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1. Introduction

Thoroughout its history, Georgia has had an

old tradition in the use of clays for ceramics
. During the Soviet period the

ceramic industry in Georgia did not see any

important developments - moreover, recenti
there have not been any active ceramic fa
tories in the countr

In any case, the fact that Georgia is lo
cated near important ceramic producer

Figure 1

and the great local demand for ceramics
make Georgian clay deposits more and
more interesting as a strategic source for the
country and for the international ceramics
market .
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The two most interesting clay deposits are
located in Western Georgia, not far from the
cities of Kutaisi and Batumi and near the
Black Sea Coast (Figure 2). This article
describes some field observations and pre-
liminary laboratory evaluations on samples
collected in the two areas called “Clay
Deposit A" and “Clay Deposit B”.

This deposit is located in the Imereti region,
approximately 20 km NE of thecity of Kutaisi.
This raw material was investigated in the past
through several vertical wells, and some exca-
vations were made in the neighboring zone.
At the time of the visits no exploitation activ-
ity was active in the area.

In this district (Figure 3), the oldest forma-
tions are represented by a Jurassic volcanic
suite (called the “Bajocian porphyritic suite”).
These are massive volcanic breccias, lava
breccias, porphyritic tuffs, and an interleav-
ing of tuff sandstones and mudstones (with
amaximum thickness of 2500 m). The layers
of deposit that are interesting for ceramic

-

Figure 2 Location of clay Deposits (© Google Earth, modified)

production are represented by white and yel-
low/brown kaolinitic clays and grey rocky
levels of Bathonian age.

The thickness of clay levels ranges from 0.5
to 5 m (any individual layer isabout 3-25 cm).
Dark gray shales are present at the base of kao-
linitic clays. The scdimentary layers in the
mining area show sub-horizontal orientalion
with a maximum inclination of 5 to 35°.

The altitude of the Deposit is around
600-625 m above sea level. The area is con-
nected by electricity and sources of drinking

Fig ure 3 Geological map of the area of clay Deposit 1 and description of the geological formation
where the clays are present; the black circle indicates the explored area (zoom from Geological Map of
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Georgia, scale 1: 500,000 (© Georgian Department of Geology)

S Georgian block. Shallow-waterlacustrine deposits: foliated shales with intercalations of tuffs
: of calc-atkalic basaits, tephroturbidites, sandstones, argillites coalbearing shales, anthracite beds.

water are available. Not far from the area
there are also known brick clay and peat
deposits. During preliminary surveys made
in the summers of 2016 and 2017 some rep-
resentative samples were collected to enable
a better understanding of the quality of the
clays present in the area. Surface observa-
tions and trenches made with hydraulic
excavatorsaround thearea helped to identify
the presence of four main clay typologies:

» whiteclay ("kaolin”)

» mixed clay

» white/grey lithic clay

» lowergrey shale

. [
Is is the purest quality available in the area.
Locally, this clay is known as “kaolin”
(Figure 4). On “Deposit 1" these clays are
present in levels with variable thickness
ranging from less than 0.5 m to 2-3 m. In
many cases, white clay is alternated with
grey/rose/brownish clays and iron levels
(mixed clay).

y Mixed clay

This is not pure single clay quality but it rep-
resents a random mixture of clay levels of
different colour ranging from white/light
yellow until brown alternated with whiter
levels (Figure 5). In some exploration
trenches this variabilty was evident and
withoutaccurate selective exploitation work,
which could mean that it wrongly represents
the average quality of the Deposit. Some lev-
elslook dark brown and they could contam-
inate white/grey clay qualities (Figure 6).




CERAMICS FORUM | RAW MATERIALS

Fig ure 5 Mixed clay sample and level in a trench showing aiternance of clays with different colours

(© G.P. Bertolotti, D. Kuparadze)

Only further detailed core drilling explora-
tion will permit us to identify the places
where purest white clay levels are present in
the entire area.

These raw materials are visible on simall
roads connecting differentareas of Deposit |

(Figure 7). Compared to previous clays, they
do not look like a loose sediment but as a
lithic material with conchoidal fracture.
After 1 day in water their particles still did
not dissolve. They can be defined as flint
clays or kaolinite clayrock facies as described
by Loughan (1978). Together with white and
light grey litotypes darker grey and brown

F|g ure 6 Dark brown clay levels present in clay Deposit 1 (© G.P. Bertolotti, D. Kuparadze)

levels are also present. A sample of lithic clay
was selected for laboratory analyses. Prelim-
inary geological observations indicate that
it is probably interstratified with the previ-
ous qualities.
N

Trench excavations under white, mixed and
lithic clays, in most cases found dark grey
shales. (Figure 8) . They probably represent
he bottom of the deposit.

In conclusion, according to preliminary
estimates of the authors, the quantity of kao-
linitic clays in the explored area must be in
the range of 600.000-1.000.000 tons in total.
This is only a preliminary rough evaluation
that can only be defined with precision by
serious further prospecting work.

In the Guria region several interesting out-
corps of kaolinitic claysare present (Figure 9).
The most important one is located approxi-
mately 100 km NW of the city of Kutaisi and
50 km from Batumi and Poti ports.

it

The Eocene formations represented by tufTs,
tuff breccias, tuff conglomerates, andesites,
trachite lavas and their tuffs are part of the
geological structurc of the area (Figure 10).
According to previous geological-petro-
graphic studies, thesc clays derive from
decomposition and weathering of Eocene
trachyte rocks. These clays were studied in
the 1950-1960s in a Soviet Union geological
survey. Although later there were made fur-
ther studies on this district, the few available
documents do not present detailed strati-
graphical studies of the area.

The main deposit was partially utilized in
the pastasa kaolin source for a porcelain fac-
tory located near Poti, which has not been
active for many years. Currently, the previ-
ously exploited area was still in good condi-
tion and it was easy reachable from the
national road. The main front has a visible
length of approximately 100 m and a width
of more than 50 m. Along the exploited level
two main clay qualites are evident: a white
quality observed in the central part of the
level and a vellow/orange quality present on
the sides of the outcrop (Figure 11). The pas-

12



E ICS FORUM | RA

nlA

sage between the two lithotypes showa band
of a few metres where the quality is mixed.
According to observations along the main
outcrop, the length of white zone is around
25-30 m and it represents 30 % of the total
length. As indicated for Deposit 1 further
exploration with detailed laboratory studies
will permit us to clarify the true origin of this
Deposit and enable a correct estimate of the
qualities and quantities available. Along the
small road that connects the clay mine to the

ite kaolinitic

Figure 9 Yeliow-w

clays, Guria regiol

main road many metres of outcrops of clear
rocks are present (Figure 12). A clear rock
sample was collected for preliminary labora-
lory tests.

In conclusion, during the preliminary
exploration made in the summer of 2016, the
following samples were collected in the
Deposit 2 area:

» white clay
> yellow clay
» lower clear rock.

3. Laboratory tests

On the clay samples collected during explo-
ration, analyses were carried out in the Tecno
Piemonte S.p.A. laboratory in Lenta, Italy.
Only some of the tests were perfromed on the
lower grey shale and lower clear rock samples
for apreliminary indication of their quality.

I'he evaluation of the residue was made after

leaving 100 g of dried raw material in water
for one night with the addition of a small
amount of deflocculant agent. Then the
material was sieved with water with 63 um
weighing after completely drying the result-
ing part of each sample. Table 1 presents the
results obtained.

All the samiples of Deposit | presenta pre-
dominant coarse part due to partial lithifica-
tion of the previous clay sediments, only the
lower grey shale sample hasa very low residue
over 63 um. On the contrary, whiteand yellow
clay samples of Deposit 2 show a low residue.

Bending strength tests were performed on
10 x 5 cm samples pressed at about 350 kg
cm’. All the samples were measured after
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F'g ire 10 geological map of the area of clay Deposit 2; the blue circle indicates the explored area
(zoom from Geological Map of Georgia, scale 1: 500.000 (© Georgian Department of Geology)

F:g ure 11 white kaolinitic clays previously exploited for porcelain production, Guria region
G.P. Bertolotti, D. Kuparadze)

Figure 12 white and clear rocks present along the road near Deposit 2, Guria region
(© G.P. Bertolotti, D. Kuparadze)

one night of drying at 105 °C and immedi-
ately being taken out of the dryer. The test
was carried out on four samples of each sam-
ple. The bending strength or module of rup-
ture (MOR) is calculated with the following
Equation:

MOR = 3xFxd (1)

where:
» F=applied load (kg)
» d=distance between

sample supports (cm)
» b =1width of the sample

where broken (cm)
» h =thickness of the sample

where broken (cm)
The obtained average valuesarc indicated in
lable 2. The results of MOR tests indicate
that all the clays of Deposit 1 show interest-
ing medium/high values. The valuesin sam-
ples of Deposit 2, especially white clay,
appeared lower than the first ones.

|
Samples for chemical analysis were made by
mixing 10 g of micronized powder with2.5g
of wax Licowax C Micropowder PM used
as binder. The mixtures were placed in the
mould of an oleodynamic press and a spe-
cific pressure of 2000 kg/cm® was applied
to produce round samples.

All the samples were analyzed with an
EDXRE spectrometer Ametek Spectro 1Q 11

Table 1 Residue of clay samples over 63 um
(© G.P. Bertolotti, D. Kuparadze)

Sample Resndufg:l 63 pm
White clay <90
Deposit 1)
Mixed clay .
Deposit 1 67.4
Lithic clay 7
Deposit 1 68.8
Lower grey shale 15
(Deposit 1) :
White clay 8
(Deposit 2 '
Yellow clay
Deposit 2




CERAMICS FORUM | RAW MATERIALS

Table 2 MOR values for clay samples
after drying (© G.P. Bertolotti, D. Kuparadze)

Table 3 xrF chemical analyses with loss of ignition results (© G.P. Bertolotti, D. Kuparadze)

Sample kg/cm? | N/mm?
(\gzggsﬂaﬁ 34.8 3.6 l
?@22&?3"’% 289 29 |
(lslehp;g:l!{aly) N4 32
Lov(véégé?ésﬂa'e n.d. i n.d. |
(‘3’2225?{) | 20.4 i 2.1 B
opesiy | 4 | 26

and using X-LabPro 5.1 Ametek software.
All the analyses were made with the same
laboratory conditions and with suitable
standard procedures.

To complete the analytical results, the loss
ofignition was evaluated on micronized pow-
der of each analyzed sample. The firing cycle
of alaboratory muffle kiln was 3 h at 1050 °C
with I hour at the maximum temperature.
Table 3 presents the results of chemical analy-
sis with loss of ignition. White clay of Depos-
its  and 2 and lithic grey clay show interesting
chemical parameters for white body ceramic
productions. Particularly white clay samples
present a high alumina content, similar to the
best clays used for porcelain tiles, and very low
iron and titanium oxide. Also the other raw

|
i ) Whitec]ay Mixedc.lay Lithic clay ! gr';zvsvtf.;le ‘ \Q::ll: YsehII;:v Lz:z:’
B (Depost | Depest | Derost) | Depost | Deposic2) | Deposkd | Deposk2
| 6 | e | o8 [%)
| 5i0, 570 67.0 67. 24 | ssa | 58.2 646
EAlzo, | =l 97 | 203 | 240 : 277 | 236 o |
! Fe0, | 112 | m 244 | 040 256 362
| Tio, 0.95 0.48 0.44 1.06 : 0.67 0.57 0.50
| cao 1.56 0.48 007 o2 | oos 0.06 0.04

: MgO | 069 0.62 040 | 125 0.64 1.08 =
: Na,0 s | 0.63 o 034 | 043 I 0.25
K0 0.38 039 | o022 108 | s e
{

0, | <om o T 033 | <o0 001 0.01

Lol 9.07 7.84 9.40 N2 | 807 6.90 363
| | |

materials could be interesting for other
ceramic production (e.g. floor tilesand glazed
porcelain tiles).

3.4 Mineralogical analysis (XRD)

The mineralogical analyses were made with
the X-ray diffractometer 5000D Bruker Axs
and Miniflex 600 Rigaku. For the qualita-
tive evaluation, PDF2 (powder diffraction

Table 4 Preliminary quantitative evaluation of minerals recognized in XRD analyses
(using Rietveld method integrated with rational analysis considering XRF results) (© G.P. Bertolotti, D. Kuparadze)

file) database standards by JCPDS-ICDD
(Joint Committee on Powder Diffraction
Standards-International Centre for Dif-
fraction Data) were used. Table 4 summa-
rizes the main identified minerals for each
sample and a semi-quantitative evaluation
of each mineral recorded on the samples
made with Rietveld methods and recalcu-
lated rational analysis. A more accurale

1 30 1

hRii]

ghe

‘ Mineral White clay Mixed clay Lithic clay Lovsv:;gerey White shale Yellow shale Lower rock

| {Deposit 1) [%] {Deposit 1) (%] {Deposit 1) {%] (Deposit 1) (%] ({Deposit 2) (%) {Deposit 2} (%] (Deposit 2) [%] |

L e R e

]

Kaolinite 55 35 35 40 40 25 H

1

| Other clay

! e 20 20 20 20 10 20 50

j :
Quartz 10 35 35 | 25 5 10 45

f

| Feldspars l

! and others 15 10 10 15 45 45 5

* These include: montmorllonite, inter-layered clays, illite and muscovite

T
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Figure 13 xro resulting
diagrams on white clay Deposit 1
samples (© G.P. Bertolotti,

D. Kuparadze)

quantitative evalutation of the clay miner-
als will require more detailed sampling of
each raw material quality.

To better understand clay mineralogy of
the two most interesting raw materials more
detalied X-ray analyses were made on white
clay Deposit 1 and white clay Deposit 2 sam-
ples. Clay materials were dispersed in water
in alaboratory test tube with the addition of
adeflocculant (sodium pyrophosphate) and

15 20 25
2-theta [deg]

after that they were vigorously shaken to
homogenize the suspension. They were left
to settle for approximately 145 min. After
this,some drops of the suspension on the
upper part the test tube were collected with
apipette and deposed on glass slides and left
to dry overnight.

For each clay sample there were three
different analyses:
» onasamplesedimented on a glass slide

30

» onasamplesedimented on a glass slide,
treated with ethylene glycol, placed in an
essicator and heated at 80 °C in a labora-
tory stove for one night (g)

» onasample sedimented on a glass slide
heated for 1 h at 550 °C in a muffle kiln.

3.4.1 White clay Deposit 1
The overlapping diagrams (Figure 13) indi-
cate the presence of kaolinite (K) and also

1.5e-+005

1.0e+005

Intensitry [cps]

5.0e+004 -

0.0e+000

Meas. data: White_(lay_D2 ==
Meas. data: White_Clay_D2_g
Meas. data:White_Clay_02_550°( ===

10

0
2-theta [deg]

Fig ure 14 XRD resulting diagrams on white ctay Deposit 2 samples (© G.P. Bertolotti, D. Kuparadze)
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Table 5 Resulting data of firing tests in a laboratory muffle kiln (© G.P. 8ertolotti, D. Kuparadze)

F e e e e

B White clay

(Deposit 1)
Water absorption {%)] 732
Total shrinkage [%) 6.94
Water absorption (%] 6.13

Total shrinkage {96] 7.69

Colour after firing

animportant phase in the area of montmo-
rillonite clays (M). With ethylene glycol
treatment the main peak of this mineral
moved to a lower angle, as has been con-
firmed in the literature.

The presence of quartz (Q) and sodium
feldspar (A) are residues of non-clay miner-
als present in the raw material.

3.4.2 White clay Deposit 2

In this case, the overlapping diagrams
(Figure 14) indicate the presence of illite (1),
kaolinite (K), and also the presence of a
peak that can probably be linked to hal-
loysite or colloidal kaolinite (H). Atalower
angle there is also the presence of inter-lay-
ered clays (I-L).

4. Firing tests in a

laboratory muffle kiln

The micronized powder of each raw mate-
rial prepared for all the other analyses was
also utilized to prepare round samples
pressed at 350 kg/cm® The resulting sam-
ples were fired in laboratory muffle kiln
with cycle of 5 h at temperatures of 1160 °C
and 1190 °C (5 min at the maximum tem-

Mixed clay Lithic grey clay Lower grey shale White clay Yellow clay
(Deposit 1) (Deposit 1) {Deposit 1) (Deposit 2) (Deposit 2)
o éycle: 11-60 °C,5h ({5 min a; max. T)
11.38 961_ i 2.72 0.30
3.9977 ] 5.87 9.42 10.31
Cycle: 1190°C,5h (5 m:n atmax. T) i
1.10 7.38 - ' 2.58 0.66 022~ —
494 7.01 12.71 10.15 10.38

perature). Water absorption and total
shrinkage of the samples were measured
after firing. In Table 5 are presented the
obtained results with images of the samples
after firing. Samples of Deposit | (except
lower grey shale) looked more refractory
than the samples of Deposit 2; this differ-
ence is probably due to the higher content
of potassium feldspar present in the
second Deposit.

5. Conclusions

Preliminary prospection made on two clay
Deposits present in Western Georgiaand the
following laboratory tests indicate that they
may be potentially interesting for future
industrial exploitation. Only detailed pros-
pecting activity with core drilling will per-
mit us to accurately estimate the real size of
these raw materials. White Clay of the
Deposit 1 and 2 samples look very interest-
ingand they are comparable to the best clays
currently used for porcelain tiles, sanitary-
warc, and whiteware. Also other clay quali-
ties could be very helpful for other ceramic
production, especially for future local
ceramic productions. 4
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