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TECHNOLOGY OF THE SOFIEVEA TYPE POTTERY,
PRELIMINARY REPORT ON PHYSICO-CHEMICAL
EXAMINATIONS

This paper presents preliminary results of physical and chemical analysis of
thirteen pottery fragments. These samples contain four fragments from a settlement
and five fragments from a cemetery site (Sofievka type), as well as four potsherds
belonging to the Matwy group of Funnel Beaker culture.,

The study was intended to give an answer 1o the questions of technological
contrast between settlement and cemetery potsherds (Sofievka type) as well as to
the relation between ceramics of the Sofievka type and the Matwy group.

As a result of macroscopic analyses of technology of pottery connected with the
Sofievka type a hypothesis was framed concerning the existence in its manufacture of
two recipes: sepulchral and settlement [Kruts 1977:122). The vessels found in graves
would have a different pottery mass, to be more exact, together with the admixture
of crushed shells there were also found organic fragments and ochre (which gave
the vessels a characteristic red colour) and they also differ by their thin walls and
HHragility”, Taking into consideration the fact that similar observations were made on
eneolithic cremation burial grounds from Moravia and Silesia [Medunovi-Benesova
1967:374; Bukowska-Gedigowa 1975:15], the authors thought it useful to submit this,
supposedly more extensive, regularity” to physico-chemical verification.

This project was enlarged by submitting the Sofievka™ pottery 10 comparative
analysis with the pottery connected with the so called Matwy component (with
the admixture of crushed shells, decorated with band-comb motives) of the Funnel
Beaker culture, from Kuiavia (Inowroclaw-Matwy, Bydgoszcz voivodeship, site 5)
whose origin 18 identified with the North Pontic environment |Kosko 1951:97-122]
documents a weighty direction of the late Tripolye (phase C) contacts.

In order to answer these questions the following analyses were be done: colour
analysis before and after refiring, X-ray diffraction, TG, DTG and DTA analysis,
analysis of ceramic properties before and after refiring (apparent density, open po-
rosily and waler absorplion), chemical analysis by XRF and microscopic studies
of thin sections. Only colour analysis could be made of all thirteen ceramic frag-
ments. This situation has made it difficult to find reasonable answer for all questions
mentioned above (the authors hope to continue the research).
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1. METHODS

1.1, COLOUR AMALYSIS

Determination of colour of cutting plane of ceramic fragments was done both
before and after refiring in a laboratory chamber furnace. Refiring was done with
the following parameters: atmosphere -air, heating rate - 200°C/h, soaking time at
the peak temperature -1h, The slices for colour analysis were cut perpendicularly
to the vessel axis. The colours were identified according to the shade guide edited
by the Federation Europeenne Des Fabricants de carreaux Ceramiques C.E.C.

122 X-RAY DIFFRACTION

Analysis was carmied out with a DRON 1.0 X-ray diffractometer, and was per-
formed with the following parameters: radiation -Co Ko conditions of Co lamp’s
work - U=34kV, I=20mA; form of work - step 0.04° 2@, radiation range - 1.5-70°
26, The samples for measurement were grounded 1o a fine powder and sedimen-
tated from water suspension on the thin glass plates. This kind of treatment was
performed for five samples.

L TG DTG AND DTA ANALYSIS

Samples for measurement were milled in an agate mortar and passed through
a 120-mesh sieve. Analysis was performed for air-dried samples. Examination was
carried out with a Derivatograph-(Q-1500D thermoanalyser with the following pa-
rameters: samples were heated to 1HKKFC; heating rate - 10”"C/min; paper feed -
2mm/min; atmosphere - air, static; reference matenal - o AlO-3, crucible - plati-
num; sensitivity - TG 200mg, DTG 5V, DTA 250uV. This analysis was made for
eight samples.
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[4. CERAMIC PROPERTIES (APPARENT DENSITY. OPEN POROSITY AND WATER
ABSORPTION) ANALYSIS

Ceramic properties were analyzed both before and after refiring, Samples cul
out of the potsherds were refired in a laboratory chamber furnace. Refiring was
done with following parameters: atmosphere - air, heating rate - 200°C/h, soaking
time at the peak temperature - lh. Ceramic properties were examined using the
hydrostatic weighing method, Eleven samples were analyzed.

1.5. CHEMICAL ANALYSIS

Analyses of six samples were made in the laboratory of the Arbeitsgruppe
Archaometnie FU Berlin by WD-XRF {Dr.Gerwulfl Schnewder). It was performed
of ignited samples. Loss of ignition was estimated after refiring in air at temperature
Q00°C {heating rate 200°C/h, soaking time at the peak temperature 1h).

L& MICROSCOPIC STUDIES OF THIN SECTIONS

Thin sections were prepared from the samples by the following method: a
thin slice was cut from cach sherds with a diamond-edged cutting wheel, One face
of the slice was ground on a series of glass plates to a fine finish using 200-1000)
grade carborundum powders. The slice was then mounted on a microscope slide
and ground down to a thickness of ¢ca 30um using various grades of carborundum
powder (the lapping down was finished using 1200 grade carborundum). The cut
sample was attached to the microscope slide as well as to the covering microscope
glass was supported by means of Canada Balsam glue. All sections were examined
on a Carl Zeiss Jena polarizing Amplival type microscope, equipped with a stepping
stage. Estimations were made of the percentages of different clastic materials using
{Eltinor type) integration stage (point-counting method). Granulometric analysis
was made area-counting method. Thin sections of five samples were studied under
polarizing microscope.
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2. RESULTS

21, COLOUR AMALYSIS BEFORE AMD AFTER REFIRING

Colour analysis was made at first. Colour of samples before and after refiring
at temperatures range from 6K to 1100°C was shown in Table 1. This analysis was

carried out 1o resolve the problem of similarity of raw material as well as 1o estimale
original firing temperature approximately. Results are shown in Table 1.

Tablea 1
Colour analysis data
Sample Site Colour Temperature |7 C]
mumber before ] | TiH | B} | ) | 10 | 110Kk
refiring Colour after retirmg

1 Bortiche AlLDLFLD FIWDILFIO | DILFLO | Fld Flil Fiil G2

2 Baorarmeche ALD Flil FIn Fu Flil Gln | G2

i Evminka E11Y Al ] 2] Fu Fu 9 Gl
4 Farimye 11/A412 [} il (1| 2 | DI | Aeco

5 Zomlovkn | EWESAS A9ES 0] 9 F&8 F3 F& ]

i Krasy Khutor AT (BT (B0 D& F7 E4 FR

T Safievia ALFINY F1:ALD Fii Fin Fiil Fi Tl il

& Chernin D&E/ATL AIOTFE FaM8 Fams | P& Fa a G2

o Chernin FRIALLY ALNFS D8 AR TS FHDETY [FaDaTe | Fe 9 G12

in Mamy Al Al min (M i Fa Fii Fi2

i1 Mamwy ATNASALR o (b ¥ F4 i Fi2

12 Moy A ET 7 Es Fa 9 Fi2

i1 My All A5\ RS ASVTS (] (k3 i il

FoLoowing METHOD OF COLOURS [BOLATION WAS ESTARLISHEDR — AlZ:E]12

overlaping cobours

ol x|
e - — colour Al2
- [
| iy plint
|

||
==l R
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a - the reaction of refiring at temperature 1100FC allowed to divide the samples
into the so called raw material” groups according to the colours of the clay matrix
and 1o the vitrification stage of sample, On the basis of these analyses, samples were
divided into six groups as following:
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G, sample No.1, 2, 3, B and 9
A:C only sample No.d
F.1, sample No.5 and 6

— F.,2, sample No.1(, 11 and 12

- E,1, sample No.7

- E,2, sample No.13
b - it is assumed that pottery made of the same body' and fired in the same condi-
tions should change their colour in a similar manner with rising firing temperature,
If & sample originally fired at a cértain temperature s fired once again, then, if the
original firing temperature s exceeded, the colour of the sample should change. If,
however, the original firing temperature is higher than the temperature of refiring
there will be no change in the sample’s colour, This relation can be noticed only if
the firing conditions of the original firing and refiring are the same, i.e, the soaking
time at the peak temperature, the heating rate and particularly the gas atmosphere
inside the kiln.

If investigated samples were not originally fired in air atmosphere changes in
colour which can be observed after refiring at temperature of 600°C are not ¢con-
nected with exceeding of original firing temperature but with burned of unburned
carbonized organic substance or changes in oxidation stage of iron.

On the basis of colour analysis original firing temperature can be estimated
{approximately, only macroscopic examination) and together with results of another
analysis gave information about the probable original firing temperature range.

22 X-RAY DIFFRACTION

X-ray diffraction, first of all, was conducted to check if the investigated samples
contain clay minerals or not, The absence of clay minerals could suggest that during
original firing the temperature of their decomposition was exceeded, The presence
of clay minerals could help to speak about the type of raw material used. Ano-
ther problem is the possible presence of aluminium silicates and calcium silicates
phases. If their presence in examined, samples would be confirmed, it will be po-
ssible to draw conclusions concerning the original firing temperature, It 18 however
nevessary o cwember the influcnce of chemical composition of corami body on
the temperature at which particular phases appear. The possible rehydration and
rehydroxilation of clay materials, in the case when sample contains carbonates the
possible recarbonization also should be taken into account. The results of X-ray
diffraction are presented in Table 2,

' It should be eplaimed that the term body describes a mow maberial prepared throwgh a speccial prooesses as
for example weakening or washing {some times the rew maserial can alse be used directly in production without amy
adklitional treatment).



Table 2
Sample number Phascs Intensivity
1 JuAartz meapor compounsd
alkali feldspars
hematite
maghemite? trace compond
smiectite trice compound
3 quartz Mo Coanpsined
hiematite trace compound
smectite trace compound
memohydrocakeite?
4 guaree
calcite
&IMCCHLE Lrace compond
mamnohydrocabeite?
10 SuartE MO Crampinkd
plagioclase
alkali fieldspars
smectite trace compesnid
sepiolite? trace compound
illite or mdcas
13 UArER
culeite
plagioclase trace compond
illite trace compounid

23 T, DTG AND DTA ANALYSIS

This analysis was carried out to check if the analyzed samples show effects
of dehydration and dehydroxylation of clay minerals, decomposition of carbonates,
burning of organic substance and growing of new phases. The results of TG analysis
are shown in Table 3,
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Table 3
TG analysis data
Sample
muamber
1 Bartniche '[1"{3] H1-240 2608 G- 0000 SO 100 30 110K
devien | 12,119 5975 026% 021% 006% 19615
i N TIfika l|_"'1.'.] 233 Loa-mAl GRE /300 AL SR LLARE Q- LT
dmim | 11,115 5565 04L%  09R 0ies 17,56%
4 Zarimye e | 20255 255 GOHETON TOM-GL0 910 100 - 1000
dmim | 502% 208% 03%% Bl 0% 1756%
& Kr. Khutor 0] | 2225 225400 HLETD ST TOO-000 SO 100H B0 10600
dmim T 304 14 45 19 02% 1632
7 Soficvka 0] | 20200 X0-345 450N GOMCT TOO-G00 SO 1000 20- 1100
dvim 12 4,22 448 0,32 01,35 0,13 224
9 Chernin TIC) | 20-255  255-3n0 Ap0-FR0  ES0-TO0 TO0-000  GO0- 100K 20-1000
dmyim 13,12 2 B 336 {32 {16 i1, i 20
W Matwy-5 e | 20225 225 GO-TA T S00- 100G B-1000
dmim |7.71% 4.72% 043%  025% 0% 10,14%
13 Matwd ¢ | 20235 A5 GINEERS  GRSO05 05100 H-1000
dmim | 207% L% 053%  1165% 026%  1862%

All samples belonging 1o the cemetery ceramic group have two effects of loss
of mass in the temperature range of ca 200-600"C correspond with wide exotherm
with several maxima. These effects are not observed in the rest of the samples. Only
for two samples thermal decomposition of calcite can be observed (sample Nod and
13).

Grain in weight connected with the oxidation of Fea+ to Fear was not observed,

14, ANALYSIS OF CERAMIC PROPERTIES BEFORE AND AFTER REFIRING
[APPARENT DEMSITY, OFEN POROSITY AND WATER ABSORPTION)

This kind of analysis, first of all, was made to determine the original firing
temperature. While during refiring the original firing temperature is increased, in
the first, there are changes in the pore structure and after them changes of the open
porosity and, therefore, of the apparent density and water absorption are observed.
Results of analysis of ceramic properties are presented in Table 4.
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Table 4

Caramic properties anahysis (apparant density — -g.l'ma. apsn porosity — %, water absorplion - %)
bafore and after rafiring

Sample Temperature [“C]
number il 400 600 OO 750 8OO 8500 W00 950 1000 Q050 1104

142 149 148 147 143 146 153 1,51 1,53 1,52 153 1,57
481 446 459 443 442 43 229 426 415 409 407 39,1
H ME 3] 1] LY 294 M3 IRT 272 MMM IhT 244
1,35 1,39 136 131 1,29 132 133 1,2 115 1,19 117 Ll16
3 491 498 483 49 486 474 437 S0% 554 557 573
173 352 367 368 38 367 356 363 442 465 475 491

126 1,29 129 127 127 129 132 133 134 135 137 136
517 522 532 527 §23 519 492 4B 482 479 472 464
403 404 412 415 4L1 403 374 263 359 354 M5 M

L9 199 15, 185 1,72 168 168 146 142 139 137 137
e M 270 We 35 352 3% 3 394 4201 439 M43
11,9 121 142 155 18% 193 187 M9 277 303 321 324

L9 12 1,2 L% 115 L13 L1% L9 L1& 121 121 124
55,6 555 562 85 0 569 563 562 566 57,7 G656 361 566
46,7 46 468 463 497 476 4T 474 899 469 462 457

1,3 L33 1,31 131 128 13 1,31 1,32 1,31 1,33 1,38 1,37
513 506 514 SO 519 507 SO.T S0 512 50 424 50,0
We 379 W2 3BT B 39 3We IS 31 TS M6 366

137 145 144 142 157 151 142 14 143 145 145 147
476 453 469 462 471 41,3 442 444 458 447 M5 451
M7 32 327 324 333 274 31 37 O3S 307 307 307

61 18 L7 L77 L7 L7 177 178 192 197 204 22
07 31 322 323 33 39 37 305 252 25 179 84
169 173 181 182 187 181 179 172 131 115 BE 38

1,82 1,8 1,74 1,73 149 14T 164 1,71 1,7 1,71 1.7 1,42
0,7 3ZE 342 M2 363 354 35T M1 M5 31¥F M 30.
169 184 1956 197 24 211 21 W 202 198 M 165

L4 174 LT 167 L56 153 152 159 157 15 - %
33,1 34 353 363 M6 W 3 B4 BT BT - =
19 198 20,7 2,7 254 255 56 21 214 BE - -

L7 1,75 1,71 161 1467 151 148 146 143 14 L3 1,37
16 M 354 337 3B9 3E 416 414 431 443 M1 463
1% 195 20,7 1% ME 264 282 WA 3001 31 3,7 30

10

11

12

13

=1
Zvg |27 |zve |29 |2ve|Zve |27 |z s |(2ve |2ve |20
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5. CHEMICAL AMNALYSIS

Results of chemical analysis give information on major and trace elements of
the samples investigated. These elements are connected with the ceramic body, the
clay matrix as well as the clastic admixtures. The results of this analysis sometimes
is influenced by secondary effects from burial. Results of this analysis are presented
in Table 5.

Table &

Chemical analysis. Analyses were made in the laboratory of the Arbeltsgruppe Archaometre FU
Berlin by WD-XRF (Dr,Genwul! Schneider), Analysis of ignited samples, major elements in percent
by weight, normalized 1o a constant sum of 100%. the original toial is given in the column Taotal®,
losa of ignition at 900°C ia given in column LOI%, traces are in ppm, elements in brackets are
datarminsd with lower pracision

A mapor elements

Sample [Si0; |TiOy; |ALO; [Fe0h [MnO [MeO |CaD) [NapO [K;0 [P0 | (81 [(CI) [LOT [Total
number & by weight |55]
1 (51,14 | 096 23,60 | 16,01 0050 (021 | 2,32 (007 (0,30 |53 (002 |001 (19,55 |99,71
3 (64,37 1,08 [18.59 | 7,30 [0,032 (028 | 240 (004 |01 |565 (000 |00 (1220|9857
4 6130|081 (1430 | 464 (0043 | 0,29 (17,18 0,22 (054 | 068 (U0 |01 (17,40 (100,40
7 [sRe6 1,04 (2641 (1243 o2 (0,17 | 040 (003 |01 (060 [002 000 (12,68 100,84
10 |62.88 |085 |1745 | 7.72 0085|223 | 2.78 |0.,65 [3.78 | 158 |000 |01 [10,11 (99,57
12 [5053 | 068 |1742 | 4,90 (0054 | 144 (2041 [0,22 (194 | 141 |004 | 000 (17,39 99,66

B. races elements

sample | V | o [Ni fiow[zn [Re [ 50 v |z [my| Ba e fice) [iPw) o

number ppm
1 (220 |17a a0 [24 |43 | 13 |8 (w7 |ues (2 (|7 |m|a |1
3 |19 112 {44 31 (110 | 20 |205 [25 [227 |19 |16%0 |10 [ 44 [ 18 |22
a oo |19 |5 |26 |26 |2 |16 |18 |17 |nso| 9 | 3|19 |15
7 |2s54 |18 |47 |22 |28 |17 |24 |6 |2 19 ;7|9 |} | : |22
100|114 | 116 (44 |20 | 112 (150 211 |35 (203 |17 |1s42 |42 [ &2 |23 |2
12 {142 J114 |52 |28 |18 (107 [299 |32 [n7 | 9 (1223 |eo [125| 23 |18

It is clear that from only six analyses very preliminary interpretations can be
made. Due to the variation of composition within one group of pottery, comparisons
must be made on a statistical basis which needs at least about twenty samples for
one group to be compared with another group of a similar size. Anyhow, some
observations are clear. All samples from Ukraine are made from a clay extraordinary
low in sodium and potassium and thus very different from the samples from Matwy.



223

One of the three samples from the settlement has a high content of calcium
which is explained by a different temper consisting of calcite, This sample has also a
lower iron content connected with lower contents of titanium, vanadium, chromium
and nickel, This may indicate a different clay source within the same area, Because
of the large variation within the four samples from Ukraine nothing can be said
about the difference between the samples from the settlement and the one from
the cemetery. The high phosphorus contents of two samples from the settlement, as
usual connected with elevated barium and strontium contents, probably are secon-
dary effects from burial, The large variations in iron may be another typical feature
of the clays used in that area.

The two samples from Matwy are clearly different in composition from all
Ukraiman samples. The clay is lower in titanium and much higher in sodium, po-
tassium and magnesium than the clay used at the Ukrainian site, One of the two
samples form Matwy is high in calcium due to a different temper.

26, MICROSCOFIC STUDMES OF THIN SECTIONS

Examination of thin sections under polarizing microscope was performed to
speak about type of matrix and first of all to estimate clastic admixtures, It me-
ans type of minerals, their percentage, percentage of particular grain fractions as
well as percentage of matrix and clastic material in sample’s area. Results of these
analysis give information about formula. The term formula describes the specific
combination of matrix and clastic material which, for example, could depend on the
function of vessels. On the basis of the same clay material ceramic bodies with the
same matrix but with different clastic material can be formed (intentional admixtu-
res of clastic material). The results of thin section analysis are shown in Table 6, 7,
B, 9, Ua and (L

Table 6
Matrix and clastic materal in particular fraction
Clastic material
Sample Matrix grains diameter |mm)|
number Total IS = 0,5
% of arca
1 578 422 98 Ix4 =
3 GE5 &T5 LT 7 T
1 505 .5 14 i 102
1 il 6 g 129 185 -
13 535 6,5 1.1 Irl 133
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Tabhlae 7
Granulometric analysis data
Clastic material
Sarmple graing diamerer [mim]
number [0,01-0,1] | [0,1-0,5) = 0.5
% of whole clastic material
l ik il -
3 T3 25 2
4 57 40 3
10 Rl Lk -
13 T 25 4
Table 8
Maxirmum graing diamator
Clustic material
Sarnple graime diameter [mm)
number [L01=ik,1] | [0,1-00,5] = 0,5
maximum grains diameter [m]
1 i1 i3 -
3 i1 0,5 (L5
4 i1 0.5 0.4
10 k1 1504 -
13 k1 (b5 2.0

Pseudomorphs after bioclasts® can be observed in sample No.4 and 13, These,
however, seem not to be from the same origin, In sample No.1 and 3 the pores have
the same shape like the bioclasts in sample 4. At the rims of some of these pores
unidentified material (relics from hioclasts or contamination from burial ?) can be

ohserved,

Samples from Matwy ceramic group are different from the rest (Sofievka type),
but are not similar to each other. Sample No.10 is very decisively different, without
any traces after bioclasts, is very well sorted (only several well rounded grains of
quartz were added). In the next sample (sample No.13) admixtures of bioclasts are

ohserved,

Unfortunately for the samples of cemetery ceramic group thin sections could

not be made,

% I'hae attribution of the class is nat quite clear because of untypical shape. It could be alse calcareous shale.
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Table B8
Planimetric analysis data
A - M clastic material
Sample Clastic material
momber | @ | PI [ Af | Car | Bio | Mus | Px | Om | Rf | Bioc
T of area
1 b, 7 - i3 X1 - - - 1,00 - 154 |*
3 TR - - - - - 1.4 f,3 24 1,1 |*
4 518 1.2 - - 1,2 - = 213 —; 235
Ly 78z - Lo 30 - 20 20 59 3o -
13 55,7 34 i3 .3 - 1 - T4 1 24
B - 100 matrix and clastic material
Sample Clastic material
number marmix | Q@ | PI | Af [ Car | Bio [ Mus | Px | Om | Rf | Bioc
% of area
1 578 8,1 - (h5 (L3 - - = Lk - o |7
3 62,5 .5 - - - - - (1,5 24 0y 4 |*
4 5';:5 111‘] ']-n" - - nlﬁ - - g|n ol I;||5
11 68,5 4.6 - 0,3 ] - LT3 11,1 31 1,2 -
13 535 259 L& 15 29 - 05 - 3.5 0.5 LRI
O — quartz PI - plaginclese Af — alknli fekispars
Cnr = carhiomnnbes Bin = hintise Mus = muscowvite
% — pyroGenes Chm — opaque mineral K — rocks fragments
Binc - preudomonphs after hicclasts  ® - pores after hioclnsts
Table 10
Results of thin section analysis
Sample grains size [mm|
number [OL0n -0, | [0,1-00,5] | =05
type of clastic material
1 0 Om Af Car For |0} FFuar
1 0 O 0 O PFo B Por |3 Por
3 Cm iE| 2 O I [} Ps Ps
n 0 Om Af Mus Car Fx RF O Chm AF Mus Car Px Re it
13 [ Oom Af P Mus o O P Car Ri Ps Ps
] = quartx Mus = muscovite Kf = rock fragments

Oim - opague minerals
Af alkali feldspars

Fl = plagiociase

b - blotiee

Car

= crbsninies

Py = pyroxemnes

Por — pores after blockass

Ps = presdomonph after hinclasts

*® = grains dimeter wp bo 0L1S mm,
anly well nounded quarse ap fo 04 mm
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3. CONMCLUSIONS

1. For all investigated samples the colour 15 due to unburned carbonized organic
substance and only to a less extend to Fezq. Firing was done in a more or less
reducing atmosphere connected with fumigation.

There are two groups connected with clearly(!) another type of substance re-
sponsible for fumigation. All samples of the cemetery pottery group belong to the
one group, 1o the second one the rest of sample.

2. In the case of technological parameters samples were decidedly divided into
three groups:

— sample No.4, the best parameters (lowest open porosity and water absorption)
— all samples belonging to the cemetery ceramic group (sample No.5, 6 and 7)
and three samples belonging to the settlement ceramic group (sample No.l, 2

and 3)

— all samples belonging to the Matwy ceramic group
3. In the case of original firing temperature samples were divided into the
following groups:
— 600-700"C sample No.13 and 4
T0-800"C sample No. 10, 12 and 1
— BOO-900°C sample No.11, 2 and 3
— 900-950°C all samples of cemetery ceramic group

4. Pseudomorphs after bioclasts only can be are observed in samples originally
fired in lower temperature than the samples with pores after bioclasts”,

5. Clearly differs the formula of sample No. 10 In the rest of samples, Matwy
and settlement group, admixtures of ioclasts can be observed (cemetery ceramic
group could not be studied). Samples Matwy group are not of the same origin as
the rest.

b. Samples were buried in other conditions, clearly another:

— two samples of cemetery ceramic group (sample No.1 and 3)
— samples Matwy group
- samples No.7 (cemetery ceramic group) and 4 (settlement)

7. In chemical analysis two samples from Matwy are clearly different in com-
position from all Ukrainian samples.

8, It 15 very important to continue these analysis and to make all kind of analysis
for every type of ceramic group (and for more ceramic samples) to be sure that the
described above results are representing particular groups.

It s the mypical Behavior for bioclasts durimg firing [see Derkiewice, Raabe, Jelitio 1996]
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