of



APPENDIX. X IV

TABLE 5.10 SAMPLE RNG2 LINEAR SHRINKAGE RESULT

W1. of dried soil = container = 258.10¢g
Wt. of container | = 251.50g
Original channel length before shrinkage = #..n__o-m -
Final channel length after shrinkage = . 13.70g

b9



Mperbsix  xi

TABLE 5.11 SAMPLE RNG6 LINEAR SHRINKAGE RESULT

Wt of dried soil + container = 253 80¢g
W1t. of container = 251.50g
Original channel length before shrinkage = 14 00g
Final channel ._msmz._ after shnnkage = 13.50¢

b



APPenNDd 1 X XU[

TABLE 5.12 SAMPLE NH?2 LINEAR SHRINKAGE RESU

I

e —

AL S e ————

Wt. of dried soil + container = 291.80¢g
Wt. of container = 253.80¢g
_Original channel length before shrinkage = 14.00g
Final channel length after shrinkage - | 13.00¢g

£

L



}\u\ms\vg vp\m\\

TABLE 513 SAMPLE NH3 LINEAR SHRINKAGE RESULT

Wt of dried soil + container | = 289.50¢g
Wt of container i = 253.00¢g
Original channel length .cmﬁoﬂm Shrinkage = 14.00¢
Final channel length mmmﬁ shrinkage = 12.50g

&



Aprenpix. XVUL

TABLE 5.14 SAMPLE NH4 LINEAR SHRINKAGE RESULT

~ Wt. of dried soil + container - 290.00¢
Wt. of container = 253.00¢
O.m.mm.:m_ channel length before shrinkage = 14.00g
Final channel length after shrinkage = 12.20g

~{
N



APlen b1 X %wm

TABLE 5.15 SAMPLE NHS5 LINEAR SHRINKAGE RESULT

Wt. of dried soil + container - 291.20¢g
Wt. of container = 254 90¢g
Original channel length before shrinkage = - 14.00g
Final channel length after shrinkage = 13.50¢g

L



APEANDIX XX
H}wrm 5.16 SPECIFIC GRAVITY DETERMINATION OF SAMPLE RNGI (IN G/CM® UNITS)

Bottle No. _ BN1 | ‘BN2 BN3 |
_ Wt. of Bottle + Water (Full) w4 | 354.50 - 34480 344.30 _
' Wt. of Bottle + Soil + Water : w3 | 364.20 360.40 356.00 \
| Wt. of Bottle + Soil w2 121.70 _mq..oo 121.50 ;
Wt. of Bottle wl 104.00 J__ 09920 94.90 __
Wt. addit. Of Water | (wd-wi)|  250.50 345.60 24940 |
"Wt of Water added to Soil W3w2)|  242.50 233.40 334,50
Wt. of Soil . (W2 -wl) __ _:...3. 27.80 26.60
Wi of Water displaced by Soil (W~ wh)-(W3-w2)=ww 800 1220 14.90
_ﬁwvnamo Gravity owmoz Particles (g/cm’) (w2 - wl V,;,_.,,,4__ 22125 m. 2.28 1.785 L
| |




TABLE 5.17 SPECIFIC GRAVITY DETERMINATION OF SAMPLE RNG2 (IN G/CM* UNITS)

AFPPENDIX. XX I

Bottle No. BN1 BN2 BN3

_ Wt. of Bottle + Water (Full) w4 354.50 34480 344.30 __
| Wi, ow.mo:_m + Soil + Water w3 365.50 363.50 356.20 |
Wt. of Bottle + Soil w2 124.00 132.00 115.10 |
Wt. of Bottle . wl 104.00 99.20 94.90

Wt. addit. Of. Water (wd-wl) 250.50 245.60 24940 |
Wt. of Water added to Soil (w3 -w2) 241.50 231.50 241.10 _
Wt. of Soil ) (w2 -wl) 20.00 32.80 20.20 ___
Wit. of Water displaced by Soil (wéd-wl)-(w3-w2)=ww 9.00 14.10 8.30 ;__
Tmﬁne.mo Gravity of Soil Particles (g/cm’) (w2 - wl)ww 2.22 2.33 2.43 _




APPENDIX. XX T

TABLE 5.18 SPECIFIC GRAVITY DETERMINATION OF SAMPLE RNG6 (IN G/CM’ UNITS)

“Bottle No. | BN1 | BN2 | BN3 _ﬁ
Wt. of Bottle + Water (Full) wa 354.50 | 344.80 33430 _
Wt. of Bottle + Soil + Water w3 | 360.80 f 35780 252.60 |.,__

"Wit. of Botile + Soil w2 120.10 7 122.80 109.80 |
Wt. of Bottle | wi 104.00 | 99.20 ~94.90
Wt addit. OF Water W -w1) 350,50 4560 339.40
Wt. of Water added to Soil | (w3 -w2) 240.70 235.00 - 242.80

“Wt. of Soil ) (w2 -wl) 16.10 T 2360 14.90

_” Wt. of Water displaced by Soil (wd - wl) - (W3 -w2)=ww 9.8 10.60 | 6.60
Specific Gravity of Soil Particles (g/em’) (w2 -wl)ww | .64 umw | 2.26




APPeNDIX XK 77

TABLE 5.19 SPECIFIC GRAVITY DETERMINATION OF SAMPLE NH2 (IN G/CM' UNITS)

Bottle No. _ ~ BN1 BN2 BN3
Wt. of Bottle + Water (Full) _ wa 7 35450 344.80 | 34430
Wi of Boule + Soil + Water w3 364.20 | 361.20 | 33430
Wt. of Bottle + Soil . w2 122.50 128.00 112.50
W1. of Bottle wl 104.00° 99.20 94.90_
W1. addit. Of Water (w4 -wl) 250.50 245.60 249.40
#:5. of Water added to Soil (w3 -w2) NA._ .70 " 233.20 | 242.00
_ Wt. of Soil : (w2 -wl) 18.50 28.80 17.60
Wi of Water displaced by Soil (w4 - wI) - (W3 - W2) = ww 380 1 12,40 7.40
Specific Gravity of Soil Particles (g/cm’) (W2 - wl)yww _ 2.10 - 232 2.38




APPEADIX. X

TABLE 5.20 SPECIFIC GRAVITY DETERMINATION OF SAMPLE NH3 (IN G/CM* UNITS)

‘Bottle No. . _ BN1 BN2 H BN3
Wt. of Bottle + Water (Full) | w4 354.50 344.80 34430
Wt. of Bottle + Soil + Water | w3 369.80 360.00 358.50

_Jﬁ. of Bottle + Soil w2 © 13210 | 125.50 ﬁ 119.40
Wt of Bottle o ; wl 104.00 99.20 . 94.90

“Wt. addit. Of Water (Wi -wl) 250.50 245.60 249.40

"W, of Water added 0 Soi _. Tawp| | B 734.50 239.10

T.S. of Soil & (w2 -wl) 28.10 | 26.30 | 24.60

75. of Water displaced by Soil (w4 -wl) - (W3 -w2)=ww 7 12.80 _ 11.10 10.30

A Specific Gravity of Soil Particles (g/cm’) 2 - wWi)ww 330 337 339

. ,\m\.



APPENDIX XXV

TABLE 5.21 SPECIFIC GRAVITY DETERMINATION OF SAMPLE NH4 (IN G/CM’ UNITS)

“Bottle No. o - BNI1 | BN2 BN3
Wt. of Bottle + Water (Full) wa 354.50 344.80 34430
Wit owwo:_a + Soil +_ Water w3 | 363.50 __ 363.20 357.00
- Wt.of Bottle + Soil o w2 w 119.70 _ 131.60 124.00
_ Wt of Bottle - o wl __ 104.00 . _7 99.20 94.90
Wi1. addit. Of Water - (w4 -wl) 250.50 ., m.&m.oo 249.40
- Wi. o_m Water added to Soil (w3 ,ﬂwv 243.80 , 231.60 233.00
Wt. of Soil § (w2 -wl) 15.70 “ 32.40 29.10
| Wt. of Water displaced by Soil (wd -wl)- (w3 -w2)=ww 6.70 w 14.00 16.40
Wﬁnnwmn Gravity of Soil Particles (g/cm’) (w2 -wl)ww 2.34 ,. 2314 H...Jn
| _




TABLE 5.22 SPECIFIC G

Appenb/x XKXVT

RAVITY DETERMINATION OF S

AMPLE NHS (IN G/CM® UNITS)

Bottle No. o __ o BNI1 BN2 _ BN3
Wi, of Bottle + Water (Full) > WA | 35450 | 344.80 34430 |
o eo _ J—— | | —
W1t. of Bottle + Soil + Water M..u.l w3 | 263.90 | 361.00 ﬁ, 353.90 |
- | ]
Wt. of Bottle + Soil w2 | 120.00 _ 128.10 _” 111.10 \m
| |
_ | _
Wt. of Bottle wl | 104.00 ' 99.20 _ 94.90 |
. ___ | |
Wt. addit. Of Water (wad -wl) | 250.50 ’ 245.60 __ 249.40
| |
WL, of Water added to Soil W3 w2) | 343.90 | 232.90 | 53380 |
= . _ “_ . * e
| Wt. of Soil " (w2 -wl) ; 16.00 28.90 l 6.20
"W, of Water displaced by Soil (wa-wl) - (W3 -w2)=Www | 6.60 | 23 ﬁ 650
_ B #_ - |
"Specific Gravity of Soil Particles (g/em’) (W2 - wl)/ww ﬂ 2.42 _H 2.275 ._ 2.46 |




