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ABSTRACT

The excavated materials of the Late Helladic III settlement Kastrouli in Phokis, Greece has produced signifi-
cant diverse information regarding chronology, human mobility, diet, characterization and provenance. The
comingled burial of Tomb A and the finds from at least two buildings also contained some strange materials
which properly analyzed offer a plea for caution. Moreover, they offer an opportunity to examine technolog-
ical aspects, identification of species, dating and firing conditions.

The few materials investigated here by Optical microscopy (OM), SEM-EDS, FTIR and C include some
spongy-like fibers, an incised ceramic sherd, a burnt bone, burnt clay and four radiocarbon dates of charcoal
and bone. It was found that the spongy material was *C dated to a modern loofah intruded in the tomb A;
and the “decoration” in the grooves in the incised ceramic was remnants of the soil in which it was buried and
not any possible incrustation or filling with unfired clay. The burnt animal bone analysis by FTIR provided a
possible firing at ca 400-550 °C. The OM of the burnt clay has not produced any possible print textile. The
radiocarbon dating of charcoal and one bone produced dates ca.13t ¢ BCE, and the spans from 14thc BCE to
late 12t C BCE is discussed in the light of wiggles during this period in the calibration curve.

KEYWORDS: Radiocarbon dating, Spectroscopy, Microscopy, excavation, Late Helladic, pottery, tomb, cali-
bration, luminescence.
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1. INTRODUCTION

Kastrouli is located in the Phokis area of central
Greece, on the plateau of the peninsula of Desfina,
southeast of Delphi, about 550 meters above sea level,
and 4.7 kilometers east of the contemporary settle-
ment of Desfina, between the shorelines of the Gulfs
of Itea and Antikyra. The shortest distance from
Kastrouli to the sea is towards Steno Bay, near Anti-
kyra, on the Gulf of Corinth (5.1 km, Fig. 1), where
Mastrokostas (1956, 24-25; also Sideris 2014, 35-36,
figures. 3, 13-14) has already identified Mycenaean
pottery and a potential fort.

The strategic location of Kastrouli between the
gulfs of Kirrha and Antikyra allowed for control of
the Mesokampos (mid plain) plateau as well as the
entire peninsula of Desfina (Fig. 1). The two most im-
portant routes connecting Peloponnese with Central
and Northern Greece have run from these gulfs since
the Late Bronze Age. The famed Great Isthmus Corri-
dor begins in Kirrha and traverses the highland neck
between Mount Parnassus and Mount Ghiona, then
another between Mount Oeta and Mount Kallidromo,
eventually leading to the Spercheios valley (Kase et
al. 1991). The second path, which is less popular due
to its length, begins in Antikyra, detours through
Daulis to Parnassus, and leads to Pylaea.

Despite its prominence in historical and mytholog-
ical accounts, the ancient region of southern Phokis in
central Greece has been approached mostly as a back-
drop for more renowned neighbors (e.g., Delphi, Boe-
otia), the functions of which have been codified in
surviving histories. Archaeological investigation has
also been limited, resulting in southern Phokis re-
maining relatively untouched and unintegrated into
the greater narratives of each of antiquity's key peri-
ods (Koh et al., 2020)

The southern part of Phokis has been historically
"defined," but it has been mostly ignored, both in the
Bronze Age and subsequent periods, relegated to rel-
ative dimness, and largely excluded from contrib-
uting more substantively to our broader understand-
ing of Classical and Mediterranean antiquity. This ne-
cessitates an archaeological and scientific approach to
bringing to light the rich past of southern Phokis, be-
ginning with Kastrouli and expanding to coastal sites
such as Steno, Antikyra, and Medeon, as a required
supplement to any investigation (McInerney, 2011).

Thus, despite the harsh relief of the land and the
unsettling presence of Parnassus in its center,

1 The initiator and managing director (loannis Liritzis,
physical sciences-archaeometry) has undertaken a method-
ological approach based on interdisciplinarity, in collabora-
tion with archaeology director (Athanasios Sideris) along

Kastrouli was a part of a vast Late Bronze Age net-
work of tiny forts and fortified towns that connected
and effectively safeguarded the inhabitants of Phokis
(Philippson & Kirsten 1951, 414-415; Mclnerney 1999,
303-306, 345-347, map 8). According to Tartaron (2013,
1-6), nothing is known regarding the locations and ac-
tual uses of Mycenaean anchorages and harbors. The
local networks of marine contacts in the Mycenaean
world are poorly understood, despite the fact that re-
searchers know quite a bit about long-distance Late
Bronze Age trade throughout the eastern Mediterra-
nean. A suitable "open-air" land and marine environ-
ment is provided by the Gulf of Corinth, locations like
Kastrouli, and the nearby coastal zones.

As recorded in Levy et al., (2018) “It seems every-
thing is debated in Mycenaean archaeology, including the
notion of a “core area” of settlement. For this study, we as-
sume that the Peloponnese and central Greece, which in-
clude Kastrouli and the Gulf of Corinth, are indeed part of
the Mycenaean core area of settlement making this project
a significant data source for examining the LBA issues
noted above. The Kastrouli and Antikyra Bay coastlines
were and still are tightly linked as a locus for economic and
social intercourse making them an ideal setting for investi-
gating a Mycenaean coastal world”.

The Kastrouli settlement has been excavated for
three consecutive seasons (2016-2018) by an interna-
tional team leaded by the University of the Aegean
(up to 2020) and thereafter by the Ephoreia of Antig-
uities of Phokis!. Interdisciplinary specialists have re-
vealed significant artifacts, tombs and buildings the
material culture of diversified nature has been inves-
tigated by archaeometric techniques (Sideris 2022;
Sideris et al., 2017; Sideris and Liritzis 2018; Levy et
al., 2018; Koh et al., 2020; Liritzis 2021; 2022) (see pa-
pers in www kastrouli.org).

Chronology of occupational phases, characteriza-
tion and provenance of clay fabric, ceramic technol-
ogy, ancient DNA of bones and bone diagenesis are a
major publication output produced so far (Kontopou-
los et al., 2019; Liritzis et al., 2020; Lazaridis et al.,
2022).

The aim of the present investigation focuses on
analyses of particular finds, including the type of fi-
bers found in the Tomb A, some wall burnt clay coat-
ing found in close to the internal wall of a building 1,
incised ceramics and reevaluate some charcoal radio-
carbon dating (Polymeris et al., 2023). The results are
discussed and compared with earlier published data
of ages on bones by *C dating and ceramics and stone
by surface luminescence dating.

with occasional co-PI directors (Tom Levy, UCSD and An-
drew Koh, MIT, Kate Birney, Wesleyan Univ), and this col-
laboration has produced various publications.
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2. METHODS AND INSTRUMENTATION

The present follow up work has been the outcome
of a collaborative effort for measurements and instru-
mentation at respective laboratories.

SEM-EDX at West Attica University (UNIWA):
Scanning Electron Microscope-SEM JEOL JSM-
6510LV, on low pressure vacuum 20Pa, and 20kV ac-
celerating voltage. Elemental analysis of the samples
was carried out with Energy dispersive X-ray spec-
troscopy (EDS), with a JEOL JSM 6510LV SEM, on low
pressure vacuum 25Pa, 20kV accelerating voltage.
The instrument is equipped with an X-act Pentafet
Precision detector (INCA analysis system, Oxford In-
struments).

FTIR spectra of KBr-pressed samples were rec-
orded in the University of West Attica (UniWA), De-
partment of Conservation of Antiquities and Works
of Art (CAWA) with a Perkin Elmer Spectrum GX FT-
IR Spectrometer. In all cases, spectra were recorded in
the range 4000-500 cm™ with 4 cm™ resolution. Atten-
uated total reflectance infrared (ATR-FTIR) spectra
were recorded in NCSR Demokritos (Institute of Na-
noscience and Nanotechnology), with a Nicolet 6700
FT-IR spectrometer (Thermo Scientific, Waltham,
MA, United States) equipped with a Specac attenu-
ated total reflectance (ATR) accessory using a dia-
mond internal reflection element (refraction index
2.4).

Optical Microscopy at UNIWA: The observation
and identification of the fibres was carried out on a
LEICA DMLP, OLYMPUS Soft Imaging Solutions mi-
croscope, equipped with colour view camera (Soft Im-
aging System). Photos were taken with transmitted
light and the use of polarizing filters in magnifica-
tions 10x, 20x, 40x.

NCSR Demokritos: Binocular polarising micro-
scope, Leica DM2700P with the Leica MC190HD cam-
era.

NCSR Demokritos: portable Energy dispersive X-
ray fluorescence spectroscopy (EDXRF). Handheld
portable Thermo Scientific™ Niton™ XL3t XRF Ana-
lyzer (pXRF) (Waltham, MA, USA) was used with a
measurement time of 120 s under a standard atmos-
phere.

NCSR Demokritos: Polarizing and Scanning elec-
tron microscope (SEM-EDS) (FEI, Quanta Inspect

D8334 SEM-EDS). The EDS was operating with a volt-
age of 25 kV, and spectra with a live time of 100 s were
recorded in order to obtain the optimum excitation of
the low-energy and low-concentration elements. An-
alytical totals, typically in the range of 95-99%, were
normalized to 100%.

Radiocarbon dating: NCSR Demokritos and Uni-
versity of California, Irving (AMS) and one sample
from Queen’s University Belfast, following their ana-
lytical procedure quoted in various papers. At NCSR
Demokritos each of approximate mass 6 grams, were
collected and processed at the radiocarbon Unit of the
Laboratory of Archaeometry, NCSR “Demokritos”
(code DEM-), which uses the Gas Proportional Count-
ing technique (GPC). This technique involves turning
the sample into carbon dioxide (CO.) gas and detect-
ing the radioactivity through the beta particles that
are released when the 14C atoms decay in cylindrical
gas proportional counters (Maniatis 2013; Maniatis et
al., 2016).

Due to their corresponding low mass, two char-
coals were processed at the KECK Carbon Cycle AMS
Facility, Earth System Science Department, in UC Ir-
vine, USA (code UCIAMS-), which uses the Accelera-
tor Mass Spectrometry (AMS) technique. A modified
ABA procedure was applied, using IN NaOH and 1N
HCI at 75° C prior to combustion and graphitization.
All #C ages were calibrated to calendar ages with the
IntCal20 calibration curve (Reimer et al., 2020). Only
DEM results have been corrected for isotopic fraction-
ation according to the conventions of Stuiver and Po-
lach (1997), with 613C values.

3. THE KASTROULI SETTING, SAMPLES
AND SAMPLING

Fig.1 gives the geographical setting of Kastrouli
and locations where the analyzed samples were taken
from: bones from Tombs A and B, charcoals from
Buildings 1 and 2, fibrous from Tomb and ceramics,
mortar from Building 1, 2.

Table 1A gives a description of the analyzed sam-
ples and their reference codes along with images of
the samples (Fig.2) and Table 1B the new radiocarbon
dated samples.

SCIENTIFIC CULTURE, Vol. 9, No 2, (2023), pp. 1-28
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Fig. 1 A: The location of Kastrouli (yellow circle) in Phokis, B: The Kastrouli circular settlement with the tomb A (T)
and the buildings B1 and B2 and the sampling positions in Buildings 1, 2. The C14 are for the two radiocarbon dating
locations, the T is the tomb, BC/M the burnt clay/mortar (B and C taken by drone photographer Ian Roy, based on Koh
et al., 2020; Sideris 2022).

The Table 1A gives the sample description and Table 1B the sampling locations for charcoal. The exact
location is considered essential for any future researchers’ revisit and re-analysis of finds of same context.

Table 1A. Sample code of samples analyzed corresponding to Fig.1 (T=tomb A). Code numbers are provided by the exca-
vators in respective locations of the dig (Levy et al., 2018). Loci and artifacts are located by GPS and these points pro-
vided base control points for the total station/ArchField recording for the entire excavation to maintain consistency.

1.KASTROULI 2016_L.121_Sq.6/19_B20140_BC97483818_YELLOW FIBERS (T)

2. KASTROULI 2016_L.121_Sq.6/19_B20134_YELLOW FIBERS (T)

3.KASTROULI 2016_L.121_Sq.6/19_B20159_BC29785241_BURNED ANIMAL BONE (T)

SCIENTIFIC CULTURE, Vol. 9, No 2, (2023), pp. 1-28
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4. KASTROULI 2018_BUILDING 2_BURNT CLAY POSSIBLE PRINT TEXTILE FRAGMENT

(BC/M)

5. KASTROULI 25/7/2018_WALL CERAMIC BETWEEN X21-X22_OUTER SIDE_WEST OF

THE SW WALL

6.KASTROULI 07/20/2018 Building 2-C3_UNIT10_G10_BUILDING B_BURNT WOOD
CHARCOAL (B2, 3-C14)

7 KASTROULI 2016_TOMB A_L.121, Sq6/19_B20109_BC84352657_HUMAN RE-
MAINS_BAG BARCODE37352902_BASKET94776397 (T)

Table 1B The new analyzed samples by radiocarbon

Lab No Sample No/Context

8. DEM - 2803 Building 1, (Fig 15 Sideris & Liritzis 2018) this was found north of the
south/southwest exterior wall of the building in 2017. (B1, 2-C14)

9. DEM - 2733 Building 2, KAS-B2-2018, Charcoal

20/7/2018, C3 Unit 10, G10 (B2)

10. UCIAMS-253532

Building 2, KAS-B2-2018, charcoal
20/7/2018, C3, UNIT 10, PB#141, G10
(Koh et al., 2020). (B2)

11. UNIAMS-253533

KAS-B1-2017 Building 1
3.20m from west wall, 3.70 m from south, 20 cm depth (at the east)
(Sideris and Liritzis 2018) (B1, 1-C14)

12. UCIAMS - 253541

KAS2-TA-2016 Human bone R. Femur (P). From Tomb A comingled burial,
human bone, has 7%collagen from earlier data on bone diagenesis (Kontopoulos
etal., 2019) (T)

SCIENTIFIC CULTURE, Vol. 9, No 2, (2023), pp. 1-28
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Building 1, mortar, interior southern wall
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Building 2, 2018, KAS-B2-2018,
253532

2021/10/10 12:44

UCIAMS-

The 2 charcoals and 2 bones analysed

Figure 2. The organic and inorganic samples analyzed. Though a bit scattered and through a plastic bag this is inten-
tionally added as such to ease future revisit of these samples and for documenting the relevant information of each one.

4. RESULTS

Fig 1 and 2 gives the location of samples in the ex-
cavated areas.

4.1 Burnt Clay-Mortar (Fig.2, No 4).

We gathered substantial burnt clay fragments from
the south-eastern corner of Building 1 (or A), some of
which had branch imprints on one side while others

had smooth surfaces on both (Sideris 2022). Their clay
has very few organic inclusions and is a rose-yellow
color.

Their substantial thickness, ranging from 7 to 11
cm, appears to be prohibitive for the hypothetical cov-
ering of a roof constructed of branches. They are most
likely wall coating pieces, while those with smooth

SCIENTIFIC CULTURE, Vol. 9, No 2, (2023), pp. 1-28
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sides may have belonged to a storage structure in con-
tact with the south-western wall, near the foundation
of which they were discovered. Some remnants of this
structure's base were discovered 2.30 m east of the
building's western inner corner, at a depth of 40 cm.

It was most likely a rectangular construction with
at least three smoothed and rounded corners. If it is
not the lowest section of a storage facility, it could be
the rim of a hearth, albeit the abundance of clay frag-
ments, particularly those with both sides smooth,
point to the former idea. A big sherd of pithos with an
engraved linear design also originates from the same
area.

A layer of burnt soil or pressed clay of intense or-
ange to reddish color under a small layer of charcoal
and ashes (1 cm thick) was found in the western sec-
tion, a hue acquired normally when the clay is ex-
posed to very high temperatures. After cleaning the
visible north-eastern boundary of Building 1, it was
discovered that a more recent retaining wall had been
placed directly upon the building's original north-
eastern wall, the lowest course of which is still visible
in its original position.

Because the entire south-eastern side of the struc-
ture is now covered by big heaps of stones and thick
vegetation of Palestine oak, it remained difficult to lo-
cate the wall that should connect the north-eastern to
the south-western corners of the building (Quercus
calliprinus). Building 1's tentative date based on ce-
ramics shows that it was in use during the LH IIIC
Early and probably Middle periods.

The fire destruction layer is more obvious in Build-

ing 2, where charcoal and ashes have been discov-
ered, as well as a massive chunk of carbonized wood,
presumably belonging to a roof beam. The burnt clays
used in the wall coating (Fig. 2, No 4) are thinner (2-3
cm) than those used in Building 1. Deep and repeti-
tive ploughing has severely altered and ruined the en-
tire area south of the two buildings, making it difficult
to correctly identify and link the few remaining struc-
tures today.
Fig. 3 gives some microscopic examination of the
burnt clay/mortar which was examined for any im-
print; but no obvious imprint are seen except of a type
of plant roots in x6.3 scale taken at the NCSR Demo-
kritos premises.

KASTROULI 2018_BUILDING B_BURNT CLAY

6.3x

6.3x

6.3x

6.3x
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6.3x 6.3x

6.3x 10x

10x 6.3x back
6.3x back

Figure 3. Microscopic images of the burnt clay/mortar from building 1

SCIENTIFIC CULTURE, Vol. 9, No 2, (2023), pp. 1-28
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4.2 Burnt Bone

Locus 121 in the tomb A is characterized as a
"dense accumulation of human bones (possible sec-
ondary burial) in southern chamber of tomb” (Sideris
etal., 2017; Levy et al., 2018)

Amongst the successiveness of layers the Stratum
III of loci 112 and 121 (see for loci in Levy et al., 2018),
on the other hand, appear to be undisturbed, based
on the density of reasonably intact human bones
mixed with relatively big fragments of diagnostic ce-
ramic sherds. Based on the disarticulation of the
bones, L.112 and L121, which reflect the same histori-

cal environment and are separated only for excava-
tion purposes, appear to represent a multiple second-
ary burial.

Multiple burials in the tomb may have been gath-
ered and concentrated in one area of the tomb to make
room for further burials or activities in ancient times,
according to grave goods and mixed bones of multi-
ple people with no obvious orientation. Gold foil frag-
ments, figurines, and intricately adorned ceramics
have all been found, which suggests that at least one
of the ancient burials may have held high-quality
grave goods. Fig.2, No 3 shows the analyzed burnt
bone and Fig.4A the microscopic analysis.

KASTROULI 2016_L.121_Sq.6/19_B20159_BC29785241_BURNED BONE

5mm

6.3x

6.3x

10x

40x

(A)
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Figure 4: A) Optical Microscopy of the burned bone, B) a related burnt bone for macroscopic comparison (© Durham
University + Teesside University; https.//www.futurelearn.com/info/courses/forensic-archaeology-and-anthropol-
ogy/0/steps/67912), C) Infrared spectrum of a powder sample taken from the burned bone fragment. C; collagen; Ca: car-
bonates; P: phosphates. Maxima at 1454 and 1415 cin™' (carbonate stretching vibrations) are type A and type B car-
bonates, respectively and the one at 872 cm™! (bending vibration) also appear as expected for typical bone material, D)
representative color change in burnt bone at different temperatures, the green circle corresponds to our bone (based on
Marques et al., 2018).
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4.2.1 Optical Microscopy of the bone

According to the Optical Microscopy taken at the
NCSR Demokritos premises., the cross section of this
sample indicate that is burned bone due to the char-
acteristic structure of bones (Ellingham et al., 2017).
Bone is rigid body tissue consisting of cells embedded

in an abundant hard intercellular material. However,
as the two principal components of this material are
collagen and calcium phosphate the pXRF analysis
(taken at the NCSR Demokritos premises). proves
that is a piece of bone. The main components of this
sample are c. Ca 29% and P 10% following other ele-
ments in low concentration (Table 2).

Table 2 pXRF of the bone
Ca 2889 P 982 Si 416 Al 155 Fe 0.70
K 030 Ti 012 Pb 007 Mn 006 S 0.10
Cl 010 Cr 001 Sr 0.01 Zn 001 V 0.01

Furthermore, the high balance c. 54% that is re-
quired to set the weight to 100% in Table 2 proved
that it is due to the high amount of carbon (C) which
cannot be detected with pXRF due to its detection lim-
its.

The burnt bone from the comingled burial is abso-
lutely irregular for this kind of funerary practice and
it is highly improbable to be a human bone. On the
contrary it may very well be an animal bone, which
infiltrated the tomb during an ulterior funerary activ-
ity and, thus, it may be connected to a sacrifice. In-
deed, the FTIR analysis below has confirmed this.

4.2.2 Infrared Spectroscopy of the bone

A powdered microsample taken from the burned
bone fragment was analyzed with FTIR spectroscopy.
As shown in the spectrum of Figure 4c, which consist
of the organic and inorganic components, the protein
part (representing collagen) appears significantly de-
creased as a result of the heat shock imposed on the
material, and possibly, in combination with the dia-
genetic processes during the long burial period
(Weiner, 2010; Kontopoulos et al., 2019; Boyatzis,
2022). On the other hand, the inorganic fraction (car-
bonated hydroxy-apatite, c-HAP) has survived, with
the phosphate bands at 1013 cm? (phosphate stretch-
ing vibration) and the doublet at 600 and 559 cm!
(bending vibration) being the most intense of the
spectrum; besides, type A and type B carbonates with
maxima at 1454 and 1415 cm™ (carbonate stretching
vibrations), and the one at 872 cm? (bending vibra-
tion) also appear as expected for typical bone material

(Nielsen-Marsh and Hedges, 2000; Trueman et al.,
2004; Weiner and Bar-Yosef, 1990). The relatively low
amount of surviving collagen, in combination with
the weak band at ~3360 cm™, suggest a possible heat-
ing range between 500 and 700 °C (Mamede et al.,
2018; Marques et al., 2018). Judging also by the color
(black), the exposure range could be limited to tem-
peratures between 400-500°C (see Fig.4d). Infrared
bands and assignments are listed in Table 4 below.

4.3 Ceramics incised

Fig.2 No 5 shows the piece of ceramic.

It is of interest that this ceramic sample from out-
side the west part of the SW wall of the Bulding 1 has
a decorative technique with displacement and pene-
tration.

The grooving consists in broad chevrons on a clay
band slightly elevated from the rest of the vessel’s
surface (other similar fragments with such decoration
have been found in the Tombs A and B and they all
come presumably from large pithoi) (Sideris 2022, fig.
24, from Tomb B). The analysis of pXRF indicates the
chemical composition of this ceramic fragment as
well as the material with dark colour that has been in-
truded inside the decoration. This dark color material
rather has several similar percentages of elements
with the fired fabric, moreover the latter has been pro-
duced from local clays or with mixtures of local clays
as earlier investigation has shown (Liritzis et al., 2020)
(Table 3).

SCIENTIFIC CULTURE, Vol. 9, No 2, (2023), pp. 1-28
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KASTROULI 25/7/2018_ WALL BETWEEN X21-X22_OUTER SIDE_ WEST OF THE WALL

6.3x

6.3x 10x

Figure 6. Optical Microscopy of the decoration of the under-study pottery fragment.

Table 3. Chemical elements in ppm by X-Ray Fluorescence Spectroscopy of the main fabric and the decoration taken
at the NCSR Demokritos premises. Errors in measurements for most elements amount to ca.10-15%.

ELEMENTS FABRIC DECORATION ELEMENTS FABRIC DECORATION
Ba 1008.7 737.5 Fe 32482 31310
Sb 28.3 34.4 Mn 994.7 939
Sn 22.8 21.6 Cr 106.5 164
Zrx 186.5 178.8 \" 100.8 104
Sr 85.9 69.7 Ti 3083 4669
Rb 102.5 117.7 Ca 88199.3 20514
As 10.6 8.3 K 13804.2 11193
Pb 30.2 28.6 Th 10.0 9.9
Zn 143.9 122.4 Sc 202.3 44

Cu 47.3 67.2 Cs 76.7 81

Ni 97.1 113.5 Te 93.1 116

reflect adherent surrounded soil on the ceramic’s sur-
face while the difference in calcium explains the
origin of ceramic from the calcareous clay source, one

Indeed, the “decoration” in the grooves is just rem-
nants of the soil in which it was buried. Nevertheless,
the obtained similar values in most elements may also
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of the local clays, in contract to low calcium clay of the
soil in the context.

The possible incrustation or filling with unfired
clay is very unusual during this period of time and
highly unpractical because the unfired clay when it
dries, it shrinks and falls from the grooves mixed with
surrounded sediment.

4.4 Organic fibrous material

The samples, brown-colored and with a fibrous
texture, reminiscent of a weaved fabric, was found in
the vicinity of human bones in Tomb A. Microscopic
examinations, and elemental analysis had been car-
ried out by the excavation team showing calcium
(~30%), silicon (~27%), aluminum (~10%), iron
(~10%), potassium, and phosphorus (variable). It has
been exhaustively analyzed due to its obscure identi-
fication. Initially thought to be textile then plant and
finally was proven to be loofah. Fig. 7 gives a first im-
pression of the material of yellowish fibers mixed
with little pieces of wooden branches. The images still
sway hypothetical attribution to some kind of textile
or plant.

Furthermore, based on the above, a hypothesis was
made that the samples could be of textile fabric, pos-
sibly, either proteinaceous (for instance, wool, silk) or

polysaccharidic (cotton, linen, etc.). For investigating
the material in more detail, a methodology was ap-
plied as follows.

4.4.1 Optical and scanning electron microscopy
of fibrous material

Examination of both fiber samples under the stere-
omicroscope (Figure 11a) and the Scanning Electron
Microscope (SEM, Figures 11b and 11c), showed no
structural connection to any type of weaved textile
fabric; instead, images were reminiscent of a sponge-
like natural organic material of biological origin. Be-
sides, SEM images (see, for instance, Figure 11d)
strengthened the above preliminary observation by
being similar to sponges (collective term for marine
organisms, members of the Porifera phylum) or other
similarly-textured organisms, such as the plant loo-
fah. Among the two, it seemed that the latter is most
likely (Antcliffe et al., 2014; Voultsiadou 2007; Emery
2019).

Similar textures have been recorded elsewhere
which was a confusing issue regarding preservation
and if they are textile or some kind of plant (Gromer,
2016; Skals et al., 2018; Historic England 2016; Jaya-
mani et al.,, 2014; Antcliffe et al., 2014 Thallemer
2020)2

KASTROULI 2016_L.121_Sq.6/19_B20134_YELLOW FIBROUS MATERIAL

10x

2 From correspondence with experts Prof Axel Thallemer
and Dr Emilio Rodriguez-Alvarez, the possibility of being
loofah was intriguing,.

20x
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KASTROULI 2016_L.121_Sq.6/19_B20140_YELLOW FIBROUS MATERIAL

10x 20x
Figure 7: Microscopic magnifications of the yellow fibrous material. (taken at the NCSR Demokritos OM)
Fig.8 gives a better expansion of the fibres with SEM.

KASTROULI 2016_L.121_Sq.6/19_B20134_YELLOW FIBERS
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Figure 8: SEM images of the fibres (taken at the NCSR Demokritos SEM-EDX).

4.4.2. Fourier transform infrared (FTIR) spec-
troscopy of fibrous material

Infrared spectroscopy can provide information on
the molecular bonding in organic and inorganic ma-
terials and can lead to the characterization of classes
of compounds, such as biomolecules (polysaccha-
rides, protein materials, fatty substances, etc.) Be-
sides, provided that the spectra quality is adequately
good, it can provide more specific detail about types
in each of the above classes (Bitossi et al., 2005;
Derrick et al., 1999; Griffiths and Haseth, 2007;
Poliszuk and Ybarra, 2014; Steele, 2006).

For instance, infrared spectra of protein materials
are quite characteristic due to their unique chemical
character, specifically, concerning the peptide bond
that connects amino acids forming the protein macro-
molecules (Bandekar, 1992; Barth, 2007; Barth and
Zscherp, 2002; Lewis et al., 2013). Similarly, polysac-
charide materials also give characteristic spectra, alt-
hough their precise identification needs some extra
attention as some of their bands fall within the same
range as inorganic materials (e.g., silicates)
(Brandenburg and Seydel, 2006; Kacurdkova and
Wilson, 2001; Liang and Marchessault, 1959;
Wiercigroch et al., 2017). Consequently, protein mate-
rials can be identified and, based on their infrared
spectra, further distinction can be made of whether
they are made of collagen (such as bone, leather or

parchment), keratin (such as hair/wool, nails or ani-
mal horns), and other materials such as silk; the above
can be distinguished from polysaccharide materials,
which, according to their infrared spectra can be fur-
ther distinguished among starch, cellulose (for in-
stance, cotton or linen), or other polysaccharides such
as agar and various gums (Baker et al., 2014; Boyatzis,
2022).

Attenuated Total Reflection Infrared (or ATR-
FTIR) analysis of the samples (without any workup)
was carried to investigate their chemical nature. The
spectra are shown in Fig. 9a and 9b, where bands at
3292, 1635, 1550, and 1250 cm? could be related to
protein fiber such as wool. Other bands are also
marked, such as those at 1030 cm! (the strongest in
both spectra), 916, 800, 531, and 470 cm, suggestive
of silicate (earthen) material; this is in accordance
with the elemental analysis results. For comparison
reasons, a wool reference sample was also recorded
(Figure 9c), where the characteristic amide A, B, I, II,
and III bands (at 3276, 3070, 1632, 1515, and 1235 cm-
1, respectively) due to its proteinaceous character
were detected. Comparison of the spectra suggest
that spectra in Fig.9a and 9b are very similar, but most
possibly they are not wool, as they have significant
differences to the maxima of Fig.9c mainly in the ab-
sence of the 1030 cm- band in the latter, as well as the
different maximum of the amide Il band (at 1550-1554
cm? in Fig. 9a and 9b, as compared to 1515 cm™ in
Fig.9c).
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B.20134
B.20140

3 87797 LA )
0 B
= '}

1089
Nl

2800 2400 2000

1800

1600 1400 1200 1000 800 600

Figure 9. Spectra of unknown samples (a: B.20134, and b: B.20140) in comparison with protein textile wool, curve c).

To confirm the possibility of silicate materials and
to obtain a clearer spectrum of the organic fraction,
the geogenic sedimentary material was removed by
rigorously shaking the samples, and its infrared spec-
trum was subsequently recorded, no processing with
acids, solubles etc was applied (Fig.10b). The charac-
teristic peaks confirm that the sedimentary material is
clay (Boyatzis, 2022; Weiner, 2010). Subtracting spec-
trum 10b from the original spectrum (10a) results in
spectrum 10c, which clearly shows the characteristic
bands of lignocellulosic material with maxima at

1151, 1106, 1070, and 1028 cm, along with maxima at
1635, 1558, and 1249 cm!, that can be related to the
amide I, II, and II bands of a protein fraction (spectra
shown in Fig. 10, assignments listed in Table 4).

Furthermore, infrared spectra of the archaeological
samples were compared with those of a modern loo-
fah sample (Fig. 10d), where close similarities were
detected in both the lignocellulosic and the protein
fractions (Mohamed et al., 2019); similarities were
marked with dotted vertical lines across spectra of
Fig.10.

2800 2400 2000

cm-1

3600 3200

1800 1600 1400 1200 1000

Figure 10: ATR-FTIR spectra of (a) sample B.20134; (b) detached geogenic sedimentary material; (c) sample B.2013 after
subtraction of sedimentary material; and (d) modern loofah (reference sample). Vertical lines show the peak correspond-
ence among samples.
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Table 4. Infrared bands and assignments

Bone fragment

Band maximum, cm! Assignment Notes
~3200(br) vOH, Apatitic hydroxide Collagen
vNH, vNH,
1664 vC=0 with contributions from vC-N and 6N-H; Am- | Collagen
ide I
1542 vC-N with contributions from &;,N-H: Amide II Collagen (obscure)
(1546), 1458 v.CcO% Carbonate, type A (hydroxide substi-
208 tution) in c-HAP, doubly degenerate
(1465), 1415 v.CcO% Carbonate, type B (phosphate substi-
208 tution) in c-HAP, doubly degenerate
1111(sh), (1070), 1031 v. PO ¥ Hydroxyapatite
37 74
980 v PO Hydroxyapatite
1774
872 v.CO% Carbonate in c-HAP, both types
273
604, 562 v PO% Hydroxyapatite
477
Organic fibrous material
Band maximum, cm! Assignment Notes
Archaeological Archaeological Reference
sample sample loofah sample
B.20134(a) B.20134(b)! P
3290 vO-H Of polysacharide uits and crys-
talline water
2922 2917 2918 vC-H alkyl chains in most or-
ganics
1731 (w) 1731 (w) 1731 (m) vC=0 (pectin esters) Appears weakened in archaeo-
logical samples
1635 (m) 1634 (m) 1633 (m) 0H-O-H (water) Crystalline water in polysac-
charide molecular structure
- - 1597 (sh) vC=C (aromatic ring) Lignin fraction; mostly re-
moved in archaeological sam-
ple
1553 (m-w) 1557 (m) 1540 (m) vCOO- (pectate esters) Carboxylate salts in hemicellu-
loses/ pectin fraction
- - 1515 (sh) vC=C (aromatic ring) Lignin fraction; mostly re-
moved in archaeological sam-
ple
1455 1458 1460 O6CHa exocyclic (cellulose)
0.sCHjs lignin
1424 1425 1423 6C-C-H + 6;,C-O-H (cellu- Decreased in archaeological
lose) sample
vC[Ar]=C[Ar] + 6C-H (lignin)
1374 1372 1369 6,CH3 In hemicelluloses and lignin
fraction
1248 1248 1243 vC-O (acetyl) In hemicelluloses
1201 (w) 1201 (w) 1205 (w) 0C-C-H + 6H-C[6]-O + vC-C | Typical in cellulosic materials

+TCH, + §,C-O-H
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1160 (sh) 1151 (m) 1158 (m) vasC[1]-O-C + 86C-C[1]-H Cellulose: B(1—4) glycosidic
(glycosidic linkage) linkage.
0ipC[Ar]-H (guaiacyl lignin)

1100 (w, sh) 1106 (m) 1101 (m) VasC-O-C + vC-C Cellulose

~1060 (sh) 1065 (sh) 1048 (sh) vC-O + vC-C + 6C-C-H Cellulosic materials: cellulose
and hemicelluloses

1030 VasSi-Op—Si Overlapping peak due to sili-
cates (clays); high amount due
to earthen deposits.

1032 1028 1028 vC-O + 6C-O-H Typical of glucopyranose rings
in cellulose

916 (sh) 0Al-OH Silicates (clays)

(900) 898 (w) vC 6C-C[1]-H + vC-C Cellulose: B(1—4) glycosidic
linkage; its absence shows loss
of material integrity.

874 (w, sh) 000pCO3% Carbonates.
661 (m-w) 80opC—O-H + ring modes
598 (m-w) 8o0pC—O-H + ring modes

1 Spectrum after subtracting geogenic depositions

v: stretch, 6: deformation (bend), ip: in-plane bend, oop: out-of-plane bend; s symmetric bend, as antisymmetric bend.

Table 5 gives the chemical elements by SEM-EDX
for the two samples with major presence of Al, Si, P,
Ca, K, Fe.

The encouraging result prompted us to date this
unique sample. The loofah sample (few mgr) was
AMS C-14 analyzed at Queen’s University Belfast, by

Gerard Barrett, 136C corrected and produced a radio-
carbon fraction modern result of F14C = 1.0203 %
0.0029 (UBA-46681). This means the sample is mod-
ern, i.e. post-dating 1950 AD. This suggests it is intru-
sive material.

Table 5. Analytical results by SEM-EDX of two samples with yellowish fibers found in L. 121, Tomb A, (codes B20134

and B20140).
Detected Elements Kastrouli 2016 Kastrouli 2016
L.121_Sq.6/19_B20134 L.121_Sq.6/19_B20140_BC97483818
Yellow Fibers (in %) Yellow Fibers (in %)
Mg 1.53 1.98
Al 10.37 8.88
Si 27.13 20.62
P 10.04 12.68
S 2.40 5.38
Cl 2.27 5.78
K 8.16 9.18
Ca 30.26 28.98
Fe 7.84 6.52
Total 100.00 100.00

5. THE NEW RADIOCARBON DATES FROM
4 CHARCOALS AND ONE BONE: A
CRITICAL ASSESSMENT

Four charcoal samples are dated using radiocar-
bon: two charcoal samples collected and processed at
the radiocarbon Unit of the Laboratory of Archae-
ometry, NCSR “Demokritos” (code DEM-), which

uses the Gas Proportional Counting technique (GPC);
and with two additional charcoal samples which due
to their corresponding low mass, these were pro-
cessed at the KECK Carbon Cycle AMS Facility, Earth
System Science Department, in UC Irvine, USA (code
UCIAMS), which uses the Accelerator Mass Spec-
trometry (AMS) technique (see, section 2 above, and
Table 6) (see also Polymeris et al., 2023).
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TABLE 6.1. Charcoal context (*OxCal v.4.4.4 (Bronk-Ramsey 2021) with the latest 2020 data set was used for age
calibration (Reimer et al, 2020). **DEM 2733 and UCIAMS-253532 similar context Building 2.
Details of 95% probable ranges can be seen in Fig.13.

Lab No Sample No/Context Material Age 14C (BP) 613C (%) Cal.* probability
(BO)
DEM - 2803 | Building 1, (Fig 15 Sideris Charcoal 3058+ 30 -23,35 1388 - 1271 (68,2%)
& Liritzis 2018) this was 1411 - 1226 (95,4%)
found north of the
south/southwest exterior
wall of the building in
2017.
DEM - 2733** Building 2, 20/7/2018, Charcoal 3103 + 30 -26,16 1419 - 1306 (68,2%)
C3 Unit 10, G10 wooden roof 1436 - 1281 (95,4%)
beam base
UCIAMS- KAS-B2-2018 Burnt wood 3135+ 15 -28,78 1436 - 1401 (68,3%)
253532 Building 2 20/7/2018, charcoal 1447 - 1319 (95,4%)
C3, UNIT 10, PB#141,
G10
(Koh et al., 2020).
UCIAMS- KAS-B1-2017 Building 1 | Burnt wood, 2995 + 15 -28.37 1265 - 1210 (68,3%)
253533 3.20m from west wall, Charcoal 1368 - 1128 (95,4%)
3.70 m from south, 20 cm
depth (at the east)
(Sideris and Liritzis 2018)
UCIAMS - KAS2-TA-2016 Human Bone 3030415 - 1372 -1233 (68.3%)
253541 From Tomb A comingled R.femur 1382 - 1221 (95.4%)
burial, human bone, has
7% collagen from earlier
data on bone diagenesis
(Kontopoulos et al., 2019)

Besides these 5 new dates, the analysis has in-
cluded 7 additional radiocarbon ages from Lazaridis
et al. (2022). Fig. 13 presents all unmodeled ages (**C
new, *C old and luminescence dating, see also Tables
6, 7, within the framework of the present study. These
are 12 radiocarbon and 10 stimulated luminescence
ages. All 5 new calculated radiocarbon range between
1447 and 1228 (calibrated) BC, falling well within the
Late Helladic era, and specifically a later part within
the LH III B 2 - LH III C Early® and the earlier part
within LH II B - LH IIl B 1 (taking into account the
periodization for Argolis, from where we also have
similar Kylix and four-handled jars in Kastrouli) (see,
Sideris 2022; Sideris et al., 2017, Fig.26). Moreover,
one of the samples (lab. number UCIAMS - 2 53533)
also extends to as late as 1128 cal. BC, right within the
LH IIIC Middle. The relatively large errors that are as-
sociated with these ages imply that Kastrouli could
have been active during the LHII B to LH III C Middle

3 Approximate periodization (within 10-20 years) of Late
Helladic III: LH IIIA1 1420-1370 BC, LH IIIA2 1390-1315
BC, LH IIIB1 1330-1230 BC, LH I1IB2 1230-1190 BC, LH IIIC
(Early) 1190-1130 BC, LH IIIC (Middle)1130-1090 BC, LH

periods as well. Similar ages were also revealed for 5
radiocarbon ages as well as some among the stimu-
lated luminescence ages from Liritzis et al. (2016;
2019; Lazaridis et al., 2022); all stimulated lumines-
cence ages are presented in Liritzis et al., (2018), see
also Polymeris et al., (2023). As Table 1 also reveals,
two different charcoal samples of same spot in Build-
ing 2 were measured in two different radiocarbon la-
boratories. The results provide a validity check on the
radiocarbon ages from the two charcoal samples
(Mountjoy 1998; Deger-Jalkotzy & Béchle 2009; Wie-
ner 2013; Vitale 2006). A combination of these two
ages is presented in Fig. 14. Statistical analysis sug-
gests that there is a probability of 81.2% that these
samples are dated within 1436 and 1386 BC. How-
ever, one should remember that the radiocarbon date
of the charcoal, which registers the destruction by fire
(especially for beams), may be up to two generations
younger than the construction time of the building.

IIIC (Late)1090-1060 BC, Sub-Mycenaean 1060-1000 BC,
Proto-Geometric 1000-900 BC. (Knodell 2021; Vitale 2006;
Mountjoy 1998)
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At any rate the accuracy of a few decades of con-
ventional ¥C dates in this time interval 3300-3000 BP
is not attainable at all. Radiocarbon dates reported
with a high accuracy (+ 30 yrs) can be misleading. The
main drawback for period of concern is the presence
of problematic wiggles in the calibration curve, po-
tential corrections needed to account for marine res-
ervoir effects (the *C difference between terrestrial
and marine derived carbon) and also the unconsid-
ered freshwater reservoir correction of 1*C dates. Such
reservoir corrections, if suitable evaluated, should
need to be considered when dating bone (more spe-
cifically collagen in the bone). The dietary isotope ra-
tio mass spectrometry (IRMS) of 613C and 6'°N should
be examined to determine if dietary reservoir effects
are present. Based on the assumption of linear mixing
by linear interpolation the ratios for 3C lie between

the end-point values -12.5%o (100% marine) and -
21%o (100% terrestrial) as described by Arneborg et al.
(1999). In our dates of bones (Tables 6, 7) there may be
a slight marine and dietary correction (**C and N
data from Lazaridis et al., 2022).

We revisit the 613C and 8N isotopic data accom-
panying the *C dated samples which are measured
by Elemental analysed isotope ratio mass spectrome-
try (EA-IRMS). In our data and the published ones
from Kastrouli none of the 83C values are signifi-
cantly depleted and the nitrogen values are consistent
with isotopic values from Greece for C3 plants. The
813C values could indicate even a small marine contri-
bution, and the elevated 8'°N values could also be
caused by the consumption of high trophic-level food,
or manured plant food, or other environmen-
tal/ physiological parameters.

Table 7. C14 dates of bones from Tomb A and B (from Lazaridis et al., 2022; Polymeris et al., 2023; Liritzis et al., 2016)

Laboratory code Sampling description Age 14C (BP) | 015N (%0) | 813C (%0)
PSUAMS - 6186 (KS-T2B) Late Helladic Tomb A 3045 + 25 10.31 -18.94
PSUAMS - 6187 (KS-T2C) Late Helladic Tomb A 3015+ 20 8.92 -18.90
PSUAMS - 6809 (KAS-4) Late Helladic Tomb A 2975 + 25 9.08 -19.45
PSUAMS - 6823 (KAS-10) Late Helladic Tomb A 2990 + 25 8.93 -18.90
PSUAMS - 7560 (KS-T1-4) Late Helladic Tomb A 3030 + 20 8.73 -19.10
PSUAMS - 7825 Tomb B Bag B10 2500 + 20 10.1 -19.00
DHS - 6605 (Liritzis et al., 2016) Tomb A/B? 2584 + 26 _ -22.10
gﬁ{gﬁm ; ; fig‘;) (KAS2-TA-2016) | 70k A 3030 £15 913 -19.28

Along these lines it is worth recalling dietary un-
certainties impact on reported dates and discuss this
effect. Although atmospheric C activities have
changed over time, most analyses of regional ground-
water assume that they were constant at 100 percent
contemporary Carbon before to atmospheric bomb
testing in the 1960s (pmC= percent modern carbon).
This method produces conventional radiocarbon
dates in years Before Present (BP), with 1950 AD
equaling 0 years BP. Following input of “C-free C
from calcite dissolution inside the aquifers, many ap-
proaches based on statistical corrections, major ion
geochemistry, stable and radioactive isotopes exist to
adjust for this. Local geogenic CO, and/or oxidation
of ancient organic matter may also reduce #C activity.

Using ™C to determine mean residence times
(MRTs) presents additional challenges related to the
input function of #C into the subsurface. Typically, it
is believed that the *C activities of CO; in the unsatu-
rated zone are in balance with the environment at the
time of recharge. Though often much smaller than
those of the atmosphere, 14C activities of CO; in the
unsaturated zone (1*Cuz) do occur.

For instance, Carmi et al. (2009) report that “Cuz
activity in an Israeli coastal aquifer were roughly 54 %
higher than atmospheric levels. Similar low “Cuz ac-
tivity that get less intense the deeper they are under-
ground have been observed in other places. Despite
the crucial part the unsaturated zone plays in regulat-
ing input *C activities, this topic is rarely mentioned,
and there have been no attempts to address it. (Irvine
et al., 2021; Carmi et al., 2009).

The significant of wiggles or plateaus in the calibra-
tion curve can be observed in the two dates for the
bone (UCIAMS - 253541 KAS2-TA-2016) 3030 BP and
charcoal (UCIAMS - 253533 KAS-B1-2017) 2995 BP,
within 35 years of difference in radiocarbon years but
following calibration the probability distributions of
the age ranges are significant (Fig. 13). For the reasons
listed above, the calibrated age ranges should be
treated with caution as they may incorporate issues
due to reservoir effects and are also subject to large
uncertainties due to the region of the calibration curve
they are derived from.

Last but not least we do not know what part of the
trunk the charcoal which derives from the base of a

SCIENTIFIC CULTURE, Vol. 9, No 2, (2023), pp. 1-28



REMARKS AND CAUTION ON FINDS OF KASTROULI MYCENAEAN SETTLEMENT

23

beam comes from. Necessary maintenance in the
houses involves replacement of wooden beams in a
period of two generations (ca 60 years). Such uncer-
tainty is plausible, but does not change much our time
range and interpretation.

All these sources of error induce a respective error
in the final corrected radiocarbon age.

Hence due to the abovementioned restrictions,
rarely discussed in published results, the interval of

OCal vd.4.4 Bronk Ramsey (2021} r:5 Aimospheric data from Reimer et al (2020)

approx. 2 centuries uncertainties in the 95% confi-
dence should be considered with caution in the dis-
cussion for the determination of narrow error bars de-
sired by archaeologists. The above discussion has
emerged in relation to the archaeological evidence
(Sideris et al., 2017; Levy et al., 2018; Sideris 2022). The
12th ¢ BC destruction at Kastrouli coincides with the
recognized fall of Mycenaean civilization and Bronze
age in SE Mediterranean (Cline 2014).

New C14 ages
UCIAMS-253532 R_Date(3135,15) -
DEM-2733 R_Date(3103,30) -
DEM-2803 R_Date(3(058,30)
UCIAMS-253541 R_Date(3030,15)
UCIAMS-253533 R_Date(2995,15)
Already published C14 ages
RSUAMS-6186 R_Date(3045,25)
RSUAMS-7560 R_Date(3030,20)
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Figure 13. Unmodelled radiocarbon ages for all charcoal and bone samples (present and from Lazaridis et al., 2022),
with the OSL ages of the pottery and stone samples from Liritzis et al., 2016, 2018) (in blue marking) are also presented
for the sake of comparison. (NB: Regarding the PSUAMS - 7825 and DHS-6605 bones assigned to Tomb A and B are
later period reuse of the tombs. In general, both are questionable regarding context as it seems to be a mismatch since
Tombs A and B are definitely Mycenaean (and in Tomb B a figurine @ was found among its structure - it cannot have
been intruded though, plus the fact that the osteological examination showed that there was only one dead person).
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OxCal v4.4.4 Bronk Ramsey (2021); r:5 Atmospheric data from Reimer et al (2020)
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Figure 14. Modelled radiocarbon ages for the two samples with lab codes DEM 2733 and UCIAMS-253532
from Building 2.

6. DISCUSSION & CONCLUSION

The characterization and dating of some finds ap-
plying complementary techniques helps to decipher
some puzzled cases. The prompt attribution of an ar-
tifact without meticulous investigation leads to ques-
tionable results.

The incised ceramic, the “modern” loofah, and
more dates to understand the occupational period of
the settlement strengthens the resulted investigation
and recommends a plea for patience before jumping
into unsupported conclusion. Calibrated radiocarbon
dates should be treated with particular caution in par-
ticular considering the attached narrow errors from
the measurement, in the presence of wiggles in the
calibration curve and the need for reservoir correc-
tion. In the time intervals with a wiggly character a
reasonable accuracy lies within at least two centuries
span where age ranges expand with different proba-
bility (see Fig.13). The loofah presence is a unique find
yet the identification and dating produced a modern
result which suggested intrusive material.

The incised ceramic with grooves proved being
remnants of the soil in which it was buried. The initial
suspicion of a possible incrustation or filling with un-
fired clay is unattainable and very unusual during
this period of time and highly unpractical because the
unfired clay when it dries, it shrinks and falls from the
grooves.

The decorative method with displacement and
penetration also includes incision, impression, flut-

ing, and dotted decoration because each of these dec-
oration methods required pressure to be applied to
the surface in order to remove or displace clay and
produce the desired motif. The vessel's entire surface
or only a part of it may be covered in any of the deco-
rative motifs mentioned above (Rice 1987, 144; Rye
1981, 92). The most common way to use impressed
decoration was to apply pressure to wet surfaces. The
surface was impressed using a variety of tools includ-
ing bones, reeds, sticks, shells, and sticks (Rice 1987,
144-5).

Regarding a bone fragment from Tomb A the Op-
tical Microscopy indicated that it is burned bone com-
pared to the characteristic structure of bones and from
pXREF analysis.

The question of possible imprints as a type of plant
roots in some burnt clay/mortar by microscopic ex-
amination did not reveal any obvious remains.

Overall, the Kastrouli settlement have opened a
new chapter of peripheral world during the Late My-
cenaean era. Dozens of articles have documented var-
ious aspects of life of southern Phokis region during
the Late Mycenaean period and its termination coin-
cides with the SE Mediterranean regional destruc-
tions and fall of great empires. The two looted tombs
have destroyed much anticipated evidence especially
their possible reuse. Reuse in archaic times is not en-
tirely improbable, but extremely rare. Many times, in
later times in antiquity open old Mycenaean tombs
and make offerings (Medeon, Delphi) but not new
burials. That is, the dead are treated as heroes
(heroon, heroic cult). Hence the caveat about these
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two tombs until new evidence in the future Moreover, though the settlement has been reused as surface
it would be strange if two graves side by side were finds and archaeometric dating has revealed. Further
reused in Archaic times and all that was left was one ongoing analytical results may shed light into the di-
bone in each, and not a trace of Archaic grave offer- etary mode and environmental landscape ecosystem.
ings. Anyway, reuse should be viewed with caution,
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