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ABSTRACT  

Hundred twenty archa eological ceramics (potsherds, figurines, stirrup jars) as well as experimental bri-
quettes made from local clays fired at different temperatures were examined for their color index chromatic 
scale. Color was measured on clean surfaces, clearly fine decoration layers, from the Late Mycenaean settle-
ment at Kastrouli, Central Greece. The aim is to critically assess these quantitative attributions of a color in-
dex to ceramic surfaces which depends on several factors, such as the type of clay, firing regime, subjective 
evaluation, lighting conditions. Our endeavor and aim are to classify groups of similar color that may imply 
same firing conditions and clay sources. The color perception within a chromatic context is investigated and 
the effect of light on color appearance is assessed. Indeed, apparent subjective differences in Munsell color 
evaluation, the sensitivity of chosen surface area and photo shooting setting under different light conditions 
are observed. Initially the evaluation of different color compone nts, e.g. R, G, B; Lab; HSB, were examined 
using stereoscopic images as well as a mini digital micro USB microscope and edit with image processing 
software. Finally, the 3D plots and statistical clustering of RGB as average integrated and separate values 
with associated standard deviation error produce groups of similar ceramics compared to the briquettes. 
Results were corroborated by cluster analysis of R, B, G of sherds and fired clays. 
 
 
 
 
 
 

KEYWORDS: Munsell, RGB, ceramics, photoshop, optical spectra, color, provenance, briquettes 



176 M. BRATITSI et al 

 

Mediterranean Archaeology and Archaeometry, Vol. 18, No 2, (2018), pp. 175-212 

1. INTRODUCTION  

The characterization and provenance of ceramics 
and raw materials is a well-established procedure in 
archaeometry (Javanshah, 2018; Gajiļ-Kvaģľevet al 
2012; Papageorgiou & Liritzis  2007). It involves 
chemical and mineralogical analysis by physical 
methods (e.g. XRF, XRD, thin sections PLM, PIXE, 
ICP, NAA) and data evaluation through multivariate 
statistical methods (e.g. cluster analysis or dendro-
grams with various clustering algorithms, PCA bip-
lots and 3D plots) (Matzourani & Liritzis 2006; Bax-
ter, 2003). Such studies provide information on the 
extension of the territory exploited by ancient groups 
during the historical and prehistorical periods and 
contribute to the knowledge of long -distance circula-
tion and exchange of raw materials and goods, hence 
on the chaînes operatoires of lithic and clay artefacts. 
Indeed, reconstructing mobility patterns is a major 
goal of researchers interested in prehistoric societies 
and the use of geochemical source characterization 
of ceramics found at sites in a region, offers a way to 
reconstruct the procurement range ð local in close 
proximity, travelled long distances or trade ex-
change - by prehistoric groups to obtain resources. 
Either way reflects major issues concerning their de-
velopment, independency and identity of settle-
ments compared to other major centers. 

Pottery, due to its remarkable storage capability , 
was a vital item used in the food activities  of every-
day life. But ceramic artifacts too had a valuable in-
tangible meaning (e.g. figurines). Not only these us-
es, but aesthetic qualities, too, were frequently used 
by people. Ceramics are also preferred materials in 
provenance studies as their physico-chemical prop-
erties are most often different at a major, minor but 
mainly trace element level, because of their mode of 
formation from characteristic clay sources. 

The soils, i.e. the clayey raw materials are classi-
fied according to the way they were formed, the na-
ture of their impurities and their behavior during 
firing , and these are the factors that determine their 
final color. This color may be the same throughout 
the ceramic, but at the same time there is the phe-
nomenon where the core is dark, while the outer 
and/or internal appear to be light in color because of 
the fir ing time, which is insufficient for full matura-
tion of its mass, thus forming two or three different 
color levels. 
ǳhe present study  proposes a radically different 

approach of grouping and provenance of ceramics 
and raw materials, using chromatic (optical) mea ns, 
a successful attempt which was made as a case study 
on materials derived from Kastrouli  (Fig.1,2) Late 
Mycenaean (Late Helladic III) settlement at Desfina 
near Delphi, Central Greece (E37Ȏ 54 19.56, N42Ȏ 50 
792.35). 

(A) 
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(B) 

 

Figure 1. (A) View to wards Kastrouli hill from Aghia Eirini slope. In red arrow the site, (B) from Kastrouli view to Agh-
ia Eirini/ Xenophon clay sources (note whitish/yellowish colors across the valley). 

 

Figure 2. Locus of excavated ceramics at Kastrouli (from Liritzis et al  2018) 

It is a common practice to use the chromatic index 
of Munsell scale, a routine method of making a first 
sorting of the color of  the ceramic material, as sim-
ple, easy, cost effective, and timely manner, method. 
This contains a numerous of chromatic differences 
which are individualized  with code groupings and it 
is applied to ceramics. At any rate, it is obviously a n 
extremely subjective approach not avoiding the er-
ror -prone and time-consuming procedure of Munsell 

Estimation by visual means and withou t any expen-
sive tool. This has been improved by the automatic 
recognition of color method (Milotta et al., 2017) 
though the noise reduction is cumber some and fur-
ther algorithms are needed for clay, and experi-
mental fired clays compared to  the ceramics.  

In the present research, the Munsell color was es-
timated by four users, whereas new methods were 
proposed. That is, the RGB (for Red, Green, Blue) 
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scale, the intensity and the spectra, as well as the 
luminosity and other color components. During the 
process of color determination through RGB indexes 
strict regulations were followed concerning the cap-
ture images, the choice of the surface area of the ma-
terials and the light settings. The processing of data 
and images was made via image processing soft-
ware. Biplots and Cluster analysis (dendrograms) 
corroborated this approach.  

 

2. MATERIALS, METHOD S AND IN-
STRUMENTATION  

2.1 Ceramics and Clay ey Raw Materials  

A typological representative set of 127 ceramic 
sherds (potsherds, figurines, stir -up jars) originate 
from the Kastrouli excavations (Fig. 2), including 
some fired clays from the floor was chosen (Table 1) 
(Sideris et al., 2017; Levy et al., 2018). They all date in 
the Late Mycenean III (1300-1150 BC) (Liritzis et al., 
2018a).  

TABLE 1: Ceramic identification  

sherd Description  

Ǫ1-Ǫ5 
diagnostic sherds K3 = handle of coarse ware large shape, K5 = base(?) of fine-walled small shape, 
probably LH (Late Helladic)  

Ǫ6 group I diagnostic pottery  

Ǫ7 large pithoi sherd, bulk pottery  

Ǫ8 diagnostic pottery  

Ǫ9-Ǫ14 Diagnostic Pottery, Bulk Pottery, Lumpy Clay?  Three are non-diagnostic. Two are coarse ware 
handles, and two fine ware handles. One is a base 
of a large shape, and one a rim of a small shape ð 
fine ware. The fine ware is LH; the coarse ware 
may be LH or later. 

Ǫ15-Ǫ17 ceramic 

Ǫ18-Ǫ20 stirrup jars  

Ǫ21-Ǫ29 bulk pottery diagnostic  

Ǫ30-Ǫ31 bases Five shards of fine ware, four of coarse ware and 
one probably a wall - or floor -revetment clay frag-
ment. Again the fine ware seems LH, the coarse 
ware may be from the same period or later. Ǫ32-Ǫ40 bulk pottery  

Ǫ41-Ǫ56 diagnostic pottery  

All fine ware and LH. K56 ð K66 very fine, from 
stirrup jars, and small alabastra or three-handled 
amphorae. Some sherds may belong to stirrup jars. 

Ǫ57-K62 
Pottery with Pigment, Diagn ostic Pottery, and 
Bulk Pottery  

Ǫ63-Ǫ81 diagnostic sherds 

Ǫ82-Ǫ83 bulk pottery  

Ǫ84 pithos Two coarse ware sherds from large shapes; five 
fine ware sherds from stirrup jars and cups (from 
cups are the reddish sherds K85 and K87), LH. Ǫ85 Diagnostic and Bulk Pottery  

Ǫ86-K87 diagnostic pottery / pottery w / pigment  

Ǫ88 ??? 

Ǫ89 Pottery with Pigment, Diagnostic Pottery  

Ǫ90   Three shards from LH stirrup jars.  

Ǫ91 
Pottery with Pigment, Diagnostic Pottery, and 
Bulk Pottery  

Ǫ92 special pottery 

Ǫ93 diagnostic pottery  Four shards from stirrup jars and one from a cylin-
drical alabastron, all LH.  

Ǫ94 
Pottery with Pigment, Diagnostic and Bulk Pot-
tery (intact base and body of a vessel) 

Ǫ95 
Diagnostic Pottery (Stirrup jar spout and 4 
fragments of the same jar) 

Ǫ96 ??? 

Ǫ97 Pottery with Pigment, Diagnostic Pottery  

Ǫ98 
Pottery with Pigment, Diagnostic Pottery, 1 
sherd from same vessel? 

All fine ware; three non -diagnostic shapes; three 
from stirrup jars. The diagnostic are all LH.  

Ǫ99 
Pottery with Pi gment, Diagnostic Pottery 
(Rims?) 
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Ǫ100-K102 
Pottery with Pigment, Diagnostic and Bulk Pot-
tery 

Ǫ103 ??? 

Ǫ104 ??? 

Ǫ105 figurine  All figurines are LH in date.  

Ǫ106 figurine  

Ǫ107 figurine  

Ǫ108 figurine  

Ǫ109 figurine  Four handles of alabastra or other shapes; two 
sherds from stirrup jars; one foot of a cup, all LH. 
Fragment of a clay loom-weight (K111, clay yel-
low), presumably also LH.  

Ǫ110 special pottery 

Ǫ111 loom weight  

Ǫ112 Diagnostic Pottery 

Ǫ113   

Ǫ114   

Ǫ115 
Pottery with Pigment, Diagnostic Pottery, and 
Bulk Pottery  

Ǫ116 Diagnostic and Bulk Pottery  Six non-diagnostic sherds. Three sherds from rims, 
one sherd from the base of high-foot cup (K116). 
Diagnostic are all LH. A conical spindle whorl or a 
bead (K121), which if it is from  clay (and not stea-
tite) it may have been burned. 

Ǫ117 
Pottery with Pigment, Diagnostic Pottery, and 
Bulk Pottery  

Ǫ118-K120 Diagnostic Pottery 

Ǫ121 conical bead 

Ǫ122 Lumpy Clay  

Ǫ123-K126 large pitho s sherd, bulk pottery  

K127 
Coarse ware sherd of a large shape, probably a pithos, with inclusions, which seem to be from grind-
ed pottery. It may be from LH to Hellenistic, but earlier dates (LH or Geometric) are more probable.  

 
The ancient ceramic and clayey sediments were 

photographed in the  visible  optical spectrum and a 
clean (avoiding decoration and any deposition) sur-
face was selected. The images recorded are shown in 

Fig.3, including some significant artifacts the psi and 
phi type figurines (Fig . 4). The complete sequence of 
the sherds is given in Appendix 1 - Fig. A1). 

 

Figure 3 Macro- photographs of all ceramics analyzed.  In appendix photos of all sherds are included 
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Figure 4: Figurines Ǫ105-Ǫ108 of front and back sides, and K109 piece of a phi base. 

Additionally, E xperimental  briquettes were made 
with local raw material and fired  at different tem-
peratures (700, 900 and 1050oC). These temperatures 
were chosen aiming to cover (i) the possible temper-
ature regime which  was applied by the ancient pot-
ters and (ii) the mineralogical reactions whi ch take 
place and affect the end color of the ancient ceram-
ics. All the clay sources are located in the vicinity of 
the site (Fig.1A and Table 2). 

The clay-rich sediments were coarsely ground, 
mixed with tap water and left to soak a few days. 
Excess water was removed, and the clays were left to 
dry to a workable state, at which point three bri-
quettes were prepared from each sample. The bri-
quettes were left to dry for a week at room tempera-
ture and subsequently were fired at 700ȎC, 900oC 
and 1050oC, respectively, in a Vulcan 3-550 box fur-
nace with programmable controls .  Firing took place 
under oxidizing conditions, at a rate 8oC/min , with 

the maximum temperature (soaking time) held for 6 
hours. The briquettes were let to cool overnight in 
the furnace with th e door closed and left at room 
temperature for at least one week, allowing any lime 
re-hydration a chance to develop so as to observe its 
impact on the fabric consistency (Fig. 5A). 

Experimental briquettes were made as well, after 
mixing the clayey sediments (DS2+DS8 and 
DS2+DS3) and were fired at 900oC and under oxidiz-
ing regime. Mixing was based upon their different 
chemical composition and according to pXRF analy-
sis (Liritzis et al., 2018b), DS8 is characterized as cal-
careous sample (CaO=63.68 wt %), whereas DS2 and 
DS3 are characterized as non-calcareous (CaO=2.76 
wt % and CaO=4.87 wt %, respectively). Thus, the 
first mixing was performed using 3 parts of DS2 and 
one part of DS8, whilst  for the second one 2 parts of 
DS2 were mixed with 3 parts of  DS3 (Table 2, 
Fig.5B).  

TABLE 2. Clay sources in the vicinity of the settlement, firing temperature, color and comments. 

Clay 
code 
Numbers  

Location  Firing temper-
ature, oC 

Color  after 
firing  

Comments 

DS1 Aghia Eirini  700, 900, 1050 Whitish -
yellowish  

Chapel of St. Irene and presence of water reservoir. 
The location is called Asproyia by locals due to whit-
ish color of sediments 

DS2 Aghia Eirini  700, 900, 1050 Whitish -
yellowish  

Chapel of St Irene and presence of water reservoir 

DS3 Limnos 700, 900, 1050 Brown Called limnos as during winter forms a lake -like pod  

DS4 Meteles 700, 900, 1050 Brown Like Limnos accumulates water during winter and 
in a distance of ~300 m from Kastrouli. The name 
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Meteles means half implying the other half of the 
valley of Desfina.  

DS5 Aghi a Eirini - 
Xenophon 

700, 900, 1050 Whitish  Along the path from Xenophon location (west of 
Aghia Eirini) towards Aghia Eirini  

DS5c Xenophon    Tile found on surface near the well. 

DS6 Aghia Eirini -
Xenophon path 

700, 900, 1050 Pale yellow Aghia Eirini -Xenophon path 
 

DS7 Xenophon  700, 900, 1050 Light grey  Xenophon location is close to the presence of a well 
for water storage (tank ~10 m deep and 1.5-2 m 
width variable from top to bottom). The age of the 
well is unknown but older than 2 00-300 of years.  
 

DS8 (an-
other 
sample) 

Meteles 700, 900, 1050 Light brown  Like Limnos accumulates water during winter and 
in a distance of ~300 m from Kastrouli. The name 
means half implying the other half of the valley at 
Desfina. DS8 is characterized as calcareous sample 

(CaO=63,68 wt %), 

DS2+ 
DS8  

 900  Mixing DS2: DS8= 3:1 

DS2+DS3  900  DS2 and DS3 are characterized as non-calcareous 
(CaO=2.76% and CaO=4.87% respectively). Mixing 
DS2:DS3= 1:1.5  

All sources come from location around Kastrouli hillock, the closest walkin g distance is in the south the Meteles, then 
in the north Aghia Eirini and Xenophon, and are well seen from the site. Along the path between Xenophon ð Aghia 
Eirini we observe three (3) chromatic deposits ð whitish, pink, yellowish. Photos were taken. The Aghia Eirini and 
Xenophon samples were collected from banks of local torrents. Sampling was performed after removal of the superfi-
cial layers. 

  

(A)   (B) 

Figure 5 (A) Briquettes coded DS of the local clay sediments of Desfina fired at temperatures at 700, 900 and 1050 oC, (B) 
mixed clays fired at 900 oC. 

In the present investigation we used the briquettes 
of 900oC and 1050oC as the sherds derive from small 
size ceramics whose firing time ranges mainly 
around these temperatures. The larger and volumi-
nous pots were usually fired in outdoor kilns, where 
temperatures can hardly exceed 800-850 oC.  

2.2 Methods & Instruments  

Four tools were tried; namely Munsell  color chart, 
photoshop, microscopic observation and cluster 
analysis. 

 

DS6 900 
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a. Munsell  chromatic chart  
The Mu nsell soil-color charts (2009 year revised, 

2013 production date, 2017 purchased date) were 
used to classify the color index. The Munsell scale 
for color consists of separate notations for hue, value 
and chroma, which are combined in that order to 
form the color designation. The symbol for hue is the 
letter abbreviation of the color of the rainbow, R for 
Red, YR for Yellow-Red, Y for Yellow, preceded by 
numbers from 0 to 10. The notation for value consists 
of numbers from 0, for absolute black, to 10, for ab-
solute white, and for chroma consists of numbers 
from 0 for neutral gray  sand increasing at equal in-
tervals to a maximum of 20. (Soil Survey Manual 
1951). 

Comparison of the color of the sherd is obtained 
by holding it directly behind the color chip  under 
daylight conditions . It is rare to find a perfect match, 
so the sampleõs color will be determined by the clos-
est match. 

Four different users and readings were applied by 
Maria and Asimina ( B.M. and V.A., Lab. of Archae-
ometry, University of the Aegean), Vay ia (X.V., Re-
search Lab. of Mineral and Rocks, Department of 
Geology, University of Patras) and Eleni (P.E., Lab. 
of Archaeometry, University of Peloponnese) (see, 
Appendix, Table A1).  

It is observed that the users selected different 
chromatic index in several cases (Table 3), which 
makes the application of the Munsell scale doubtful, 
and requires attention. The lighting of the room is 
extremely important . Monitoring with natural light 
is preferred, because clay color as well as Munsell 
scale alters in naked eye. However, disadvantages 
arise in terms of the subjectivity of the results and 
the difficult conditions (satisfactory light, sun light-
ing etc). 

Indeed, from Table 3 it  is concluded that the sub-
jectivity of the Ǭunsell color scale efficiency creates 
a critical non-precarious effect in the next interpreta-
tion.  Thus, alternative scientifically sound approach-
es were devised here based on the use of RGB under 
strictly controlled shooting conditions.  

b. Adobe Photoshop  
Photoshop is an image processing professional 

software of Adobe (edition  cc 2014) that uses differ-
ent chromatic models which were employed in our 
trials  (e.g. R, G, B; Lab; HSB) as described below. 
Since Munsell measurements consist of three attrib-
utes of color: hue (color appearance parameters), 
value (Luminosity ), and chroma (color purity) , and 
each pixel of the images consists of a triad of colors; 
Red, Green and Blue, hence the chromatic model 
initially tried was the RGB. Thus, it was decided to 
remain in the triad  of R, G, B of a quantitative nature 

compared with 3Dcluster diagrams. The Photoshop 
RGB color mode uses the RGB model and assigns an 
intensity value to each pixel. In 8-bits-per-channel 
images, the intensity values range from 0 (black) to 
255 (white) for each of the RGB (red, green, blue) 
components in a color image. RGB images use three 
colors, or channels, to reproduce colors on screen and 
the RGB model is used by computer monitors to dis-
play colors. 

Subsequently, we used another chromatic model 
offered by photoshop, the Lab (L stands for Luminos-
ity  that can range from 0 to 100; a component (green-
red axis), and b component (blue-yellow axis) can 
range from +127 to ð128). The CIE L*a*b* color mod-
el (Lab) is based on the human perception of color. 
Because Lab describes how a color looks rather than 
how much of a particular colorant is needed for a 
device (such as a monitor, desktop printer, or digital 
camera) to produce colors, Lab is considered to be a 
device-independent color model. Color management 
systems use Lab as a color reference to predictably 
transform a color from one color space to another. 
Finally, since Munsell measures hue, value and 
chroma, we tried a 3rd triad, the  HSB (Hue, Satura-
tion and Brightness). 

c. Microscopic Observations  
For introducing the  sherds surface areas in the 

photoshop and measure their chromatic models, the 
shooting areas on ceramic surface should have been 
representative and clear. Due to inhomogeneity of 
the measured ceramic sherds inherited by  xenoliths, 
mixing, colors and accretion, stereoscopic images 
obtained via a Stereoscope MODEL Zeiss Discovery 
V.8 varied significantly . Despite of the effort to ob-
tain comparable shooting conditions , the external 
lighting, the difference in the relief , gave results 
which are not commensurable to each other. Thus, 
the obtained surface images were alternatively ac-
quir ed via a USB microscope (DigiMicro USB Micro-
scope 1.3Mpix), from surface areas and from the sec-
tioned profiles of the already broken pieces of sherds 
found in situ. All shootings were taken in full dark-
ness, and the plastic case of the microscope rests 
slightly on the surface (so there is no fear of damage 
to the ceramics). The conditions of obtaining images 
were defined and measurable for comparison. The 
distance between surface area and the lens is varia-
ble due to focus purposes, the LEDs intensity was 
low (instrumentõs first scale), with  no external light-
ing present and the area photographed was specific 
each time. 

d. Cluster Analysis  
The hierarchical clustering is based on the connec-

tivity of the basic concept of data that is most rele-
vant to the nearby elements rather than to the more 

https://en.wikipedia.org/wiki/Hue
https://en.wikipedia.org/wiki/Color_appearance_model#Color_appearance_parameters
https://en.wikipedia.org/wiki/Colorfulness


CRITICAL ASSESSMENT OF CHROMATIC INDEX IN ARCHAEO LOGICAL CERAMICS BY MUNSELL AND RGB 183 

 

Mediterranean Archaeology and Archaeometry, Vol. 18, No 2, (2018), pp. 175-212 

distant ones. It consists of a whole group of methods 
that differ to the way distances are calculated. The 
user must decide which  connection criterion to use, 
since a cluster consists of multiple elements, there 
are several options for calculating the distance. 
These methods will not produce a unique separation 
of the dataset, but a hierarchy from which must se-
lect the appropriate clusters that are depended by 
their distance. In this study, Euclidean distance or 
Euclidean metric is used which is the "usual" straight 
line between two points in the Euclidean space. With 
this distance, Euclidean space measures the mini-
mum distance between the two points in  the level. 
The result produced is based on finding nearest 
pairs of points with the minimum distance between 
a larger set of points (Baxter 2003). The Mahalanobis 
distance was also used to measure the distance be-
tween a point P (fired clay at certain temp erature) 
and a distribution  (an identified group from cluster 
analysis of ancient ceramics). 

Generally, any clustering approach poses a risk 
because the data are three variables, very closely re-

lated, so it's like having a clustering problem with 1 
variabl e. At any rate this gives an indicative  correla-
tion useful for the present case. 

3. THE MEASUREMENTS  

3.1 ǳhe samples and various tentative color 
measurements 

A total of 127 ceramic fabric images have been 
processed. These photos were shot by Canon camera 
(Canon EOS 1200D) and macro lens (EF-S 18-55mm). 
The macro photos helped to distinguish the clean 
spots from those containing impaction or other dif-
ferentiation s, from the pure color of the pottery. Sub-
sequently, a first  classification was made based upon 
the Munsell chromatic scale. 

The Munsell chromatic index was applied by four 
different users on same areas of each ceramic. An 
example of the Munsell attribution is given in Fig.6. 
The results of all ceramic finds in a excel format (Ta-
ble A1, in Appendix ) and were grouped (Table 3).  

TABLE 3. Attribution of color using Munsell scale by four users for chromatic and associated sub -grouping of same 
chromatic efficiency. Bold indicates coincident occurrences among two or more users. 

2.5YR (Hue) 

Color  Value/Chroma  Maria  Asimina  Eleni  Vayia 

Pinkish white  8/2 K49, K50 - - - 

Light reddish 
gray 

7/1 K4 (inner),  K7(inner) K4 (inner)  
- - 

Light reddish 
brown  

6/4 K89 
- - - 

Light red  7/6 K51(inner), K109  K96 - 

6/6 K70(margin),  K95 K2(margin), 
K61(margin), 
K70(margin ), 
K100(margin) 

K98  

6/8 K61(inner), K88, 
K100(inner), K125 

- 
K100(margin)  K16(inner), K72, K85, K88, 

K99, K100(margin), K125 

Dark reddish 
gray 

4/1 
- - - 

K100(inner) 

Reddish 
brown  

5/4 
- - - 

K1(margin)  

Red 5/6 K6(margin) - - - 

5/8 
- - - 

K2(margin), K35(margin), 
K61(margin), K82, 
K118(margin) 

4/6 - - - K101 

 
5YR (Hue) 

Color  Value/Chroma  Maria  Asimina  Eleni  Vayia 

White  8/1 K57, K97 - - - 

Pink  8/4 - - - K90 

7/4 K1(inner), K12, 
K30(margin), K58, 
K96, K105 

K2(inner), K11 K12, K74, K75 
- 
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Pinkish gray  7/2 - K38 - - 

6/2 K30(inner) - - - 

Light red-
dish brown  

6/3 Ǫ41, Ǫ110(inner) - - - 

6/4 Ǫ2(inner), K11, 
K35(inner), K36, K74, 
K75, K98, K99, K108 

K5, K12, K29(margin), 
K36, K37, K54, K74 

K54 K2(inner), K36, 
K41, K75 

Reddish 
yellow  

7/6 Ǫ13, Ǫ37, Ǫ40, Ǫ52, 
Ǫ53, Ǫ54, 
Ǫ119(margin) 

Ǫ13, Ǫ14, 
K30(margin), 
K32(margin), Ǫ82, 
Ǫ89, Ǫ104, 
K119(margin)  

Ǫ11, Ǫ51(inner), 
Ǫ108, Ǫ109 

K5, K13, K14, 
K29(margin), 
K30(margin), K54, 
K55, K109 

7/8 K82 - - K13 

6/6 K2(margin), K5, K14, 
K16(inner), 
K22(margin),  K34, 
K39, K59(inner), 
K62, K72, K78, K85, 
K104 

K22(margin),  K34, 
K39, K40, K55(inner), 
K59(inner), K60 , K62, 
K72, K88, K95, K101, 
K109 

K2(inner), K5, K14, 
K22(margin), 
K55(inner), K62, 
K70(inner), K72, 
K89, K95, K101 

K12, K22(margin),  
K37, K40, 
K51(margin), 
K55(margin), K60, 
K74, K89, K104, 
K119(margin) 

6/8 K10(margin), 
K118(inner) 

K85 K61(inner), K85, 
K88 

K34, K39, K62, 
K70(inner), K78, 
K95 

Gray 5/1 - - - K61(inner) 

Reddish 
brown  

5/3 K35(margin), K107 K118(margin) - - 

5/4 
- - - 

K6(margin), 
K123(margin) 

Yellowi sh 
red 

5/6 K38, K60, K101 - K60 K38, K59(inner) 

5/8 - - K34, K36, K37, K38 K10(margin) 

Dark gray  4/1 
K6(inner),  

K6(inner),  
K100(inner) 

- - 

 
7.5YR (Hue) 

Color  Value/Chroma  Maria  Asimina  Eleni  Vayia 

Pinkish white  8/2 K33(margin) K90 - - 

Pink  8/3  K30(inner) K103  

8/4 K90, K112 
- 

K90, K112, K120 K7(margin), K27, 
K73(margin), 
K112 

7/3 K17, K48 K1(margin), K17, K42, 
K48, K52, K70(inner), 
K71 

K58, K91 K1(inner), 
K4(margin), K17, 
K24 

7/4 K15, K27, 
K29(margin), K44, 
K46, K55(margin), 
K63, K71, K83, K91, 
K92, K94, K102, K103, 
K113, K120 

K9, K15, K27, K44, 
K46, K53, K58, K63, 
K91, K92, K93, K99, 
K102, K103, K112, 
K113, K119(inner) 

K9, K15, K17, K27, 
K44, K48, K53, 
K55(margin), K63, 
K65, K70(margin), 
K71, K92, K93, K105 

K15, 
K16(margin), 
K21, K26, K42, 
K48, K53, K58, 
K63, K67, K92, 
K127(margin) 

Reddish yel-
low  

7/6 K32 K94 K94, K102, K106, 
K107, K113, 
K119(inner) 

K9, K11, K91, 
K93, K94, K96, 
K98, K102, K113 

6/6 K26(inner), K43, K122 K43, K78 K13, K32(inner), K39, 
K43, K59(inner), K78, 
K82, K104, K122 

K25(margin), 
K32(margin), 
K43, K122 

6/8 - - K40 - 

Pinkish gray  6/2 - K75 - - 

Light brown  6/3 - K28, K41 K28 - 

6/4 K9, K21, K24, K26, 
K42, K65, K93, K106 

K21, K24, K26, 
K55(margin), K65, 
K96, K98, K122 

K16(inner), K21, K26, 
K41 

K3(inner), K28, 
K46, K65, K86 

Gray 5/1 - - - - 

Brown  5/3 K86 K125 - - 
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5/4 K28, K126 K35(inner), 
K110(margin) 

- 
K126 

Strong brown  5/6 - - K110(margin) - 

4/6 - - - K4(inner) 

 
10YR (Hue) 

Color  Value/Chroma  Maria  Asimina  Eleni  Vayia 

White  8/1 - K76 K97  

Light gray  7/1 - - K4(inner), K33(margin) K127 

7/2 K31, K67 K18, K19, K20, 
K32(inner), 
K51(inner), K67, 
K68 

K19 K7(inner) 

Very pale brown  8/3 K20, K77, K117 K81, 114 K20, K68, K87 K18, K45, K64, 
K114, K116 

8/4 K114 
- 

K77, K114, K117 K77, K80, K87, 
K97, K117, K120 

7/3 K7(margin), K19, 
K68, K81, K87, 
K115, K116 

K8, K77, K87, K116, 
K127(inner) 

K1(inner), K18, 
K30(inner), K52, K56, 
K67 

K52, K56, K123, 
K127(inner) 

7/4 K84, K127(inner) K84, K120, K124 K29(inner), K81, K84, 
K124 

K8, K19, K20, 
K33(margin), 
K47(inner), K68, 
K71, K81, K84, 
K115, K124 

Yellow  7/6 K111 K111 K111 - 

Gray 6/1 K118(margin) K1(inner), K126 - - 

5/1 - K73(inner) - K110(inner) 

Light brownish 
gray 

6/2 K10(inner) K47(inner), 
K123(inner) 

- - 

Pale brown  6/3 K3(inner),  K8, 
K18, K70(inner) 

K3(inner),  
K10(inner), 
K29(inner) 

K3 
- 

Light yellowish 
brown  

6/4 K47(inner), K124 
- 

K8, K10(inner), K24, 
K42, K46, K123(inner) 

K103, 
K110(margin) 

Brownish yellow  6/6 - - - K111 

Brown  5/3 K3(margin)  - - - 

Yellowish 
brown  

5/4 K123(inner) 
- 

K125 
- 

Dark gray  4/1 K100(margin) - - - 

Dark grayish 
brown  

4/2 
- - - 

K59(margin) 

 

2.5Y (Hue) 
Color  Value/Chroma  Maria  Asimina  Eleni  Vayia  

White  8/1 
- 

K25(inner), K79, 
K97 

- - 

Light gray  7/1 
- 

K7(inner), K31, 
K33(inner), 
K118(inner) 

K7(inner), 
K127(inner) 

K32(inner) 

7/2 - K57, K66, K69, K115 K47(margin), K69 K31 

Pale brown  8/2 K23, K66, K80 K23, K49, K50 K31, K49, K57, K64, 
K66, K76, K79, K115 

K57, K79 

8/3 K45 - K50, K80 K49, K69, K76 

8/4 - - K45 K66 

7/3 K69, K79 K80 K23 - 

Gray 6/1 - K61, K83, K86 K22(inner) K35(inner), K83 

5/1 
- 

K110(inner) K35(inner), 
K61(margin), 

K73(inner)  
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K73(inner),  K86, 
K110(inner), K126 

Light brown-
ish gray 

6/2 
- - 

K25(inner), 
K118(inner)  

K47(margin), 
K118(inner)  

Dark gray  4/1 
- - 

K6(inner),  
K100(inner) 

K6(inner)  

 
5Y (Hue) 

Color  Value/Chroma  Mari a Asimina  Eleni  Vayia 
Light gray  7/1 K25(inner), 

K33(inner) 
- - - 

7/2 - - - K51(margin) 

Gray 6/1 K22(inner)  K22(inner)  K83 K25(inner) 

5/1 - K16(inner) - - 

Dark gray  4/1 - K121 - - 

Olive gray  4/2 K121 - - K121 

  

              

Figure 6. Ceramic Ǫ92, corresponds to 7.5YR 7/4 (the lower  color scale is the correct one).  

The color scale grouping revealed the large differ-
ences between readings by the users (in Table 3 bold 
font  indicates the common measurements), due to 
purely subjective causes impl ied mainly  by the eye-
sight and lighting  environment .  

The Munsell color scale was followed by photog-
raphy of ceramics using stereomicroscopy (Stereo-
scope MODEL Zeiss Discovery V.8) and a first at-
tempt was made measuring the color from the histo-
gram of Adob e Photoshop CC 2014 for each color 
element (Fig.7). 

All tests made referred to small (focused dashed 
rectangular) and clean areas (Fig.8). 

The values of R, G and B, as well as Luminosity, 
were measured (Fig.8). Tests were also made on sev-
eral color elements for each sherd on a focused spot. 
In particular, Lab (Luminosity L (0 -100), a (colour 
scale -128 bluish to +127 pinkish magenta), b (-128 
blue to +127 yellow)), as well as HSB (Hue, Satura-
tion and Brightness), were measured (Fig.9). 
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Figure 7: The image of ceramic surface K82 from the histogram of Adobe  Photoshop CC 2014 for each color element  

 

Figure 8. R, G, B and Luminosity measured on focused rectangular sub-areas, values given in right white spectra . 

  

          Lab  HSB 

Figure 9. Measured values of Lab (red circle) and HSB (yellow  circle) of a representative surface sub area.  
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3.2 3D plots  

Subsequently, the R, G, B triads individual  data 
were used for 3D cluster (with Origin Pro 9.0) and 
further promising results were obtained as they 
matched with the grouping given by Munsell and 
refer only to the chromatically  similar  sherds (e.g. 
K82 and K85 all readings are congruent belonging to 

the same group) (Fig.10A). Also, groupings were 
obtained by the 3D cluster of triads Lab (Fig.10B) 
and HSB (Fig.10C). The latter trial gave no conclu-
sion, due rather to the drastic variations of measured 
parameters in adjacent points around the chosen 
small areal spot. 

 

(A) 

 

(B) (C) 

 

Figure 10. 3D cluster of triads (A) R,G,B; (B) L, a, b , C) H, S, B,  
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Figure 11. Colour picker via photoshop on pointed spots . 

Another attempt using colour-picker via Pho-
toshop on pointed spots did not either produce con-
cluded convergence (Fig.11), due to subjectivity of 
colour estimation.  

Since great differences have been observed which 
were attributed to the changes in the shooting condi-
tions of the stereoscope, such as, distance from object 
surface but mostly  photo shading, we gave an effort 
to avoid them  and turn to USB microscope readings.  

 

3.3 USB digital microscope im ages 

The images obtained with USB microscope 
(DigiMicro USB Microscope 1.3 Mpix) were those 
taken under the most standardized conditions dur-
ing this study because: 1) the distance to the object 
was kept the same, 2) any external light intrusion 
was preventive since the images were taken in total-
ly dark room having as light only the microscopeõs 
LEDs, whose intensity was at low scale in order to 
avoid the surface solarization (Fig.12). 

 

(A) 
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(B) 

 

(C) 

Figure 12. Images taken with the  USB microscope from: (A) the ceramic sherds; (B) the four figurines; and (C) ceramics 
with  a chromatic  change (two  to three colors) in the inner and outer layers. Shooting of different areas are shown (white 

numbers refer to code numbers of respective ceramics).

The 3D plottin g (OriginPro 9.0) of separate Red, 
Green, Blue (RGB) intensities for all are given in 
Fig.13. (NB: Biplot  projections of R, B, G of the 3D 
diagrams of ceramics and briquettes are given in 
Fig.A2 of the Appendix ).  

It is of great interest to particularly ob serve the 
sherds with  single profiled surfaces throughout the 

ceramic (Fig. A2) with those with difference in inner 
and outer profile , as well as, the briquettes and figu-
rines with similar behavior . Therefore, the results 
focused on 99 sherds (Fig.12A), the 3 figurines 
(K105-K107), and only two of  the briquettes which  
were sandwiched-formed while fired (DS3, DS4). 
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Figure 13. 3D grouping of RGBõs of clean ceramics, figurines and briquettes (900 oC -1050 oC and mixed at 900oC). 

 

 

Figure 14. The analyzed clay objects and fired clays  as a function of their integrated RGB spectral intensity . 

 

3.4 Statistical analysis: Biplots and Hierar-
chical Clustering  

The integrated RGB with associated error bars for 
each reading of ceramics sherds were also plotted as 
bi-plot, and promising groupings were observed 
(Fig.14). The fired experimental briquettes were also 
included (code DS in Fig. 14 and Table 4). 

This first test revealed four zones of groups within 
their error bars; 130-145, 145-170, 170-190, and >190 
(Table 4). These are compared with cluster analysis 
of Fig. 15 and Tables 5A, B. This initial grouping in-
terestingly enough is somehow commensurate with 
the Cluster analysis (further neighbor method, 
squared Euclidean). 
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Table 4. Tentative grouping of 99 ceramics and DS fired clays  of integrated RGB values from the biplot (Fig.1 4A). Bold 
numbers are those in marginal limit between 2 adjacent groups  and are placed in the closest one.  

Group1: 130-145 Group 2: 145-170 Group 3: 170-190 Group 4: 
>190 

K7, K13, K14, K38, K39, 
K41, K107(figurine),  
DS1(900oC), 
DS2(900oC) DS2+3(900
oC), DS2+8(900oC), 
DS1(1050oC), DS6(1050
oC), 
DS7(1050oC), DS8(1050
oC) 

K3, K4, K5, K8, K9, K12, K16, K18, K19, 
K20, K21, K23, K26, K27, K28, K31, K34, 
K36, K37, K40, K42, K43, K44, K49, K50, 
K53, K56, K63, K64, K65, K66, K69, K73, 
K83, K84, K85, K89, K92, K94, K95, K97, 
K99, K101, K102, K104, K106(figurine), 
K111, K112, K114, K115, K116, K117, 
K121, K122, K123, K126, K127 
DS5(900oC), DS6(900oC), DS7(900oC), 
DS8(900oC), DS2(1050oC), DS5(1050oC) 

K11, K15, K24, 
K25, K45, 
K46, K52, K55, 
K58, K59, K62, K67, 
K68, Ǫ72, K77, 
K81, K82, K88, 
K90, K91, K98, 
K103, K105(figurine) , 
K109(figurine), 
K113, K120, K124 

K57, K60, 
K76, K79, 
K80, K86, 
K87, K93 

 
The measured R, G, B data were also processed by 

statistical analysis using StatGraphics Plus 5.0 and R 
for  measuring distances of similarity namely, the 
cluster analysis (dendrograms) employing  complete 
linkage (or furthest neighbor), where the distance be-
tween two clusters is the distance between their two 
most distant members, and average linkage compro-
mise method under  which the distance between two 
clusters is the average of the distances of all pairs of 
observations, one observation in the pair taken from 
the first cluster and the other from the second clus-
ter. Both indicat e relevant and worth examining 
groupings  (Fig.15).  

The ceramic and clay data were processed first 
separately and then combined, but the results 

change radically in terms of clustering even for the 
ceramics themselves. The most appropriate ap-
proach is to group the ceramic set of data, and then 
using the Mahalanobis distance to classify the addi-
tional observations (clay data set) in some of the 
groups that have already been identified.  Another 
way is to cluster ancient sherds and modern fired DS 
clays as one data set, since both are homogeneous. 

The Cluster Analysis (CA) , complete and average 
linkage, for 99 ceramics sherds is presented in Fig.15. 
The analysis revealed three groups (Table 5). Re-
garding the accompanied statistical data are given in 
Appendix  ð TablesA2, A3. 

 

 

Fig.15 Clustering of cerami cs and clays with R software. Clustering (complete and average linkage)  of clean surface ce-
ramic sherds and figurines. Colors indicate the three identified groups, group 1 red, group 2 blue, group 3 brown. With 

green are outlined the three sherds marginally belonging to group 1. Sherd 121 is steatite conical bead. 

41 
38 107 13 

34 39 7 14 43 21 122 3 9 4 63 20 112 97 
123 18 127 

19 83 
26 

16 106 36 27 101 8 84 89 66 114 65 104 50 56 64 

121 

73 
37 85 5 59 88 42 102 23 115 53 95 126 40 92 28 99 44 111 60 87 

76 79 57 
86 80 116 58 77 93 

15 24 68 
25 81 67 90 

103 
109 120 

46 
49 

91 94 31 69 45 52 
124 

62 113 82 117 12 105 55 72 11 98 

0 

2 

4 

6 

8 
Complete Linkage 

Height 

60 87 
76 79 57 

86 80 116 

121 

103 

68 
25 81 67 90 

109 120 
58 77 93 

15 24 

46 

49 
91 94 31 

69 
45 52 82 117 12 105 55 72 11 98 

124 
62 113 

41 
38 107 

13 

34 39 7 14 
43 21 122 4 63 3 9 65 104 50 56 64 

83 
19 26 

40 92 85 
36 27 101 8 84 89 16 106 97 

123 
18 127 

20 112 
66 114 28 99 44 111 42 

102 23 115 
37 73 

53 95 126 
5 

59 88 
0 

1 

2 

3 

4 

Average Linkage 

Height 



CRITICAL ASSESSMENT OF CHROMATIC INDEX IN ARCHAEO LOGICAL CERAMICS BY MUNSELL AND RGB 193 

 

Mediterranean Archaeology and Archaeometry, Vol. 18, No 2, (2018), pp. 175-212 

Table 5A: Cluster analysis of average and complete linkage of 99 ceramic sherds using R software (excluding sand-
wiched ones). The identified groups in red, blue and brown areas of Fig.15. The marginal samples are in green and in red 

is the outlier steatite conical bead.  

Group 1  (red) Group 2 (blue)  Group 3 (brown)  

K3 K4 K5 K7 K8 K9 K13 K14 K16 K18 K19 K20 
K21 K23 K26 K27 K28 K34 K36 K37 K38 K39 K40 
K41 K42 K43 K44 K50 K53 K56 K59 K63 K64 K65 
K66 K73 K83 K84 K85 K88 K89 K92 K95 K97 K99 
K101 K102 K104 K106(figurine)  K107(figurine)  
K111 K112 K114 K115 K121 K122 K123 K126 K127  

K11 K12 K15 K24 K25 K31 K45 K46 K49 
K52 K55 K58 K62 K67 K68 K69 K72 K77 
K81 K82 K90 K91 K93 K94 K98 K103 
K105(figurine)  K109 K113 K117 K120 
K124  
 

K57 K60 K76 K79 K80 
K86 K87 K116 

Table 5B: EXCELL Cluster analysis of complete linkage of  99 ceramic sherds and DS clays using Statgraphics software. 
The four identified groups (1-4) from the RGB biplot of Fig. 14 and the other four (C + DS) from the results of CA (fur-

thest neighbor). Grouping assignment is identical for the two first groups of each approach (Groups 1 and 2 are similar 
to 1C+DS and 2C+DS, respectively). 

Sample No Group1  Group2  Group3  Group4  1C+DS 2C+DS 3C+DS 4C+DS 

1 1 1 1 1 1 1 1 1 

2 2 2 2 2 2 2 2 2 

3 3 3 3 3 3 3 3 3 

4 4 4 4 4 4 4 4 4 

5 5 5 5 5 5 5 5 5 

6 6 6 6 6 6 6 6 6 

7 7 7 7 7 7 7 7 7 

8 8 8 8 8 8 8 8 8 

9 9 9 9 9 9 9 9 9 

10 10 10 10 10 10 10 10 10 

11 11 11 11 11 11 11 11 11 

12 12 12 12 12 12 12 12 12 

13 13 13 13 13 13 13 13 13 

14 14 14 14 14 14 14 14 14 

15 15 15 15 15 15 15 15 15 

16 16 16 16 16 16 16 16 16 

17 17 17 17 17 17 17 17 17 

18 18 18 18 18 18 18 18 18 

19 19 19 19 19 19 19 19 19 

20 20 20 20 20 20 20 20 20 

21 21 21 21 21 21 21 21 21 

22 22 22 22 22 22 22 22 22 

23 23 23 23 23 23 23 23 23 

24 24 24 24 24 24 24 24 24 

25 25 25 25 25 25 25 25 25 

26 26 26 26 26 26 26 26 26 

27 27 27 27 27 27 27 27 27 

28 28 28 28 28 28 28 28 28 

29 29 29 29 29 29 29 29 29 

30 30 30 30 30 30 30 30 30 

31 31 31 31 31 31 31 31 31 

32 32 32 32 32 32 32 32 32 

33 33 33 33 33 33 33 33 33 

34 34 34 34 34 34 34 34 34 

35 35 35 35 35 35 35 35 35 

36 36 36 36 36 36 36 36 36 

37 37 37 37 37 37 37 37 37 

38 38 38 38 38 38 38 38 38 

39 39 39 39 39 39 39 39 39 

40 40 40 40 40 40 40 40 40 

41 41 41 41 41 41 41 41 41 

42 42 42 42 42 42 42 42 42 

43 43 43 43 43 43 43 43 43 
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44 44 44 44 44 44 44 44 44 

45 45 45 45 45 45 45 45 45 

46 46 46 46 46 46 46 46 46 

47 47 47 47 47 47 47 47 47 

48 48 48 48 48 48 48 48 48 

49 49 49 49 49 49 49 49 49 

50 50 50 50 50 50 50 50 50 

51 51 51 51 51 51 51 51 51 

52 52 52 52 52 52 52 52 52 

53 53 53 53 53 53 53 53 53 

54 54 54 54 54 54 54 54 54 

55 55 55 55 55 55 55 55 55 

56 56 56 56 56 56 56 56 56 

57 57 57 57 57 57 57 57 57 

58 58 58 58 58 58 58 58 58 

59 59 59 59 59 59 59 59 59 

60 60 60 60 60 60 60 60 60 

61 61 61 61 61 61 61 61 61 

62 62 62 62 62 62 62 62 62 

63 63 63 63 63 63 63 63 63 

64 64 64 64 64 64 64 64 64 

65 65 65 65 65 65 65 65 65 

66 66 66 66 66 66 66 66 66 

67 67 67 67 67 67 67 67 67 

68 68 68 68 68 68 68 68 68 

69 69 69 69 69 69 69 69 69 

70 70 70 70 70 70 70 70 70 

71 71 71 71 71 71 71 71 71 

72 72 72 72 72 72 72 72 72 

73 73 73 73 73 73 73 73 73 

74 74 74 74 74 74 74 74 74 

75 75 75 75 75 75 75 75 75 

76 76 76 76 76 76 76 76 76 

77 77 77 77 77 77 77 77 77 

78 78 78 78 78 78 78 78 78 

79 79 79 79 79 79 79 79 79 

80 80 80 80 80 80 80 80 80 

81 81 81 81 81 81 81 81 81 

82 82 82 82 82 82 82 82 82 

83 83 83 83 83 83 83 83 83 

84 84 84 84 84 84 84 84 84 

85 85 85 85 85 85 85 85 85 

86 86 86 86 86 86 86 86 86 

87 87 87 87 87 87 87 87 87 

88 88 88 88 88 88 88 88 88 

89 89 89 89 89 89 89 89 89 

90 90 90 90 90 90 90 90 90 

91 91 91 91 91 91 91 91 91 

92 92 92 92 92 92 92 92 92 

93 93 93 93 93 93 93 93 93 

94 94 94 94 94 94 94 94 94 

95 95 95 95 95 95 95 95 95 

96 96 96 96 96 96 96 96 96 

97 97 97 97 97 97 97 97 97 

98 98 98 98 98 98 98 98 98 

99 99 99 99 99 99 99 99 99 

100 100 100 100 100 100 100 100 100 

101 101 101 101 101 101 101 101 101 

102 102 102 102 102 102 102 102 102 
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103 103 103 103 103 103 103 103 103 

104 104 104 104 104 104 104 104 104 

105 105 105 105 105 105 105 105 105 

106 106 106 106 106 106 106 106 106 

107 107 107 107 107 107 107 107 107 

108 108 108 108 108 108 108 108 108 

109 109 109 109 109 109 109 109 109 

110 110 110 110 110 110 110 110 110 

111 111 111 111 111 111 111 111 111 

112 112 112 112 112 112 112 112 112 

113 113 113 113 113 113 113 113 113 

114 114 114 114 114 114 114 114 114 

115 115 115 115 115 115 115 115 115 

116 116 116 116 116 116 116 116 116 

117 117 117 117 117 117 117 117 117 

118 118 118 118 118 118 118 118 118 

119 119 119 119 119 119 119 119 119 

120 120 120 120 120 120 120 120 120 

121 121 121 121 121 121 121 121 121 

122 122 122 122 122 122 122 122 122 

123 123 123 123 123 123 123 123 123 

124 124 124 124 124 124 124 124 124 

125 125 125 125 125 125 125 125 125 

126 126 126 126 126 126 126 126 126 

127 127 127 127 127 127 127 127 127 

DS1-900 DS1-900 DS1-900 DS1-900 DS1-900 DS1-900 DS1-900 DS1-900 DS1-900 

DS2-900 DS2-900 DS2-900 DS2-900 DS2-900 DS2-900 DS2-900 DS2-900 DS2-900 

DS5-900 DS5-900 DS5-900 DS5-900 DS5-900 DS5-900 DS5-900 DS5-900 DS5-900 

DS6-900 DS6-900 DS6-900 DS6-900 DS6-900 DS6-900 DS6-900 DS6-900 DS6-900 

DS7-900 DS7-900 DS7-900 DS7-900 DS7-900 DS7-900 DS7-900 DS7-900 DS7-900 

DS8-900 DS8-900 DS8-900 DS8-900 DS8-900 DS8-900 DS8-900 DS8-900 DS8-900 

DS2+3 DS2+3 DS2+3 DS2+3 DS2+3 DS2+3 DS2+3 DS2+3 DS2+3 

DS2+8 DS2+8 DS2+8 DS2+8 DS2+8 DS2+8 DS2+8 DS2+8 DS2+8 

DS1-1050 DS1-1050 DS1-1050 DS1-1050 DS1-1050 DS1-1050 DS1-1050 DS1-1050 DS1-1050 

DS2-1050 DS2-1050 DS2-1050 DS2-1050 DS2-1050 DS2-1050 DS2-1050 DS2-1050 DS2-1050 

DS5-1050 DS5-1050 DS5-1050 DS5-1050 DS5-1050 DS5-1050 DS5-1050 DS5-1050 DS5-1050 

DS6-1050 DS6-1050 DS6-1050 DS6-1050 DS6-1050 DS6-1050 DS6-1050 DS6-1050 DS6-1050 

DS7-1050 DS7-1050 DS7-1050 DS7-1050 DS7-1050 DS7-1050 DS7-1050 DS7-1050 DS7-1050 

DS8-1050 DS8-1050 DS8-1050 DS8-1050 DS8-1050 DS8-1050 DS8-1050 DS8-1050 DS8-1050 

 Table 6: Mahalanobis distances for each of the DS sam-
ples from the three groups of the ceramics (when treated 

alone). Samples DS3, DS4 produced sandwiched briquettes 
when fired and are not considered here. 

 Group 1  Group 2  Group 3 

DS1_900 0.8218790  14.685390  234.6006 

DS2_900 1.6399934  10.316952  184.7747 

DS5_900 1.3200585  18.574452  279.8853 

DS6_900  3.1257738 25.283049 331.8666 

DS7_900 2.9755259 5.971697 123.6577 

DS8_900 5.5389305 19.571710 270.9760 

DS2+3 2.8183776 23.533937 309.0458 

DS2+8  2.4987329 22.300356 306.8247 

DS1_1050 9.7406350 42.274221 461.5488 

DS2_1050 1.1079793 11.152805 197.9726 

DS5_1050 0.8762524 5.299095 143.9307 

DS6_1050 0.3095314 12.796774 222.0971 

DS7_1050 0.5665883 12.534591 214.0191 

DS8_1050 12.6633152 49.643588 514.3485 

Prompting to classify the clays, (DS samples) fired 
at different temperatures, in one of the three groups 
of ceramics (revealed when these are treated alone), 
the Mahalanobis distances for each of the DS sam-
ples from the three groups is calculated (Table 6). 

From Table 6 it is observed that all DS samples be-
long to Group 1 with higher probabili ty (Mahalano-
bis distance values less than 5), and the DS7_900, 
DS5_1050 and DS2_900 could be also fit into Group 1 
though may well be in Group 2 (Mahalanobis less 
than about 10). The DS2_1050 marginally belongs to 
Group 2 and it does not belong to Group 3.  

Compared to the CA complete linkage of ceramics 
and DS clays (Fig.14), the identified four groups are 
shown (ǳable 5B) with some similarity .  

Comparing RGB biplot with CA and Mahalanobis 
distance test it appears that: groups 1& 2 from Fig.14 
(biplot ) is commensurable with group 1 of Fig.15 (by 
CA); the group 3 of Fig.14 (biplot ) similar with group 
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2 of Fig.15 (by CA); and group  4 of RGB biplot  simi-
lar to group 3 of CA in Fig.15.  

4. DISCUSSION  

The CA of the grouping of R, B, Gõ s of ceramics 
alone compared to fired clays from Desfina plain 
(DS), and the CA of both sets treated as one, revealed 
three and four groups , respectively. The integrated 
RGB revealed four groups. 

Through the two statistical approaches the 3rd 
group (Group 3) established when the sherds are 
treated alone is similar to the 4th group (ie. 4C+DS) 
revealed when sherds and fired clays are treated to-
gether. The samples assigned to the first two groups 
(Group 1 and Group 2) when the sherds are treated 
alone, are scattered in three groups (1C+DS; 2C+DS; 
3C+DS) when the fired clays (DS samples) are in-
cluded in the data set (see Table 5B).  Obviously , the 
differentiation of groupings has to do with the statis-
tical treatment; in one case Mahalanobis distance 
compared to ceramic sherds and in the other the fur-
ther neighbor method applied to one set including 
DS and sherds.  

The four groups established throug h the biplot of 
integrated RGB seems to reach a satisfactory yet not 
strictly coincident correspondence with the CA of 
sherds + DS together. 

The grouping of ceramics and provenance study 
inheres risky factors for drawing lightly solid con-
clusions. The preparation of clays from raw materi-
als presents some variations in : a) major element 
composition , and, b) color from firing temperature. 
The present investigation of the chromatic index and 
use of RGBs to group ceramics led us to reconsider 
issues of methodology for characterization, compari-
son and provenance studies.  

The four groups of integrated RGB of ceramics 
implies use of local clays (either single sources or 
mixed of two in our current trial) for two groups of 
ceramics; those of 125-145 and 145-170 units (Fig. 14). 
Another group appears not to be related with the 
current clays sources analyzed. The latter implies 
either another local source not yet identified (there 
are some more in the area and in a walking distance 
from the settlement) or imported  via trade. 

At first inspection of the dendrograms, the 
grouped samples by CA appear chromatically also to 
follow these groupings, as well those formed in the 
integrated biplot of Fig 14 (and Appendix Figs A2 
and the 3D plot of Fig.13). In fact, in the integrat ed 
RGB biplot the high Ca content ceramics (K50, K83, 
K103) fall within the lower two groups of DS clays.  

The XRF analysis (Liritzis et al., 2018b in prepara-
tion) of  fired local clays have had a high calcium 
content, at any rate they ranged between 2% to 72%. 

The mixed clays still posses an increased Ca (24% 
and 56% respectively) and this apparently makes 
them to form a separate cluster. For example, K50, 
K83 and K103 have 18-27% of Ca close to DS clays. 
Yet, despite this high Ca content which certainly 
adds a variance to the groupings the DS2+3 and 
those of DS3 and DS 4 (Ca = 2-6%) fall better within 
a ceramic group, and the trace element clustering is 
clearly evident of the use of local clays. For example, 
DS4 and K3, K32, K43, K48 with low Ca content . 
Mor e mixed proportions (with Ca in the range of 3 -
15%) in the future will verify this point.  

The above remarks are supported by the first 
mineralogical ð chemical investigations that the pre-
sent groupings include fired clays and ancient ce-
ramics, while a group of ceramics seems at present 
of unknown clay source (Xanthopoulou  et al., 2018 
in preparation).  

Some particular remarks are: 
 1) The B-G and R-G biplots in clean ceramic sur-

face have a linearity, while for R-B a dispersion ex-
ists. Thus, the Green factor defines the hue-
ing/dispersion,  

2) The Green component is controlled by the type 
of clay and firing, 3) Among the DS in 1050ȎC only 
four fall within the ceramic group ( DS2, 5, 6 and 7. 
NB: DS2: whitish , DS5: whitish , DS6: reddish, DS7: 
whitish)  

The whitis h clays are found in several locations 
around Kastrouli, the present ones derive from St 
Irene site called ôasproyiaõ (=whitish) by locals. The 
local clay sampling noted that the hueing of this 
whitish clay range s from white to light pink or yel-
low. For th e other clay locations, DS1 is very light 
brown,  DS3 and DS4 become sandwich upon firing 
and DS8 is light brown. From DS fired in  900ȎC, the 
DS4 (Meteles) RGB intensity is medium to low, while 
in 1050ȎC the R increases and B, G are low. 

In the mixed DS (DS3+2, DS2+8 at 900ȎC) both are 
low in the tail of the curve . 

The DS 4 and DS 8, Meteles (close to Kastrouli), 
though from same location they have different be-
havior in the firing and color. This may imply differ-
ent blend.  

3) Close to the mixed DS are ceramics K34, 39, 7, 
14, 41, with large error bars, due to high blend as 
evident from the microphotographs (mixed soils, 
small piece 

4) We consider that the adjacent sherds in the lin-
ear distribution have similar behavior, color, firing 
temperature, surface deposits. 

5) In the apparent linear curves we observe that 
those DS belonging to the linearity are in the lower 
parts of RGB: 

o R: 130-200, DS =140-165 
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o Ǣ: 125-210, DS = 130-165 
o G: 130-205, DS = 130-160 

The RGB and other measurements of color in ce-
ramic surfaces was a necessity due to the subjective 
and poorly defined yet very relative and with no 
sufficient value to use Munsell chromatic ind ex.  

Regarding the wavelength of each RGB color that 
in relation to the perception of eye is a question 
worth of further discussion.  Hence, we adapt one 
particular model of what light conditions are typical-
ly like  - here the USB microscopy - and we work 
from the multiple sensor readings to find the most 
probable readings under that model.  

The settings, the cameras and all the procedure of 
taking images under the same conditions for all sur-
face samples as described above. The light condi-
tions are "typically"  like varies a lot depending on 
the illumination (and on whether one records emis-
sion spectra or absorption spectra). The amount of 
energy reflected at a particular wavelength depends 
not only on the properties of the material but on the 
strength of the il lumination at that wavelength. For 
non-monochrome unfiltered light the profile de-
pends upon the temperature of the source. 

It is worth noting that the output of RGB readings 
are not necessarily the same as the sensor readings, 
even if  one is working with a set  of three sensors that 
are most sensitive to red, green, and blue. The com-
putations to go from sensor readings to RGB have to 
take into account details of the sensitivities and of 
course of the illumination model being used,  and 
search for variables such as "illumination estima-
tion", "illumination estimate", "illuminant estimate", 
etc. 

Concerning the question of how the three mono-
chrome-equivalent values for the R, G, B compo-
nents relate to a single wavelength original , the an-
swer is not unique. In short, one cannot know any 
wavelength per R, G, B.  

Overall, the standard settings for taking images 
using our microscope and cameras, on a proportion-
al way, despite a systematic shift that actually exists 
in comparison with other sensors and processing, 
provides a robust clustering technique for prove-
nancing purposes. 

Attempts have been made at estimating the spec-
trum of colors in digital images (e.g. see Color and 
Imaging conference in the past: 
http://www.imaging.org/Site/IST/Conferences/CI
C/CIC_Home.aspx?Websit eKey=6d978a6f-475d-
46cc-bcf2-7a9e3d5f8f82&hkey=d2cf3f19-87b4-4164-
8274-
c40180e9dfa7&CIC25_Sections=6#CIC25_Sections). 

5. CONCLUSION  

The proposed decision-making procedure whose 
goal is to classify unknown ceramic findings based 
on their elemental compositions  derived by R, G, B 
chromatic values gives satisfactory results. 

Munsell scale is a widely used method to inex-
pertly define color classification in ceramics but lacks 
reliability and objectivity.  

Measuring other parameters (HSB, Lab) does not 
provide corr ect results or sufficient  enough for color 
assessment. The RGB seems to inhere potential with 
promising results.  

Measuring larger area in lieu of a point focus is af-
ter all indicative of the color, provided that the USB 
images are taken under similar conditions, same dis-
tance between USB microscope lens and ceramic  

USB is preferred to stereoscope; for the latter 
lighting has greater dispersion.  

Using a dark room is a very significant condition 
to avoid external inhomogeneities brought by the 
light. The result in general depends upon the size of 
the ceramic sherd, the degree of smoothness, any 
contaminations and clay additives, the schism dur-
ing firing in the kiln.  

The firing temperature, firing rate and duration in 
the kiln results to a variable burnt struc ture (homo-
geneous, sandwiched) and those should be separate-
ly examined for their color.  

The firing is not indicative of the chromatic attrib-
ut ion and of the final color . The end result is a com-
bination of mineralogical composition and firing 
temperature, as the briquettes have evidently shown. 
Future research on more combinations of mixed 
clays which will be fired  at different temperatures 
will give further insight into this effect.  
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APPENDIX  

 

Figure A1: Macro photo of all ceramics analyzed  
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Figure A1 (continued) 
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Figure A1 (continued) 
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Figure A1 (continued) 
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Figure A1 (continued) 
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Figure A1 (continued) 

 



CRITICAL ASSESSMENT OF CHROMATIC INDEX IN ARCHAEO LOGICAL CERAMICS BY MUNSELL AND RGB 205 

 

Mediterranean Archaeology and Archaeometry, Vol. 18, No 2, (2018), pp. 175-212 

 

Figure A1 (continued) 
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Figure A1 (continued) 
 
 

TABLE A1. All ceramic finds were grouped by the four users according to the Munsell scale. 

Samples   Vayia Eleni  Maria  Asimina  

    Hue 
Value/  
Chroma Hue 

Value/  
Chroma Hue 

Value/  
Chroma Hue 

Value/  
Chroma 

K1 
Inner layer 7.5YR 7/3  10YR 7/3  5YR 7/4  10YR 6/1  

Margin  2.5YR 5/4  
    

7.5YR 7/3  

K2 
Inner layer 5YR 6/4  5YR 6/6  5YR 6/4  5YR 7/4  

Margin  2.5YR 5/8  
  

5YR 6/6  2.5YR 6/6  

K3 
Inner layer 7.5YR 6/4  10YR 6/3  10YR 6/3  10YR 6/3  

Margin  
    

10YR 5/3  
  

K4 
Inner layer 7.5YR 4/6  10YR 7/1  2.5YR 7/1  2.5YR 7/1  

Margin  7.5YR 7/3  
      

K5 
 

5YR 7/6  5YR 6/6  5YR 6/6  5YR 6/4  

K6 
Inner layer 2.5Y 4/1  2.5Y 4/1  5YR 4/1  5YR 4/1  

Margin  5YR 5/4  
  

2.5YR 5/6  
  

K7 
Inner layer 10YR 7/2  2.5Y 7/1  2.5YR 7/1  2.5Y 7/1  

Margin  7.5YR 8/4  
  

10YR 7/3  
  

K8 
 

10YR 7/4  10YR 6/4  10YR 6/3  10YR 7/3  
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K9  
7.5YR 7/6  7.5YR 7/4  7.5YR 6/4  7.5YR 7/4  

K10 

Inner layer 
  

10YR 6/4  10YR 6/2  10YR 6/3  

Margin  5YR 5/8  
  

5YR 6/8  
  

K11  
7.5YR 7/6  5YR 7/6  5YR 6/4  5YR 7/4  

K12  
5YR 6/6  5YR 7/4  5YR 7/4  5YR 6/4  

K13  
5YR 7/6  7.5YR 6/6  5YR 7/6  5YR 7/6  

K14  
5YR 7/6  5YR 6/6  5YR 6/6  5YR 7/6  

K15  
7.5YR 7/4  7.5YR 7/4  7.5YR 7/4  7.5YR 7/4  

K16 

Inner layer 2.5YR 6/8  7.5YR 6/4  5YR 6/6  5Y 5/1  

Margin  7.5YR 7/4  
      

K17  
7.5YR 7/3  7.5YR 7/4  7.5YR 7/3  7.5YR 7/3  

K18  
10YR 8/3  10YR 7/3  10YR 6/3  10YR 7/2  

K19  
10YR 7/4  10YR 7/2  10YR 7/3  10YR 7/2  

K20  
10YR 7/4  10YR 8/3  10YR 8/3  10YR 7/2  

K21  
7.5YR 7/4  7.5YR 6/4  7.5YR 6/4  7.5YR 6/4  

K22 

Inner layer 
  

2.5Y 6/1  5Y 6/ 1 5Y 6/1  

Margin  5YR 6/6  5YR 6/6  5YR 6/6  5YR 6/6  

K23  
2.5Y 7/4  2.5Y 7/3  2.5Y 8/2  2.5Y 8/2  

K24  
7.5YR 7/3  10YR 6/4  7.5YR 6/4  7.5YR 6/4  

K25 

Inner layer 5Y 6/1  2.5Y 6/2  5Y 7/1  2.5Y 8/1  

Margin  7.5YR 6/6  
      

K26  
7.5YR 7/4  7.5YR 6/4  7.5YR 6/4  7.5YR 6/4  

K27  
7.5YR 8/4  7.5YR 7/4  7.5YR 7/4  7.5YR 7/4  

K28  
7.5YR 6/4  7.5YR 6/3  7.5YR 5/4  7.5YR 6/3  

K29 

Inner layer 
  

10YR 7/4  7.5YR 6/6  10YR 6/3  

Margin  5YR 7/6  
  

7.5YR 7/4  5YR 6/4  

K30 

Inner layer 
  

10YR 7/3  5YR 6/2  7.5YR 8/3  

Margin  5YR 7/6  
  

5YR 7/4  5YR 7/6  

K31  
2.5Y 7/2  2.5Y 8/2  10YR 7/2  2.5Y 7/1  

K32 

Inner layer 2.5Y 7/1  7.5YR 6/6  7.5YR 7/6  10YR 7/2  

Margin  7.5YR 6/6  
    

5YR 7/6  

K33 

Inner layer 
    

5Y 7/ 1 2.5Y 7/1  

Margin  10YR 7/4  10YR 7/1  7.5YR 8/2  
  

K34  
5YR 6/8  5YR 5/8  5YR 6/6  5YR 6/6  

K35 

Inner layer 2.5Y 6/1  2.5Y 5/1  5YR 6/4  7.5YR 5/4  

Margin  2.5YR 5/8  
  

5YR 5/3  
  

K36  
5YR 6/4  5YR 5/8  5YR 6/4  5YR 6/4  

K37  
5YR 6/6  5YR 5/8  5YR 7/6  5YR 6/4  

K38  
5YR 5/6  5YR 5/8  5YR 5/6  5YR 7/2  

K39  
5YR 6/8  7.5YR 6/6  5YR 6/6  5YR 6/6  

K40  
5YR 6/6  7.5YR 6/8  5YR 7/6  5YR 6/6  
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K41  
5YR 6/4  7.5YR 6/4  5YR 6/3  7.5YR 6/3  

K42  
7.5YR 7/4  10YR 6/4  7.5YR 6/4  7.5YR 7/3  

K43  
7.5YR 6/6  7.5YR 6/6  7.5YR 6/6  7.5YR 6/6  

K44  
7.5YR 8/6  7.5YR 7/4  7.5YR 7/4  7.5YR 7/4  

K45  
10YR 8/3  2.5Y 8/4  2.5Y 8/3  10YR 8/2  

K46  
7.5YR 6/4  10YR 6/4  7.5YR 7/4  7.5YR 7/4  

K47 

Inner layer 10YR 7/4  
  

10YR 6/4  10YR 6/2  

Margin  2.5Y 6/2  2.5Y 7/2  
    

K48  
7.5YR 7/4  7.5YR 7/4  7.5YR 7/3  7.5YR 7/3  

K49  
2.5Y 8/3  2.5Y 8/2  2.5YR 8/2  2.5Y 8/2  

K50  
10YR 8/2  2.5Y 8/3  2.5YR 8/2  2.5Y 8/2  

K51 

Inner layer 5YR 6/6  5YR 7/6  2.5YR 7/6  10YR 7/2  

Margin  5Y 7/2  
      

K52  
10YR 7/3  10YR 7/3  5YR 7/6  7.5YR 7/3  

K53  
7.5YR 7/4  7.5YR 7/4  5YR 7/6  7.5YR 7/4  

K54  
5YR 7/6  5YR 6/4  5YR 7/6  5YR 6/4  

K55 

Inner layer 5YR 6/6  5YR 6/6  
  

5YR 6/6  

Margin  
  

7.5YR 7/4  7.5YR 7/4  7.5YR 6/4  

K56  
10YR 7/3  10YR 7/3  10YR 8/2  10YR 8/2  

K57  
2.5Y 8/2  2.5Y 8/2  5YR 8/ 1 2.5Y 7/2  

K58  
7.5YR 7/4  7.5YR 7/3  5YR 7/4  7.5YR 7/4  

K59 
Inner layer 5YR 5/6  7.5YR 6/6  5YR 6/6  5YR 6/6  

Margin  10YR 4/2  
      

K60 
 

5YR 6/6  5YR 5/6  5YR 5/6  5YR 6/6  

K61 
Inner layer 5YR 5/1  5YR 6/8  2.5YR 6/8  2.5Y 6/1  

Margin  2.5YR 5/8  2.5Y 5/1  
  

2.5YR 6/6  

K62  
5YR 6/8  5YR 6/6  5YR 6/6  5YR 6/6  

K63 
 

7.5YR 7/4  7.5YR 7/4  7.5YR 7/4  7.5YR 7/4  

K64  
10YR 8/3  2.5Y 8/2  10YR 8/2  10YR 8/2  

K65 
 

7.5YR 6/4  7.5YR 7/4  7.5YR 6/4  7.5YR 6/4  

K66  
2.5Y 8/4  2.5Y 8/2  2.5Y 8/2  2.5Y 7/2  

K67 
 

7.5YR 7/4  10YR 7/3  10YR 7/2  10YR 7/2  

K68  
10YR 7/4  10YR 8/3  10YR 7/3  10YR 7/2  

K69 
 

2.5Y 8/3  2.5Y 7/2  2.5Y 7/3  2.5Y 7/2  

K70 

Inner layer 5YR 6/8  5YR 6/6  10YR 6/3  7.5YR 7/3  

Margin  
  

7.5YR 7/4  2.5YR 6/6  2.5YR 6/6  

K71  
10YR 7/4  7.5YR 7/4  7.5YR 7/4  7.5YR 7/3  

K72  
2.5YR 6/8  5YR 6/6  5YR 6/6  5YR 6/6  

K73 

Inner layer 2.5Y 5/1  2.5Y 5/1  10YR 8/2  10YR 5/1  

Margin  7.5YR 8/4  
      

K74  
5YR 6/6  5YR 7/4  5YR 6/4  5YR 6/4  
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K75  
5YR 6/4  5YR 7/4  5YR 6/4  7.5YR 6/2  

K76  
2.5Y 8/3  2.5Y 8/2  10YR 8/2  10YR 8/1  

K77  
10YR 8/4  10YR 8/4  10YR 8/3  10YR 7/3  

K78  
5YR 6/8  7.5YR 6/6  5YR 6/6  7.5YR 6/6  

K79  
2.5Y 8/2  2.5Y 8/2  2.5Y 7/3  2.5Y 8/1  

K80  
10YR 8/4  2.5Y 8/3  2.5Y 8/2  2.5Y 7/3  

K81  
10YR 7/ 4 10YR 7/4  10YR 7/3  10YR 8/3  

K82  
2.5YR 5/8  7.5YR 6/6  5YR 7/8  5YR 7/6  

K83  
2.5Y 6/1  5Y 6/1  7.5YR 7/4  2.5Y 6/1  

K84  
10YR 7/4  10YR 7/4  10YR 7/4  10YR 7/4  

K85  
2.5YR 6/8  5YR 6/8  5YR 6/6  5YR 6/8  

K86  
7.5YR 6/4  2.5Y 5/1  7.5YR 5/3  2.5Y 6/1  

K87  
10YR 8/4  10YR 8/3  10YR 7/3  10YR 7/3  

K88  
2.5YR 6/8  5YR 6/8  2.5YR 6/8  5YR 6/6  

K89  
5YR 6/6  5YR 6/6  2.5YR 6/4  5YR 7/6  

K90  
5YR 8/4  7.5YR 8/4  7.5YR 8/4  7.5YR 8/2  

K91  
7.5YR 7/6  7.5YR 7/3  7.5YR 7/4  7.5YR 7/4  

K92  
7.5YR 7/4  7.5YR 7/4  7.5YR 7/4  7.5YR 7/4  

K93  
7.5YR 7/ 6 7.5YR 7/4  7.5YR 6/4  7.5YR 7/4  

K94  
7.5YR 7/6  7.5YR 7/6  7.5YR 7/4  7.5YR 7/6  

K95  
5YR 6/8  5YR 6/6  2.5YR 6/6  5YR 6/6  

K96  
7.5YR 7/6  2.5YR 7/6  5YR 7/4  7.5YR 6/4  

K97  
10YR 8/4  10YR 8/1  5YR 8/1  2.5Y 8/1  

K98  
7.5YR 7/6  2.5YR 6/6  5YR 6/4  7.5YR 6/4  

K99  
2.5YR 6/8  7.5YR 8/6  5YR 6/4  7.5YR 7/4  

K100 

Inner layer 2.5YR 4/1  2.5Y 4/1  2.5YR 6/8  5YR 4/1  

Margin  2.5YR 6/8  2.5YR 6/8  10YR 4/1  2.5YR 6/6  

K101  
2.5YR 4/6  5YR 6/6  5YR 5/6  5YR 6/6  

K102  
7.5YR 7/6  7.5YR 7/6  7.5YR 7/4  7.5YR 7/4  

K103  
10YR 6/4  7.5YR 8/3  7.5YR 7/4  7.5YR 7/4  

K104  
5YR 6/6  7.5YR 6/6  5YR 6/6  5YR 7/6  

K105    
7.5YR 7/4  5YR 7/4  

  

K106    
7.5YR 7/6  7.5YR 6/4  

  

K107    
7.5YR 7/6  5YR 5/3  

  

K108    
5YR 7/6  5YR 6/4  

  

K109  
5YR 7/6  5YR 7/6  2.5YR 7/6  5YR 6/6  

K110 

Inner layer 10YR 5/1  2.5Y 5/1  5YR 6/ 3 2.5Y 5/1  

Margin  10YR 6/4  7.5YR 5/6  
  

7.5YR 5/4  

K111  
10YR 6/6  10YR 7/6  10YR 7/6  10YR 7/6  

K112  
7.5YR 8/4  7.5YR 8/4  7.5YR 8/4  7.5YR 7/4  

K113  
7.5YR 7/6  7.5YR 7/6  7.5YR 7/4  7.5YR 7/4  



210 M. BRATITSI et al 

 

Mediterranean Archaeology and Archaeometry, Vol. 18, No 2, (2018), pp. 175-212 

K114  
10YR 8/3  10YR 8/4  10YR 8/4  10YR 8/3  

K115  
10YR 7/4  2.5Y 8/2  10YR 7/3  2.5Y 7/2  

K116  
10YR 8/3  10YR 8/2  10YR 7/3  10YR 7/3  

K117  
10YR 8/4  10YR 8/4  10YR 8/3  10YR 8/2  

K118 

Inner layer 2.5Y 6/2  2.5Y 6/2  5YR 6/8  2.5Y 7/1  

Margin  2.5YR 5/8  
  

10YR 6/1  5YR 5/3  

K119 

Inner layer 
  

7.5YR 7/6  
  

7.5YR 7/4  

Margin  5YR 6/6  
  

5YR 7/6  5YR 7/6  

K120  
10YR 8/4  7.5YR 8/4  7.5YR 7/4  10YR 7/4  

K121  
5Y 4/2  metal 

 
5Y 4/2  5Y 4/1  

K122  
7.5YR 6/6  7.5YR 6/6  7.5YR 6/6  7.5YR 6/4  

K123 

Inner layer 10YR 7/3  10YR 6/4  10YR 5/4  10YR 6/2  

Margin  5YR 5/4  
      

K124  
10YR 7/4  10YR 7/4  10YR 6/4  10YR 7/4  

K125  
2.5YR 6/8  10YR 5/4  2.5YR 6/8  7.5YR 5/3  

K126  
7.5YR 5/4  2.5Y 5/1  7.5YR 5/4  10YR 6/1  

K127 

Inner layer 10YR 7/3  2.5Y 7/1  10YR 7/4  10YR 7/3  

Margin  7.5YR 7/4  
      

 
10YR 7/1  

      
 
 

 
(A) 
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(B) 

 
(C ) 

Figure A2: The three R-B, R-G and B-G projections  for respective ceramic fabric and fired temperatures. 

 
In Tables A2 and A3 some statistical data are presented, the mean values and the covariance matrix of R, G 
and B of the identified groups respectively, and a biplot of the averages with the standard error of the mean 
are given in Fig.A3. 
 

Table ǡ2. Mean values of R G B values for the three identified groups 

 Group 1  Group 2  Group 3  

 R G B R G B  R G B 

mean 153 152 148 170 174 168 191 197 195 




