9. Geophysical and archaeological surveys: methods and results

9.1. Geophysical and archaeological surveys in Nessonis 1: a synopsis

Agathe Reingruber, Giorgos Toufexis, Grigorios Tsokas, Alexandros Stampolidis, Nikolaos Kordatos,
Spyridon Maroulakis and Amelie Mohrs

9.1.1. The location of the flat site
Nessonis 1-South

In December 2020, the flat site of Nessonis 1-South
(NES1-S), fields FO13-F015 and F400—401, has
been investigated geophysically based on the re-
sults from the archaeological prospections. NES1-
S is a flat site of the Early Neolithic and is located
directly south of the Magoula Nessonis 2 (NES2).
In this area only little modern interventions are ob-
servable and no modern constructions have been
erected. Heavy machinery is not being used for
cultivation, and deep ploughing is not common.
The most pronounced intrusions relate to the plant-
ing and irrigation of almond groves: for the sin-
gle trees 50-60 cm deep holes have to be sunken
into the soil and for their irrigation metal pipes are
used. These have a clearly negative effect on the
geophysical evaluation.

This flat area is among the lowest parts in the basin
of Sykourio, just below 87 masl (some smaller de-
pressions are located at 85 masl). It is bordered by
the Chassambali hills in the south and the former
Lake Bara Toibasi in the northeast (Figs. 9.1.1-2).
Both their assets have been used during the last
century either for road constructions (serpen-
tinite from the hills) or for tiles (fine clays from
the lake sediments) — this explains the heavily
overworked parts east of NES1-S, an area where
Nessonis 1-East (NES1-E) must have been located
before destruction.!

In five of the investigated fields pottery and small
finds of the EN II-III lay especially close to the

! NESI-E, formerly Nessonis I, located 200 m east of NES2,
was first mentioned and investigated by D. Theocharis with
a small sounding (Theocharis 1962). It was not located again
by Gallis (1992) and also our search was unsuccessful in this
heavily disturbed area. NES1-S was discovered during the
survey project in 2017, and in order to retain the numbering
suggested by Theocharis, we decided to name it accordingly.

pits dug for the planting of the almond trees and
were brought to light during this horticultural
work. Between the fields small ridges are visible
outlining their borders with piled up stones and de-
bris (Fig. 9.1.3). East and west of these five fields
no prehistoric finds were revealed (e.g. in TOI-
F8 or TOI-F14, -F18, compare Ch. 2, Fig. 2.7).
Farther east, south of the clay extraction pits where
NESI1-E should have been positioned, the soil is
heavily worked up in modern times and the visibil-
ity is very low (Figs. 9.1.1-2). The site ends in the
south of fields FO13, FO14 and FO13A at the foot-
hills of the Chassambali. In the north, a dirt road
separates it from the Magoula NES2.

9.1.2. Magnetic gradiometry and susceptibility
measurements in Nessonis 1

It is well known that magnetic survey is the geo-
physical method most frequently employed for the
investigations at archaeological sites.> Some infor-
mation about the method and the merit of using
two sensors separated by a small vertical distance
(gradient mode) can be found in this same volume
(contribution by Tsokas et al., Chapter 9.2).

In the case of Nessonis, the optically pumped
Cesium magnetometer was used in the gradient
mode. This is an instrument based on the so-called
Zeeman’s phaenomenon, i.e. to the split up of the
spectral lines of the atoms of the Alkalis at the
presence of magnetic field.

Figure 9.1.4 shows the instrument in action
in Nessonis. The particular unit is the G-858
gradiometer of Geometrics, Inc.

The receiver of a differential GPS was mounted
to the gradiometer cart neglecting the need to

2 Gaffney 2008; Fassbinder 2015; Herbich 2015.

Publiziert in: Reingruber, Agathe; Toufexis, Giorgos (Hg.): Siedlungsdynamik in den Becken von Sykourio und Elateia, Nordost-Thessalien, in préhistorischer Zeit. Ergebnisse
der archéologischen, geomorphologischen und geophysikalischen Untersuchungen, Heidelberg, Propylaeum, 2025 (Prahistorische Archéologie in Stidosteuropa, Bd. 34). DOI
https://doi.org/10.11588/propylacum.1583




396 Siedlungsdynamik in den Becken von Sykourio und Elateia, Nordost-Thessalien, in prahistorischer Zeit

Fig. 9.1.1. Landscape east of Nessonis 1-South and Nessonis 2 with serpentinite outcrops in the fore- and clay
extraction pits in the background (photo A. Reingruber).
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Fig. 9.1.2. Nessonis 1-South and Nessonis 2 with grids from geophysical investigations.

establish grids on the ground surface. The other * Micro leveling: i.e., the application of 1D and

receiver (base) was put on the roof of the small 2D median filtering similar to the treatment of

hut housing water pumping gear which is very aeromagnetic data.

close to the surveyed area. Measurements were * Resampling to create the final 0.25 m x 0.25 m

carried out along profiles roughly 0.5 m apart one grid.

from the other. The in line measuring step was » Upward continuation by 0.25 m to diminish

about 0.05 m. the high frequency noise.

Processing of the data of the multisensory system » Next processing continued by using the same

involved the following modules: modules as for the single instrument survey. In
* Removing outliers (abnormally low or fact, the modules of the sequence mentioned

high readings relative to their neighboring earlier were applied after the low pass

ones). filtering.
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Fig. 9.1.3. Nessonis 1-South as seen from the north: Fields FO14-F015 in the centre and F400 in the almond grove
to the left (photo A. Reingruber).

* Compression of the dynamic range using the
Arctan function.
* High pass filtering.
* Interpolation twice both in the X and Y direc-
tion using cubic splines of the form sinX/X3.

* Application of Wallis filter*.
Complementary to the magnetic prospection,
measurements of the magnetic susceptibility of the
topsoil and stones included therein — be them natural
or deriving from prehistoric masonry (Table 9.1.1)
— were carried out. The SM 30 ZH-Instruments sus-
ceptibility meter (or kappa-meter) was used. The
particular instrument has been designed for field use
and measures the so-called apparent susceptibility by
connecting the unit to the material to be measured. It
is well known that the readings provide an estimate
of the concentration of ferrimagnetic minerals in the
sampled volume. This is a rough measure to enhance
the signals of magnetic minerals in the prehistoric
settlement and its surroundings.’
The magnetic susceptibility readings are shown in
Table 9.1.1. They demonstrate that the metamorphic

3 Scollar et al. 1986.
4 Scollar et al. 1986.
3 Tite and Mullins 1971.

Fig. 9.1.4. Measuring at Nessonis 1 with the G-858 Cs
Magnetometer of Geometrics, Inc. (photo G. Tsokas).

rocks or conglomerates consisting of metamorphic
cobbles as is the case of the Chassambali ophiocalcite
(compare contribution by Vasilios Melfos, Chapter
5) possess a very large susceptibility contrast with
the topsoil as well as with the calcitic material and
sandstone. This means that the subsurface remnants
of stone structures (foundations, piles, enclosures)
would much likely show a pronounced positive mag-
netic effect.
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9.1.3. A synopsis of the archaeological and
geophysical investigations

The magnetogram of the site NESI-S shows a
plenitude of signals (Fig. 9.1.5). As expected, the
borders between fields marked by stones and also the
metal pipelines for watering the almond trees make
their presence noticeable as linear anomalies. Also the
serpentinites from the hill dominate the magnetogram
especially in the southern part. They complicate the
detection and interpretation of the potentially pre-
historic anomalies enormously (Fig. 9.1.6).
Nevertheless, some conspicuous features can be
highlighted: The magnetogram is in the northeast,
around the contour line at 87 masl, rather empty,
containing mainly dipoles deriving from modern
metals. In this area of field F401, the few small
finds occurred only at its western limits and addi-
tionally sherds were few and often eroded (com-
pare Chapter 6.2.1).

This situation may or may not have something to
do with the (artificial/natural?) stripe that is run-
ning parallel to the 87 m contour line between F400
and F401. The prehistoric finds are located west of
this stripe, and also the magnetic signals are more
abundant here. Such separations between fields are
visible in lines of signals running vertically or hori-
zontally (Fig. 9.1.6, light grey) and are indicative
of possible field-borders piled together from stones
and debris. Between them, anomalies occur that
may be related to prehistoric events since in these
areas prehistoric finds abound.

In the southern part, among the strong signals
from the serpentinites, some possibly prehistoric
features can be filtered out. Outstanding are three
almost rectangular anomalies, two oriented NW—
SE (also at the site of Elateia 1 such rectangular
anomalies were detected — compare Chapter 9.3).
Their sizes vary between 8.3 x 4.5 m, 7 x 4.5 m and
5.8 x 4 m (Fig. 9.1.6, red squares) and are inter-
preted here provisionally as contours of construc-
tions in which fire was handled (fireplaces, ovens)
or which have been damaged by fire.

Some smaller roundish anomalies may derive
from re-filled pits and working places with out-
door hearths. Such agglomerations are seen in the
NW and possibly also in the central part. More dif-
ficult to be detected as archaeological anomalies
are the roundish signals in the south, since they
are intermingled with the amorphous irregular

Material No. of Mean apparent
samples | susceptibility SI x 10-3

Topsoil 12 2.323

Calcitic materials 5 0.0165

Sandstone 5 0.0655

Metamorphic 3 445

Table 9.1.1. Apparent magnetic susceptibility readings
in the area of the magnetic survey in Nessonis 1.

signals. These southern fields FO13 and F014 are
a bit higher up at 88—-89 masl — here most of the
decorated sherds were registered (Fig. 9.1.7) that
we associate with domestic spheres.

When overlaying the magnetogram with the
position of small finds measured with handheld
GPS-devices, none of them directly cover one of
the three rectangular signals (Fig. 9.1.8). At first
sight the finds seem to spread quite evenly over the
whole area, but heatmaps obtained for the differ-
ent categories of finds according to materials and
shapes show that there are several concentrations:

+ small finds related to dwellings like decorated
sherds, clay objects, a shell spoon, are occur-
ring in the southern, the higher part of field
FO013 (Fig. 9.1.9).

» different kinds of grinding tools are found in
the west in FO14 and in FO15 (Fig. 9.1.10).

* it is most interesting to observe that almost
all chipped stone artefacts have been found in
F400 in the lowest part of the site with only
few distinguishable signals (Fig. 9.1.11).

9.1.4. An attempt at interpreting the site

Although the magnetogram is difficult to inter-
pret, some observations can be suggested together
with the evaluation of the finds. Equally important
in this analysis are the contour lines and the ex-
act heights of the features and finds. Just east and
west of the 87 m contour line an area conspiciously
empty of both signals and finds is acknowledge-
able. Most finds occur between 87 and 88 masl,
especially those related to harvesting and food pro-
cessing. In contrast, around and above the 88 masl
contour line three rectangular anomalies occur:
one close to 88 masl, one above 88 masl and one
above 89 masl. Pottery evaluation has shown that
all sherds found in this southeastern field FO13
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Fig. 9.1.5. Magnetogram of Nessonis 1-South with surveyed fields and contour lines at 0.5 m interval.
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Fig. 9.1.7. Distribution of decorated sherds.

(early painted and blacktopped) can be securely
dated into the EN II (Chapter 6.2.1, and Taf. 1).
Decorative elements of the EN III/MN I (e.g. im-
pressed pottery) appear in FO14 and FO15, west of
FO013. Also, vessel shapes that would best fit into
the EN III/MN I occur rather in fields FO14-F015
and F400 (Chapter 6.2.1, Taf. 2-3). Not a single
decorated piece has been found in F400: this area
is interpreted as an open space, used probably for
gardening — and here also the chipped stones ag-
glomerate. The space with ground stone tools west
of the open area and just north of the rectangular
anomaly FO14/F015, may have been used for food
preparation or cooking.

In the end, a horizontal shift from east to west may
be suggested from the EN II to the EN III, from
just around 88 masl to above 88 masl and 89 masl.
Whereas the higher southern part was rather used for

< Fig. 9.1.8. Small finds recorded three-dimen-
sionally with handheld GPS-devices within the sur-
veyed fields.
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Fig. 9.1.10. Heatmap with grinding stones.

living, in the lower northern part (between 87 and 88
masl) food production and processing took place.
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9.2.1. Introduction

The aim of this paper is to present the conduct,
the data processing and the results of the magnetic
survey carried out between October 2017 and
December 2019 at the Neolithic site of Elateia in
Thessaly. Also, in a second step emphasis is put
on the interpretation of the obtained magnetograms
which showed several anomaly patterns. Hence,
we attempted to recognize patterns which could
be attributed to buried features associated with the
Neolithic occupation of the land. Their interpreta-
tion in connection with the results of the systematic
archaeological prospections is discussed in more
detail in Chapter 6.3 of this volume.

The survey was carried out using both single and
multisensor modes because the site was partially
covered by alleys of almond trees. The latter re-
quired the use of a single sensor in the alleys since
it was impossible to move a multisensory cart in
between the trees.

9.2.2. Measurements of the earth’s magnetic
field and magnetic gradiometry

Magnetometry constitutes the most frequently
employed method for the investigation of the
subsurface at archaeological sites.' Its operating
principle consists of detecting rather weak and
spatially restricted magnetic signals originated
from buried remnants of past human activity. Its
success relies on the fact that “worldwide almost
all soils exhibit an enhancement of magnetic
susceptibility in the top soils. This property of

! Gaffney 2008.
2 Fassbinder 2015.

the soils was recognised already at the onset of the
magnetic prospecting for archeological purposes,’
whereas, besides the aforementioned studies, many
others followed aiming to investigate the origin of
such behavior.* It was also very early recognised
that the magnetic susceptibility for the cultural soil
layers was continuously enhanced.’

Though the surveying technique remains almost
unaltered since the early days of the pioneers®,
instrumentation has been substantially evolved’,
carts were introduced for swift and dense areal
coverage® and the instrumental precision has been
enormously increased’. Further, the use of GPS has
enhanced the positioning accuracy almost to the
state of perfection for the purposes of archeologi-
cal prospection. However, although nowadays the
scale of magnetic surveys is very large, the major-
ity of data was collected by using handheld single
sensors.'? In this study, the earth’s magnetic field
was partially recorded using a single fluxgate dif-
ferential magnetometer whereas a battery of simi-
lar instruments covered another part of the area.

If two magnetic sensors are used to record the
earth’s field at two different height levels, their dif-
ference is an approximation of the vertical gradient
of the field. In strict physical terms, it is an approx-
imation of the the first vertical difference and, di-
vided by the height difference, yields the approxi-
mation of the gradient. This mode of measuring the

3 Le Borgne 1955, 1960; Mullins 1977.

4 Maher and Taylor 1988; Fassbinder et al. 1990; Fassbinder
and Stanjek 1993; Fassbinder 2015.

Tite and Mullins 1971.

Aitken 1974.

Becker 1995; Linford 2006; Aspinall et al. 2008.

Neubauer et al. 1999; Becker 2001; Trinks et al. 2014, Rass-
mann et al. 2016.

Becker 1995; Linford et al. 2007.

10 Gaffney 2008.

® 9 o W
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earth’s field is operationally advantageous since
no correction is needed for its diurnal variation.
Therefore, it has become very popular in archaeo-
logical prospection, where large numbers of
measurements are necessary to sample densely the
spatial variation of the field.

Magnetic prospecting yields an image of the
spatial distribution of the magnetic field (mag-
netogram), in which the anomalous parts are
indicative of buried magnetic structures. Positive
anomalies reflect the presence of features more
magnetic than the environment they are hosted
in, whereas the negative ones reveal the presence
of less magnetic features. The method can detect
the anomalies created by strongly magnetized
structures such as kilns, ovens, hearths, and in
general features containing a large amount of burnt
clay. On the other hand, it can also detect features
such as ditches, pits, trenches, wall foundations
and in general buried architectural remains, tombs,
etc., which generate rather weak magnetic signals.
Data processing has been also considerably
developed." In this respect, the objective of any
archaeological prospection survey as set by L
Scollar and his team'? is easily achieved, i.e. to
have a final image that resembles the ground view
of the buried ancient remains.

9.2.3. Magnetic surveys at Elateia 1 and data
processing

Square cells were established on the ground sur-
face in the area to be surveyed using a single in-
strument. These cells were 20 m x 20 m in size,
in order to cope better with terrain irregularities
and the alleys of the almond trees. In each cell,
a 0.5 m x 0.5 m grid was created with measuring
tapes. Magnetic measurements were taken with
a gradiometer at 0.25 m intervals along traverses
spaced 0.5 m apart from each other. In the pre-
sent study, the FM256 Fluxgate gradiometer'® of
GEOSCAN RESEARCH was used. This is shown
in Figure 9.2.1 along members of the field crew,

' Stampolidis and Tsokas 2012; Eppelbaum 2014; Kara-
mitrou et al. 2017.

12.Scollar et al. 1986.

13 Parasnis 1997.

during the measurements at Elateia. This instru-
ment measures the first vertical difference of the
vertical component of the magnetic field.
Variations in orientation and the zeroing of the
instrument were checked regularly after the
completion of each four grid squares. The data
was downloaded onto a laptop in the field each
time eight grid squares had been measured. This
approach enabled a quick data-quality check in
situ. Additional checks of the data as well as a first
processing were performed at the end of each day
of fieldwork. After the completion of the survey,
data processing continued at the Laboratory of
Exploration Geophysics at the Aristotelian Uni-
versity of Thessaloniki. The processing sequence
was decided after various tests and included the
following steps:

» Statistical analysis of the data.

* Transfer of the mean of each traverse to zero
(Zero Mean Traverse).

* Despiking by median filter which was per-
formed in 3X3 windows of the data.

* Low pass filtering.

* Interpolation both in the X and Y direction
using cubic splines of the form sinX/X'* This
processing step was applied twice.

* Application of Wallis filter'.

* Creation of gray scale images in order to have
the result in a form which resembles the result
that would have been pictured if excavation
had taken place.!'®

* Georeferencing of the arbitrary local coordinate
system of the mesh of the cells to the Greek
Geodetic Reference System (1987).

Part of the readings were taken using a battery of
eight differential magnetometers mounted on a cart,
which was also equipped with a controlling and
logging unit. In this case positioning was done by
employing a differential GPS whose antenna was
mounted also on the cart. A second antenna was
in operation at a stable position close to the area
to be surveyed. The SENSYS MX V3 ensemble
was employed for the survey. The magnetometers
were placed at 0.5 m intervals whereas the in-line

14 Scollar et. al. 1986.
15 Seollar et. al. 1986.
16.Scollar et. al. 1986.
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Figure 9.2.1. Members of the field team during the data acquisition process at the Neolithic site of Elateia (photo
G. Tsokas).

Figure 9.2.2. The cart with the fluxgate gradiometers, the control and log unit and the GPR antennae mounted during
the field work in Elateia (photo G. Tsokas).

measuring interval was approximately 0.05 m
and the whole cart was moving back and forth on
the fields in a zigzag mode. A back up of the data
was performed in regular time intervals. After the

completion of the survey, processing and visualisa-
tion was performed in the Lab. Figure 9.2.2 shows
the cart with the battery of the magnetometers in
action in Elateia.
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Processing of the data of the multisensory system
involved the following modules:

» Editing to remove erratic reading resulting
from irregular movements of the cart, etc.

» Zeroing of the mean of the readings along the
individual traverses.

* Micro levelling: i.e. the application of 1D and
2D median filtering similar to the treatment of
acromagnetic data.

» Resampling to create the final 0.25 m x 0.25 m
grid.

* Upward continuation by 0.25 m to diminish
the high frequency noise. Note that 0.25 m is
the unit spacing of the final grid.

 Further processing continued using the same
modules as for the single instrument survey. In
fact, the modules of the sequence mentioned
earlier after the low pass filtering were applied.

9.2.4. Discussion of the results of magnetic
mapping

In order to better highlight anomalies of interest
(Figure 9.2.3), the so-called tilt angle transforma-
tion'” of the data was computed and presented in
Figure 9.2.4.

The dominant feature in the magnetograms is the
semicircular anomaly extending all over the north-
ern and north-eastern parts. This is very clearly
seen and presumably reflects the presence of a
ditch, concealed by the soil cover. Ditches are very
often found at the Neolithic sites and they could
have been dug for various reasons. In the present
case, it seems that it served as an anti-flooding
measure to prevent the water of the nearby creek to
damage the village (for a more detailed interpreta-
tion compare Chapter 9.3).

Another, positive elongated anomaly shows up at
the eastern part of the magnetogram: it leads from
the arc of the anomaly (the outer ditch) in a straight
line into the interior of the settlement and towards
another linear anomaly. We interpret it as a second-
ary ditch.

An elongated anomaly curving gently at the
central western part of the magnetogram is lo-
cated at distances ranging between 70 and 130 m

17 Miller and Singh 1994; Stampolidis and Tsokas 2012.

from the main ditch discussed previously. This
could be attributed to the presence of some other
internal secondary ditch or enclosure. However, we
cannot exclude that this anomaly may be the result
of the shifting surface. Similarly, another linear
anomaly in NW-SE direction, located southwards
of the former one, may have the same origin i.e.
that of a land slide. Given the topography of the
site (compare Figs. 6.33 and 6.43), the highest area
is in the eastern central part where the outer ditch
iends in the almond grove. Therefore, it is rather the
linear or slightly curved extended anomalies in the
southern and western part that could have a natural
origin.

A relatively strong anomaly appears in the cen-
tral part, consisting of several linear sections that
yield a shape reminiscent of the ground plan of an
above-ground construction. The anomaly is very
high in amplitude, a fact that allows the assump-
tion that the buried features causing it were burnt.
On the other hand, if these are proven to be the
concealed remnants of a building, then its inter-
nal space separations are also seen in the magne-
togram. Other anomalies that could indicate the
presence of smaller buildings are much more faint.
Some anomalies that appear as bull’s eyes might
have been caused by structures subjected to severe
burning. Taking into account that pieces of ceramic
slag were found close to the most western one, it is
much likely that this particular anomaly is caused
by the buried vestiges of a pottery kiln. The other
anomalies of this kind might have been caused also
by buried remnants of kilns, ovens or hearths.
Less strongly magnetised features appear through-
out the magnetogram, both outside and inside the
main ditch. Those to the east of the ditch could
refer to earth roads, the others elude meaningful
interpretations.

Also, many negative linear features (lighter tones)
appear at the southern end of the magnetogram.
They might be caused by buried remnants of
structures having nonmagnetic masonry. An al-
ternative interpretation is that they are caused by
ditches which have been under stagnant water for
long time intervals in combination with changes
of the water table.!® In the latter case, the partial
dissolution of the ferrimagnetic particles and the

18 Fassbinder 2015.



406 Siedlungsdynamik in den Becken von Sykourio und Elateia, Nordost-Thessalien, in prahistorischer Zeit

374000 374100 374200

o (=4
o (=1
n n
el e}
o o
< <
< <
o (=4
o o
<t <t
n n
o o
3 <

<
[=3 (=
(=3 o
(323 ©
[¥ed [Yed
o o
< <
< <
(=4 (=4
o o
N N
['ed 0
o o
< <
< <
o (=
o o
o= =
n n
o o
< <
< <

374000 374100 374200

0 25 50 100 150 200
e e — |\ eteS
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precipitation of iron oxides cause the negative
anomaly. A third alternative is that some small
ditches were dug at the ground surface and they
were immediately refilled by the same material.
Thus, the magnetic particles are randomly redis-
tributed resulting essentially in the nullification of
their net magnetism.

9.2.5. The Resistivity Tomography Method

In the common electrical methods for prospecting
the subsurface, two electrodes are used to conduct
the current into the subsurface, whereas the created
potential difference at the ground surface is meas-
ured by means of another two electrodes.'” Next,
a series of measurements is taken along profiles,
using successively increased electrode spacing,
aiming to record the lateral and vertical resistivity
variation. These measurements (called apparent re-
sistivity measurements) are next treated mathemati-
cally by a process called inversion, in order to yield
the real underground distribution of resistivity.*
Inversion is a complicated mathematical algorithm
that allows the reconstruction of any measured
data-set independent of the electrode arrangement.
Furthermore, the advent of modern recording gear
provided the means for fast automation of the
measuring procedure. In addition, the use of any
combination of measurements (electrode arrange-
ments) can overcome potential technical problems.
The automated measuring systems together with
the inversion algorithms enabled the creation of
images of the distribution of the subsurface resis-
tivity in either a two- or three-dimensional context.
The whole procedure, but also the final image, is
called Electrical Resistivity Tomography (ERT)
because of the similar procedures of medical imag-
ing techniques.

9.2.6. The Electrical Resistivity Tomography
(ERT) and data processing

The ERT surveys carried out were exclusively
aiming to examine the long, curved magnetic

19 Parasnis 1997.
20 Tsokas et al. 2009.

signature of the supposed ditch was been revealed
in the north-northeast. Further, they aimed to in-
vestigate the existence of the ditch further south
from the point it was last observed on the magneto-
gram. The layout of the profiles along which the
ERTs were performed is shown in Figure 9.2.5.
In fact, 14 two dimensional tomographies were
carried out. Six of them, L5 to L10, were carried
out so that they constitute a grid. Further, the ERT
marked as L5 was remeasured as ERT 19 for
checking purposes.

The dipole—dipole and the multi-gradient array
were used for data collection for every ERT.?! We
followed this approach in order to gain the advan-
tages of both arrays.?? The inter probe spacing was
set to 1.0 m for all cases. Similarly, the tomogra-
phies of the grid were also spaced 1.0 m apart from
one another.

For all ERTs, 24 channels were employed and the
SYSCAL-pro resistivity meter of IRIS instruments
was used. The instrument allows for a maximum
of ten potential measurements simultaneously.
Switches, connectors and multicore cables used
were custom built by the Laboratory of Explora-
tion Geophysics of the Aristotle University of
Thessaloniki.

Each individual tomography was inverted using
the scheme of P. Tsourlos* which is based on itera-
tive optimisation based on Finite Element model-
ling. The algorithm employed in this scheme was
proposed by S. Constable and his team** and it is
fully automated and self-correcting, performing
smoothness constrained inversion. Thus, 2D im-
ages of the subsurface distribution of resistivities
were produced.

Regarding the ERTs of the grid, they were subject
also to 3D processing. In fact, it is clear that the
data acquisition was not in the full 3D context.
However, it has been proven® that data acquisition
along parallel, equally spaced traverses yields a
data set whose inversion by 3D algorithms is very
close to what would had been resulted from a full
3D data collection.

2 Parasnis 1997; Dahlin and Zhou 2006.
22 Ward 1990.

23 Tsourlos 1995.

24 Constable et al. 1987.

25 Papadopoulos et al. 2006.
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In the present case, data was subjected to the 3D in-
version scheme proposed by P. Tsourlos and R.D.
Ogilvy.?® This is an iterative optimisation based on
a 3D Finite element modelling scheme. The inver-
sion quality control both for the 2D and 3D case
was performed employing additionally the algo-
rithms of the Korea Institute of Geology, Mining
& Materials (KIGAM).”

The RMS error observed in all inversions was less
than 3%. This is another indicator that increases
the reliability of the results. In other words, we rec-
ognise that the tomographic images show a distri-
bution of subsurface resistivities that is very close
to the true distribution.

9.2.7. Results of the ERT survey

The distributions of subsurface resistivity yielded
some extra clues. Figures 9.2.6—7 show the dis-
tribution of resistivity on vertical sections of the
ground along the L lines of the layout in Figure
9.2.5. Generally, there is a relatively antistatic
formation near the surface, which lies above a
conductive substrate. Looking at the tomographies
L4 to L14, they show a fairly consistent picture.
At about 2 m depth, the situation changes and
many relatively high resistivity anomalies show
up buried in a rather conductive environment.
Considering line L11 as a guide, a distinct positive
anomaly appears at the place where the ditch is ex-
pected to be about 6 m wide. The positive charac-
ter can be explained assuming that coarse and dry
material relative to the undisturbed environment
has filled up the ditch.

The above described clear situation can be seen
also at ERT 19/L5 to L14, but it is obscured by
other positive anomalies from the other tomo-
graphies. These signals appear mainly eastwards of
the ditch as delineated in the magnetogram. Thus,
the majority of these small wave length positive
anomalies appear on the outer side of the ditch.
However, some small ones appear also inwards.
A possible explanation for these anomalies is that
they are caused by buried pits filled up again with
coarser material. This means that the same causes

26 Tsourlos and Ogilvy 1999.
27 Kim 2007.
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Figure 9.2.5. Layout of the ERTs carried out in the site
Elateia 1 drawn on the Magnetogram. Six tomographies
at the center of this figure are separated by 1 m distances
such that they constitute a grid. The yellow line repre-
sents the tomography carried out for control, exactly at
the position of L5, one of ERTs of the grid but with op-
posite direction. Also, .14 and L15 coincide; the extra
tomography carried out again for control purposes.

can be considered for the electrical signature of the
ditch and the pits.

The situation changes dramatically for the tomo-
graphies L1, L2 and L3. No anomaly that can be
safely attributed to the ditch is present here. It
seems that the electrical image represents rather
the undulations of the top of some kind of sub-
strate that has a resistive character. Alternatively,
we could propose that the resistivity distribution
there revealed the presence of large rocks that have
been rolled down to this point. Perhaps also, that
there is no ditch there.

As mentioned above, six tomographies were car-
ried out to form a grid. Therefore, 3D processing
was performed with this data and the outcome is
shown in Figure 9.2.8. They suggest that the ditch
may have been about 6 m wide and 2 m deep. Also,
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Figure 9.2.8. Three-dimensional distribution of the subsurface resistivities yielded after 3D inversion of the data of
the tomographies L5 to L5. The latter had been arranged parallel so that a grid was formed.

it starts from 2 m below the present day ground
surface and extends down to about 4 m depth. This
result is reinforced when looking at the 3D view of
the ditch.

9.2.8. Conclusions

The magnetogram of the Neolithic site of Elateia in
Thessaly detected several anomalies which could
be attributed to possible buried remnants of the pre-
historic human occupation. The most impressive
finding is the magnetic signature of a ditch, which

seems to surround the prehistoric settlement from
the north and the northeast. The main features of the
magnetogram have been summarised in Figure 9.2.9.
The tomographic examination carried out in indi-
vidual sections revealed the specific resistivity of
the ditch infill. This was attributed to the coarse
and dry material, perhaps boulders rolled down
to this point. A very good 3D image of the ditch
was obtained from the grid of six tomographies
which was established across the relevant mag-
netic anomaly. South of the last point at which the
ditch appeared in the magnetogram, no signature
was detected that could be assigned to the ditch.
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The processed data therefore show very interest-
ing features associated with the function of the
prehistoric settlement. Not only was the presence
of a ditch revealed from the curvilinear anomaly it
creates on the magnetogram, but also other traces
of human intervention have been detected, prob-
ably even secondary ditches.
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9.3. Elateia 1: Interpretation of the results from the systematic archaeological and geo-
physical surveys

Agathe Reingruber, Giorgos Toufexis, and Amelie Mohrs

9.3.1. The flat extensive settlement Elateia 1

In spring 2018, a first geophysical survey was car-
ried out in the central and southern area of the flat
site Elateia 1. The selection of the area to be pros-
pected was based on the results of the systematic
archaeological survey and the promising Neolithic
finds in this part of the settlement. In addition, five
AMS dates obtained from animal bones allowed
a clear assignment of the associated finds to the
period 6000-5800 calBC!, the beginning of the
Middle Neolithic in Thessaly. In 2019, the study
area was extended towards the north. Although in
some of the fields no systematic archaeological
prospections could take place due to heavy weed
growth and thus poor visibility, sporadically found
materials indicated an important core zone within
the northwestern settlement area as well. Accord-
ing to the find’s distribution, the whole area of
ca. 10 hectares was covered by prehistoric finds,
although less so in the NE. An extension of the
geomagnetic investigation seemed promising and
resulted in an almost integral coverage of the site
(cf. Fig. 9.3.1).

The flat site of Elateia 1 lies at the foot of Mount
Ossa, between two hills. It is further delimited by
natural boundaries in three directions:

 towards the north by the nowadays dried out
riverbed of the Tsantarli rema at 64 masl;

* the ridge towards the west, carved by the river
Kalamitsa is especially steep in its central part,
the difference in altitude with the level below
is there of 8—10 m (74—64 masl);

* towards the south, the area ends in a rather gen-
tle slope just before the present dirt road that
may be the remnant of a paleo-riverbed;

Additionally, a very high date at ca. 6400 calBC and a very
low date at 5600 calBC were obtained that are provision-
ally interpreted here as outliers due to insufficient collagen
(compare Chapter 8.1). We cite the data with the indication
‘calBC’ if they have been directly obtained through radio-
carbon measurements (for those dates that derive from rela-
tive chronology and by comparisons ‘BC’ is used).

* only towards the slopes of Mt Ossa in the
east, no clear limits were identifiable, and we
learned from the geophysical investigations
that this part, together with the northern one,
was confined by a curved linear structure. This
situation corresponds to the distribution of
small finds and pottery fragments: they sud-
denly stop west of today‘s dirt road (see heat-
maps Figs. 9.3.6-9.3.12). We take this concur-
rence as clear indication for the eastern bound-
ary of the site.

Topographically, the flat settlement lies on a slight
upheaval, its highest point at approx. 78 masl (cf.
Fig. 1) is in the eastern part of the site, where the
large stone (Bigmeni Petra — see Chapter 10.1) is
located. From here, the area slopes gently towards
the northwest whereas it is more pronounced to-
wards the southwest. The northwestern limit is
slightly deeper than the southwestern one (66—
68 m compared to 70—72 masl).

In the area of the upheaval, a 12-row almond
grove was laid out (approx. 60 m wide and 220 m
long). During or shortly after the plantation of the
single trees, deeper interventions took place on the
southern edge of the grove, in order to level the
wheat field south of the almond grove, resulting in
a steplike boundary between the fields. Not only
was soil material removed but in the course of time
large stones and other materials that probably dis-
turbed the ploughing of the wheat field were de-
posited here. Or the stones were purposefully laid
down to fix the edge of the grove — the trunks of
some almond trees are already standing free due to
erosion. These and other recent interventions are
reflected also in the magnetogram by numerous
anomalies.

The prospected fields were partly ploughed or
fallow fields, and an almond grove. The two wheat
fields located directly north and south of the almond
grove are regularly cultivated, i.e. ploughed less
than 0.50 m deep. In the almond grove, on the
other hand, pits at least 0.60 m deep and just as
wide must be dug for each young tree, so that deep
disturbances are to be expected at regular intervals,
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as 5 x 5 m is the usual distance between the tree
rows both in N—S and in E-W direction. These
interventions are noticeable in the magnetogram
(see below).

Apart from interventions resulted from modern
agricultural activities, only few other post-Neo-
lithic disturbances could be detected on behalf of
the surface finds — therefore we suggest that most
anomalies are coeval and originate from the transi-
tion from Early Neolithic (EN) to Middle Neolithic
(MN), and the early MN (MN I).

9.3.2. The ‘cleaning’ of the magnetogram

Interfering objects in the ground generate their
own magnetic fields, which stand out from the
local earth’s magnetic field. In the archaeological
sphere, these are only minor deviations, which can
have different causes. Yet extremely high nanoTesla
values (henceforcth nT), over 200 nT?, are gener-
ally regarded as (potential) modern disturbances.?
In particular metals and reinforced concrete mix-
tures can be recognised in the raw data by their
high values. In a first step these have been filtered
out and are no longer relevant for the discussion.

One of these modern disturbances is the 100 m
deep well shaft drilled directly south of the
Tsantarli rema in spring 2019: the anomalies in
the NE of the magnetogram (Fig. 9.3.1-2) can be
based entirely on the iron and concrete construc-
tion of the well. A similar but smaller anomaly can
be seen about 50 m west of this well. Interestingly,
most of the anomalies considered to be modern
are located in Area NE. Outstanding among them
are two anomalies with a special combination of
(a very small) size and (a very high) nT-value
(from -110 up to 1000 nT). They too are consid-
ered to be of modern activity in this part of the pre-
historic site. Other smaller and completely white
signals are also due to metal inlets: Metal rods are

2 Values above 200 nT have been cropped during the treat-
ment of the data.

3 1In the literature, in some cases archaeological objects are
defined as such with values up to 50 nT and those of higher
values may be resulting from modern disturbances: www.
ggukarlsruhe.de/GGU_Geophysik Verfahren Geomagne-
tik.html
Generally, for the assignment of the dynamic ranges, we
follow Lambers et al. 2017.

often embedded in stone piles to mark the field
boundaries.

At the northern edge of the almond grove, a sheep-
fold made of corrugated iron and wood has been
set up, that clearly shows its signals in the mag-
netogram. It has been blanked out on Fig. 9.3.2,
together with other black and white signals: these
are dipoles formed by ferromagnetism and indicate
isolated iron parts, such as fragments of e.g. agri-
cultural equipment that was lost or left behind.

At regular intervals, deeper furrows are drawn
in the direction of the plough (east-west), which
are probably intended to drain rainwater. They
leave linear grooves in the field. In addition, the
north-south directed grooves mark field bounda-
ries — they can also be followed up on the high-
resolution DEM by Vaggelis Kremastas (compare
Abb. 6.31).

All these anomalies, which can be traced back to
iron use and recent activities, have been super-
imposed in grey in the magnetogram so that they
do not further interfere with the evaluation of the
archaeological anomalies (Fig. 9.3.2).

What remains for the evaluation are linear straight
and curved anomalies, individual anomalies, some
with a concentric black-and-white signal, and
agglomerations of several small-part anomalies,
for which we offer interpretations below. These
must be regarded as provisional, since the nature
of the anomalies can only be determined more
reliably through excavations.

9.3.3. The interpretation of the anomalies suggest-
ing potential prehistoric structures

The geomagnetically examined areas of 2018 and
2019 covered most of the settlements surface, in-
cluding fields with heavy weed-growth, unploughed
for many seasons, that were not prospected ar-
chaeologically. Nevertheless, we used the grid with
eight areas developed from the analysis of pottery
and small-finds (see Chapter 6.3, Abb. 6.39) also
for the discussion of the magnetogram. Anomalies
occurred in each of these areas, some of very high
intensity, but the majority of low intensity, some of
them clustered, others individually. Only a few of
them are self-explanatory, and for this reason we
have chosen to analyse each conspicuous signal by
size, shape, intensity and grouping.
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Apart from the difficulties and reservations associ-
ated with their interpretations, the fact that the entire
surface had been investigated both geophysically
and archaeologically was indeed very helpful.
In this way, the anomalies could be analysed in
a broader context: linear structures could be fol-
lowed up (even if apparently or repeatedly inter-
rupted), repetitions or similarities could be identi-
fied and compared, and thus put into context.

9.3.3.1. Linear (dark) anomalies

The most conspicuous anomalies are linear align-
ments (Fig. 9.3.3):

» L1: a sequences of linear and slightly curved

structures are confining the site towards the
northeast and east (‘Linear curved outer
structures’). The signal is weak in the north-
westernmost section, yet much stronger and
accompanied by black/white contrasts with high
nT-values (between -13 and 26 nT), especially
in the northern reaches. After an interruption
(marked by a blue arrow on Fig. 9.3.3), the
signals are less but continue more clearly south
of a second interruption (smaller blue arrow, at
the height of L3). In this southern part, L1 is
accompanied on either side by different kinds
of anomalies, either linear (east of the ditch,
L4b) or single roundish-irregular anomalies (to
the west, inside of the ditch). It is the only case
along the course of L1 with possibly associated
anomalies in its inner part with values around
3—4 nT (exceptionally at -7 and 10 nT).
L1 only seemingly ends abruptly since it
continues into the almond grove but does not
exit it — at least there are no indications for it
farther south (compare Figs. 9.2.6-7). There-
fore, L1 does not surround the whole of the
settlement area. Even if erosion has been
extensive near the western edge in the last
millennia, it is geologically not possible that
more than just a few meters only have been
taken away (pers. communication by the geo-
logist Sotiris Valkaniotis, 2018). Therefore,
a symmetrical reconstruction of the ditch is
impossible, even in an oval shape.

* L2: linear structures with a maximum of 2 nT
are clearly visible mainly in their northwestern
reaches where they produce a corner-like
situation with a higher signal, up to 5 nT. Its

subsequent course is less strong in the magne-
togram, but it seems to continue in a southeast-
ern direction, more or less parallel, yet more
straight than the outer slightly curved structure
L1.# Its course is also interrupted at times and
seems to be accompanied by other linear and
slightly curved short structures that meet with
it next to interruptions (indicated by the blue
arrow). Its weak signals are lost between the al-
mond trees in the SE.

* L3: Another linear structure (at 6 nT) crosses
most of the area half way up between L1 and
L2. It too consists of several sections that start-
ed next to one of the interruptions in L1 and
may have ended close to L2. Whether the ir-
regular and highly magnetised anomaly L3-1
(Fig. 9.3.4) is marking the western end of L3
and is part of the structure must remain an open
question.

* L4a, b: In the very east are indications for more
linear structures, again up to 2 nT, that may or
may not be related to L1. For the northern,
slightly diagonally running L4a we have in-
dications from historical maps that a former
field path was laid out here, whose extension
to the north crosses the river bed and leads to
the edge of a modern plot. Towards the south,
L4b merges at an acute angle with the field
path used in recent times. We cannot exclude
the possibility that L4b may have been part of
a ditch parallel and very close to L1. Although
it is not following the orbit of L1, it might have
constituted a reinforcement or repair to L1 in
only this specific area and may even belong to
a slightly later phase, and might not have been
in use simultaneously with L1.

9.3.3.2. Linear (light grey) anomalies

In the very south, the otherwise abundantly oc-
curring signals stop abruptly: they are confined by
light grey coloured lines. These linear or slightly
right-angled signals (L5) are mainly located at the
transition between the very ‘calm’, anomaly-poor

4 Between the somewhat more prominent anomalies, more
diffuse shadows appear again and again, sometimes slightly
curved, but which may also be due to geology. We do not
include them in our analysis for the time being.
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southernmost area and the much more overshad-
owed area directly north of it. Thus, they too are
interpreted here as delimitations.

LS with -4 to 1 nT follows the topography of the
area, especially the contour lines at 74 and in the
southwest at 72 masl and could be interpreted as
geological signals that roughly coincide with the
contour lines.’ In another interpretation (see Chap-
ter 9.2.4), such anomalies could indicate fringes
regularly washed out by water. They may even
indicate special constructions made of stones or
other materials with only poor magnetic signals.
In this latter interpretation they may be man-made.
A stronger but less well contoured whitish anoma-
ly is located in the SW corner near the edge. Such
whitish anomalies occur predominantly in the NW
area and may be due to waters that over time have
flooded and washed out this part of the settlement.

9.3.3.3. Squarish, rounded, and irregular anomalies

After the anomalies with extremely high values
had been excluded from consideration (see above),
in a next step we had QGIS calculate and filter out
the areas with high values above 50 nT (Fig. 9.3.4).
We attribute the high values to the direct influence
of heat from both useful and destructive fires (kilns,
hearths and ovens, fire areas and damage fires).
During the cooling process the areas and/or objects
were permanently magnetised, i.e. they are ther-
moremanent magnetised (TRM).® Damage fires dis-
play variable intensities, depending on the heating

5 This southern part of the site is a bit higher than the northern
one: if water was an issue than it was rather the deeper area
in the north that needed protection against rising water lev-
els with the help of a ditch/of ditches. In the south, a simple
stabilisation of the edge would suffice (e.g. by a stone align-
ment or a simple stone construction). In any case, the light
signals in Elateia mark the southern edge of the settlement
and form conspicuous angular structures. Whether they also
indicate the edge of a former prehistoric lake is an assump-
tion that would have to be verified by drillings.

This term is borrowed from geology, where the results of
such natural processes of heating and cooling are called ther-
moremanence or thermal remanence (Martin and Eiblmaier
2000-2002). While in geology the strength of remanence is
measured by the unit Tesla, in archaeology the values are much
lower and are given in nanoTesla. In geology, different types
of magnetisations are spoken of (natural remanent or partially
thermoremanent (Angenheister and Soffel 1972). Thermore-
manent magnetiiation is a “Remanent magnetization acquired
by a body as it cools from a high temperature” (Bucksch 1998,
506; Piro 2009, 31).

material involved. In the Neolithic house-context,
these include wood (for posts, wattle and furniture),
dry plant material (for the roofing) or grain depos-
its and other staple foods kept in the buildings. But
also the fibres used for tempering mudbricks or
daub can cause high damage to constructions since
they are smoldering for many hours even after the
main fire has been extinguished. The strongly mag-
netised areas therefore only mark those spots with
extreme fire effects. Besides, burnt daub and other
debris could have been discarded nearer or farther
away from the focal point (dumped into a ditch’ or
into pits), thus not necessarily indicating the exact
location of the event.

In addition, agglomerations of (burnt) clay frag-
ments, broken pots, and (formerly heated) cooking
stones can also change the local magnetic field and
form a contrast in the magnetogram.®

Some very high signals occurred at the ridge
in the southwest — they may (or not) be due to a
miscalculation or a faulty interpolation and are
not taken into account here. Also other potential
interpolations will be pointed out, yet not further
analysed here. The other thermoremanent magnet-
ised structures (TRMS) will be discussed accord-
ing to their position within one of the eight areas,
starting from NW and ending in Area SE (compare
also Table 9.3.1).

In some cases, we will additionally point out signals
of less nT-values that seem of special interest. Such
lower values (up to 6 nT) could be attributed to
stones (as wall foundations, etc.), organic material
(in pits, for example) or only little altered soil
material with a slightly higher (or lower) content
of iron minerals (magnetite, hematite).’

All the other numerous signals may all well be of
prehistoric origin but for the time being they fall
through our grid. To these belong, for example,
series of anomalies in also roughly northwest-
southeast direction, although they do not follow
up exactly the orientation of L2, like those start-
ing in between CNW-2 and -3 and ending close
to CSW-1, or those leading from SW-1 towards

7 Signs of TRM were identified also in some sections of the
linear structure L1. They could be attributed to a second-
ary deposition of magnetised/burnt materials — but such an
interpretation must be verified on behalf of excavations.

8 Schenk and Goldmann 2003, 57—59; May 2018, Abb. 3-5.

? Patzelt and Waldhor 2019.
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No. Area and Shape of Size of nT nT Dynamic Remarks Interpretation No.
feature no. anomaly/ies anomaly (min) (max) range (nT)
1 NW-1 rectangular 4x28m -4.5nT 30 ntT 345 NW-SE structure with 12
orientation oven/hearth?
2 NW-2 roundish- 42x3.6m -42.5nT 107 nT 149.5 several signals interpolation? 6
irregular overlapping
3 NE group in 4.9x2m 1.5nT 6nT 45 semi-circle working space? 25
curved arr. (largest one) pits?
4 CNW-1 rectangular 18.6x 13.6 m -54nT 140 nT 194 NW-SE burnt structures: 4
orientation kilns
5 CNW-2 roundish- 4x38m -61 nT 99 nT 160 primary or burnt feature: 5
irregular (9 x 6.6 m with secondary burnt? kiln?
neg. anomaly)
6 CNW-3 roundish- 47x3.8m 2nT 204nT | 206 primary or debris of 3
rectangular secondary burnt? burnt structure?
7 CNW-4 group in 104x2.7m -10nT 11nT 21 N-S orientation living area/ 15
linear arr. working space?
8 CNW group in 43x3m 1.5nT 4.5nT 3 N-S orientation working space/ 26
linear arr. (southern one) living area?
9 CNE-1 roundish- 5.1x5m -93nT 135nT | 228 several signals interpolation? 1
irregular overlapping
10 CNE-2 group 5x2.7m 2 nt 12 nt 10 living area/ 22
(largest one) working space?
11 CNE group in 3x32m -7nT 10nT 17 N-S orientation working space/ 19
linear arr. (largest anomaly dumping area
in orange)
12 CSW-1 disturbed 24x20m -66 nT 41 nT 107 NW-SE burnt structure 7
orientation (destroyed)
13 CSW-2 oval 43x33m -127nT 89 nT 216 primary or burnt feature: 2
(7.9 x 9.3 m with secondary burnt? kiln?
neg. anomaly)
14 CSW-3 oval 29x23m -10nT 70 nT 80 primary or bumnt feature: 10
(3.9 x 3.3 m with secondary burnt? kiln? oven?
neg. anomaly)
15 CSW-4 oblong 49x1.5m -17nT 54 nT 71 primary or burnt feature: 11
secondary burnt? kiln? oven?
16 CSW-5 group 69x24m InT 14 nT 13 N-S orientation living area/ 21
(southern one) working space?
17 CSW-6 group 48x4.6m InT 21 nT 20 E—W orientation living area/ 16
(largest one) working space?
18 CSE-1 roundish 28x23m -34nT 73 nT 107 primary or burnt feature: 8
secondary burnt? kiln? oven?
19 CSE-2 group 4.8x3.5m -5nT 14 nT 19 inclusive of a living/working area? | 17
(disturbed?) (largest one) square anomaly destroyed structure?
20 CSE-3 group 43x3.6m -7nT 14 nT 21 inclusive of a living/working area? | 14
(disturbed?) (largest one) square anomaly destroyed structure?
21 SW-1 group 4x43m -12nT 73 nT 85 primary or burnt feature: 9
(largest one) secondary burnt? kilns? ovens?
22 SW-2 group in 3x24m -3nT 16 nT 19 N-S orientation living area/ 18
linear arr. (largest one) working space?
23 CSW-SW group in 3x1.7m 1.3nT 7nT 5.5 NW-SE working space/ 24
linear arr. (eastern anomaly) living area?
24 SE-1 squarish 6x4.8m -4nT 13nT 16 structure with 20
oven/hearth?
25 SE-2 squarish 37x25m I nT &nT 7 structure with 23
oven/hearth?
26 L3-1 irregular 5x3.7m -5nT 17 nT 22 several signals interpolation? 13
overlapping

Table 9.3.1. Areas and anomalies occurring within each of them.

the NW and the western edge (compare also Fig.
9.2.9: ‘other magnetic features’). Nevertheless,
the anomalies selected for the following analysis
have provided us with a representative basis
for assessing the structure and organisation of
the settlement.

9.3.4. Interpretations by Areas

1. Area NW

The northern part of Area NW is rather abundant in
different kinds of signals, especially directly north and

south of the corner-like situation in L2 (Fig. 9.3.4).
Between the linear structures L1 and L2, many small-
sized anomalies appear, among them another slightly
curved light-grey feature and densely grouped light
grey/whitish irregular anomalies. Its southern part
has not been surveyed archaeologically due to poor
visibility. Yet, in the magnetogram, conspicuous
anomalies appear, although few in numbers:

* NW-1: Surrounded by the northwest corner of
L2, it stands out as a roughly rectangular signal
with 4 x 2.8 m in size and with up to 30 nT. Its
orientation is NW-SE.
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* NW-2: Another anomaly (-45 to 107 nT) is
slightly larger (4.2 x 3.6 m) but may be the
result of the overlapping of different signals
or, alternatively, an interpolation has occurred
here (compare also CNE-1).

Additionally, some rather roundish single signals
show low values at 0.5 to 4 nT; the biggest one is
3.5 x 4 m in size. As such, this southern area cor-
responds well to the findings in the northern part
of CNW.

2. Area NE

In this area no TRM has been measured. Never-
theless, the magnetogram shows a plenitude of
small-sized anomalies, most of them not exceed-
ing 6 nT, comparable to those in the adjacent Area
NW. They may well be of prehistoric age and, if so,
rather pits than anything else.

* NE-1: Especially north of L3 appear many dif-
ferently shaped anomalies, some of them as if
not only grouped but even of specific (curved)
alignment.

3. Area CNW

The northern part of this area is poor in anoma-
lies. Some of low intensity appeared in the west-
ern part with dense overgrowth where no archaeo-
logical survey could be conducted: here, near
the edge, a group of roundish signals in N-S-
extension (in marked with a white rectangle), ca.
18.9 x 4.5 (min)/9.4 (max) m, and low nT values
(0.5/1 to 5 nT) is directly neighboured in the north-
east by a single irregular signal of ca. 5.9 x 3 m
with low nT values between 1.5 to 3.5 nT.

Most anomalies in this area concentrate in the
southern part, more or less south of the modern
disturbance crossing the area in E-W direction:

* CNW-1: a rectangular and most probably
above-ground structure/construction, orient-
ed NW-SE, composed of several linear and
roundish anomalies. Especially the NE and SE
parts of its (presumed) foundation trench and/
or of its walls show high values.'® High signals,

10 Comparable with e.g. the anomalies of burnt houses in the
Trypillia culture (Rassmann et al. 2014a, 99-112; Rass-
mann et al. 2014b, 63-95). Compare also agglomeration
ES and structure E6 in Perivlepto/Kastraki 2 (Kalayici et al.
2017, Fig. 20).

signs of TRM, also occur in the interior of
the construction, which measures approx.
18.6 x 13.6 m (Fig. 9.3.5-a)."! Their values up
to 140 nT are evidence for either a heavy or a
long or a repetitious fire that changed the clays
composition.

* CNW-2: irregular anomaly, approx. 4 x 3.8 m,
with a negative (white) nT value at -61 nT
forming around the centre with 99 nT."

* CNW-3: roundish-rectangular anomaly, ap-
prox. 4.7 x 3.8 m with only positive values up
to 204 nT.

* CNW-4: A group of several anomalies seems to
be part of a lengthy structure of 10.4 x 2.7 m.
Their nT-values are lower than 20 (from -10
to 11 nT). Nevertheless, we define it here as a
significant anomaly for reasons we will discuss
below.

4. Area CNE

The area is bordered in the north by L3, and from
the lateral sides by L1 und L2. Most of the anoma-
lies are directly adjacent to L1 with values most-
ly at 3—4 nT (apart from a single signal at -7 to
10 nT).". They seem to accompany the inner part
of 1.

* CNE-1: a TRM in this area is of 5.1 x 5 m in
size and directly south of a group of anomalies
with less high nT-values. Like in the case of
NW-2, its strong signal (-93 to 135 nT) may
derive from more than two overlapping anom-
alies that interact with each other.

* CNE-2: a group of anomalies south of a major
modern disturbance is of 12.5 x 3.5 m size and
measures 2 to 12 nT.

5. Area CSW
This is the area with the highest amount of TRMS:
* CSW-1: most intriguing is the large accumu-
lation of small anomalies with thermoremanent
magnetisation (Fig. 9.3.5-b). Its maximum

! These and the following measures given are indicating the
maximum radiations of the actual structures.

12 This anomaly could be compared with those from Karat-
sandagli, e.g. structure C4 that is interpreted as the debris of
clay architecture (Kalayci et al. 2017, Fig. 10).

13 Unfortunately, this part could not be archaeologically sur-
veyed due to the dense growth of weeds and thus insuffi-
cient visibility.
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a). Anomaly CNW-1

I P U

A Bedi)

Fig. 9.3.5. Anomalies CNW-1 (a) and CSW-1 (b) next to their profiles with respective nT-values (A. Mohrs).

expansion in NW-SE-orientation is about
20 x 24 m. We interpret it, with reservations,
as the remains of another large above-ground
construction. It is situated in the area of the al-
mond grove, and such trees have to be plant-
ed into pits of 60 cm depth — such interven-
tions may have damaged the archaeological
features, whereas the excavated material was
certainly not taken far away, but rather littered
over the nearby surface. These damages may
have affected the (probably) prehistoric struc-
ture and resulted in these scattered, small-sized
anomalies. A lightning strike is to be excluded
due to the huge dimensions. As pointed out
above, a profile edge was cut with heavy equip-
ment directly south of these anomalies so that
potentially, together with the earth, also burnt
materials contained within were distributed
over the adjacent surface. Note that like in the
case of CNW-1, there are also roundish and
oval anomalies with high dynamic ranges in
the proximity of CSW-1:

CSW-2: measures approx. 4.3 x 3.3 m without
and 7.6 x 8.5 m with the negative ring around
it (together at -127 nT to 89 nT).

* CSW-3: smaller oval anomaly measuring
2.9 x 2.3 m without and 3.5 x 2.6 m with the
negative signal surrounding it; it too emits both
negative and positive values at -10 to 70 nT.

* CSW-4:  individual  oblong  anomaly
(4.9 x 1.5 m without and ca. 6.3 x 2.9 m with
negative signal) with again high nT values
between -17 and 54 nT.

* CSW-5: The accumulation between CSW-1
and -2 is overshadowed by the latter and of ir-
regular shape at ca. 7.2 x 4.8 m.

* CSW-6: East of CSW-4 three roundish anoma-
lies appear in a roughly horizontal alignment
of ca. 14 m: the easterly one is rather squarish
and of 4.8 x 4.6 m, the other two are unshaped
with 3 x 3 m and 3 x 5.6 m. With values be-
tween 1 to 21 nT there are no clear indications
for a TRM.

6. Area CSE

Both the northern and eastern boundaries of this
area were not geophysically prospected for techni-
cal reasons, which is rather unfortunate as this is
where the upright stone (menhir) was found and
the linear anomaly L1 would end. Compared to
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Area CSW, there were only few anomalies with a
clear TRM:

» CSE-1: Situated exactly at the border between

areas CSW and CSE, this individual anomaly
measures 2.8 x 2.3 m and has very high both
positive and negative nT values from -34 to
73 nT.
To the east lies a space with comparably few
anomalies, none with TRM and of rather low
nT-values, which separates it from a group of
anomalies in the far east:

* CSE-2-3: This group of anomalies spreads
over an area of approx. 24.5 x 11.5 m. It con-
tains two larger, roughly square anomalies,
one in CSE-2 of 4.8 x 3.5 m in size and one
in CSE-3 of 4.3 x 3.6 m (the anomaly in the
south-west). With only 2 to 11 nT, they do not
show signs of TRM, yet these agglomerations
are significant, and since they are also inside
the almond grove, the damages described for
CSW-1 may have similarly affected also this
part of the site.

7. Area SW

Clearly at the southern limit of the site, this area,
like Area SE as well, shows single or groups of
anomalies only in its northern part. These must be
viewed together with the adjacent northerly areas
as some features straddle the borders of the areas
(e.g. the group of anomalies in a white rectangle).

* SW-1: a cluster of anomalies at an almost right
angle with SW-2. The four anomalies cover
approx. 8.9 x 3.3 m and have a high positive
(73 nT) and negative (-12 nT) magnetisation
(inside the red square).

* SW-2: the north-south directed series of three
roundish anomalies altogether approx. 12 m
long (each signal is 2-3 x 1.6-2.4 m in size)
shows a maximum of only 16 nT (inside the
orange square).

An alignment of signals leads away from this
group towards the northwest, but south of
SW-1 the whole area is conspicuously empty.

8. Area SE
* SE-1: A complex anomaly in the east of about
6 x 4.8 m is rather squarish in shape. The val-
ues between -4 to 13 nT do not indicate a TRM
yet its size is considerable. There are some
smaller anomalies west and south of it.
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» SE-2 is a single, small TRM (3.7 x 2.5 m) in
between many signals of different size but
without strong nT-values.

A high amount of such signals, single or in
groups, are bordered towards the south by the
light grey angular alignments of L5.

9.3.5. Evaluation: Four types of anomalies

According to the nT-values and the arrangement of
signals, different observations can be made, both
regarding the linear structure and the single or
grouped anomalies. Linear structures in black (in
the north) or light signals (in the south) are inter-
preted here as limitations, as the boundaries of the
site. The northern part of the site is a few meters
deeper than the southern one: if rising water lev-
els have been an issue then protective ditches were
needed especially in this area that was prone to the
penetration of the flowing waters of a rivulet (the
Tsantarli). L1, therefore, is interpreted here as a
ditch that may have served, among other purposes,
for drainage and the discharge of water.

If intrusive water was an issue in the southern part
as well, then, in this area, some meters higher com-
pared to the north, a simple stabilisation of the edge
may have sufficed, e.g. through a stone alignment
or a simple stone construction. And indeed, the
light grey signals of L5 form conspicuous angular
structures'. They may be man-made and may have
been laid out to defend this part of the site against
rising water levels. Whether they do indicate the
shoreline of a former prehistoric lake is an assump-
tion that would have to be verified by drillings.
Considering the intensity of the signals as meas-
ured by the lowest and highest nT-values of each
feature under discussion (compare Tables 9.3.1
and 9.3.2), it becomes clear that some anomalies
are of higher and others of lower intensity. Those
of high amplitude are also the structures with a
high TRM — they occur in the central-southwestern
part of the site. The impact of fire — be it under or
out of control — is evident (on Fig. 9.3.4 marked in

14 Similar anomalies were interpreted by A. Sarris and his
team in Karatsadagli as terrace walls or ramparts (Sarris et
al. 2017, 36-39).
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nT values Dynamic range Intensity Remarks

from -127 to 200 nT up to 200 nT very high Red on Fig. 9.3.4

from -34 to 73 nT up to 100 nT high Red on Fig. 9.3.4

from -10 to 30 nT up to 35 nT medium high, with Orange on Fig. 9.3.4
negative values

from 1 to 30 nT up to 20 nT medium low, no nega- | Orange on Fig. 9.3.4
tive values

from 0.5 to 6 nT up to 6 nT poor, only positive Light shade on Fig. 9.3.4
values

Table 9.3.2. Anomalies grouped according to their dynamic ranges and intensities (colours cor-

respond to those in Fig. 9.3.4).

red): Here may indeed have been the ‘focal points’
of dwelling activities.

Of less thermal intensity were the south-central
and south-eastern areas (on Fig. 9.3.4 marked in
orange). Only one such anomaly appears in the
NW: here, and generally in the northern part of the
site, the intensity of the signals is more reduced.
Taking further into account the intensity and size
of the anomalies at least four different kinds of
single or grouped signals can be recognised:

* Type 1: linear together with roundish and/
or irregular signals organised in a rectangular
pattern (CNW-1 and the disturbed CSW-1);
they show high and low nT-values at regular
distances, as visible in Fig. 9.3.5-a. The dimen-
sions of CNW-1 are extreme for a free-stand-
ing Neolithic house, especially when consid-
ering its roofing. Therefore, rather than inter-
preting it as a residential building one could
think of an agglutinating construction made of
several smaller parts, which ‘merge’ into a unit
in the magnetogram.'> Another view built upon
analogies with the site of Imvrou Pigadi is sug-
gested further below.

* Type 2: single strong anomalies, roundish,
oval or oblong also show a very high TRM.
They may be the result of heavy fire impact

15 Thus, also the large building from Almyriotiki with
10 x 25 m actually consists of three houses built close to-
gether (Sarris et al. 2017, 44). Another example, but from
the LN, comes from Visviki Magoula (Sarris et al. 2015, Fig.
40b). All up to now geomagnetically detected big buildings
with sizes above 10 m derive from multi-roomed structures.
1-2 roomed buildings never exceed 8-9 x 67 m, usually
they have sizes of 4-5 x 3—4 m (Sarris et al. 2017).

on clay, either by primary fire (e.g. a kiln'¢ or
oven) or by secondary burning (damage fire of
an above-ground structure), and, in the case
of smaller anomalies, burnt debris may have
been removed and redeposited (pit fills) — e.g.
CNW-3, CNW-4, CSW-2, CSW-3, CSW-4;
CSE-1, SW-1.

We cannot exclude that in some cases interpo-
lations like e.g. NW-2 or CNE-1 occurred that
are probably not of archaeological relevance.
Structure CNW-3 stands out particularly, not
only because of its size with ca. 5 x 4 m but
also because of its slightly rectangular shape
and the lack of a white, negative ring around
the black anomaly — it could very well repre-
sent the remains of a (secondary burnt) above-
surface structure.

Type 3: largely freestanding in the wider area
are some anomalies of rectangular shape that,
exceptionally, do display signs of a TRM with
up to 30 nT. They are also noticeable due to
their rectangular shape, and may have con-
tained a hearth that shows its signals (e.g. NW-
1, SE-1). By size (ca. 4 x 3 or 6 x 5 m) they are
comparable with the houses from other Thes-
salian sites (see below). Other such rectangu-
lar signals are included in groups like CSW-5,
CSW-6, CSE-2, CSE-3, SW-2. The larger ones
among them also fit the sizes of MN-houses
and may indicate living spaces next to working
areas. Interestingly, most of them occur in the
southern half of the site, but not only, and are

16 Compare Rassmann et al. 2014, Fig. 17 with three circular
anomalies from Talianki.
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interpreted here as living spaces and/or work-
ing areas.
* Type 4: most of the remaining anomalies are a)
smaller in size and/or b) have values only up to
6 nT: they appear all over the site, but we point
out here only those that stand out because of
their special arrangement in combination with
neighbouring anomalies (on Fig. 9.3.4 inside
light squares). They tend to occur at the outer
limits of the site and are interpreted here as
indicators for working areas, adjacent to the
living spaces with TMRS.
It is noticeable that strongest TRM appear in the
western and southern part of the settlement and
are oriented in a NW-SE direction. According to
the interpretation of the magnetogram, they were
confined inside an area delimited by the differ-
ent linear structures forming L2 and in the area
with the highest terrain level and thus secure from
potentially intruding waters.

9.3.6. Interpreting the extensive flat site
Elateia 1 based on the information from
geophysical and archaeological surveys.

9.3.6.1. Elateia 1 in context

If we conceive of the 10 ha big area as a flat site that
is composed of ditches, two large burnt structures
(one of them heavily disturbed), different kinds
of anomalies as described above, plus the menhir
‘Bigmeni Petra’ located in its highest part, then a
very complex and complete settlement unfolds be-
fore our eyes for which it is difficult to find coeval
comparisons. As proven by the relative chronolog-
ical analysis and confirmed by radiocarbon dates,
the site has been inhabited during the early MN,
between 6000 and 5800 calBC.

In most EN and early MN sites, however, the
above features are largely known, although not
in such a verifiable context as in Elateia 1. Some
of the structures and features, are better under-
stood from later contexts of the Late and Fi-
nal Neolithic (Chalcolithic), as is the case of
ditches. However, we try to avoid projecting back
knowledge acquired from younger sites, because
in the course of 1000 or even more years, designs
and functions of e.g. ditches may have changed
considerably.

And ditches are among the most conspicuous fea-
tures on the magnetogram from Elateia 1. They
are a rather common phenomenon in Neolithic
Thessaly and have been acknowledged since the
very beginning of archaeological research, e.g.
from Argissa and Otzaki where they were inter-
preted exclusively as part of defence systems.!’
Later, single or multiple ditches were also reported
from many other sites belonging mainly to the Late
Neolithic and Chalcolithic, e.g. Palioskala or Man-
dra.’® Coeval with the ditch system from Elateia
and securely dated to the transitional period EN/
MN is the ditch from Makrychori 1. This magoula,
located only 2.5 km west of Elateia 1, was enclosed
at least from the west side, where the trenches were
opened, by a ditch dug into the schist rock. It was
additionally reinforced on its inner side by a mud-
brick wall."”

Another excavation, at Larissa-Neraida, also re-
ported a negative structure. Unlike at Makrychori 1,
it was not located on the periphery of the site, but
was included in the settlement area, where it may
have served as an internal separation. 2

Thanks mainly to the geophysical investigations
led by A. Sarris and his team?', we now know that
ditches do indeed form an integral part of Neolithic
sites. But for none of these geophysically investi-
gated sites has an accurate relative chronological
dating been presented, based on statistical analysis
of pottery and finds, let alone a secure radiocarbon
chronology. Besides, the sites investigated are ex-
clusively magoules and as such only their upper-
most and final occupation phase is revealed in the
magnetograms, the deepest levels, be they of EN
times, are not represented there.

Therefore, some of the sites might actually have
been founded in the late EN or early MN, but the
unity of, on the one hand, some early pottery sherds
found on top of the magoules with, on the other
hand, the uppermost levels has not been clarified
yet. Sites supposedly labelled as EN may actually
belong to the early MN or to even younger periods.
And also the exact dating of the ditches has not
been ascertained yet by excavation.

17 Milojéi¢ 1976; Hanschmann 1976.
18 Toufexis 2017.

19 Toufexis 2017, 168-171, 176-177.
20 Anetakis 2020.

21 Sarris et al. 2017.
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Some of the ditches revealed geophysically are
not continuous, but show multiple interruptions in
the magnetogram, e.g. in Perivlepto/Kastraki 2%
In these cases, the assumption that they were de-
signed as measures against flooding of settlements
by both flowing waters or by changing levels of
lakes* may not hold true, so that we have to think
of other uses as well. Especially so, since exca-
vated ditches are found in a variety of combina-
tions with reinforcements both on their outer and/
or their inner sides, be it palisades, earth-banks or
reinforcements with wooden beams set in large
postholes: such combinations have recently been
systematically categorised.?

But not only ditches may have been used to en-
close settlements: as discussed by Adrymi-Sis-
mani, stone walls may also have been built as
measures to protect a site, e.g. from water intru-
sion. At Thermokipia, a site from the eastern shore
of Lake Karla, such walls, 0.66 to 1.50 m wide,
are thought to have protected a MN building from
fluctuations in the lake level.” It is made of single
adjacent walls of different widths and with differ-
ent techniques that may have been freestanding
and joined into an irregular courtyard 11 x 15 m in
size only in its latest phase. In geophysical meas-
urements, stone walls appear as light shadows, as
in the southern periphery of Elateia, where light
linear structures may indicate stone walls.
Another very conspicuous feature in the mag-
netogram from Elateia is the square structure in
its central part. At first sight, an interpretation
as above ground, roofed construction seemed
plausible. But the dimensions are huge, with ca.
19 x 14 m. Based on the excavations in Imvrou
Pigadi by Nina Kyparissi-Apostolika®, another
interpretation seems more probable: that of a kiln
area surrounded by thick firewalls, without a roof.?”

22 Kalayci et al. 2017, Fig. 20.

2 E g Sarris et al. 2017, 46

24 Toufexis 2017, 310-312.

25 Adrymi-Sismani 2013, 58: Alternatively, such walls may
be indications of an emerging social diversification with a
more differentiated organisation of space, as is known later
from Palioskala and Dimini.

26 Kyparissi-Apostolika 2012, Fig. 8—11. We would like to
thank Director em. Dr. Nina Kyparissi-Apostolika for invit-
ing us to visit the site and share her thoughts with us.

27 In Chalki 1, G. Toufexis excavated in 1994 part of a pottery
kiln with fire holes, also dating to the early MN.
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In Imvrou Pigadi, several kilns were found next to
each other, protected from the two excavated sides
by thick and long fire-walls. These certainly would
have produced strong signals in a magnetogram,
very probable similar to those from Elateia 1.

Less strong signals may indeed pertain to above
ground constructions and dwellings. From exca-
vated sites is known that houses in the EN are usu-
ally ca. 4-5 x 5-6 m in size, e.g. in Argissa (EN II),
Otzaki (‘mittlere Schicht’, EN III), Achilleion
(Phase 11a)*® and so are also the smaller houses
from the MN in Sesklo and Tsangli.?® In Koutroulou
Magoula, clearly dated to the MN and coeval with
Elateia 1, two buildings were unearthed, the out-
lines of the smaller Building 1 being completely
preserved with ca. 6 x 4.5 m (28 sqm), with an
opening of 2 m in its southern wall.*® Building 2
is somewhat larger, with ca. 7.3 x 6.6 m, but its
southern wall is reconstructed. They were both
built with mudbricks upon a stone foundation pre-
served 0.3 m in height.

This kind of construction is well known from
southern Thessaly and indeed, more recently such
kinds of buildings were uncovered during rescue
excavations in the area of Volos. In Thermokipia,
a large domestic unit was revealed, consisting of
a 6 x 5.50 m large house that was erected on a
stone foundation preserved up to 1.22 m height,
reinforced with beams.?! This site is situated
in a stone-rich region between Lake Karla and
the Mavrovouni mountains, as is also the site of
Omvria (Kanalia). There, a complex consisting of
six rectangular rooms in two rows sharing com-

28 Milojgi¢ 1962, Plan V; Miloj¢ié 1971, Plan VIIT; Gimbutas
et al. 1989, Abb. 4.3-4.4.

% Theocharis 1973, Fig. 177-179: The famous ‘potters
shop’ in Sesklo is with 7 x 5,5 m a bit larger (Theocharis
1973, Fig. 183-184), whereas the ‘House P’ in MN-Tsan-
gli is ca. 7,8 x 8,5 m (Theocharis 1973, Fig. 188-189).
In the EN of Thessaly, only few house floor plans were up
to now documented, mostly incomplete (e.g. Wijnen 1992),
and, unlike Macedonia with e.g. Mavropigi or Nea Niko-
medeia, no precise settlement plan exists (Pyke 1996). The
magnetograms published as EN by Sarris et al. 2017 or Ka-
layci et al. 2017 have not been conclusively dated neither by
relative nor by absolute chronology.

30 Kyparissi-Apostolika and Hamilakis 2015; Papadopoulos et
al. 2015, 1036 and Fig. 1.

3! Adrymi-Sismani 2013a, 51-58, 2013b, 2014. It has been
dated by the excavator to the later MN but there are indi-
cations for a preceding, older building. To it belonged the
stone enclosure described above.
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mon mud brick walls on stone foundations was
found during rescue excavations in 2007.*

This short overview shows that houses in the early
MN, usually 5 x 4 m in size, were built of wat-
tle and daub, pisé, mudbricks, with or without wall
foundations — materials which, when burnt, show a
high thermo-magnetisation and leave a clear indi-
cation in the magnetogram.

Pits are a recurring element of each Neolithic site
and can be of different usage. In Argissa Magoula,
a pit of oval shape (2,60 x 2 m) had been dug 1 m
deep into the virgin soil (‘Grube af). It showed
straight walls and was lined with a 10—12 c¢m thick
layer of clay, the reason why it was interpreted
by the excavator as a grain silo.*® Alternatively, it
may have been used for cooking, especially since
mainly animal bones and 151 broken pebbles that
showed signs of cracks from heating were found
together with 58 completely preserved pebbles.*
Fire pits have been observed also in Achilleion:
There, a fire pit from phase Ila was lined with a
layer of pebbles and it contained ash mixed with
stones and bones; near its rim, on one side only,
was a horseshoe-shaped clay wall preserved. An-
other example from Achilleion phase IIIb contains
stones of various sizes.* From the Thessalian
Neolithic, no such features have yet been geophys-
ically prospected and additionally excavated, so
their existence needs still to be proven, but those
from Achilleion do resemble the examples of pits
containing cooking stones from Seddin, Branden-
burg.*

Some of the pits in Elateia 1 form linear or slightly
curved groups of pits. They are particularly con-
spicuous north of L3, in the intermediate area
between the two linear structures. Judging by their
small, dark signals, the use of heated material in-
side them can be suggested.

32 Almatzi 2012, 127-136.

33 Miloj¢ié 1962, 12 and Plan IV.

3 Reingruber 2008, 136.

35 Winn and Shimabuku 1989, Fig. 4.9; 4.30.

36 Compare May 2018: A linear arrangement of small anoma-
lies in Seddin could be demonstrated by excavations as se-
ries of pits containing cooking stones. This finding is not
mentioned here because of its ritual expressiveness, but to
show what could be hidden behind such exclusively black,
round, small-sized signals. It has been proven at many sites
in Europe that stones were used for cooking even later in
the Neolithic.

9.3.6.2. The extensive flat site Elateia 1: a
complete (and unparalleled) settlement
structure

The geomagnetic investigations of 2018-2019
created a complex and all-encompassing picture
of the settlement that is especially useful when
overlain by results obtained from the statisti-
cal analysis of the finds. The settlement is struc-
tured by the linear anomalies L1 and L2, more or
less parallel, connected by a third alignment of
anomalies (L3). They differ thus considerably due
to their shape and their nT-values and may have
served different purposes. Outside the outer linear
structures, only few disturbances in the earth’s
magnetic field can be detected, mostly dipoles
and modern interventions. This area may be
described as off-site. Thus, the maximum extent of
the flat Neolithic settlement has been determined
geomagnetically.

This finding is confirmed by the distribution pat-
tern obtained from archaeological surface finds
(see heatmaps) and this agreement achieved with
two such different methods supports and substanti-
ates our interpretations.

The ‘Linear curved outer structure’ (L1) is inter-
preted here as a ditch. It is regularly curved and
ends in the almond grove. In its northern part it
shows signs of TRM (below 35 nT) possibly re-
sulting from in-fills of burnt materials. In its south-
ern part it is accompanied on either side by differ-
ent kinds of anomalies, be them linear (L4b, an old
field-path?) or single roundish-irregular anomalies
(remains of negative or positive features inside of
the ditch). The course of L1 consists of individual
segments interrupted by oval-rectangular struc-
tures. These can be interpreted as accesses to the
site. From such an access, the one in the east, the
‘Linear cross structure’ (L3), interrupted at least in
three positions, leads to the ‘Linear inner structure’
(L2). L3 is perpendicular to both L1 and L2 and
thus seems to have connected them. It may derive
from a structure that separated this intermediate
area into a northwestern and a southeastern zone.

The ‘Linear inner structure’ (L2) surrounds the
westernmost part of the settlement and may have
served as a boundary or delimitation. It is of slight-
ly angular appearance in its northeastern ending
and is accompanied here by many small roundish
anomalies. In its further course it also seems to be
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made of several fragments with interruptions®” that
correspond to interruptions of the ‘Outer Ditch’
(L1). Slightly curved (potential) anomalies lead to
at least one of the openings of the ‘Inner Ditch’ —
with three larger anomalies in their midst (left blue
arrow on Fig. 9.3.3).
What is noticeable in the intermediate area be-
tween the two linear structures, especially north of
L3, are the numerous small, dark signals that seem
to be arranged in groups. Some of them form linear
or slightly curved accumulations. No rectangular
structures are detectable here that could be inter-
preted as buildings. Rather, the measurements indi-
cate a magnetically less conspicuous area with only
few TRM-anomalies, and as such more homog-
enous as the rest of the site. Therefore, we interpret
this part as an open space within the boundaries
of the settlement, with less intensive above ground
building activities but with many anthropogenic
interventions into the soil. These areas may have
been used for special economic purposes (e.g. food
preparation, slaughtering of animals, gardening).*
Yet, a certain restlessness is caused by groups of
light greyish to white signals that affect mainly the
northern area (see below): they could indicate that
the area was repeatedly covered and washed out by
penetrating water.
Also the heatmap of the decorated sherds shows
a conspicuous emptiness in this part (Fig. 9.3.6).
Only a few such sherds were found directly south
of L1, both north and south of L3. A completely
different picture emerges in the western part of the
site, west of L2, where four hotspots of decorated
sherds appear:

 one in Area NW, close to anomaly NW-1;

* one above the rectangular structure CNW-1;

* one overlaying the alignment east of it (CNW-

2).
* one appears directly southeast of CSW-1 and
may be related to it.

Hotspots of less intensity spread over the southern
areas, in and south of the almond grove. They con-
firm in some cases the observations made on behalf
of the magnetogram: In the western part of areas

3 Interruptions are known also from other sites, e.g.
Perivlepto/Kastraki 2 (Kalayci et al. 2017, Fig. 20).

38 Magnetically empty areas were also detected at other Neo-
lithic settlements, e.g. in Karatsantagli or in Perivlepto/
Kastraki 2 (Sarris et al. 2017; Kalayci et al. 2017).

CSE/SE, only few decorated sherds appeared and
this is the case also for anomalies of high intensity.
But in the very east of these two areas many more
decorated sherds were collected, resulting in con-
centrations that can be connected to the groups of
anomalies in CSE-3, SE-1 and SE-2. Last but not
least, SW-1 can also be connected to a hotspot in
the heatmap.

Other hotspots, less pronounced, develop in be-
tween the mentioned ones, indicating more so-
cial activity in the parts they cover. They hardly
directly overlay the type2-signals, but occur next
to them. If type2-signals were to be interpreted as
the debris of heavily burnt above-ground dwellings
and no decorated pots have been used within them,
then this discordance may be due to dislocations
of sherds during the millennia or the discarding
of possibly broken pots next to (or farther away?)
from houses. However, it is more plausible that the
TRM did not originate from a secondary fire, but
from the targeted work with heat in above-ground
ovens or underground pits, where food or clay or
any other material was transformed with the help
of heat or of open fire. These presumably were not
residential, but rather working areas.

Another proxy for the usage of the settlements’
space are small finds like figurines, beads or items
of daily usage like spoons made of shell (Fig.
9.3.7): They too concentrate in the west and south,
more or less overlaying the hotspots with special
sherds in features NW-1, CNW-2, SW-2 and SE-1.
Not surprisingly, the marble vessels do match well
with these special objects, reinforcing the hotspots
above CNW-2, SW-1 and SE-1 and CSE-2. There-
fore, we assume that not necessarily the areas with
a very high TRM (above 50 nT) were initially liv-
ing spaces but more often those below 30 nT.
When contrasting these findings with the ground
stone tools they show very different agglomera-
tions or hotspots (Fig. 9.3.8). This is especially the
case with Area CNE and the northern part of CNW,
where the proposed working areas were located:
west of L2 occurred mainly pestles and east of L2
mainly grinding slabs and pounders made of quartz.
Indeed, some of the other stone tools appear within
or close to the hotspots of the decorated sherds but
many of them do not, as is the case of cutting tools
made of serpentinite. They were often located in
‘empty spaces’ like the one in the far south or in
between Areas SW and SE and even in Area CNE,
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Fig. 9.3.6. Heatmap based on decorated sherds.
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Fig. 9.3.8. Heatmap based on ground stone tools.
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Fig. 9.3.10. Interpretation plan of the flat extended set-

tlement Elateia 1 confined and separated by ditches (ac-

centuated in blue hue) and dry masonry (white dashed

line), with an earlier and a later (mainly) habitation

area, a central part for (mainly) food processing and a

northern part for gardening. The location of the ‘menhir’
close to the ditch is indicated by a red star.

otherwise poor in finds, and here especially direct-
ly south of L3. Here, a small observation may by
allowed: Animal bones were collected again main-
ly in the areas with decorated pottery but often out-
side or in between such areas, e.g. in CNE, directly
south of L3. Bones and cutting tools together could
indicate areas of slaughtering or food preparation
and consumption.

A good match with the ground stones is shown by
the chipped stone tools (Fig. 9.3.9), except for one
important difference: This is the only category we
found close to the northern part of the ditch. This
may support the view according to which gardens
were located here with crops that were harvested
with chipped stone tools. And it leads us to the
conclusion that the course of L3 has structured
the layout of the settlement in this area decisively,
separating it into a northeastern part with plenty

of pits, even tightly clustered ones, some with
a specific alignment (curved), but without any
special finds except for lithics. To the contrary, the
southeastern part is abundant in grinding stones
and some animal bones.

As generally known, water was, and still is, of
utmost importance for the choice of a settlements’
location. Water seems to have been a main issue
not only in the selection of this spot for settling
down at the end of the EN but also for its abandon-
ment during the MN. We suggest that during the
two centuries of occupation, the water levels have
risen constantly, requiring at an early stage in the
site’s occupation the digging of a drainage ditch
for protecting and controlling the ‘open spaces’ ad-
jacent to L1. Whereas the core of the settlement
seems to have first been in the NW, at a certain
stage a shift towards the presumably drier southern
area took place (compare Chapter 6.3.1.7.4.), but
eventually the abandonment of the whole area was
inevitable. The fact that the site has not been settled
again over the millennia is not really explicable,
but exactly this is an extraordinary stroke of luck
for the systematic investigation of this large flat
area.

The anomalies in the magnetogram together with
hotspots of different find categories as calculat-
ed statistically in the heatmaps can thus be con-
sidered as reliable sources for the general inter-
pretation of the site. Although all of the finds were
collected from the surface they are an important
source of information, especially when put into
context.

Even more: Elateia 1 is until now the only extend-
ed flat site in Eastern Thessaly that has been almost
completely covered both by geophysical investi-
gations and by systematic archaeological survey.
Both the geophysical and the archaeological sur-
veys indicate that the core area of the settlement
may have been in the western part, inside the ditch
L2 and in the southern area (north of structure L5).
Relative and absolute chronology place the site
into the first two centuries of the MN: therefore,
unlike many other geophysical investigations, we
are able to reliably date the features appearing in
the magnetogram. Moreover, we have developed
a model of how the space may have been used
by its inhabitants, with living and working areas,
spaces for cultivation and for food processing and
a horizontal shift in locations (Fig. 9.3.10; compare
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also Fig. 6.43). Such shifts may have occurred also
at other sites, e.g. at Visviki Magoula®* or even in
Sesklo*.

Finally, we were able to disclose one of the major
problems people were confronted with before
eventually leaving the site: a possible rise of the
water table and inundations impaired at least
the northern areas with open spaces for cultiva-
tion, but maybe also other parts of the settlement
(compare Fig. 6.36). Climate and environmen-

39 Qarris et al. 2015, 573—578. There, a shift from the NE, the
area closest to the Lake Karla, towards the SW is observ-
able, where the place was then constantly inhabited, result-
ing in the magoula of the LN.

40 Reingruber 2024, 95.
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tal changes have always been a big challenge for
mankind.

It has become evident that based on the synthesis
of two non-destructive methods, the archaeologi-
cal and the geophysical survey, reliable and new
information can be obtained that serves as a basis
for both archaeologists and for the cultural heritage
management*' and the protection of archaeological
sites. Certainly, only excavations can confirm (or
refute) the model we presented here.

41 Compare also Cozzolino et al. 2018.
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