
II. The Environment and its Evolution around the Tell

II.1. The Latest Quaternary Evolution of the Peneiada Valley, Central Greece, and its 
�(
u�H�F�W�V���R�Q���1�H�R�O�L�W�K�L�F���D�Q�G���+�L�V�W�R�U�L�F�D�O���6�H�W�W�O�H�P�H�Q�W���'�L�V�W�U�L�E�X�W�L�R�Q 

Riccardo Caputo – Bruno Helly – Dimitra Rapti – Sotiris Valkaniotis

II.1.1. Introduction

The major questions posed at the beginning of the present research which we attempted to an-
�V�Z�H�U���Z�H�U�H���W�K�H���I�R�O�O�R�Z�L�Q�J�����¿�U�V�W�O�\�����H�[�S�O�D�L�Q�L�Q�J���W�K�H���/�D�W�H���4�X�D�W�H�U�Q�D�U�\���H�Y�R�O�X�W�L�R�Q���R�I���W�K�H���3�H�Q�H�L�R�V���5�L�Y�H�U����
especially along the reach interposed between the Karditsa and Larissa plains. In this regard, a 
major target was unravelling the crucial role played by the Peneiada Valley in the framework of 
the central Greece hydrographic network, and hence understanding the important geographic and 
environmental changes that occurred within the broader area up to historical times.

Second was the tentative reconstruction of the latest Pleistocene–Holocene palaeogeographic 
and palaeomorphological setting of the area, where several Neolithic communities were estab-
lished including, above all, the PMZ settlement, the major and best-known archaeological site of 
its kind.30

In order to shed some light on the above issues, we investigated a much broader area, as the 
evolution of the PMZ site certainly depends on larger-scale natural phenomena mainly governed 
by the regional hydrographic network in all its aspects, for example the number, the dimension 
and the stability of the water courses; their water discharge and its seasonal variability; the oc-
�F�X�U�U�H�Q�F�H�� �D�Q�G�� �I�U�H�T�X�H�Q�F�\�� �R�I�� �À�R�R�G�L�Q�J�� �H�Y�H�Q�W�V���� �D�Q�G�� �W�K�H�� �H�[�W�H�Q�W�� �R�I�� �W�K�H�L�U�� �H
u�H�F�W�V�� �R�Q�� �W�K�H�� �V�X�U�U�R�X�Q�G�L�Q�J��
plains, etc.

Geological and Hydrographic Framework

The present-day orographic texture of Thessaly and its broader surroundings is basically oriented 
�1�:���6�(�����Z�K�L�F�K���L�V���W�K�H���U�H�V�X�O�W�����¿�U�V�W�O�\�����R�I���W�K�H���F�R�P�S�U�H�V�V�L�R�Q�D�O���S�K�D�V�H�V���E�X�L�O�G�L�Q�J���W�K�H���+�H�O�O�H�Q�L�G�H�V���I�R�O�G���D�Q�G��
thrust belt during the Oligocene–Miocene and, subsequently, of the Pliocene–Early Pleistocene 
tectonic inversion associated with a NE-SW crustal extension.31 The overall result was a basin-
and-range-like morphology alternating tectonic-topographic ‘highs’ (the Pindos Range, the Cen-
tral Hills and the Olympos-Ossa-Pilion Range) and ‘lows’ (the Karditsa, Larissa and Thermaikos 
Basins).32 However, since the Middle Pleistocene, the geodynamics of the Aegean region have 
changed abruptly, being characterised by a c. north-south-stretching direction and the formation 
of new, roughly east-west-trending structures, like the Tyrnavos Basin and Gonnoi Horst33 or the 
Almyros and Vasilika Basins,34 in northern and southern Thessaly, respectively. Most of these nor-
mal faults are still in an incipient stage,35 and hence the cumulative displacements are relatively 

30 Gallis 1989; van Andel et al. 1995.
31 Caputo 1990; Valkaniotis 2005.
32 Caputo – Pavlides 1993.
33 Caputo et al. 1994.
34 Caputo 1990.
35 Caputo 1995.
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�V�P�D�O�O�����,�Q���D�Q�\���F�D�V�H�����W�K�H���F�X�P�X�O�D�W�H�G���F�U�X�V�W�D�O���G�H�I�R�U�P�D�W�L�R�Q���K�D�V���Q�R�W���\�H�W���E�H�H�Q���V�X
v�F�L�H�Q�W���W�R���K�D�Y�H���U�D�G�L�F�D�O�O�\��
changed the inherited regional-scale morphology.

The present-day hydrographic network of the Peneios River, the longest in Greece (Fig. 
�,�,���������D�������L�V���V�W�U�R�Q�J�O�\���L�Q�À�X�H�Q�F�H�G���E�\���W�K�H�V�H���S�U�H���H�[�L�V�W�L�Q�J���D�Q�G���V�W�L�O�O���G�R�P�L�Q�D�W�L�Q�J���P�R�U�S�K�R�O�R�J�L�H�V�����L���H�����W�K�H��
NW-SE-trending basins). This is particularly evident in the low-gradient sectors of the water 
courses crossing these areas, that is to say, downstream the exit of the mountain valleys (gener-
ally between 150 and 120m asl) of the numerous channels entrenching the Pindos Range, the 
Antichasia Mountains and the Othrys area (Fig. II.1.1). It is worth noting that along the path of the 
�3�H�Q�H�L�R�V���5�L�Y�H�U���Z�H���Z�H�U�H���D�E�O�H���W�R���G�L�V�W�L�Q�J�X�L�V�K���W�Z�R���P�D�M�R�U���U�H�D�F�K�H�V���G�U�D�L�Q�L�Q�J���Z�L�G�H���D�Q�G���À�D�W���D�O�O�X�Y�L�D�O���D�U�H�D�V����
�7�K�H���Z�H�V�W�H�U�Q���R�Q�H���L�V���U�H�S�U�H�V�H�Q�W�H�G���E�\���W�K�H���.�D�U�G�L�W�V�D���3�O�D�L�Q���D�Q�G���L�W���L�V���F�K�D�U�D�F�W�H�U�L�V�H�G���E�\���Q�X�P�H�U�R�X�V���D
w�X�H�Q�W�V����
mainly on the right side of the main stream, the last of which is the Enipeas River, probably the 
most important for its water discharge contribution (Fig. II.1.1a).

Fig. II.1.1   a. Hydrographic network of the Peneios River draining a large sector of central Greece. Note the morpho-
logical anomaly of the Peneiada Valley, investigated in the present research, separating the western Karditsa Plain from 
�W�K�H���H�D�V�W�H�U�Q���/�D�U�L�V�V�D���3�O�D�L�Q�����E�����3�U�H�V�H�Q�W���G�D�\���O�R�Q�J�L�W�X�G�L�Q�D�O���S�U�R�¿�O�H�V���R�I���W�K�H���P�D�M�R�U���U�L�Y�H�U�V���G�U�D�L�Q�L�Q�J���Z�H�V�W�H�U�Q���7�K�H�V�V�D�O�\�����5�����&�D�S�X�W�R��
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�7�K�H���R�W�K�H�U���P�D�M�R�U���U�H�D�F�K���R�I���W�K�H���3�H�Q�H�L�R�V���5�L�Y�H�U�����F�K�D�U�D�F�W�H�U�L�V�H�G���E�\���Y�H�U�\���O�R�Z���J�U�D�G�L�H�Q�W���À�R�Z�V���D�F�U�R�V�V���D��
�À�D�W���D�O�O�X�Y�L�D�O���D�U�H�D�����L�V���U�H�S�U�H�V�H�Q�W�H�G���E�\���W�K�H���Q�R�U�W�K�H�U�Q���/�D�U�L�V�V�D���3�O�D�L�Q�����E�H�W�Z�H�H�Q���W�K�H���J�R�U�J�H�V���R�I���.�D�O�D�P�D�N�L���D�Q�G��
�5�R�G�L�D�����)�L�J�����,�,���������D���D�Q�G���E�������,�Q���W�K�L�V���F�D�V�H�����K�R�Z�H�Y�H�U�����W�K�H���K�\�G�U�R�J�U�D�S�K�\���V�K�R�Z�V���D�Q���D�Q�R�P�D�O�\���E�H�F�D�X�V�H���W�K�H��
�U�L�Y�H�U���¿�U�V�W�O�\���À�R�Z�V���(�6�(���D�V���I�D�U���D�V���W�K�H���W�R�Z�Q���R�I���/�D�U�L�V�V�D�����Z�K�H�U�H���L�W���D�E�U�X�S�W�O�\���W�X�U�Q�V���Q�R�U�W�K�Z�D�U�G�V���D�Q�G���W�K�H�Q��
�Q�R�U�W�K�Z�H�V�W�Z�D�U�G�V���E�H�I�R�U�H���H�Q�W�H�U�L�Q�J���W�K�H���5�R�G�L�D���*�R�U�J�H���� �,�Q���W�K�L�V���V�H�F�W�R�U���R�I�� �W�K�H���S�O�D�L�Q���� �D���F�R�P�S�O�H�[�� �K�\�G�U�R-
�J�U�D�S�K�L�F���H�Y�R�O�X�W�L�R�Q���K�D�V���E�H�H�Q���G�R�F�X�P�H�Q�W�H�G���I�R�U���W�K�H���+�R�O�R�F�H�Q�H�����Z�L�W�K���O�L�N�H�O�\���U�H�S�H�D�W�H�G���Q�D�W�X�U�D�O���D�W�W�H�P�S�W�V��
�D�W���G�H�Y�L�D�W�L�R�Q���D�O�R�Q�J���W�K�H���$�V�P�D�N�L���F�K�D�Q�Q�H�O���W�R�Z�D�U�G�V���W�K�H���V�R�X�W�K�H�D�V�W�H�U�Q���V�H�F�W�R�U���R�I���W�K�H���/�D�U�L�V�V�D���3�O�D�L�Q��36 This 
�Z�D�V���G�X�H���W�R���D���F�R�Q�F�R�P�L�W�D�Q�W�����W�K�R�X�J�K���F�R�P�S�H�W�L�Q�J�����U�R�O�H���S�O�D�\�H�G���E�\���W�K�H���P�D�M�R�U���Q�R�U�P�D�O���I�D�X�O�W�V���E�R�U�G�H�U�L�Q�J��
�W�K�H���7�\�U�Q�D�Y�R�V���%�D�V�L�Q�����W�K�H���S�U�R�J�U�H�V�V�L�Y�H���V�H�G�L�P�H�Q�W�D�U�\���L�Q�¿�O�O�L�Q�J���D�Q�G���W�K�H���K�\�G�U�R�J�U�D�S�K�L�F���G�\�Q�D�P�L�F�V�����2�Q�O�\��
�D�Q�W�K�U�R�S�R�J�H�Q�L�F�� �D�F�W�L�Y�L�W�L�H�V�� �F�D�U�U�L�H�G���R�X�W���D�W���W�K�H���E�H�J�L�Q�Q�L�Q�J�� �R�I�� �W�K�H�� ����th�� �F�H�Q�W�X�U�\�� �L�P�S�H�G�H�G���W�K�H�� �G�H�¿�Q�L�W�L�Y�H��
�G�L�Y�H�U�V�L�R�Q���R�I���W�K�H���3�H�Q�H�L�R�V���Z�D�W�H�U�V���L�Q�W�R���/�D�N�H���.�D�U�O�D�����D�Q�G���W�K�H���F�R�Q�V�H�T�X�H�Q�W���H�Q�W�U�D�S�P�H�Q�W���W�K�H�U�H���G�X�H���W�R���W�K�H��
�O�R�Z�H�U�� �D�O�W�L�W�X�G�H�� �R�I�� �W�K�H�� �V�R�X�W�K�H�D�V�W�H�U�Q�� �/�D�U�L�V�V�D�� �3�O�D�L�Q���� �/�D�N�H�� �.�D�U�O�D�� �Z�D�V�� �D�U�W�L�¿�F�L�D�O�O�\�� �G�U�D�L�Q�H�G�� �G�X�U�L�Q�J�� �W�K�H��
���������V���D�Q�G���S�D�U�W�L�D�O�O�\���U�H�V�W�R�U�H�G���L�Q���U�H�F�H�Q�W���\�H�D�U�V���I�R�U���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���U�H�D�V�R�Q�V��

�,�Q�W�H�U�S�R�V�H�G���E�H�W�Z�H�H�Q���W�K�H���W�Z�R���U�H�D�F�K�H�V���W�K�D�W���F�U�R�V�V���W�K�H���Z�L�G�H���.�D�U�G�L�W�V�D���D�Q�G���/�D�U�L�V�V�D���S�O�D�L�Q�V�����U�H�V�S�H�F-
�W�L�Y�H�O�\�����W�K�H���3�H�Q�H�L�R�V���5�L�Y�H�U���À�R�Z�V���D�O�R�Q�J���D���Q�D�U�U�R�Z���D�O�O�X�Y�L�D�O���S�O�D�L�Q�����U�D�Q�J�L�Q�J���I�U�R�P�����������W�R�����N�P���L�Q���Z�L�G�W�K����
�E�R�U�G�H�U�H�G���E�\���U�R�F�N�\���P�R�X�Q�W�D�L�Q���V�O�R�S�H�V�����:�H���U�H�I�H�U���W�R���W�K�L�V���P�R�U�S�K�R�O�R�J�L�F�D�O���I�H�D�W�X�U�H���D�V���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\��
���I�U�R�P���W�K�H���V�P�D�O�O���Y�L�O�O�D�J�H���R�Q���W�K�H���O�H�I�W���E�D�Q�N���R�I���W�K�H���U�L�Y�H�U�����)�L�J�����,�,���������D�������7�K�L�V���L�Q�W�H�U�P�R�X�Q�W�D�L�Q���U�H�D�F�K���R�I���W�K�H��
�3�H�Q�H�L�R�V���5�L�Y�H�U���L�V���D�O�P�R�V�W�������N�P���O�R�Q�J���D�Q�G���W�K�H���D�Y�H�U�D�J�H���V�O�R�S�H���R�I���W�K�H���D�O�O�X�Y�L�D�O���S�O�D�L�Q���L�V���H�[�W�U�H�P�H�O�\���O�R�Z����
�F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�R���F�����������P���N�P�����������Å�����)�L�J�����,�,���������E�������7�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���L�V���F�K�D�U�D�F�W�H�U�L�V�H�G���E�\���Q�X�P�H�U-
�R�X�V���P�H�D�Q�G�H�U�V�����H�L�W�K�H�U���D�F�W�L�Y�H���R�U���D�E�D�Q�G�R�Q�H�G���R�Q�H�V�����)�L�J�����,�,������������37 Accordingly, the gradient of the wa-
�W�H�U���F�R�X�U�V�H���L�V���H�Y�H�Q���O�R�Z�H�U�����F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�R���D�Q���D�Y�H�U�D�J�H���R�I���������P���N�P�����������Å�������%�D�V�H�G���R�Q���W�K�H���D�Q�D�O�\�V�L�V��
�R�I���G�H�W�D�L�O�H�G���W�R�S�R�J�U�D�S�K�L�F���P�D�S�V�����F�D�G�D�V�W�U�D�O���P�D�S�V���D�Q�G���D�H�U�L�D�O���L�P�D�J�H�U�\���R�I���G�L
u�H�U�H�Q�W���H�S�R�F�K�V�����V�H�Y�H�U�D�O���R�Y�H�U-
�O�D�S�S�L�Q�J���P�H�D�Q�G�H�U�L�Q�J���V�W�D�J�H�V���F�R�X�O�G���E�H���F�O�H�D�U�O�\���U�H�F�R�J�Q�L�V�H�G���D�O�R�Q�J���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\�����)�L�J�����,�,������������

36�� �&�D�S�X�W�R���H�W���D�O��������������
37�� �0�L�J�L�U�R�V���H�W���D�O��������������

�)�L�J�����,�,���������������'�(�0���R�I���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���V�K�R�Z�L�Q�J���W�K�H���S�U�H�V�H�Q�W���G�D�\���3�H�Q�H�L�R�V���5�L�Y�H�U���D�Q�G���W�K�H���Q�X�P�H�U�R�X�V���P�H�D�Q�G�H�U�V���D�E�D�Q�G�R�Q�H�G��
�L�Q���K�L�V�W�R�U�L�F�D�O���W�L�P�H�V���D�F�F�R�U�G�L�Q�J���W�R���K�L�V�W�R�U�L�F�D�O���W�R�S�R�J�U�D�S�K�L�F���P�D�S�V�����+�H�X�]�H�\���±���'�D�X�P�H�W���������������1�R�E�L�O�H���������������+�$�*�6�����������������%�R�[-

�H�V���L�Q�G�L�F�D�W�H���W�K�H���O�R�F�D�W�L�R�Q���R�I���)�L�J�V�����,�,�������������,�,�������������5�����&�D�S�X�W�R��
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II.1.2. Late Quaternary Peneiada Valley Evolution

�9�D�O�O�H�\���%�R�W�W�R�P���*�H�R�P�H�W�U�\���D�Q�G���L�W�V���,�Q�¿�O�O�L�Q�J

A careful morphological analysis of the broader Peneiada Valley (Fig. II.1.2) suggests the 
presence of a marked hydrographic anomaly. In particular, following the present-day down-
�V�W�U�H�D�P���S�D�W�K�����W�K�H���W�Z�R���Y�D�O�O�H�\���À�D�Q�N�V�����F�R�Q�V�L�V�W�L�Q�J���R�I���U�R�F�N�\���V�O�R�S�H�V���D�Q�G���D�V�V�R�F�L�D�W�H�G���H�M�H�F�W�L�R�Q���F�R�Q�H�V���G�H-
scending the minor lateral valleys, get closer and closer. Indeed, the interposed alluvial plain 
is characterised by a progressive downstream narrowing, while the commonly inundated area 
�G�X�U�L�Q�J�� �W�K�H�� �S�H�U�L�R�G�L�F�D�O�� �À�R�R�G�L�Q�J�� �H�Y�H�Q�W�V�� �H�Y�H�Q�W�X�D�O�O�\�� �G�L�V�D�S�S�H�D�U�V�� �D�� �I�H�Z�� �N�L�O�R�P�H�W�U�H�V�� �Q�R�U�W�K�� �R�I�� �.�R�X�W-

�)�L�J�����,�,���������������D�����(�[�W�H�Q�W���R�I���W�K�H���À�R�R�G�H�G���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���G�X�U�L�Q�J���W�K�H���)�H�E�U�X�D�U�\�������������H�Y�H�Q�W���F�O�H�D�U�O�\���V�K�R�Z�L�Q�J���W�K�D�W���D���O�D�U�J�H���S�D�U�W���R�I��
the alluvial plain is completely inundated up to few kilometres from the Kalamaki Gorge, where, instead, an entrench-
�L�Q�J���S�U�R�F�H�V�V���E�\���W�K�H���3�H�Q�H�L�R�V���5�L�Y�H�U���G�R�P�L�Q�D�W�H�V�����,�Q���F�R�Q�W�U�D�V�W�����W�K�H���X�S�V�W�U�H�D�P���S�O�D�L�Q���L�V���F�R�Q�W�L�Q�X�R�X�V�O�\���D�Q�G���U�H�S�H�D�W�H�G�O�\���D
u�H�F�W�H�G���E�\��
�À�X�Y�L�D�O���G�H�S�R�V�L�W�L�R�Q�����Y�L�]�����D�J�J�U�D�G�D�W�L�R�Q�������E�����3�U�H�V�H�Q�F�H���R�I���W�K�H���V�H�Y�H�U�D�O���P�H�W�U�H���K�L�J�K���Z�D�W�H�U���W�D�E�O�H���W�K�D�W���W�H�P�S�R�U�D�U�L�O�\���W�U�D�Q�V�I�R�U�P�H�G���W�K�H��

�Y�D�O�O�H�\���L�Q�W�R���D���O�D�N�H�����6�L�P�L�O�D�U���À�R�R�G�L�Q�J���H�Y�H�Q�W�V���R�F�F�X�U���D�O�P�R�V�W���H�Y�H�U�\���\�H�D�U�����5�����&�D�S�X�W�R��
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sochero village (Fig. II.1.3). As a matter of fact, beyond this point, the Peneios River visibly  
�H�Q�W�U�H�Q�F�K�H�V���L�W�V���R�Z�Q���E�H�G�����¿�U�V�W�O�\���D
u�H�F�W�L�Q�J���R�O�G�H�U���À�X�Y�L�D�O���G�H�S�R�V�L�W�V�����W�K�H�Q�����W�K�H���F�H�P�H�Q�W�H�G���O�D�W�H�U�D�O���F�R�Q�H�V��
and, once in the Kalamaki Gorge, the Triassic bedrock itself. In summary, the morphological 
anomaly suggests a relatively recent and obviously still unbalanced natural process of path inver-
�V�L�R�Q���R�I���W�K�H���Z�D�W�H�U���À�R�Z���D�O�R�Q�J���D���P�D�M�R�U���U�H�D�F�K�����L���H�����W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\����

Beyond the morphological evidence suggesting the inversion of the hydraulic (and topograph-
ic) gradient, a recent geophysical survey has reconstructed in detail the geometry of the basement 
�X�Q�G�H�U�O�\�L�Q�J���W�K�H���U�H�F�H�Q�W���À�X�Y�L�R���O�D�F�X�V�W�U�L�Q�H���G�H�S�R�V�L�W�V��38 Although the absolute altimetric values of the 
�U�H�F�R�Q�V�W�U�X�F�W�H�G���Y�D�O�O�H�\���E�R�W�W�R�P���K�D�Y�H���V�R�P�H���P�L�Q�R�U���X�Q�F�H�U�W�D�L�Q�W�L�H�V���G�X�H���W�R���W�K�H���V�L�P�S�O�L�¿�H�G���V�X�E�V�R�L�O���Y�H�O�R�F�L�W�\��
model considered, the overall geometry of the palaeo-valley is well constrained and undoubtedly 
shows a regular south-and-westwards topographic gradient as represented in Fig. II.1.4. In other 
�Z�R�U�G�V�����D�Q�G���Q�H�J�O�H�F�W�L�Q�J���D�Q�\���S�R�V�V�L�E�O�H���V�L�J�Q�L�¿�F�D�Q�W���U�R�O�H���R�I���U�H�J�L�R�Q�D�O���W�L�O�W�L�Q�J���E�\���O�D�U�J�H���V�F�D�O�H���W�H�F�W�R�Q�L�F���S�U�R-
�F�H�V�V�H�V�����D�Q�\���P�D�M�R�U���Z�D�W�H�U���F�R�X�U�V�H���À�R�Z�L�Q�J���D�O�R�Q�J���W�K�H���S�D�O�D�H�R���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���Z�D�V���Q�H�F�H�V�V�D�U�L�O�\���P�R�Y�L�Q�J��

38 Mantovani et al. 2018.

Fig. II.1.4   Three-dimensional model of the palaeo-Peneiada Valley as reconstructed by Mantovani et al. 2018 based 
on the results of a dedicated geophysical survey. Note that the slope along the bottom of the valley was towards the 

Karditsa area (R. Caputo)
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�L�Q���W�K�H���R�S�S�R�V�L�W�H���G�L�U�H�F�W�L�R�Q���I�U�R�P���W�K�H���S�U�H�V�H�Q�W���G�D�\���3�H�Q�H�L�R�V���5�L�Y�H�U�����Z�K�L�F�K���Q�R�Z�D�G�D�\�V���À�R�Z�V���R�Q���W�R�S���R�I���W�K�H��
Holocene alluvial plain and drains the waters from western to eastern Thessaly (Fig. II.1.1a and b).

The geophysical survey, based on numerous microtremor measurements (seismic noise), was 
carried out all over the plain of the Peneiada Valley and it is well calibrated with the available 
stratigraphy from boreholes, allowing a two-step procedure for 3D interpolation.

Based on these geophysical results and the morphological evidence, it is also clear that the 
palaeo-Peneiada Valley could not be a secondary chorographic feature of the Thessaly region and 
was certainly characterised by a correspondingly wide hydrographic basin. By taking into account 
and carefully inspecting the present hydrographic network of the broader area (Fig. II.1.1a and b), 
and particularly the drainage area of the major water courses draining the mountains surrounding 
Thessaly (Fig. II.1.5), it is likely that the palaeo-Peneiada Valley was part of the Titarissios River, 
�U�H�S�U�H�V�H�Q�W�L�Q�J���L�W�V���O�R�Z�H�V�W���K�\�G�U�D�X�O�L�F���D�Q�G���D�O�W�L�P�H�W�U�L�F���U�H�D�F�K���E�H�I�R�U�H���À�R�Z�L�Q�J���L�Q�W�R���W�K�H���.�D�U�G�L�W�V�D���µ�D�U�H�D�¶�����)�L�J�V����
II.1.6a, II.1.7.a). The issue of a possible connection between the Titarissios and Peneios rivers was 
already raised by Horst Ernst Schneider and Michel Sivignon,39 who, however, did not propose 
any solution to the question posed.

�$�V�� �D�� �¿�U�V�W�� �V�X�E�V�W�D�Q�W�L�D�O�� �F�R�Q�V�H�T�X�H�Q�F�H�� �R�I�� �W�K�L�V�� �U�H�F�R�Q�V�W�U�X�F�W�L�R�Q���� �W�K�H�� �.�D�U�G�L�W�V�D�� �µ�D�U�H�D�¶�� �Z�D�V�� �W�K�H�U�H�I�R�U�H��
characterised by an endorheic hydrographic pattern, where the Titarissios River was probably 
among the most important tributaries (at least considering the extension of the present-day hydro-
graphic basins draining into western Thessaly; Fig. II.1.5). Accordingly, from an environmental 
point of view, the Karditsa ‘area’ at that time was certainly covered by a water table corresponding 
�W�R���D���P�D�M�R�U���O�D�N�H���R�U���D�W���O�H�D�V�W���G�L
u�X�V�H���P�D�U�V�K�\���]�R�Q�H�V�����W�K�H���S�H�U�P�D�Q�H�Q�F�H���D�Q�G���W�K�H���V�L�]�H���R�I���W�K�H���L�Q�X�Q�G�D�W�H�G���V�X�U-
face was obviously also a function of the climatic period (glacial versus interglacial stages) that, 
during the Quaternary, strongly modulated the regional precipitation regime40 and therefore the 
overall water discharge of the several inlets and tributaries of the western Thessalian ‘lowland’.

39 Schneider 1968; Sivignon 1975.
40 E.g. Dean et al. 2015.

Fig. II.1.5   Hydrographic basins and corresponding areas in km² of the major inlets of the palaeo-Karditsa Lake  
(R. Caputo)
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�)�L�J�����,�,���������������D�����7�H�Q�W�D�W�L�Y�H���U�H�F�R�Q�V�W�U�X�F�W�L�R�Q���R�I���W�K�H���P�D�L�Q���F�R�X�U�V�H���R�I���W�K�H���7�L�W�D�U�L�V�V�L�R�V���5�L�Y�H�U���À�R�Z�L�Q�J���D�O�R�Q�J���W�K�H���S�D�O�D�H�R���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���D�Q�G���G�U�D�L�Q�L�Q�J���L�Q�W�R���W�K�H���.�D�U�G�L�W�V�D���/�D�N�H���G�X�U�L�Q�J���W�K�H���/�D�W�H���3�O�H�L�V�W�R�F�H�Q�H����
�E�����&�D�S�W�X�U�H���S�K�D�V�H�V���R�I���W�K�H���7�L�W�D�U�L�V�V�L�R�V���5�L�Y�H�U���¿�U�V�W�O�\���L�Q���F�R�U�U�H�V�S�R�Q�G�H�Q�F�H���Z�L�W�K�����D�Q�G���G�X�H���W�R�����W�K�H���/�D�U�L�V�V�D���)�D�X�O�W���D�Q�G���V�X�E�V�H�T�X�H�Q�W�O�\���E�\���W�K�H���7�\�U�Q�D�Y�R�V���)�D�X�O�W�����Z�K�L�F�K���G�H�¿�Q�L�W�H�O�\���G�L�Y�H�U�W�H�G���W�K�H���Z�D�W�H�U�V���L�Q�W�R���W�K�H��
�/�D�U�L�V�V�D���/�D�N�H�����$�W���W�K�L�V���V�W�D�J�H���Q�R���P�D�M�R�U���Z�D�W�H�U�F�R�X�U�V�H���Z�D�V���À�R�Z�L�Q�J���L�Q���W�K�H�����D�E�D�Q�G�R�Q�H�G�����3�H�Q�H�L�D�G�D���9�D�O�O�H�\�����F�����,�Q���W�K�H���P�H�D�Q�W�L�P�H�����W�K�H���.�D�U�G�L�W�V�D���/�D�N�H���Z�D�V���S�U�R�J�U�H�V�V�L�Y�H�O�\���L�Q�¿�O�O�H�G���E�\���W�K�H���V�H�G�L�P�H�Q�W�V���W�U�D�Q�V-
ported by the ‘western’ rivers (Fig. II.1.7). Once the progradation of the internal deltas and the level of the western plain reached the entrance of the abandoned Peneiada Valley the latter 
�Z�D�V���D
u�H�F�W�H�G���E�\���D���Y�H�U�\���K�L�J�K���D�J�J�U�D�G�D�W�L�R�Q���U�D�W�H���D�Q�G���W�K�H���F�R�Q�V�H�T�X�H�Q�W���U�D�S�L�G���L�Q�Y�H�U�V�L�R�Q���R�I���W�K�H���W�R�S�R�J�U�D�S�K�L�F���J�U�D�G�L�H�Q�W�����W�K�X�V���E�H�F�R�P�L�Q�J���H�D�V�W�Z�D�U�G���G�L�S�S�L�Q�J�������G�����W�K�H�U�H�I�R�U�H���D�O�O�R�Z�L�Q�J���W�K�H���µ�Z�H�V�W�H�U�Q�¶���Z�D�W�H�U�V���W�R��

�G�H�¿�Q�L�W�H�O�\���G�U�D�L�Q���L�Q�W�R���W�K�H���/�D�U�L�V�V�D���3�O�D�L�Q���V�R�P�H�W�L�P�H���G�X�U�L�Q�J���W�K�H���+�R�O�R�F�H�Q�H���D�Q�G���O�L�N�H�O�\���L�Q���K�L�V�W�R�U�L�F�D�O���W�L�P�H�����5�����&�D�S�X�W�R��
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�)�L�J�����,�,���������������(�Y�R�O�X�W�L�R�Q���R�I���W�K�H���O�R�Q�J�L�W�X�G�L�Q�D�O���S�U�R�¿�O�H�V���R�I���W�K�H���P�D�M�R�U���U�L�Y�H�U�V���U�H�S�U�H�V�H�Q�W�L�Q�J���W�K�H���K�\�G�U�R�J�U�D�S�K�L�F���Q�H�W�Z�R�U�N���R�I���7�K�H�V�V�D�O�\��
�V�L�Q�F�H���W�K�H���0�L�G�G�O�H���W�R���/�D�W�H���4�X�D�W�H�U�Q�D�U�\�����7�K�H���V�N�H�W�F�K�H�V���V�K�R�Z���W�K�H���S�U�R�J�U�H�V�V�L�Y�H���L�Q�¿�O�O�L�Q�J���R�I���.�D�U�G�L�W�V�D���/�D�N�H�����D�����E�\���W�K�H���µ�Z�H�V�W�H�U�Q�¶��
rivers as well as the capture of the Titarissios River into the Larissa Lake/Plain (b) and the hydraulic inversion of the 

Peneiada Valley (d). See text for discussion (R. Caputo)
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In this regard, it should be noted that for the eastern Thessalian sector too (Larissa ‘area’), a 
prolonged stage with similar swampy and/or lacustrine conditions has been documented to have 
occurred during the Quaternary (the so called Villafranchian Thessalian lake).41 But also later 
and up to the Holocene, the palaeogeography of eastern Thessaly was still highly dynamic, being 
governed by the competing roles of i) the active normal faults bordering the Tyrnavos Basin, ii) 
�W�K�H���À�X�Y�L�D�O���V�H�G�L�P�H�Q�W���O�R�D�G�����P�D�L�Q�O�\���W�K�H���7�L�W�D�U�L�V�V�L�R�V���D�Q�G���3�H�Q�H�L�R�V���U�L�Y�H�U�V�����D�Q�G���L�L�L�����W�K�H���F�O�L�P�D�W�H��

�7�H�F�W�R�Q�L�F���,�Q�À�X�H�Q�F�H���R�Q���W�K�H���5�H�F�H�Q�W���*�H�R�P�R�U�S�K�L�F���(�Y�R�O�X�W�L�R�Q

Since the (Middle–)Late Quaternary, the broader Aegean region, including Thessaly, has been 
shaped by an important geodynamic rearrangement.42 The new north-south direction of crustal 
�V�W�U�H�W�F�K�L�Q�J�� �V�W�D�U�W�H�G�� �D
u�H�F�W�L�Q�J�� �W�K�H�� �S�U�H���H�[�L�V�W�L�Q�J�� �1�:���6�(���W�U�H�Q�G�L�Q�J�� �E�D�V�L�Q���D�Q�G���U�D�Q�J�H���O�L�N�H�� �V�W�U�X�F�W�X�U�H�� �E�\��
creating new normal faults striking obliquely to the inherited ones and trending between east-
west and ESE-WNW.43 From a geographic, hydrographic and geomorphological point of view, 
the major consequence of the new tectonic regime was the progressive disappearance of the Vil-
lafranchian Thessalian lake,44 which at that time covered most of the two largest basins (i.e. Kar-
ditsa and Larissa) and the lower parts of the interposed Central Hills. Coastal deposits (i.e. beach 
rocks) of this regional-scale Pliocene–Early Pleistocene lake have been largely mapped along 
the western reliefs of the Larissa Plain.45 The present-day altitudes of these deposits are as high 
as 250–300m and therefore provide an approximate value for the maximum water level of the 
ancient lake.

As a consequence of this geodynamic rearrangement, in northern Thessaly an ESE-WNW-
trending graben started developing (Tyrnavos Basin)46 bordered by some (nowadays) major faults. 
Of particular interest for the present paper is the role played by the Tyrnavos and Larissa faults, 
strongly interfering with the hydrographic basin of the palaeo-Titarissios River and particularly 
the palaeo-Peneiada Valley (Fig. II.1.6b). Although the two faults are north-dipping, with normal 
dip-slip kinematics thus causing the uplift of the southern footwall blocks and the subsidence of 
�W�K�H���Q�R�U�W�K�H�U�Q���K�D�Q�J�L�Q�J���Z�D�O�O���E�O�R�F�N�V�����E�R�W�K���I�D�X�O�W�V���K�D�G���D���G�L
u�H�U�H�Q�W���L�Q�À�X�H�Q�F�H���D�Q�G���W�K�H�\���S�O�D�\�H�G���G�L
u�H�U�H�Q�W��
�U�R�O�H�V�����E�R�W�K���G�L�U�H�F�W���D�Q�G���L�Q�G�L�U�H�F�W�����R�Q���W�K�H���À�X�Y�L�D�O���G�L�Y�H�U�V�L�R�Q���D�Q�G���W�K�H���K�\�G�U�R�J�U�D�S�K�L�F���F�K�D�Q�J�H�V���W�K�D�W���R�F�F�X�U�U�H�G��
during the Late Pleistocene.

Regarding the Larissa Fault, the repeated occurrence of linear morphogenic earthquakes47 rap-
idly generated a scarp across the riverbed, locally inverting the downstream gradient and there-
�I�R�U�H���J�U�D�G�X�D�O�O�\���K�D�P�S�H�U�L�Q�J���W�K�H���U�H�J�X�O�D�U���V�R�X�W�K�Z�D�U�G���À�R�Z���R�I���W�K�H���S�D�O�D�H�R���7�L�W�D�U�L�V�V�L�R�V���5�L�Y�H�U�����$�G�G�L�W�L�R�Q�D�O�O�\����
the repeated coseismic fracturing along the WNW-ESE-trending damage zone of the Larissa Fault 
could have contributed to i) mechanically weakening the rock formations, ii) greatly increasing 
their erodibility and permeability and thus iii) concentrating the entrenchment process by chan-
nelised waters towards the east (Fig. II.1.6b). As a consequence of the local water accumulation 
���L���H�����G�D�P�P�L�Q�J���H
u�H�F�W���E�\���W�K�H���I�D�X�O�W�����D�Q�G���W�K�H���I�D�V�W���U�H�J�U�H�V�V�L�Y�H���H�U�R�V�L�R�Q�D�O���S�K�H�Q�R�P�H�Q�D�����µ�F�O�L�P�E�L�Q�J�¶���I�U�R�P��
�W�K�H���/�D�U�L�V�V�D���O�D�N�H�����D���S�U�R�W�R���.�D�O�D�P�D�N�L���*�R�U�J�H���F�R�X�O�G���K�D�Y�H���I�R�U�P�H�G�����S�R�V�V�L�E�O�\���F�D�X�V�L�Q�J���D���¿�U�V�W���G�L�Y�H�U�V�L�R�Q��
event for the palaeo-Titarissios River.

On the other hand, the growing cumulative displacement on the contemporaneously forming 
�7�\�U�Q�D�Y�R�V�� �)�D�X�O�W�� �K�D�G�� �W�Z�R�� �P�D�M�R�U�� �L�Q�G�L�U�H�F�W�� �H
u�H�F�W�V���� �)�L�U�V�W�O�\���� �W�K�H�� ���±���N�P���O�R�Q�J�� �U�H�D�F�K�� �R�I�� �W�K�H���7�L�W�D�U�L�V�V�L�R�V��
�5�L�Y�H�U���À�R�Z�L�Q�J���S�D�U�D�O�O�H�O���W�R���W�K�H���I�D�X�O�W���W�U�D�F�H���R�Q���W�R�S���R�I���W�K�H���F�R�Q�W�L�Q�X�R�X�V�O�\���X�S�O�L�I�W�H�G���I�R�R�W�Z�D�O�O���E�O�R�F�N���V�X�I-
fered a rapid decrease in its downstream gradient. Secondly, corresponding to the major tectonic 

41 Caputo et al. 1994.
42 E.g. Mercier 1981; Mercier et al. 1989; Caputo – Pavlides 1993.
43 Caputo 1995.
44 Caputo et al. 1994.
45 Caputo 1990.
46 Caputo 1990; Caputo 1995.
47 Sensu Caputo 2005.
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�V�F�D�U�S���L�Q�G�X�F�H�G���E�\���W�K�H���7�\�U�Q�D�Y�R�V���)�D�X�O�W�����Z�L�W�K���D���P�D�[�L�P�X�P���H
u�H�F�W���L�Q���L�W�V���F�H�Q�W�U�D�O���V�H�F�W�R�U�����W�K�H���O�R�F�D�O���Q�R�U�W�K-
eastwards topographic gradient was increasing together with the displacement accumulation and 
�W�K�H�U�H�I�R�U�H���W�K�H���F�R�Q�F�H�Q�W�U�D�W�H�G���O�R�F�D�O���H�Q�H�U�J�\���R�I���W�K�H���V�X�U�¿�F�L�D�O���Z�D�W�H�U�V���F�R�X�O�G���K�D�Y�H���L�Q�G�X�F�H�G���U�D�S�L�G���U�H�J�U�H�V�V�L�Y�H��
�H�U�R�V�L�R�Q�����¿�Q�D�O�O�\���U�H�D�F�K�L�Q�J�����D�Q�G���W�K�X�V���F�D�S�W�X�U�L�Q�J�����W�K�H���7�L�W�D�U�L�V�V�L�R�V���5�L�Y�H�U���H�D�V�W���R�I���'�D�P�D�V�L���D�Q�G���W�K�H�U�H�E�\���J�H�Q-
erating its present-day path and starting to form a rapidly prograding internal delta (Fig. II.1.6c).

We do not know the exact timing of this two-step capture process; however, the permanent 
�G�L�Y�H�U�V�L�R�Q���R�I���W�K�H���S�D�O�D�H�R���7�L�W�D�U�L�V�V�L�R�V���5�L�Y�H�U���W�R�Z�D�U�G�V���W�K�H���(�1�(�����G�H�¿�Q�L�W�H�O�\���G�U�D�L�Q�L�Q�J���L�W�V���Z�D�W�H�U�V���L�Q�W�R���W�K�H��
Larissa ‘area’ certainly occurred sometime during the Late Pleistocene. As a further consequence 
of either of these two major hydrographic changes, the lower reach of the palaeo-Titarissios River 
corresponding to the Peneiada Valley was then completely abandoned. Only a very local hydro-
graphic network possibly exploited the valley at that time (Figs. II.1.6c, II.1.7b).

�6�H�G�L�P�H�Q�W�D�U�\���,�Q�¿�O�O�L�Q�J���R�I���W�K�H���$�E�D�Q�G�R�Q�H�G���9�D�O�O�H�\

From the geophysical investigations,48 the deposits overlying the bedrock of the palaeo-valley 
have a maximum thickness of about 150m south of Farkadona, progressively decreasing towards 
Koutsochero and becoming nil west of the Kalamaki Gorge (Fig. II.1.4). The lower part of this 
sedimentary succession was possibly accumulated by the same palaeo-Titarissios River when it 
�Z�D�V�� �F�R�Q�W�U�L�E�X�W�L�Q�J�� �W�R�� �W�K�H�� �J�H�Q�H�U�D�O�� �L�Q�¿�O�O�L�Q�J�� �R�I�� �W�K�H�� �.�D�U�G�L�W�V�D�� �/�D�N�H�� �S�D�U�W�L�F�X�O�D�U�O�\�� �G�X�U�L�Q�J�� �S�H�U�L�R�G�V�� �F�K�D�U-
acterised by a higher base level likely corresponding to climatic wet stages. These lacustrine, 
�À�X�Y�L�D�O���D�Q�G���R�U���L�Q�W�H�U�Q�D�O���G�H�O�W�D���G�H�S�R�V�L�W�L�R�Q�D�O���F�R�Q�G�L�W�L�R�Q�V���O�L�N�H�O�\���S�H�U�V�L�V�W�H�G���W�K�U�R�X�J�K���W�K�H���0�L�G�G�O�H���D�Q�G���/�D�W�H��
Pleistocene.

�+�R�Z�H�Y�H�U�����R�Q�F�H���W�K�H���G�H�¿�Q�L�W�H���G�L�Y�H�U�V�L�R�Q���V�����R�F�F�X�U�U�H�G���X�S�V�W�U�H�D�P���D�Q�G���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���Z�D�V���S�H�U-
�P�D�Q�H�Q�W�O�\���D�E�D�Q�G�R�Q�H�G���E�\���W�K�H���7�L�W�D�U�L�V�V�L�R�V���5�L�Y�H�U�����W�K�H���G�H�S�R�V�L�W�L�R�Q�D�O���S�U�R�F�H�V�V���O�L�N�H�O�\���V�X
u�H�U�H�G���D�Q���L�P�S�R�U-
tant slowdown. Indeed, the major sedimentary contribution was only represented by the lateral 
ejection cones originating from, and descending the numerous minor valleys more or less deeply 
entrenched in the slopes of the Mesozoic carbonate massifs bordering the Peneiada Valley along 
�L�W�V���H�Q�W�L�U�H���O�H�Q�J�W�K�����)�L�J�����,�,���������F�������2�Q���W�K�H���R�W�K�H�U���K�D�Q�G�����W�K�H���O�D�F�N���R�I���D���P�D�M�R�U���Z�D�W�H�U���F�R�X�U�V�H���À�R�Z�L�Q�J���D�O�R�Q�J��
�W�K�H���E�R�W�W�R�P���R�I���W�K�H���Y�D�O�O�H�\���F�R�X�O�G���K�D�Y�H���K�D�G���W�K�H���H
u�H�F�W���R�I���I�D�F�L�O�L�W�D�W�L�Q�J���W�K�H���J�U�R�Z�W�K���R�I���W�K�H���H�M�H�F�W�L�R�Q���F�R�Q�H�V��
���Y�L�]�����S�U�R�J�U�D�G�D�W�L�R�Q�����L�Q�V�R�I�D�U���D�V���W�K�H�U�H���Z�D�V���Q�R���O�R�Q�J�H�U���V�X
v�F�L�H�Q�W���H�Q�H�U�J�\���W�R���K�\�G�U�D�X�O�L�F�D�O�O�\���U�H�P�R�Y�H���I�U�R�P��
�W�K�H�L�U���W�R�H���W�K�H���F�R�D�U�V�H���J�U�D�L�Q�H�G���F�O�D�V�W�V�����D�V���R�W�K�H�U�Z�L�V�H���U�H�J�X�O�D�U�O�\���R�F�F�X�U�U�H�G���G�X�U�L�Q�J���W�K�H���À�R�Z���R�I���W�K�H���S�D�O�D�H�R��
Titarissios River. During the Late Pleistocene glacial periods, these cones probably experienced 
their maximum development and progradation rate (Fig. II.1.6c).

In the meantime, the western rivers draining the Antichasia, Pindos and Othrys mountain rang-
es and cumulatively representing a very large drainage area (Fig. II.1.5) were causing a growing 
eastwards hydraulic and sedimentary ‘pressure’ in their search for an outlet towards the Aegean 
Sea (Fig. II.1.7b). This was due to the persisting continental collision along the western Helle-
nides and the consequent rapid uplift of the Greek mountain ranges, preventing a general drainage 
towards the Ionian Sea of the largely emerged areas of western Macedonia and Epirus. Depending 
on water discharge, which, conversely, was a direct function of climate, all these rivers mainly 
accumulated their sedimentary load within the Karditsa Basin, prevailingly in its southern, west-
ern and northern sectors (Fig. II.1.1a) producing coalescent internal deltas (Fig. II.1.7b) and thus 
generating a large scale mean gradient towards E-NE, still clearly visible in the digital elevation 
�P�R�G�H�O�����'�(�0�����D�Q�G���L�Q���D�O�O���S�U�R�¿�O�H�V���R�I���W�K�H���U�L�Y�H�U�V���À�R�Z�L�Q�J���L�Q���W�K�H���.�D�U�G�L�W�V�D���3�O�D�L�Q�����)�L�J�����,�,���������E�������'�X�U�L�Q�J��
the latest Quaternary, the western rivers progressively reached the entrance to the Peneiada Valley 
close to Farkadona (Fig. II.1.7c).

Following the diversion of the Titarissios River, the consequent lack of i) any counteracting 
�Z�H�V�W�Z�D�U�G�� �À�R�Z���� �L�L���� �D�Q�\�� �D�V�V�R�F�L�D�W�H�G�� �K�\�G�U�D�X�O�L�F�� �J�U�D�G�L�H�Q�W���D�Q�G�� �L�L�L���� �Z�H�V�W�Z�D�U�G�� �V�H�G�L�P�H�Q�W���W�U�D�Q�V�S�R�U�W�D�W�L�R�Q��
�F�H�U�W�D�L�Q�O�\���I�D�F�L�O�L�W�D�W�H�G���D�Q�G���D�F�F�H�O�H�U�D�W�H�G���W�K�H���Y�H�U�\���¿�Q�D�O���L�Q�¿�O�O�L�Q�J���V�W�D�J�H�V���R�I���W�K�H���S�D�O�D�H�R���3�H�Q�H�L�D�G�D���9�D�O�O�H�\��

48 Mantovani et al. 2018.
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from the west towards the east (Fig. II.1.7d). Indeed, due to the limited width of the valley com-
pared to the Karditsa Plain and to the huge sedimentary input of western provenance (Fig. II.1.5), 
this process likely occurred in an extremely rapid way. Once progradation and aggradation of 
�W�K�H���S�D�O�D�H�R���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���À�R�R�U���U�H�D�F�K�H�G���W�K�H���W�K�U�H�V�K�R�O�G���D�O�W�L�W�X�G�H���Q�R�U�W�K���R�I���.�R�X�W�V�R�F�K�H�U�R�����W�K�H���S�U�R�W�R��
Kalamaki Gorge that was likely already formed along the Larissa Fault during the Late Pleisto-
�F�H�Q�H�����¿�U�V�W���7�L�W�D�U�L�V�V�L�R�V�� �5�L�Y�H�U���G�L�Y�H�U�V�L�R�Q���� �)�L�J���� �,�,���������E���� �F�R�X�O�G���K�D�Y�H���E�H�H�Q���H�[�S�O�R�L�W�H�G���E�\�� �W�K�H���µ�Z�H�V�W�H�U�Q�¶��
waters to establish a direct hydraulic connection with the Eastern Thessalian Plain (Fig. II.1.6d). 
�:�L�W�K���W�K�L�V���O�D�V�W���H�Y�H�Q�W�����W�K�H���À�R�Z���G�L�U�H�F�W�L�R�Q���D�O�R�Q�J���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���Z�D�V���W�K�H�U�H�I�R�U�H���G�H�¿�Q�L�W�H�O�\���U�H�Y�H�U�V�H�G��
(Fig. II.1.7d). This ultimate event occurred in (latest Pleistocene–)Holocene times, as will be 
discussed further in the following section. Only at this stage, did the Karditsa Plain and its entire 
hydrographic basin begin to drain permanently eastwards, as we see them today (Fig. II.1.1a). At 
that time, the Larissa Plain was probably already connected to the Aegean Sea across the Rodia 
Gorge and the Tembi Valley (Fig. II.1.7c),49 thus setting up the entire path of what we today call 
the Peneios River.

�7�K�H���U�H�Q�H�Z�H�G���Z�D�W�H�U���À�R�Z���D�F�U�R�V�V���W�K�H���.�D�O�D�P�D�N�L���*�R�U�J�H���D�Q�G���W�K�H���J�U�H�D�W�O�\���L�Q�F�U�H�D�V�H�G���Z�D�W�H�U���G�L�V�F�K�D�U�J�H��
along the very narrow valley consequently resumed entrenching and river regressive erosion, 
this time to facilitate the evacuation of the ‘western’ waters. Such erosion progressively shifted 
upstream the equilibrium point along the newly formed Peneios River. At present, the critical 
�G�L�V�H�T�X�L�O�L�E�U�L�X�P���V�H�F�W�R�U���V�H�S�D�U�D�W�L�Q�J���W�K�H���X�S�V�W�U�H�D�P���U�H�D�F�K�����Z�K�H�U�H���I�U�H�T�X�H�Q�W���À�R�R�G�L�Q�J���H�Y�H�Q�W�V���V�W�L�O�O���R�F�F�X�U����
contributing to a residual (though progressively disappearing) aggradation of the Peneiada Valley 
plain (Fig. II.1.3), and the downstream reach, where, instead, vertical entrenching by the riverbed 
started prevailing, is somewhere between Peneiada and Koutsochero villages. This is documented 
by the coexistence of persisting inundation periods and the riverbed being 5–8m deep relative to 
the surrounding alluvial plain.

Age of Ejection Cones

�5�H�J�D�U�G�L�Q�J���W�K�H���D�J�H���R�I���W�K�H���O�D�W�H���V�H�G�L�P�H�Q�W���L�Q�¿�O�O�L�Q�J���R�I���W�K�H���S�D�O�D�H�R���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���D�Q�G���W�K�H���¿�Q�D�O���L�Q�Y�H�U-
�V�L�R�Q���R�I���W�K�H���Z�D�W�H�U���À�R�Z���G�L�U�H�F�W�L�R�Q�����Q�R���D�E�V�R�O�X�W�H���D�J�H�V���D�U�H���D�Y�D�L�O�D�E�O�H���D�W���S�U�H�V�H�Q�W�����+�R�Z�H�Y�H�U�����L�Q���W�K�L�V���V�H�F-
tion we discuss some chronological constraints by analysing the ejection cones originating from 
�W�K�H���V�H�Y�H�U�D�O���P�L�Q�R�U���O�D�W�H�U�D�O���Y�D�O�O�H�\�V�����)�L�J�����,�,���������������7�K�H�L�U���P�R�U�S�K�R�O�R�J�L�F�D�O���D�Q�D�O�\�V�L�V���E�D�V�H�G���R�Q���G�L�U�H�F�W���¿�H�O�G��
observations and high resolution DEMs indicates that all these cones are characterised by a quite 
regular slope with typical fan geometry in map view and a smooth topographic surface uniformly 
sloping from the lateral valley mouth(s) in the bedrock towards the plain.

�,�W���V�K�R�X�O�G���E�H���Q�R�W�H�G���W�K�D�W���P�D�F�U�R�V�F�R�S�L�F���G�L
u�H�U�H�Q�F�H�V���H�[�L�V�W���E�H�W�Z�H�H�Q���W�K�H���H�M�H�F�W�L�R�Q���F�R�Q�H�V���Z�K�R�V�H���K�\-
drographic basins consist exclusively of Mesozoic carbonate rocks, from those characterised by 
prevailing Palaeozoic metamorphic rocks, mainly schists and gneiss. Indeed, the degree of erod-
�L�E�L�O�L�W�\���R�I���W�K�H�V�H���W�Z�R���O�L�W�K�R�O�R�J�L�H�V���L�V���T�X�L�W�H���G�L
u�H�U�H�Q�W�����E�X�W���L�Q���S�D�U�W�L�F�X�O�D�U�����W�K�H���D�Y�H�U�D�J�H���G�L�P�H�Q�V�L�R�Q�V���R�I���W�K�H��
�F�O�D�V�W�V���S�U�R�G�X�F�H�G���D�O�R�Q�J���W�K�H���P�R�X�Q�W�D�L�Q���V�O�R�S�H�V���I�U�R�P���W�K�H���W�Z�R���V�R�X�U�F�H���U�R�F�N�V���L�V���Y�H�U�\���G�L
u�H�U�H�Q�W�����W�K�H���I�R�U�P�H�U��
�J�H�Q�H�U�D�O�O�\���F�R�D�U�V�H���J�U�D�L�Q�H�G�����Z�L�W�K���F�O�D�V�W�V���X�S���W�R���V�R�P�H���F�P�����D�Q�G���P�D�W�U�L�[���S�R�R�U�����W�K�H���O�D�W�W�H�U���¿�Q�H���J�U�D�L�Q�H�G�����Z�L�W�K��
clasts of at most a few mm and generally much less) and matrix-rich. On the other hand, the dif-
ferent degree of erodibility caused the rocky slopes in the metamorphic basins to retreat much 
faster, therefore widening the corresponding secondary hydrographic networks and hence further 
increasing the amount of eroded material.

�7�K�H�V�H���G�L
u�H�U�H�Q�F�H�V�����E�R�W�K���L�Q���W�K�H���J�U�D�Q�X�O�R�P�H�W�U�\���D�Q�G���L�Q���W�K�H���D�P�R�X�Q�W���R�I���F�O�D�V�W�V���S�U�R�G�X�F�H�G�����D�V���Z�H�O�O���D�V��
�W�K�H���R�Y�H�U�D�O�O���W�H�[�W�X�U�D�O���I�H�D�W�X�U�H�V���R�I���W�K�H���G�H�S�R�V�L�W�V�����D�U�H���R�E�Y�L�R�X�V�O�\���U�H�À�H�F�W�H�G���L�Q���W�K�H���V�O�R�S�H���D�Q�J�O�H���R�I���W�K�H���D�V-
sociated cones: generally greater for carbonate-sourced fans (5°–10°) and smaller for the other 
ones (1°–2°); similarly, the overall size of the fans is much smaller for the former and wider for 
the latter ones.

49 Caputo et al. 1994.
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Also, the solute carbonate content in the water draining the ‘carbonate’ versus the ‘metamor-
�S�K�L�F�¶���K�\�G�U�R�J�U�D�S�K�L�F���E�D�V�L�Q�V���Z�D�V���P�D�U�N�H�G�O�\���G�L
u�H�U�H�Q�W�����D�Q�G���W�K�L�V���K�\�G�U�R�F�K�H�P�L�F�D�O���G�L
u�H�U�H�Q�F�H���F�R�Q�V�H�T�X�H�Q�W�O�\�� 
�L�Q�G�X�F�H�G���D���G�L
u�H�U�H�Q�W���G�H�J�U�H�H���R�I���F�H�P�H�Q�W�D�W�L�R�Q���I�R�U���W�K�H���W�Z�R���W�\�S�H�V���R�I���F�R�Q�H�V�����H�V�S�H�F�L�D�O�O�\���G�X�U�L�Q�J���W�K�H���J�O�D�F�L�D�O��
maxima, including the last one at c. 26.5–19.5ka BP. This is because the increased precipitation 
during these climatic peaks similarly increased the dissolution of the carbonate rocks uphill and 
hence the hydrochemistry of the fed aquifers, especially the shallow ones, was richer in solute 
calcium.

On top of the cones we nowadays observe a soil, generally 1–2m thick, with only a minor col-
luvial input. No active debris phenomena or scree deposits are observed on top of these surfaces. 
That is to say, the rocky slopes impending over the cones within the corresponding hydrographic 
basins at present do not produce clasts to be subsequently transported downhill and therefore they 
no longer contribute to the growth of the cones. In other words, and similar to most of the Aegean 
realm and other Mediterranean regions, the mountain slopes, especially the carbonate ones, have 
basically been stable since the fading of the last glacial maximum (LGM), say during the last 
15–18ka. This is well documented in the literature and the late LGM topography is commonly 
exploited as a chronological marker in many morphotectonic and palaeoseismological investi-
gations.50 Similar cemented deposits in Thessaly characterising the upmost layers of the ejection 
cones provided 14C ages of 19–23ka,51 in perfect agreement with the age of the LGM. On the other 
hand, it should also be noted that the uniform granulometric and textural characteristics of the de-
�S�R�V�L�W�V���D�V���Z�H�O�O���D�V���W�K�H���P�R�U�S�K�R�O�R�J�L�F�D�O���V�L�P�L�O�D�U�L�W�\���R�I���W�K�H���G�L
u�H�U�H�Q�W���F�R�Q�H�V���D�O�O���D�O�R�Q�J���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\����
and in Thessaly more broadly, suggest a common genetic process and a common age formation.

Another crucial observation relative to the lateral ejection cones and their chronology is repre-
�V�H�Q�W�H�G���E�\���W�K�H�L�U���V�W�U�D�W�L�J�U�D�S�K�L�F���D�Q�G���J�H�R�P�H�W�U�L�F���U�H�O�D�W�L�R�Q�V�K�L�S�V���Z�L�W�K���W�K�H���À�X�Y�L�D�O���P�D�U�V�K���G�H�S�R�V�L�W�V���W�R�S�S�L�Q�J��
the Peneiada Valley plain. If we assume as a null hypothesis that both depositional environments 
���L���H���� �V�O�R�S�H�� �D�Q�G�� �À�R�R�G�L�Q�J�� �S�O�D�L�Q���� �Z�H�U�H�� �F�R�Q�W�H�P�S�R�U�D�Q�H�R�X�V�O�\�� �D�F�W�L�Y�H���� �W�K�H�� �W�Z�R�� �P�D�U�N�H�G�O�\�� �G�L
u�H�U�H�Q�W�� �I�D-
cies (ejection cones versus alluvial sediments) and the associated event layers should basically 
�L�Q�W�H�U�¿�Q�J�H�U���D�W���W�K�H���I�R�R�W���R�I���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���À�D�Q�N�V���Z�K�H�U�H���W�K�H���S�U�R�J�U�D�G�D�W�L�R�Q���R�I���W�K�H���F�R�Q�H�V���D�Q�G���W�K�H��
�D�J�J�U�D�G�D�W�L�R�Q���R�I���W�K�H���S�O�D�L�Q���Z�R�X�O�G���F�R�P�S�H�W�H���D�Q�G���W�K�H�L�U���H
u�H�F�W�V���Z�R�X�O�G���P�H�U�J�H�����$�V���D���F�R�Q�V�H�T�X�H�Q�F�H�����R�Q���W�K�H��
topographic surface we should observe a sort of transition zone between the two sedimentary en-
vironments expressed in the topography by an interposed slope connecting the regularly dipping 
ejection cones (5°–10°) with the horizontal alluvial plain. In other words, at the toe of the cones 
we should systematically observe a belt characterised by a progressively decreasing gradient.

Contrary to the null hypothesis, this morphological feature is not observed at all along the 
Peneiada Valley’s sides and the slope angle changes abruptly from that typical of the cones (i.e. 
���ƒ�±�����ƒ�����W�R���W�K�H���À�D�W���W�R�S�R�J�U�D�S�K�\���R�I���W�K�H���D�O�O�X�Y�L�D�O���S�O�D�L�Q�����7�R���V�X�P���X�S�����D���¿�U�V�W���P�D�M�R�U���F�R�Q�F�O�X�V�L�R�Q���Z�H���F�R�X�O�G��
�L�Q�I�H�U���L�V���W�K�D�W���W�K�H���D�F�W�L�Y�L�W�\���R�I���W�K�H���H�M�H�F�W�L�R�Q���F�R�Q�H�V���F�O�H�D�U�O�\���S�U�H���G�D�W�H�V���W�K�H���O�D�V�W���L�Q�¿�O�O�L�Q�J���V�W�D�J�H���R�I���W�K�H���3�H�Q�H-
iada Valley. As a consequence, and taking into account the fact that the cones largely completed 
�W�K�H�L�U���H�Y�R�O�X�W�L�R�Q���G�X�U�L�Q�J���W�K�H���/�*�0�����F�������������±���������N�D���%�3�������W�K�H���¿�Q�D�O���L�Q�¿�O�O�L�Q�J���S�K�D�V�H���D�Q�G���W�K�H���X�O�W�L�P�D�W�H���S�U�R-
gradation-aggradation event(s) within the alluvial plain that ultimately generated a stable, though 
subtle, eastward topographic gradient of the Peneiada Valley plain, mainly occurred during the 
Holocene (Fig. II.1.7d). Only at this stage, was a permanent hydraulic-hydrographic connection 
from the Karditsa Plain to the Larissa Plain established via a water course that we today call the 
Peneios River.

50 Benedetti et al. 2002; Papanikolaou et al. 2005; Caputo et al. 2006; Caputo et al. 2010; Mason et al. 2016.
51 Caputo – Helly 2007.
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II.1.3. Environmental Changes in the Post-Last Glacial Maximum Period

Early Holocene Changes

Immediately following the LGM, say for some/few thousands of years, the lack of, or the very 
reduced, vegetation cover had two major consequences. Firstly, large amounts of loose material 
were produced on the mountain slopes (i.e. in the upper parts of the drainage basins) and eas-
ily transported downstream through the hydrographic network. Secondly, due to the prevailing 
�V�X�U�I�D�F�H���U�L�O�O�L�Q�J���D�Q�G���W�K�H���S�R�R�U���X�Q�G�H�U�J�U�R�X�Q�G���L�Q�¿�O�W�U�D�W�L�R�Q���D�O�R�Q�J���W�K�H���V�O�R�S�H�V���� �P�R�V�W���R�I�� �W�K�H���S�U�H�F�L�S�L�W�D�W�L�R�Q��
water was quickly transferred towards the lower hydrographic network, thereby increasing the 
water discharge in the channels and hence their energy. At the dawn of the post-LGM period, the 
�F�R�P�E�L�Q�D�W�L�R�Q���R�I���W�K�H�V�H���W�Z�R���H
u�H�F�W�V�����K�L�J�K���V�H�G�L�P�H�Q�W���O�R�D�G���D�Q�G���K�L�J�K���Z�D�W�H�U���G�L�V�F�K�D�U�J�H�����S�U�R�E�D�E�O�\���I�R�X�Q�G��
an equilibrium by transferring most of the sediment load down to the local base level, thereby 
building rapidly prograding internal deltas (Fig. II.1.7b–c).

Sometime later, the progressive climate change towards overall warmer conditions and the 
�F�R�Q�F�X�U�U�H�Q�W���G�L
u�X�V�L�R�Q���R�I���W�K�H���Y�H�J�H�W�D�W�L�R�Q���F�R�Y�H�U���L�Q���W�K�H���E�U�R�D�G�H�U���0�H�G�L�W�H�U�U�D�Q�H�D�Q���U�H�D�O�P�����D�Q�G���S�D�U�W�L�F�X�O�D�U�O�\��
in Greece, had some major consequences. Indeed, i) the water discharge in the lower channels 
(i.e. in the alluvial plains) experienced a slight reduction, ii) the production of clastic material in 
the mountain slopes was similarly reduced, but especially iii) large amounts of these materials 
were deposited in the wide alluvial cones/internal deltas starting to develop from the border of the 
Karditsa Plain and progressively prograding towards the Peneiada Valley entrance.

�'�X�H���W�R���W�K�H���H�D�V�W�Z�D�U�G���U�H�V�W�U�D�L�Q�L�Q�J���R�I���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\�����W�K�H���S�U�R�J�U�H�V�V�L�Y�H���D�O�O�X�Y�L�D�O���L�Q�¿�O�O�L�Q�J���Z�D�V��
even faster towards the Kalamaki Gorge with respect to the valley entrance close to Farkadona. In 
this regard, the occurrence of very rapidly prograding internal deltas has been well documented 
in the Po Plain, North Italy, associated with the large amount of material discharge caused by 
the Apennine tributaries.52 For example, in historical times, local aggradation and progradation 
rates as high as 15cm/a and 500m/a, respectively, have been documented for the Reno River,53 
but similar ones could be inferred for other nearby Apennine rivers. Taking into account that the 
hydrographic basin of the Reno River is comparatively much smaller than the source area of the 
‘western’ rivers at the entrance to the Peneiada Valley (Fig. II.1.5), during the post-LGM wet pe-
riods it is reasonable to assume comparable aggradation rates.

�,�W���V�K�R�X�O�G���D�O�V�R���E�H���F�R�Q�V�L�G�H�U�H�G���W�K�D�W���W�K�H���S�R�V�W���/�*�0���S�H�U�L�R�G���Z�D�V���D�O�V�R���U�H�S�H�D�W�H�G�O�\���D
u�H�F�W�H�G���E�\���P�L�Q�R�U��
�À�X�F�W�X�D�W�L�R�Q�V���R�I�� �F�O�L�P�D�W�L�F���F�R�Q�G�L�W�L�R�Q�V���D�Q�G���S�D�U�W�L�F�X�O�D�U�O�\�� �E�\�� �V�H�Y�H�U�D�O���J�O�R�E�D�O���F�R�O�G���H�S�R�F�K�V���J�H�Q�H�U�D�O�O�\�� �D�V-
�V�R�F�L�D�W�H�G���L�Q���F�H�Q�W�U�D�O���*�U�H�H�F�H���Z�L�W�K���L�����Z�H�W�W�H�U���F�R�Q�G�L�W�L�R�Q�V�����L�L�����K�L�J�K�H�U���S�U�H�F�L�S�L�W�D�W�L�R�Q�����L�L�L�����O�R�Q�J�H�U���À�R�R�G�L�Q�J��
periods, and iv) likely much more intense rainy events.54 These conditions were favourable to 
more frequent and stronger exudation events and the consequent distribution and deposition of 
�K�X�J�H���D�P�R�X�Q�W�V���R�I���D�O�O�X�Y�L�D�O���V�H�G�L�P�H�Q�W�V���L�Q���W�K�H���V�X�U�U�R�X�Q�G�L�Q�J���À�D�W���W�R�S�R�J�U�D�S�K�\�����,�Q�V�R�I�D�U���D�V���W�K�H���3�H�Q�H�L�D�G�D��
�9�D�O�O�H�\���L�V���S�D�U�W�L�F�X�O�D�U�O�\���Q�D�U�U�R�Z�����W�K�H���L�Q�¿�O�O�L�Q�J���S�U�R�F�H�V�V���D�Q�G���F�R�Q�V�H�T�X�H�Q�W���D�J�J�U�D�G�D�W�L�R�Q���R�I���W�K�H���Y�D�O�O�H�\���À�R�R�U��
could have been characterised by periods of accelerated sedimentation rates up to several mm/a 
(or even some cm/a).

Neolithic Period

Latest Palaeolithic and certainly Neolithic people lived in a rapidly changing environment. Indeed, 
�W�K�D�W���Z�D�V���W�K�H���W�L�P�H���V�S�D�Q���G�X�U�L�Q�J���Z�K�L�F�K���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���Z�D�V���G�H�¿�Q�L�W�H�O�\���L�Q�¿�O�O�H�G���E�\���S�U�R�J�U�D�G�D�W�L�R�Q��
aggradation, thus transforming from lacustrine-marshy conditions to the permanently established 
eastward water drainage. The latter stage is strictly associated with the formation of the modern 

52 Amorosi et al. 2014; Caputo et al. 2016.
53 Bondesan 2001; Caputo et al. 2016.
54 Rossignol-Strick 1993; Kromer – Friedrich 2007; Ceraga et al. 2010; Dean et al. 2015.
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Peneios River (Figs. II.1.1, II.1.5) transporting the ‘western’ water into the Larissa Plain and from 
�W�K�H�U�H���¿�Q�D�O�O�\���W�R���W�K�H���$�H�J�H�D�Q���6�H�D�����I�R�U�P�L�Q�J���W�K�H���S�U�H�V�H�Q�W���P�D�U�L�Q�H���G�H�O�W�D��

From a dynamic point of view, two distinct processes operated synergistically on the hy-
�G�U�D�X�O�L�F���W�R�S�R�J�U�D�S�K�L�F���J�U�D�G�L�H�Q�W���R�I���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���L�Q���R�U�G�H�U���W�R���I�D�F�L�O�L�W�D�W�H���W�K�H���Z�D�W�H�U���À�R�Z���I�U�R�P���W�K�H��
�.�D�U�G�L�W�V�D���3�O�D�L�Q���W�R�Z�D�U�G�V���W�K�H���/�D�U�L�V�V�D���3�O�D�L�Q�����7�K�H�V�H���S�U�R�F�H�V�V�H�V���Z�H�U�H�����¿�U�V�W�O�\�����W�K�H���S�U�R�J�U�H�V�V�L�Y�H���U�H�J�U�H�V�V�L�Y�H��
erosion along the Kalamaki Gorge (and subsequently the upstream reaches) and, secondly, the 
progressive progradation-aggradation within the Peneiada Valley from the west towards the east. 
�$�V���D���F�R�Q�V�H�T�X�H�Q�F�H�����R�Q�F�H���D�Q���H�D�V�W�Z�D�U�G���G�L�S�S�L�Q�J���J�U�D�G�L�H�Q�W���Z�D�V���G�H�¿�Q�L�W�H�O�\���H�V�W�D�E�O�L�V�K�H�G�����)�L�J�����,�,���������G������
�W�K�H�� �V�H�D�V�R�Q�D�O�O�\�� �D�Q�G���R�U�� �S�H�U�P�D�Q�H�Q�W�O�\�� �À�R�R�G�H�G�� �D�U�H�D�V�� �Z�L�W�K�L�Q�� �W�K�H�� �3�H�Q�H�L�D�G�D�� �9�D�O�O�H�\�� �E�H�J�D�Q�� �W�R�� �U�H�G�X�F�H��
�W�R�J�H�W�K�H�U�� �Z�L�W�K�� �W�K�H�� �I�U�H�T�X�H�Q�F�\�� �R�I�� �W�K�H�� �H�[�F�H�S�W�L�R�Q�D�O�� �À�R�R�G�� �H�Y�H�Q�W�V�� �D
u�H�F�W�L�Q�J�� �W�K�H�� �L�Q�W�H�U�P�R�X�Q�W�D�L�Q�� �S�O�D�L�Q����
In such newly evolving environmental conditions, contemporaneous people assisted a sort of 
regression of the lacustrine zone, a migration of the swamp area and a retreat of the associated 
‘coastline’.

�$�V�V�X�P�L�Q�J���D�V���D���S�U�H�O�L�P�L�Q�D�U�\���D�Q�G���U�R�X�J�K���K�\�S�R�W�K�H�V�L�V���W�K�D�W���W�K�H���D�P�R�X�Q�W���R�I���Z�D�W�H�U���V�H�D�V�R�Q�D�O�O�\���À�R�R�G-
ing the Peneiada Valley plain during rainy periods and/or snow-melting periods was more or less 
constant during some generations of the Neolithic people, the inundated surface and the depth of 
the water could have been similar year on year. What changed progressively through generations, 
however, was the absolute altitude of the aggrading alluvial plain, consequently the extent of 
�À�R�R�G���Z�D�W�H�U���D�Q�G���W�K�H�U�H�I�R�U�H���W�K�H���D�E�V�R�O�X�W�H���D�O�W�L�W�X�G�H���R�I���W�K�H���µ�F�R�D�V�W�O�L�Q�H�¶���R�I���W�K�H���V�H�D�V�R�Q�D�O�O�\���L�Q�X�Q�G�D�W�H�G���D�U�H�D�V����
In other words, Neolithic people could have passively assisted a sort of swamp/lake transgression 
towards their villages and farmed areas.

�&�R�Q�V�L�G�H�U�L�Q�J���D�O�V�R���D�Q�Q�X�D�O�O�\���Y�D�U�L�D�E�O�H���À�R�R�G�V���D�Q�G���W�D�N�L�Q�J���L�Q�W�R���D�F�F�R�X�Q�W���W�K�H�������\�H�D�U�����W�K�H���������\�H�D�U���D�Q�G����
for example, the 50-year water discharge maximum events, from the inhabitants’ perspective it 
was like observing that exceptional inundation events, in terms of water extent, water current (viz. 
energy) and maximum water depth, were progressively increasing in frequency and magnitude 
during their lifetime. It is, therefore, obvious that in such conditions the most reasonable solution 
was to move their villages to a higher, safer and drier location, however still close to the season-
ally fertilised farmed areas and the vital water supply.

This is what probably occurred sometime between the Early and the Middle Neolithic, say 
around 7.8ka BP (i.e. 5.8ka BC), when Magoula Koutsaki was abandoned55 and PMZ was settled 
more or less contemporaneously. The detailed archaeological stratigraphy at this site documents 
that this settlement was characterised by a continuous occupation up to c. the end of the Middle 
Neolithic, when it seems it was suddenly abandoned until it was re-occupied during the Bronze 
Age.56

It is worth noting that PMZ is located at the toe of the widest ejection cone formed along 
�W�K�H���Q�R�U�W�K�H�U�Q���À�D�Q�N���R�I���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\�����)�L�J�����,�,���������������$�V���P�H�Q�W�L�R�Q�H�G���L�Q���D���S�U�H�Y�L�R�X�V���V�H�F�W�L�R�Q�����W�K�L�V��
�L�V�� �R�Q�H�� �R�I�� �W�K�H�� �F�R�Q�H�V�� �R�I�� �µ�P�H�W�D�P�R�U�S�K�L�F�¶�� �S�U�R�Y�H�Q�D�Q�F�H�� �F�R�Q�V�L�V�W�L�Q�J�� �R�I�� �P�D�W�U�L�[���U�L�F�K���� �¿�Q�H���J�U�D�L�Q�H�G�� ���Z�L�W�K��
�F�O�D�V�W�V���X�S���W�R���I�H�Z���P�L�O�O�L�P�H�W�U�H�V���L�Q���V�L�]�H�����G�H�S�R�V�L�W�V���P�D�L�Q�O�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���G�H�E�U�L�V���À�R�Z���W�U�D�Q�V�S�R�U�W���P�H�F�K�D-
nisms. Such locations could be generally quite safe, especially if ditches and protection walls are 
installed;57���K�R�Z�H�Y�H�U�����L�Q���W�K�H���F�D�V�H���R�I���H�[�F�H�S�W�L�R�Q�D�O���H�Y�H�Q�W�V�����H���J�����À�D�V�K���À�R�R�G�V�����G�L�U�H�F�W�H�G���E�\���Q�D�W�X�U�D�O���I�D�Q��
channel migration and by chance straight towards the archaeological site, the destructive power 
of these natural phenomena could be locally catastrophic, generating a depositional strip several 
kilometres long, up to 1–2m thick and 100–200m wide. A similar morphological feature can be 
clearly observed nowadays south of Zarko village. Such an event could have potentially forced 
Neolithic people to move away from the site.

55  Giorgos Toufexis, personal communication.
56  Gallis 1989; Toufexis – Batzelas, this volume, 83, 125.
57  Souvatzi, this volume, 593–596.
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River Dynamics Deduced from Historical Floodplain Features

�:�H���K�D�Y�H���E�H�H�Q���D�E�O�H���W�R���L�G�H�Q�W�L�I�\���O�D�W�H���+�R�O�R�F�H�Q�H���D�Q�G���P�R�G�H�U�Q���À�X�Y�L�D�O���I�H�D�W�X�U�H�V���L�Q���W�K�H���3�H�Q�H�L�D�G�D���U�H�D�F�K��
�À�R�R�G�S�O�D�L�Q�����)�L�J�����,�,���������������7�K�H���W�K�U�H�H���G�L�V�W�L�Q�F�W���X�Q�L�W�V���D�U�H���W�K�H���I�R�O�O�R�Z�L�Q�J�����L�����$���¿�U�V�W���X�Q�L�W���G�H�Y�H�O�R�S�H�G���R�Q���W�K�H��
�Q�R�U�W�K�H�U�Q�� �V�L�G�H�� �R�I�� �W�K�H�� �3�H�Q�H�L�D�G�D�� �3�O�D�L�Q�� �P�D�\�� �F�R�U�U�H�V�S�R�Q�G�� �W�R�� �G�H�S�R�V�L�W�V�� �R�U�L�J�L�Q�D�W�L�Q�J�� �I�U�R�P�� �W�K�H�� �Q�R�U�W�K�H�U�Q��
�V�O�R�S�H�V���D�Q�G���U�H�Z�R�U�N�H�G���E�\���Z�D�W�H�U���G�\�Q�D�P�L�F�V���G�X�U�L�Q�J���W�K�H���K�L�J�K�H�V�W���V�W�D�J�H���R�I���W�K�H���I�R�U�P�H�U���O�D�N�H�����7�K�L�V���X�Q�L�W���P�D�\��
�G�D�W�H���E�D�F�N���D�W���W�K�H���O�D�W�H�V�W���W�R���W�K�H���F�R�P�S�O�H�W�H���L�Q�¿�O�O�L�Q�J���R�I�� �W�K�H���O�D�N�H���E�\�� �W�K�H���H�D�V�W�Z�D�U�G���S�U�R�J�U�D�G�L�Q�J���L�Q�W�H�U�Q�D�O��
�G�H�O�W�D�����L�L�����$�Q���L�Q�W�H�U�P�H�G�L�D�W�H���X�Q�L�W���V�O�R�S�L�Q�J���W�R���W�K�H���H�D�V�W���R�Q�F�H���W�K�H���.�D�O�D�P�E�D�N�L���*�R�U�J�H���D�O�O�R�Z�H�G���U�H�J�U�H�V�V�L�Y�H��
�H�U�R�V�L�R�Q�� �Z�H�V�W�Z�D�U�G�� �L�Q�W�R�� �W�K�H�� �3�H�Q�H�L�D�G�D�� �9�D�O�O�H�\�� �À�R�R�U���� �8�Q�L�W�� ���� �R�I�� �W�K�H�� �3�H�Q�H�L�R�V�� �D�O�O�X�Y�L�D�O�� �S�O�D�L�Q�� �G�L�V�S�O�D�\�V��
�D�Q�F�L�H�Q�W���R�[�E�R�Z���O�D�N�H�V�����F�X�W���R
u���D�Q�G���L�V�R�O�D�W�H�G�����E�H�O�R�Q�J�L�Q�J���W�R���R�Q�H���R�U���V�H�Y�H�U�D�O���P�H�D�Q�G�H�U���E�H�O�W�V���R�I���G�L
u�H�U�H�Q�W��
�D�J�H�V���R�Q���W�K�H���Q�R�U�W�K�H�U�Q���P�D�U�J�L�Q���R�I���W�K�H���D�O�O�X�Y�L�D�O���S�O�D�L�Q�����I�R�U���H�[�D�P�S�O�H�����R�[�E�R�Z�V���Q�H�D�U���3�H�Q�H�L�D�G�D���K�D�Y�H���E�H�H�Q��
�G�R�F�X�P�H�Q�W�H�G���R�Q���D�H�U�L�D�O���S�K�R�W�R�V��58���7�K�H���J�H�R�J�U�D�S�K�L�F���L�V�R�O�D�W�L�R�Q���R�I���S�D�O�D�H�R�P�H�D�Q�G�H�U�V���P�D�\���K�D�Y�H���S�U�H�Y�H�Q�W�H�G��
�W�K�H���3�H�Q�H�L�R�V���À�R�R�G�V���I�U�R�P���F�R�P�S�O�H�W�H�O�\���¿�O�O�L�Q�J���W�K�H�P���Z�L�W�K���V�H�G�L�P�H�Q�W�����7�K�H���F�R�Q�Y�H�[���S�D�U�W���R�I���W�K�H���P�H�D�Q�G�H�U�V��
�G�L�V�S�O�D�\�V���D���V�H�U�L�H�V���R�I���D�U�F�X�D�W�H���V�F�U�R�O�O���E�D�U�V���F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�R���D���V�X�F�F�H�V�V�L�R�Q���R�I���P�H�D�Q�G�H�U���V�K�L�I�W�L�Q�J���V�W�D�J�H�V��

58�� �7�]�L�D�I�D�O�L�D�V���H�W���D�O��������������

�)�L�J�����,�,���������������0�D�S���R�I���W�K�H���=�D�U�N�R���D�U�H�D���V�K�R�Z�L�Q�J���W�K�H���O�R�F�D�W�L�R�Q���R�I���W�K�H���1�H�R�O�L�W�K�L�F���V�L�W�H�V���3�0�=���D�Q�G���.�R�X�W�V�D�N�L���0�D�J�R�X�O�D�����%�O�X�H���O�L�Q�H�V��
�U�H�S�U�H�V�H�Q�W���S�D�O�D�H�R���F�K�D�Q�Q�H�O�V���D�Q�G���S�R�L�Q�W���E�D�U�V�����G�D�V�K�H�G���D�U�U�R�Z�V���L�Q�G�L�F�D�W�H���S�R�V�V�L�E�O�H���U�H�F�H�Q�W�����/�D�W�H���+�R�O�R�F�H�Q�H�"�����À�D�V�K���À�R�R�G�V�����7�K�H��
�D�O�W�L�W�X�G�H���R�I���V�H�O�H�F�W�H�G���F�R�Q�W�R�X�U�V���L�V���U�H�S�R�U�W�H�G�����.�R�X�W�V�D�N�L���0�D�J�R�X�O�D���D�Q�G���3�0�=���Z�H�U�H���E�R�W�K���O�L�N�H�O�\���O�R�F�D�W�H�G���F�O�R�V�H���W�R���W�K�H���F�R�D�V�W�O�L�Q�H���R�I��
�W�K�H���S�D�O�D�H�R���O�D�N�H���D�W���G�L
u�H�U�H�Q�W���V�W�D�J�H�V�����Y�L�]�����H�S�R�F�K�V�������7�K�H���I�R�U�P�H�U���K�D�V���E�H�H�Q���S�D�U�W�L�D�O�O�\���G�U�D�S�H�G���L�Q���K�L�V�W�R�U�L�F�D�O���W�L�P�H���E�\���W�K�H���À�X�Y�L�D�O��

�G�H�S�R�V�L�W�V���R�I���W�K�H���P�R�G�H�U�Q���3�H�Q�H�L�R�V���5�L�Y�H�U�����5�����&�D�S�X�W�R��
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�G�X�U�L�Q�J���À�R�R�G���H�S�L�V�R�G�H�V�����:�H�V�W���R�I���3�H�Q�H�L�D�G�D���Y�L�O�O�D�J�H�����X�Q�L�W�������L�V���O�R�F�D�W�H�G���V�R�X�W�K���R�I���W�K�H���P�R�G�H�U�Q���P�H�D�Q�G�H�U��
belt, while east of Peneiada, a stretch of meander pattern is located north of the modern meander 
belt. As a result, the shifting of meanders during the early Holocene would have released a con-
siderable quantity of sediment towards the Kalambaki Gorge. The shifting of the meanders may 
�K�D�Y�H���E�H�H�Q���D�O�O���W�K�H���P�R�U�H���U�D�S�L�G���D�V���W�K�H���U�L�Y�H�U���Z�D�V���Q�R�W���\�H�W���H�Q�W�U�H�Q�F�K�H�G���D�Q�G���W�K�H���U�H�F�H�Q�W���À�X�Y�L�R���O�D�F�X�V�W�U�L�Q�H��
sediment was soft; iii) The present Peneios is an active incised river located in a meander belt, 
displaying compound meanders, discrete active features of lateral erosion and lateral features 
built up by the river lateral migration, like small bars (unit 3).

Archaic to Roman Period

A more recent archaeological site settled along the Peneiada Valley provides crucial informa-
tion on the rapidly evolving hydrography and morphology of the area. It is represented by Atrax  
(Figs. II.1.2, II.1.9), one important town of the Thessalians from Archaic to Roman Thessaly  
(7th–2nd centuries B.C. ~2.7–2.1ka BP). The site was also occupied during Roman and early Byz-
antine times (till c. the 10th century) but its importance was clearly reduced. The site is located on the 
southern side of the valley and during its maximum expansion it occupied 90 hectares.59 In particular, 
the core of the town (acropolis) was located in the lower sector of the bedrock slope of Mount Tita-
nos, the more rural area (katopolis) extended over the lower part of the nearby ejection cone, while 
the farmed area was distributed in the contiguous alluvial plain just north of it (Fig. II.1.9).

A wall surrounding the city of Atrax was constructed with large quadrangular blocks; well 
shaped, they displayed corner rabbets. These features allow us to date the wall to the 4th century 
BC, a period during which Thessaly was allied (in fact submitted) to the Macedonian kings. In its 
NW corner, the wall extended down to the river channel. The stone structure has been interpreted 
as a large barbican ending with two square towers meant to impede access to the narrowest route 
down the hill and to ensure direct access to water. There it may have been the head of a wooden 
bridge, despite the fact that no remnant has been preserved on the opposite bank of the river.

At that time, the lake as a permanent water table had certainly already disappeared due to the 
establishment of stable drainage towards the Larissa Plain via the Kalamaki Gorge; nonetheless, 
�V�H�D�V�R�Q�D�O���À�R�R�G�L�Q�J���H�Y�H�Q�W�V���D
u�H�F�W�L�Q�J���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���E�R�W�W�R�P���Z�H�U�H���U�H�O�D�W�L�Y�H�O�\���I�U�H�T�X�H�Q�W�����D�V���W�K�H�\��
still occur today; Fig. II.1.3). If the urbanisation of the acropolis had mainly strategic reasons, the 
‘down-town’ and agricultural areas were settled on a ‘terraced’ sector of the Peneiada Valley, and 
�I�U�R�P���W�K�L�V���S�R�L�Q�W���R�I���Y�L�H�Z�����Y�L�O�O�D�J�H�U�V���Z�H�U�H���O�L�N�H�O�\���V�D�I�H���H�Q�R�X�J�K���I�U�R�P���P�D�M�R�U���À�R�R�G�L�Q�J���H�Y�H�Q�W�V��

During Classical times, the necropoleis like those of Atrax, were commonly aligned along 
major roads and not grouped into cemeteries. In this regard, several tombs are more or less still at 
the surface around Atrax and well documented by archaeological surveys,60 east, north, and west 
of the town, thus suggesting the existence of three roads, respectively (Fig. II.1.9). Two main 
�V�L�W�H�V���R�I���D�U�F�K�D�H�R�O�R�J�L�F�D�O���¿�Q�G�L�Q�J�V���K�D�Y�H���E�H�H�Q���G�R�F�X�P�H�Q�W�H�G���V�R���I�D�U���R�Q���W�K�H���V�X�U�I�D�F�H���R�I���W�K�H���P�R�G�H�U�Q���S�O�D�L�Q����
Firstly, eight funeral steles with engraved epitaphs dated 4th–3rd centuries BC have been described 
at Lithodokia (the ‘stones deposit’), between Peneiada and Koutsochero. These steles have been 
reused in a collective tomb dated to the Roman period thanks to the discovery of coins; the tomb 
could be posterior to the 1st century AD. Three corpses were present in the tomb.61 On the occasion 
of the widening of the Larissa-Trikala road, 36 tombs were discovered at the same site, referred 
to as Palaiopigado, and described by Stella Katakouta.62 These tombs of various types were dated 
as Hellenistic and Roman and included small vases and artefacts. This necropolis was probably 
connected with Atrax thanks to a road crossing the alluvial plain.

59 Tziafalias et al. 2016.
60 Chourmouziadis 1968; Tziafalias et al. 2016.
61 Gallis 1979a.
62 Katakouta 2001.
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Secondly, the so-called North necropolis was discovered in 1972–1974 in a former channel 
visible in the cultivated alluvial plain north of Atrax, on the left bank of the modern Peneios (Fig. 
II.1.9). It may have been located along the road running from Atrax to Lithodokia. Before it was 
destroyed by farming, the necropolis yielded tombs and the large base of an equestrian statue,63 
with inscriptions related to a leading soldier and probably a citizen born in Atrax. This person 
had been a Thessalian strategist and a benefactor of the city; the statue was probably erected just 
�D�I�W�H�U���K�H���O�H�I�W���R
v�F�H�����Z�K�H�Q���K�H���Z�D�V���V�W�L�O�O���D�O�L�Y�H�����7�K�H���L�Q�V�F�U�L�S�W�L�R�Q���P�D�\���E�H���G�D�W�H�G���W�R���W�K�H����rd century BC or 
more probably early 2nd century BC. The base of the statue stood at the same place until the late 
�5�R�P�D�Q���S�H�U�L�R�G���D�W���O�H�D�V�W�����D�V���W�H�V�W�L�¿�H�G���W�R���E�\���D�Q�R�W�K�H�U���L�Q�V�F�U�L�S�W�L�R�Q�����D���V�O�D�Y�H���P�D�Q�X�P�L�V�V�L�R�Q���D�F�W�����G�D�W�H�G���P�L�G��
2nd century AD.64

Since then, the southwestwards lateral migration of the major meander located NW of the 
town (arrow from point m in Fig. II.1.9) has reworked the top 6–8m of sediments of this sector of 
the plain, thereby completely wiping out any possible trace of archaeological remains. As a conse-
quence, some of the tombs from the northern and western necropoles have probably disappeared.

On the other hand, the surface location of the tombs suggests that sedimentation since then 
was quite limited. This observation and the fact that the present-day bed of the Peneios River in 
this sector of the Peneiada Valley is entrenched several metres in the alluvial plain suggest that re-
�J�U�H�V�V�L�Y�H���H�U�R�V�L�R�Q���I�U�R�P���W�K�H���.�D�O�D�P�D�N�L���*�R�U�J�H���K�D�V���D�O�U�H�D�G�\���D
u�H�F�W�H�G���W�K�L�V���U�H�D�F�K���R�I���W�K�H���U�L�Y�H�U�����S�H�U�P�L�W�W�L�Q�J��
�D���E�H�W�W�H�U���D�Q�G���T�X�L�F�N�H�U���G�U�D�L�Q�D�J�H���R�I���W�K�H���H�[�F�H�V�V���Z�D�W�H�U���G�X�U�L�Q�J���À�R�R�G�V��

63 Tziafalias et al. 2016 (I. Atrax, no. 151).
64 Tziafalias et al. 2016 (I. Atrax, no. 48).

Fig. II.1.9   Map of the archaeological site of Atrax, southeast of Peneiada village, along the northern slope of the  
Titanos Mount, showing the location of the acropolis, the katopolis (downtown) and the necropoles surrounding thecity 
along the pathways to Trikala (West), Elassona (North) and Larissa (East). 1. highest terrace (Early to Mid Holocene); 
2. intermediate terrace (prehistorical); 3. lowest terrace (historical); 4. ejection cones (LGM); 5. direction of historical  
�P�H�D�Q�G�H�U�� �V�K�L�I�W���� �7�K�H�� �G�L
u�H�U�H�Q�W�� �S�D�W�K�V�� �R�I�� �W�K�H�� �3�H�Q�H�L�R�V�� �5�L�Y�H�U�� �D�U�H�� �O�D�E�H�O�O�H�G�� �E�\�� �W�K�H�� �\�H�D�U�� �R�I�� �W�K�H�� �V�R�X�U�F�H�� �W�R�S�R�J�U�D�S�K�L�F�� �P�D�S�� 

(R. Caputo)
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Relationship between Fluvial Patterns and Historical Archaeological Sites

The meandering process in this sector of the Peneiada Valley seems to have slowed down since 
at least the 3rd century BC as the necropoles established during the 4th century BC are still largely 
visible at the surface. Accordingly, most abandoned meanders and other hydrographic features 
associated with unit 2 are certainly older, while further meandering in the sector of the plain close 
�W�R���$�W�U�D�[���Z�D�V���T�X�L�W�H���U�H�G�X�F�H�G���D�Q�G���O�L�P�L�W�H�G���W�R���X�Q�L�W���������1�H�Y�H�U�W�K�H�O�H�V�V�����À�R�R�G�V���D�Q�G���V�R�P�H���U�L�Y�H�U�E�H�G���V�K�L�I�W�L�Q�J��
have certainly destroyed the towers connected to the defence walls that collapsed into the rivers. 
In modern times, remaining blocks were possibly used to build a ‘daliani’, a V-shaped traditional 
�V�W�U�X�F�W�X�U�H���Z�K�L�F�K���K�D�V���E�H�H�Q���X�V�H�G���I�R�U���F�D�W�F�K�L�Q�J���¿�V�K���I�R�U���F�H�Q�W�X�U�L�H�V��65

The change in hydraulic behaviour during the last two millennia was also marked by a deep 
entrenching of the riverbed into its own alluvial deposits, likely a consequence of an excess of en-
ergy. Excess energy could be locally and/or temporarily available as a consequence of external (to 
the river) processes and phenomena, like changes in the climate and/or tectonic activity. Within 
the investigated area, this natural phenomenon was possibly triggered by the regressive upstream 
�H�U�R�V�L�R�Q���W�K�D�W�����V�W�D�U�W�L�Q�J���I�U�R�P���W�K�H���.�D�O�D�P�D�N�L���*�R�U�J�H���V�H�Y�H�U�D�O���W�K�R�X�V�D�Q�G���\�H�D�U�V���E�H�I�R�U�H�����¿�Q�D�O�O�\���U�H�D�F�K�H�G���W�K�L�V��
sector of the plain, causing a relative increase in the slope and meander stability.

Environmental History Deduced from Ancient Texts

Although, from a geological point of view, the important environmental change from lacustrine-
�P�D�U�V�K�\���W�R���À�X�Y�L�D�O���F�R�Q�G�L�W�L�R�Q�V���Z�D�V���T�X�L�W�H���U�D�S�L�G�����L�W���F�H�U�W�D�L�Q�O�\���W�R�R�N���S�O�D�F�H���R�Y�H�U���D���W�L�P�H���V�S�D�Q���P�X�F�K���O�R�Q�J�H�U��
than a single human generation. Nonetheless, the memory of such natural variations could have 
�E�H�H�Q���¿�[�H�G���D�V���D�Q���R�U�D�O���W�U�D�G�L�W�L�R�Q�����W�K�X�V���E�H�F�R�P�L�Q�J���D���P�\�W�K�����)�R�U���H�[�D�P�S�O�H�����W�K�H���K�L�V�W�R�U�L�D�Q���+�H�U�R�G�R�W�X�V������th 
century BC) reports the ‘logos’ that “Thessaly, as tradition has it, was in old times a lake enclosed 
all round by high mountains. On its eastern side it is fenced in by the joining of the lower parts 
of the mountains Pelion and Ossa, to the north by Olympus, to the west by Pindus, towards the 
south and the southerly wind by Othrys. In the middle, then, of this ring of mountains, lies the 
�Y�D�O�H���R�I���7�K�H�V�V�D�O�\�´��66 He also added that “[…] the Thessalians say that Poseidon made the passage 
�E�\���Z�K�L�F�K���W�K�H���3�H�Q�H�X�V���À�R�Z�V�����7�K�L�V���L�V���U�H�D�V�R�Q�D�E�O�H�����I�R�U���Z�K�R�H�Y�H�U���E�H�O�L�H�Y�H�V���W�K�D�W���3�R�V�H�L�G�R�Q���L�V���W�K�H���V�K�D�N�H�U��
of the earth and that rifts made by earthquakes are the work of that god will conclude, upon see-
ing that passage, that it is of Poseidon’s making. It was manifest to me that it must have been an 
�H�D�U�W�K�T�X�D�N�H���Z�K�L�F�K���I�R�U�F�H�G���W�K�H���P�R�X�Q�W�D�L�Q�V���D�S�D�U�W�´��67 As a good rationalist and beyond the reference of 
the Thessalians’ myth, he interprets it by stating that an earthquake could have caused the break-
ing of the mountains surrounding Thessaly, therefore generating a gorge called Tembi and hence 
the emptying of the older lake.68

The same oral tradition is reported by the geographer Strabo (1st century BC) with the same 
explanation, while another historian, Baton of Sinope (late 3rd century BC) gives a more detailed 
account of this myth: “the Thessalians received this tradition from the mouth of a divine envoy, 
�Z�K�R���L�Q�I�R�U�P�H�G���W�K�H���7�K�H�V�V�D�O�L�D�Q�V���W�K�D�W���W�K�H���K�L�V�W�R�U�\���R�I���W�K�H�L�U���F�R�X�Q�W�U�\���L�V���R�O�G�H�U���W�K�D�Q���W�K�H�\���W�K�L�Q�N���´���,�Q���W�K�L�V���U�H-
gard, the author writes: “In the land of Haimon (prior name of Thessaly), following violent earth-
quakes, the mountain range called Tembi had been fractured and by this cutting had forcefully 
drained all the waters of the lake (which then occupied the country) in the direction of the course 
of Peneus (actual river); all the territory formerly lacustrine had been discovered and, thanks to 
�W�K�H���F�R�Q�W�L�Q�X�R�X�V���G�U�\�L�Q�J���X�S���R�I���W�K�H���Z�D�W�H�U�V�����L�W���K�D�G���E�H�F�R�P�H���D���S�O�D�L�Q���R�I���P�D�J�Q�L�¿�F�H�Q�W���V�L�]�H���D�Q�G���E�H�D�X�W�\�´��69

65 Helly 1991; Helly 1999.
66 Herodotus, Histories 7.129.1.
67 Herodotus, Histories 7.129.4.
68 Helly 1987.
69 Fragment conserved by Athenaeus, Deipnosophistai 14.45.
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The above citations make it clear that the Thessalians contemporaneous with the authors did 
not directly see the lake, nor its disruption by an earthquake, but the persistence of the myth on 
these issues up to the 5th–1st���F�H�Q�W�X�U�L�H�V���%�&���F�R�Q�¿�U�P�V���W�K�D�W���W�K�H���O�D�N�H���F�H�U�W�D�L�Q�O�\���Z�D�V���V�W�L�O�O���F�O�H�D�U�O�\���Y�L�V�L�E�O�H��
some generations before, possibly corresponding to some centuries, or at most a millennium. On 
�W�K�H�� �R�W�K�H�U�� �K�D�Q�G���� �D�� �O�D�U�J�H�� �O�L�W�H�U�D�W�X�U�H�� �G�R�F�X�P�H�Q�W�V�� �W�K�D�W�� �W�H�F�W�R�Q�L�F�� �D�F�W�L�Y�L�W�\�� �D
u�H�F�W�H�G���7�K�H�V�V�D�O�\�� �G�X�U�L�Q�J�� �W�K�H��
Holocene, with several major seismic events in historical times,70���W�K�X�V���D�O�V�R���F�R�Q�¿�U�P�L�Q�J���W�K�H���P�\�W�K��

An additional argument supporting a highly dynamic environment in historical times is the 
�I�R�X�Q�G�D�W�L�R�Q���D�W���W�K�H���E�H�J�L�Q�Q�L�Q�J���R�I���W�K�H���¿�U�V�W���P�L�O�O�H�Q�Q�L�X�P���%�&�����L���H�����F�����������N�D���%�3�����R�I���D���W�R�Z�Q���F�D�O�O�H�G���/�L�P-
naion, whose meaning in ancient Greek could be translated as ‘lacustrine’ or ‘town on the lake’.71 
Based on the same narration by Livy, the broader location of this site could be constrained in the 
northeastern corner of the Karditsa Plain, close to the entrance of the Peneiada Valley, that is to 
say in the northeastern corner of the Karditsa Plain east of the major town of Pelinna. Following 
the proposed morphological and palaeogeographic evolution of the broader area during the Holo-
cene, this is not a surprise and we tentatively correlate this historical town with the archaeological 
remains found on the hill above the Klokoto village near the modern Farkadona (Fig. II.1.6c–d).72 
Accordingly, it seems that up to historical times the entrance of the Peneiada Valley still repre-
�V�H�Q�W�H�G���� �D�Q�G���F�D�X�V�H�G���� �D�Q���R�Y�H�U�D�O�O���µ�G�D�P���H
u�H�F�W�¶���I�R�U���W�K�H���Z�H�V�W�H�U�Q���Z�D�W�H�U�V���L�Q���W�K�H�L�U���D�W�W�H�P�S�W���W�R���U�H�D�F�K���W�K�H��
Aegean Sea, via the Larissa Plain, therefore locally and at least periodically accumulating in this 
sector of Thessaly to generate more or less wide lacustrine-to-marshy water tables.

River Behaviour during the Ottoman Period

With regard to modern times, we focus on two observations. Firstly, a detailed analysis of aerial 
photos and small-scale topographic maps (1:5,000) allows us to emphasise the occurrence of sand 
deposits in the internal part of some of the meanders, but especially the presence of small islands 
even in linear sectors of the riverbed. These sedimentary and morphological features could rep-
resent an incipient, though aborted, further transition of the river’s behaviour from a meandering 
pattern towards a braided pattern (Fig. II.1.8). Indeed, in the present-day climatic conditions, 
such a perturbation of the hydrographic system could not be explained. We interpret it as a conse-
quence of the Little Ice Age (14th–19th centuries) that likely caused initial forcing conditions, but 
�Z�K�R�V�H���G�X�U�D�W�L�R�Q���Z�D�V���Q�R�W���V�X
v�F�L�H�Q�W�O�\���O�R�Q�J���W�R���P�D�N�H���W�K�L�V���F�K�D�Q�J�H���F�R�P�S�O�H�W�H���D�Q�G���S�H�U�P�D�Q�H�Q�W��

A second observation is from the centre of the Koutsochero Basin NE of Alifaka village (Fig. 
II.1.2), where in the topographic maps of the Military Geographic Service (both 1:50,000 and 
1:5,000 scale) the toponym ‘Asmaki’ is marked in correspondence with a geodetic point (quoted 
82.45m) and the same name is applied to a small watercourse. It is worth noting that the very 
same word is also used in the Larissa Plain, NE of Larissa to indicate a ‘recent’ natural channel 
that was rapidly entrenching the Chasambali Bulge, which separates the so-called Nessonis Lake 
area from the Eleftherai Basin.73 Although ephemeral, the critical role of the ‘eastern’ Asmaki 
�5�L�Y�H�U���Z�D�V���D���Q�D�W�X�U�D�O���D�W�W�H�P�S�W���D�W���G�L�Y�H�U�W�L�Q�J���W�K�H���H�[�F�H�V�V���Z�D�W�H�U���G�X�U�L�Q�J���À�R�R�G�L�Q�J���S�H�U�L�R�G�V���R�I���W�K�H���3�H�Q�H�L�R�V��
�5�L�Y�H�U���W�R�Z�D�U�G�V���W�K�H���V�R�X�W�K�H�D�V�W�H�U�Q���V�H�F�W�R�U���R�I���W�K�H���/�D�U�L�V�V�D���3�O�D�L�Q�����S�R�W�H�Q�W�L�D�O�O�\���L�Q�¿�O�O�L�Q�J���/�D�N�H���.�D�U�O�D�����Z�K�R�V�H��
present-day altitude is 44–45m asl, that is, well below the 63–65m asl of the Chasambali Bulge as 
�Z�H�O�O���D�V���R�I���W�K�H���G�H�¿�Q�L�W�L�Y�H���H�[�L�W���R�I���W�K�H���3�H�Q�H�L�R�V���5�L�Y�H�U���D�F�U�R�V�V���W�K�H���5�R�G�L�D���*�R�U�J�H�����F���������P���D�V�O����

Although we do not know for sure, it is, however, likely that, based on ethnography, the same 
�W�R�S�R�Q�\�P�� �L�Q�� �G�L
u�H�U�H�Q�W�� �O�R�F�D�O�L�W�L�H�V�� �G�H�V�F�U�L�E�H�V�� �W�K�H�� �V�D�P�H�� �W�R�S�R�J�U�D�S�K�L�F���� �P�R�U�S�K�R�O�R�J�L�F�D�O�� �D�Q�G���R�U�� �K�\�G�U�R-
graphic characteristics. Accordingly, during the Ottoman Empire occupation, local people likely 
�L�G�H�Q�W�L�¿�H�G���W�K�H���V�L�W�H���$�V�P�D�N�L���Q�H�D�U���$�O�L�I�D�N�D���Z�L�W�K���W�K�H���V�D�P�H���J�H�R�J�U�D�S�K�L�F���D�Q�G���K�\�G�U�D�X�O�L�F���P�H�D�Q�L�Q�J���L�W���K�D�V��

70 Caputo 1995; Caputo et al. 2004; Caputo – Helly 2005a; Caputo – Helly 2005b; Caputo et al. 2011.
71 Titus Livius 36.13.9.
72 Decourt 1990.
73 Caputo et al. 1994.
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in the Larissa Plain. In other words, understanding and characterising this sector of the alluvial 
�S�O�D�L�Q���D�V���D���W�U�D�Q�V�I�H�U���]�R�Q�H���R�U���E�\���S�D�V�V���D�U�H�D���R�I���Z�D�W�H�U���G�X�U�L�Q�J���À�R�R�G�L�Q�J���H�Y�H�Q�W�V���R�I���W�K�H���3�H�Q�H�L�R�V���5�L�Y�H�U���L�Q��
the Peneiada Valley.

�,�I�� �W�K�L�V�� �L�V�� �W�K�H�� �F�D�V�H���� �W�K�H�� �À�D�W�� �D�U�H�D�� �V�R�X�W�K�� �R�I�� �.�R�X�W�V�R�F�K�H�U�R�� �U�H�S�U�H�V�H�Q�W�H�G�� �D�� �Q�D�W�X�U�D�O�� �R�Y�H�U�À�R�Z�� �E�D�V�L�Q����
�Z�K�H�U�H���E�R�W�K���L�Q�À�R�Z���D�Q�G���R�X�W�À�R�Z���S�U�R�E�D�E�O�\���R�F�F�X�U�U�H�G���D�O�R�Q�J���W�K�H���$�V�P�D�N�L���Z�D�W�H�U�F�R�X�U�V�H���X�S���W�R���P�R�G�H�U�Q��
times.

II.1.4. Concluding Remarks

The results obtained within the framework of our investigations focused on reconstructing the 
morphological conditions and environmental evolution of the broader area surrounding the PMZ 
archaeological site and providing quite innovative and important information that goes well be-
yond, in both space and time, the initial target. They indeed contribute to unravelling the major 
�K�\�G�U�R�J�U�D�S�K�L�F���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�V���W�K�D�W���D
u�H�F�W�H�G���7�K�H�V�V�D�O�\���G�X�U�L�Q�J���W�K�H���O�D�W�H�V�W���4�X�D�W�H�U�Q�D�U�\�����D�O�O�R�Z�L�Q�J���X�V���W�R��
explain a major morphological anomaly in its central sector. In particular, we present and discuss 
�H�Y�L�G�H�Q�F�H���W�K�D�W���W�K�H���U�H�D�F�K���R�I���W�K�H���3�H�Q�H�L�R�V���5�L�Y�H�U���S�U�H�V�H�Q�W�O�\���À�R�Z�L�Q�J���D�O�R�Q�J���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���L�V���Y�H�U�\��
�U�H�F�H�Q�W�����F�H�U�W�D�L�Q�O�\���\�R�X�Q�J�H�U���W�K�D�Q���W�K�H���/�*�0���S�H�U�L�R�G�����F�������������±���������N�D���%�3�����D�Q�G���S�R�V�V�L�E�O�\���R�Q�O�\���G�H�¿�Q�L�W�L�Y�H�O�\��
formed during the late Holocene. In this regard, on the basis of a systematic geophysical survey 
consisting of numerous horizontal to vertical spectral ratio (HVSR) measurements, Ambra Man-
tovani et al. have thoroughly documented that the bedrock underlying the recent loose deposits in-
�¿�O�O�L�Q�J���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���F�O�H�D�U�O�\���G�H�H�S�H�Q�V���I�U�R�P���(�1�(�����.�R�X�W�V�R�F�K�H�U�R���D�U�H�D�����W�R�Z�D�U�G�V���W�K�H���Z�H�V�W�����=�D�U�N�R��
and Farkadona sector), where it reaches an estimated depth of about 150m from the surface (Fig. 
II.1.3).74 A careful inspection and analysis of the entire Thessalian hydrographic network strongly 
suggest that in the past the Peneiada Valley represented the lower reach of the Titarissios River 
(Fig. II.1.6a), draining its waters into the western Thessalian ‘lowland’, at that time probably rep-
resenting a wide lacustrine-to-marshy area (the so-called Karditsa Lake) fed by several independ-
ent hydrographic basins draining the Antichasia, Pindos and Othrys mountain ranges (Fig. II.1.5).

As a consequence of the tectonic activity that started generating the Tyrnavos and Larissa 
faults during the Late Pleistocene, the Titarissios River was diverted towards the eastern Thes-
salian Basin (Larissa area/lake), thus causing the abandonment of the Peneiada Valley, where 
�R�Q�O�\���O�R�F�D�O���G�H�S�R�V�L�W�L�R�Q���V�R�X�U�F�H�G���I�U�R�P���W�K�H���Y�D�O�O�H�\���À�D�Q�N�V���U�H�P�D�L�Q�H�G���D�F�W�L�Y�H�����)�L�J�����,�,���������E�������2�Q���W�K�H���R�W�K�H�U��
hand, due to the endorheic conditions characterising the western ‘lowland’, the Karditsa Lake was 
�S�U�R�J�U�H�V�V�L�Y�H�O�\���L�Q�¿�O�O�H�G���E�\���À�X�Y�L�R���O�D�F�X�V�W�U�L�Q�H���G�H�S�R�V�L�W�V�����7�K�H���L�Q�¿�O�O�L�Q�J���S�U�R�F�H�V�V���Z�D�V���K�L�J�K�O�\���D�V�\�P�P�H�W�U�L�F��
because the several internal deltas prograding from the western and the southern rivers were 
gradually merging towards the exit of the abandoned Peneiada Valley (i.e. the Farkadona area; 
Fig. II.1.7). Over time, this sedimentary process steadily reduced the size of the permanent water 
table, progressively shifting/delimiting the lacustrine area northeastwards.

�6�R�P�H�W�L�P�H���D�I�W�H�U���W�K�H���/�*�0���D�Q�G���O�L�N�H�O�\���G�X�U�L�Q�J���+�R�O�R�F�H�Q�H���W�L�P�H�V�����J�H�Q�X�L�Q�H���À�X�Y�L�D�O���D�O�O�X�Y�L�D�O���F�R�Q�G�L�W�L�R�Q�V��
�U�H�D�F�K�H�G���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\�����W�K�H�U�H�E�\���U�D�S�L�G�O�\���F�R�P�S�O�H�W�L�Q�J���L�W�V���L�Q�¿�O�O�L�Q�J���G�X�H���W�R���W�K�H���O�R�F�D�O�O�\���D�Q�G���W�H�P�S�R-
rarily increased sedimentation rate as a consequence of the strongly reduced alluvial surface. The 
contextual aggradation and eastward progradation of internal deltas and the consequent develop-
ment of a topographic gradient sloping eastwards (i.e. from Farkadona towards Koutsochero) 
ultimately allowed the altimetric threshold of the Kalamaki Gorge to be reached, there triggering 
an accelerated vertical entrenching from the gorge upstream. Once a permanent connection be-
tween the two major plains (Karditsa and Larissa) had been established, any major evidence of the 
western lake disappeared, leaving only local and temporary marshy areas, still marked in many 
historical geographic maps.75

74 Mantovani et al. 2018.
75 Heuzey – Daumet 1876; Nobile 1910; Royal Hellenic Map Service 1909a; Royal Hellenic Map Service 1909b; 

Ministry of Agriculture 1928; Hellenic Army Geographical Service 2008.
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It was in this rapidly changing geography and environmental conditions that Neolithic people 
lived, while some repercussions were probably still observed during antiquity and were handed 
down as a myth.

II.1.5. Appendix: Description of the Peneiada Valley Project-1 Borehole 

Riccardo Caputo – Bruno Helly – Marco Stefani – George Syrides – Sotiris Valkaniotis – 
Alexandros Bellesis – Giorgos Toufexis

Geological and Geographic Settings

The results of recent geological investigations made it clear that the sector of the Thessalian Plain 
surrounding PMZ witnessed important environmental changes during the Holocene.76 Indeed, 
based on i) numerous geophysical measurements of the local seismic noise performed all along 
the alluvial plain of the valley, ii) the analysis of the horizontal to vertical spectral ratio (HVSR) 
at each site and iii) a careful estimate of the shear-wave velocities, the depth of the bedrock un-
derlying the alluvial sediments of the Peneiada Valley was calculated and properly interpolated 
for obtaining a 3D model of the palaeo-topographic valley bottom. Accordingly, it was possible to 
�G�R�F�X�P�H�Q�W���I�R�U���W�K�H���¿�U�V�W���W�L�P�H���W�K�H���R�F�F�X�U�U�H�Q�F�H���R�I���D���J�H�R�O�R�J�L�F�D�O�O�\���U�H�F�H�Q�W�����O�D�W�H�V�W���4�X�D�W�H�U�Q�D�U�\�����L�Q�Y�H�U�V�L�R�Q���R�I��
�W�K�H���W�R�S�R�J�U�D�S�K�L�F���J�U�D�G�L�H�Q�W���D�O�R�Q�J���W�K�H���Y�D�O�O�H�\���D�Q�G���W�K�H�U�H�I�R�U�H���W�R���H�V�W�D�E�O�L�V�K���W�K�D�W���W�K�H���µ�D�Q�F�L�H�Q�W�¶���U�L�Y�H�U���À�R�Z�H�G��
�Z�H�V�W�Z�D�U�G�V�����L�Q���F�R�Q�W�U�D�V�W���W�R���W�K�H���S�U�H�V�H�Q�W���G�D�\���3�H�Q�H�L�R�V���5�L�Y�H�U�����W�K�D�W���À�R�Z�V���L�Q���W�K�H���R�S�S�R�V�L�W�H���G�L�U�H�F�W�L�R�Q����

Beyond the regional hydrographic consequences, this latest Pleistocene–Holocene ‘revolu-
tion’ certainly induced some major environmental, morphological and geographical changes at 
the entrance of the Peneiada Valley (where PMZ is located). Indeed, local sedimentary conditions 
�S�U�R�J�U�H�V�V�L�Y�H�O�\���F�K�D�Q�J�H�G���I�U�R�P���S�X�U�H�O�\���O�D�F�X�V�W�U�L�Q�H�����W�R���P�D�U�V�K�\�����D�Q�G���W�R���S�X�U�H�O�\���À�X�Y�L�D�O���R�Q�H�V�����W�K�R�X�J�K���D�O�W�H�U-
nating phases of dry and wet environmental conditions (and of a seasonal versus permanent water 
table at the surface) likely occurred several times as a consequence of the climate forcing and 
minor order climatic pulses. Accordingly, Neolithic people lived and farmed in natural conditions 
�T�X�L�W�H���G�L
u�H�U�H�Q�W���I�U�R�P���W�K�H���S�U�H�V�H�Q�W���G�D�\���R�Q�H�V��

�$�V���D���F�R�Q�V�H�T�X�H�Q�F�H���R�I�� �W�K�H�V�H���Q�H�Z���V�F�L�H�Q�W�L�¿�F���¿�Q�G�L�Q�J�V���D�Q�G���L�Q���R�U�G�H�U���W�R���F�K�U�R�Q�R�O�R�J�L�F�D�O�O�\���F�R�Q�V�W�U�D�L�Q�� 
the palaeogeographic evolution of the broader area around the tell during the 6th to 2nd millennia 
�%�&�����D���Q�H�Z���V�S�H�F�L�¿�F���J�H�R�O�R�J�L�F�D�O���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���F�O�R�V�H���W�R���W�K�H���D�U�F�K�D�H�R�O�R�J�L�F�D�O���V�L�W�H���Z�D�V���F�R�Q�V�L�G�H�U�H�G���Q�H�F-
essary.

Following the above premise, a dedicated subproject was set up within the framework of 
�W�K�H�� �P�D�M�R�U�� �3�0�=�� �S�U�R�M�H�F�W�� �L�Q�� �R�U�G�H�U�� �W�R�� �G�H�¿�Q�H�� �P�R�U�H�� �D�F�F�X�U�D�W�H�O�\�� �W�K�H�� �V�W�U�D�W�L�J�U�D�S�K�\�� �R�I�� �W�K�H�� �V�H�G�L�P�H�Q�W�D�U�\��
�V�X�F�F�H�V�V�L�R�Q���L�Q�¿�O�O�L�Q�J���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���D�Q�G���H�V�S�H�F�L�D�O�O�\���W�R���F�K�U�R�Q�R�O�R�J�L�F�D�O�O�\���F�R�Q�V�W�U�D�L�Q���W�K�H���S�D�O�D�H�R-
geographic evolution of the broader area around the tell during the 6th to 2nd millennia BC. In 
order to achieve these goals, a borehole has been drilled for obtaining a continuous core of the 
�O�D�W�H�V�W���4�X�D�W�H�U�Q�D�U�\���D�O�O�X�Y�L�D�O���G�H�S�R�V�L�W�V�����,�Q���S�D�U�W�L�F�X�O�D�U�����W�K�H���W�D�U�J�H�W���Z�D�V���W�Z�R�I�R�O�G�����¿�U�V�W�O�\�����D���G�H�W�D�L�O�H�G���D�Q�D�O�\�V�L�V�� 
of the sedimentary log for distinguishing and characterising the superposed depositional (i.e. 
environmental) facies and their vertical variations; secondly, the core would have provided  
�V�D�P�S�O�H�V���W�R���E�H���D�Q�D�O�\�V�H�G���Z�L�W�K���W�K�H���U�D�G�L�R�F�D�U�E�R�Q���W�H�F�K�Q�L�T�X�H���I�R�U���R�E�W�D�L�Q�L�Q�J���F�D�O�L�E�U�D�W�H�G���D�J�H�V���D�W���G�L
u�H�U�H�Q�W��
depths.

Accordingly, the major expected results from this project were i) the reconstruction of the pal-
aeogeographic evolution of the area placing particular emphasis on the environmental character-
�L�V�W�L�F�V���D�Q�G���W�K�H�L�U���L�Q�À�X�H�Q�F�H���R�Q���W�K�H���S�U�H�K�L�V�W�R�U�L�F���K�X�P�D�Q���V�H�W�W�O�H�P�H�Q�W�V���D�Q�G���S�R�V�V�L�E�O�\���W�K�H���I�D�U�P�L�Q�J���E�H�K�D�Y�L�R�X�U��
of the local populations; ii) a chronological calibration of the sedimentary succession based on 
14C analyses of selected samples, thereby allowing us to reconstruct an exact chronostratigraphy 
�I�R�U���F�K�D�U�D�F�W�H�U�L�V�L�Q�J���W�K�H���U�H�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���F�R�Q�G�L�W�L�R�Q�V���G�X�U�L�Q�J���W�K�H���G�L
u�H�U�H�Q�W���1�H�R�O�L�W�K�L�F���V�W�D�J�H�V���D�Q�G���O�D�W�H�U��

76 Mantovani et al. 2018.
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Methodology

The exact location of the drilling site was carefully selected based on i) the 3D model of the 
palaeovalley bottom considering that the deeper the bedrock underlying the recent sedimentary 
�L�Q�¿�O�O�L�Q�J�����W�K�H���P�R�U�H���F�R�P�S�O�H�W�H���D�Q�G���G�H�W�D�L�O�H�G���W�K�H���F�R�U�H�G���V�W�U�D�W�L�J�U�D�S�K�L�F���V�H�T�X�H�Q�F�H���F�R�X�O�G���E�H��77 ii) the need 
�W�R���I�R�F�X�V���R�Q���W�K�H���O�D�W�H�V�W���4�X�D�W�H�U�Q�D�U�\���V�W�U�D�W�L�J�U�D�S�K�L�F���V�X�F�F�H�V�V�L�R�Q�����L�L�L�����W�K�H���D�Y�D�L�O�D�E�O�H���E�X�G�J�H�W���I�R�U���G�U�L�O�O�L�Q�J���D�Q�G��
sample dating and iv) trivial logistic issues (like the availability of water for the drilling opera-
�W�L�R�Q�V�����O�D�Q�G���R�Z�Q�H�U�V�K�L�S�����G�L�V�W�D�Q�F�H���I�U�R�P���W�K�H���F�D�U�W�Z�D�\�����H�W�F������

The drilling operation of borehole PVP-1 (Peneiada Valley Project 1) was successfully carried 
out between 29th and 31st���2�F�W�R�E�H�U���������������F�R�U�L�Q�J���W�K�H���D�O�O�X�Y�L�D�O���S�O�D�L�Q���F�O�R�V�H���W�R���W�K�H���K�\�G�U�R�J�U�D�S�K�L�F���O�H�I�W��
�E�D�Q�N�V���R�I���W�K�H���S�U�H�V�H�Q�W���G�D�\���3�H�Q�H�L�R�V���5�L�Y�H�U���D�Q�G���Q�H�[�W���W�R���D���K�L�V�W�R�U�L�F�D�O�O�\���D�E�D�Q�G�R�Q�H�G���P�H�D�Q�G�H�U�������N�P���6�:��
�R�I���=�D�U�N�R�������N�P���6�(���R�I���W�K�H���3�0�=���V�L�W�H���D�Q�G���������P���:�6�:���R�I���.�R�X�W�V�D�N�L���0�D�J�R�X�O�D�����)�L�J�����,�,�����������������'�U�L�O�O�L�Q�J��
�Z�D�V���S�H�U�I�R�U�P�H�G���E�\���W�K�H���F�R�P�S�D�Q�\���*�(�2�'�5�,�/�/���Z�L�W�K���D�Q���$�F�N�H�U���U�R�W�D�U�\���U�L�J���D�Q�G���U�H�D�F�K�H�G���D���P�D�[�L�P�X�P��
�G�H�S�W�K���R�I�����������P���I�U�R�P���W�K�H���V�X�U�I�D�F�H�����&�R�U�H���V�D�P�S�O�L�Q�J���Z�D�V���U�H�D�O�L�V�H�G���Z�L�W�K���D���V�L�Q�J�O�H���Z�D�O�O���F�R�U�H���E�D�U�U�H�O���V�D�P-
�S�O�H�U���������������D�Q�G�����������P���O�R�Q�J�����Z�L�W�K���D���G�L�D�P�H�W�H�U���R�I���������P�P�����7�K�H���X�V�H���R�I���H�[�W�H�U�Q�D�O���F�D�V�L�Q�J���G�X�U�L�Q�J���F�R�U�L�Q�J��
avoided caving and side collapse and protected the sampled cores from possible mixing and 
�F�R�Q�W�D�P�L�Q�D�W�L�R�Q��

�%�D�V�H�G���R�Q���W�K�H���G�U�L�O�O�L�Q�J���S�U�R�F�H�G�X�U�H�����W�K�H���F�R�U�H���Z�D�V���R�E�Y�L�R�X�V�O�\���H�[�W�U�D�F�W�H�G���S�D�U�W�L�W�L�R�Q�H�G�����E�X�W���J�H�Q�H�U�D�O�O�\���L�Q��
�J�R�R�G���F�R�Q�G�L�W�L�R�Q���D�O�R�Q�J���W�K�H���H�Q�W�L�U�H���O�H�Q�J�W�K�����6�R�R�Q���D�I�W�H�U���H�D�F�K���H�[�W�U�D�F�W�L�R�Q�����W�K�H���F�R�U�H�G���V�H�J�P�H�Q�W���Z�D�V���S�K�R�W�R-
�J�U�D�S�K�H�G���L�Q���G�H�W�D�L�O���Z�L�W�K���P�H�W�U�H���P�H�D�V�X�U�L�Q�J���W�D�S�H���D�O�R�Q�J�V�L�G�H���L�W�����7�D�N�L�Q�J���L�Q�W�R���D�F�F�R�X�Q�W���W�K�H���R�F�F�X�U�U�H�Q�F�H���R�I��
�V�R�P�H���O�R�V�W���P�D�W�H�U�L�D�O�����H���J�����L�Q���W�K�H���F�D�V�H���R�I���O�R�R�V�H�����F�R�D�U�V�H���J�U�D�L�Q�H�G���F�O�D�V�W�L�F���G�H�S�R�V�L�W�V�����D�Q�G���W�K�H���S�K�H�Q�R�P�H�Q�R�Q��
�R�I���F�R�U�H���O�H�Q�J�W�K�H�Q�L�Q�J�����H���J�����L�Q���F�O�D�\���U�L�F�K���V�D�P�S�O�H�V���G�X�H���W�R���D���µ�W�R�R�W�K�S�D�V�W�H�¶���H
u�H�F�W�������L�W���V�K�R�X�O�G���E�H���Q�R�W�H�G���W�K�D�W��
�W�K�H���U�H�F�R�U�G�H�G���G�H�S�W�K���Y�D�O�X�H�V���F�R�X�O�G���K�D�Y�H���Y�H�U�W�L�F�D�O���X�Q�F�H�U�W�D�L�Q�W�\���R�I���X�S���W�R�����±�����F�P��

77�� �0�D�Q�W�R�Y�D�Q�L���H�W���D�O��������������

�)�L�J���� �,�,������������ �� ���7�R�S�R�J�U�D�S�K�L�F���P�D�S���R�I���W�K�H���Z�H�V�W�H�U�Q���V�H�F�W�R�U���R�I���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���V�K�R�Z�L�Q�J���W�K�H���S�U�H�V�H�Q�W���G�D�\���3�H�Q�H�L�R�V���5�L�Y�H�U��
�D�Q�G���V�H�Y�H�U�D�O���K�L�V�W�R�U�L�F�D�O�O�\���D�E�D�Q�G�R�Q�H�G���P�H�D�Q�G�H�U�V�����$�X�[�L�O�L�D�U�\���F�R�Q�W�R�X�U�V���D�U�H���H�Y�H�U�\�����P�����%�O�D�F�N���G�D�V�K�H�G���D�U�U�R�Z�V���L�Q�G�L�F�D�W�H���S�R�V�V�L�E�O�H��
�U�H�F�H�Q�W�����/�D�W�H���+�R�O�R�F�H�Q�H�"�����À�D�V�K���À�R�R�G�V���W�K�D�W���V�K�D�S�H�G���W�K�H���D�O�O�X�Y�L�D�O���F�R�Q�H���G�H�V�F�H�Q�G�L�Q�J���W�K�H���Q�R�U�W�K�H�U�Q���V�O�R�S�H�V���R�I���W�K�H���Y�D�O�O�H�\�����7�K�H��
�1�H�R�O�L�W�K�L�F���V�L�W�H�V���R�I�� �3�0�=���D�Q�G���.�R�X�W�V�D�N�L���0�D�J�R�X�O�D���D�Q�G���W�K�H���P�R�G�H�U�Q���=�D�U�N�R���Y�L�O�O�D�J�H���D�U�H���U�H�S�U�H�V�H�Q�W�H�G�����7�K�H���V�W�D�U���L�Q�G�L�F�D�W�H�V���W�K�H��

�O�R�F�D�W�L�R�Q���R�I���W�K�H���E�R�U�H�K�R�O�H�����5�����&�D�S�X�W�R��
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�'�X�U�L�Q�J�� �W�K�H�� �¿�H�O�G�� �R�S�H�U�D�W�L�R�Q�V���� �D�� �P�D�F�U�R�V�F�R�S�L�F�� �O�L�W�K�R�O�R�J�L�F�D�O�� �G�H�V�F�U�L�S�W�L�R�Q�� �Z�D�V�� �S�H�U�I�R�U�P�H�G�� �D�Q�G�� �W�K�H��
colour of the sedimentary material was determined using Munsell Soil Colour Charts. Numerous 
samples have also been collected for several purposes. Selected samples have been sent to a spe-
cialised laboratory (CEDAD – Centro Datazione e Diagnostica) at Salento University in Lecce, 
Italy, for radiocarbon analyses devoted to constraining the chronostratigraphy of (at least) the 
upper part of the core.

Several clay samples have been extracted as entire cylindrical portions of the core (10–15cm 
high) and provided to Areti Pentedeka to perform experimental archaeological tests consisting 
in the ceramic production of small artefacts to be petrographically compared with original ones. 
These samples have been collected at depths of 35.3, 41.3, 45.0, 49.0, 50.0, 53.5 and 55.9m.

In order to better understand the hydrographic-geological provenance of the sediments in-
�¿�O�O�L�Q�J�� �W�K�H�� �S�D�O�D�H�R���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���� �Z�H�� �D�O�V�R�� �F�R�O�O�H�F�W�H�G�� �Q�X�P�H�U�R�X�V�� �V�D�P�S�O�H�V�� �R�I�� �Y�D�U�\�L�Q�J�� �W�H�[�W�X�U�H�� �D�Q�G��
granulometry for sedimentological-mineralogical analyses to be carried out within the framework 
of a dedicated investigation.

Lithostratigraphic Description

As mentioned above, a detailed macroscopic description of the core was immediately realised in 
�W�K�H���¿�H�O�G���D�Q�G���L�Q�L�W�L�D�O�O�\���U�H�S�R�U�W�H�G���D�W�������������V�F�D�O�H�����7�K�H���O�L�W�K�R�V�W�U�D�W�L�J�U�D�S�K�L�F���G�H�V�F�U�L�S�W�L�R�Q���V�\�Q�W�K�H�V�L�V�H�G���L�Q���)�L�J����
�,�,�������������D�Q�G���7�D�E�����,�,�����������K�D�V���E�H�H�Q���U�H�¿�Q�H�G���R�Q���W�K�H���E�D�V�L�V���R�I���D���F�D�U�H�I�X�O���L�Q�V�S�H�F�W�L�R�Q���R�I���W�K�H���S�K�R�W�R�J�U�D�S�K�L�F��
record and a preliminary samples review, while a preliminary depositional and palaeo-environ-
mental interpretation is discussed in a subsequent section.

Fossil Content

Some fossilised mollusc shells were observed during the extraction of the core from the core bar-
rel sampler. Since the core samples were not elaborated, mollusc shells were observed only on the 
surface of the core samples as well as in the washed cuttings of the drilling, in the external casing, 
or in the washed residue on the top of each core sampling portion (Fig. II.1.12). The following 
genera were recognised:
Gastropods: Planorbis planorbis, Theodoxus sp., Valvata sp., Melanopsidae ind., Lymnaeidae ind.
Bivalvia: Unio sp.

All the above are freshwater molluscs and characterise aquatic environments with a permanent 
�S�U�H�V�H�Q�F�H�� �R�I�� �Z�D�W�H�U���� �W�K�H�U�H�E�\�� �F�R�Q�¿�U�P�L�Q�J�� �W�K�H�� �S�U�H�V�H�Q�F�H�� �R�I�� �O�D�F�X�V�W�U�L�Q�H���P�D�U�V�K�\�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �F�R�Q�G�L-
tions characterising the Peneiada Valley up to recent geological times before a permanent and 
clear hydrographic network was established.

Radiochronological Results

Following the macroscopic analysis of the cored deposits, we collected all suitable samples for ra-
diochronological laboratory analyses. They consist in the darker deposits, likely richer in organic 
material, vegetal fragments or turf layers and small shells. The CEDAD laboratory performed 
the radiocarbon analyses based on the high-resolution mass spectrometry technique (AMS) and 
following a several-step standard procedure (acid-alkaline-acid chemical attacks, 900°C burning, 
etc.). The radiocarbon ages provided are all calibrated based on the software OxCal Ver. 3.10 on 
the basis of atmospheric data.78

78 Reimer et al. 2009.
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Fig. II.1.11   Complete lithostratigraphic column of the PVP borehole (left) and detail sketch of the uppermost 25m 
spanning the latest Pleistocene and Holocene deposits (right). Red stars indicate the dated samples with the AMS radio-
carbon technique and corresponding calibrated ages (see also Tab. II.1.2). The paraconformity tentatively associated to 

the LGM likely corresponds to a sedimentary hiatus (R. Caputo, G. Syrides)
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Depth [m] Short lithological description Depositional facies

0–0.7 �6�H�G�L�P�H�Q�W�V���D
u�H�F�W�H�G���E�\���D�Q�W�K�U�R�S�R�J�H�Q�L�F���U�H�Z�R�U�N�L�Q�JSoil

0.7–2.4 �0�H�G�L�X�P���W�R���F�R�D�U�V�H���V�D�Q�G�����¿�Q�L�Q�J���X�S�Z�D�U�G�V�����P�H�D�Q�G�H�U�L�Q�J���F�K�D�Q�Q�H�O���E�D�U

Meander lateral bar 
and alluvial fan

2.4–2.8 �$�O�W�H�U�Q�D�W�L�Q�J���¿�Q�H���V�D�Q�G�����V�L�O�W�\���V�D�Q�G���D�Q�G���V�L�O�W

2.8–3.4
Gravel, poor in matrix; a few centimetric clasts, very low maturity; meta-
morphic clasts and quartz; sharp base

3.4–4.3
Silt, silty clay and clay alternating in centimetric layers, reddish, with pre-
vailing herbaceous bioturbation, small pedogenetic carbonate concretions

Proximal alluvial 
plain

4.3–4.5 �7�K�L�Q���L�Q�W�H�U�F�D�O�D�W�L�R�Q���R�I���V�L�O�W�\���V�D�Q�G���D�Q�G���¿�Q�H���J�U�D�L�Q�H�G���V�D�Q�G

4.5–5.9
�)�L�Q�H���W�R���F�R�D�U�V�H���V�D�Q�G�����J�U�D�G�H�G���E�H�G�V�����R�I�W�H�Q���E�L�R�W�X�U�E�D�W�H�G�����¿�Q�L�Q�J���X�S�Z�D�U�G�V���X�Q�L�W����
some root remains; gentle pedogenesis and some carbonate concretions 
(particularly at 5.60m)

5.9–6.3 Medium-coarse sand disturbed by coring

6.3–6.5 Fine-grained sand and silty sand, thin bedded lacking bioturbation

6.5–7.3 Coarse-grained sand and mixed sand disturbed by coring (6.6–6.9m)

7.3–7.5 Sand and silty-sand, thin bedded

7.5–8.1 Medium sand, lacking matrix, partially disturbed by coring

8.1–8.6
�)�L�Q�H���V�D�Q�G���D�Q�G���V�L�O�W���¿�Q�H�O�\���D�O�W�H�U�Q�D�W�L�Q�J�����W�Z�R���J�U�D�G�H�G���V�D�Q�G���E�H�G�V�����������F�P���W�K�L�F�N������
lack of bioturbation

8.6–9.1 Silt and sandy silt, with traces of lamination and some organic content 

Proximal alluvial 
plain, at the fringe of 
a locally fed alluvial 
fan

9.1–9.2
Palaeosol level; upper black organic-rich horizon, and a lower brownish 
level, with carbonate accumulation into altered sand; 14C dated to calibrat-
ed 11,000 years BP

9.2–9.5 �0�H�G�L�X�P���W�R���¿�Q�H���V�D�Q�G�����W�K�L�Q�O�\���E�H�G�G�H�G���D�Q�G���O�D�F�N�L�Q�J���E�L�R�W�X�U�E�D�W�L�R�Q

9.5–10.2
Fine-grained gravel and coarse sand with muddy matrix, strongly dis-
turbed by coring, with transported Melanopsidae fresh water gastropods

10.2–10.5 Medium(-to-coarse) sand, with some gravel; graded beds and laminations

10.5–10.8 Coarse sand-to-gravel, strongly disturbed and possibly displaced by coring

10.8–11.0 Fine to medium sand, with some Bivalve bioclasts

11.0–11.3 �6�L�O�W�����V�D�Q�G�\���V�L�O�W���D�Q�G���¿�Q�H���J�U�D�L�Q�H�G���V�D�Q�G�����W�K�L�Q�O�\���E�H�G�G�H�G

11.3–11.5 Dark grey coarse-grained sand and silt, with gastropods

11.5–11.6 Gravel-coarse sand, very immature lithoclasts and freshwater gastropods

11.6 Sharp, strongly diagenised surface, associated with a time gap
Associated with 
LGM

11.6–12.6
�*�U�H�\���E�L�R�W�X�U�E�D�W�H�G���V�L�O�W�\���F�O�D�\�����V�W�U�R�Q�J�O�\���S�H�G�R�J�H�Q�H�W�L�F���D�O�W�H�U�D�W�L�R�Q�����Z�L�W�K���G�L
u�X�V�H��
calcareous concretions

Distal alluvial plain, 
�Z�L�W�K���V�H�D�V�R�Q�D�O���À�R�R�G-
ing and dry intervals

12.6–13.7
Bioturbated clay and silty clay, with a reduced degree of pedogenesis; 14C 
dated to calibrated 31.8ka BP

13.7–14.5
�%�L�R�W�X�U�E�D�W�H�G���¿�Q�H���J�U�D�L�Q�H�G���V�D�Q�G�����V�L�O�W�\���V�D�Q�G���D�Q�G���V�L�O�W�����\�H�O�O�R�Z�L�V�K���D�Q�G���O�R�F�D�O�O�\��
reddish

Tab. II.1.1   Lithological description of the Peneiada Valley Project 1 borehole (R. Caputo) 
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Depth [m] Short lithological description Depositional facies

14.5–15.0 Fine to medium sand, in several graded beds, with silty sand intercalation

Approaching river 
system with progra-
dational cycles

15.0–15.7
�*�U�D�G�H�G���E�H�G�V���R�I���F�R�D�U�V�H���W�R���P�H�G�L�X�P���V�D�Q�G�����Z�L�W�K���V�R�P�H���¿�Q�H���J�U�D�Y�H�O���J�U�D�L�Q�����\�H�O-
low

15.7–16.3 Medium-coarse sand, lacking bioclasts and wood, disturbed by coring

16.3–16.5 �&�H�Q�W�L�P�H�W�U�L�F���D�O�W�H�U�Q�D�W�L�R�Q���R�I���F�R�D�U�V�H���V�D�Q�G���D�Q�G���¿�Q�H���V�L�O�W�\���V�D�Q�G�����\�H�O�O�R�Z���F�R�O�R�X�U

16.5–17.2
Clay and silty clay, mottled by bioturbation, with root traces and carbonate 
�Q�R�G�X�O�H�V����14C dated to calibrated 36.5ka BP

17.2–18.0 Fining upwards unit grading from sandy silt to silty clay, bioturbated

18.0–18.2 No core recovery

18.2–19.6
�$�O�W�H�U�Q�D�W�L�R�Q���R�I���V�L�O�W�����V�D�Q�G�\���V�L�O�W���D�Q�G���¿�Q�H���V�L�O�W�\���V�D�Q�G�����¿�Q�H���J�U�D�G�H�G���E�H�G�V���D�Q�G��
transported gastropods at the lower portion

19.6–20.2 No core recovery, possibly sand

20.2–20.6 Medium sand, probably graded, with a sharp base

20.6–21.0
�)�L�Q�L�Q�J���X�S�Z�D�U�G�V���X�Q�L�W�����J�U�D�G�L�Q�J���I�U�R�P���¿�Q�H���V�D�Q�G���W�R���V�D�Q�G�\���V�L�O�W�����S�R�R�U�O�\���E�L�R�W�X�U-
�E�D�W�H�G���D�Q�G���W�K�X�V���S�U�H�V�H�U�Y�L�Q�J���¿�Q�H���K�R�U�L�]�R�Q�W�D�O���J�U�D�G�H�G���E�H�G�V����14C measured to be 
beyond the method limits

�)�L�J�����,�,�����������������(�[�D�P�S�O�H�V���R�I���P�R�O�O�X�V�F���V�K�H�O�O�V�����D�����0�H�O�D�Q�R�S�V�L�G�D�H���L�Q�G�����*�D�V�W�U�R�S�R�G���������������P������
b. freshwater gastropods in the washed cuttings (~22.5m) (G. Syrides)

Tab. II.1.1   (continued)



II. The Environment and its Evolution around the Tell 61 

From the collected samples, we selected the most promising ones, also bearing in mind the 
overall target of the project, particularly devoted to constraining the chronostratigraphy of the 
�/�D�W�H���4�X�D�W�H�U�Q�D�U�\���S�D�O�D�H�R���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���L�Q�¿�O�O�L�Q�J�����)�R�O�O�R�Z�L�Q�J���W�K�L�V���V�W�U�D�W�H�J�\�����W�K�H���G�H�H�S�H�V�W���D�Y�D�L�O�D�E�O�H��
sample (60.9m deep) and an intermediate one (32.5m) were preliminarily submitted to the lab-
oratory, both, however, providing an age beyond the radiocarbon technique limits (i.e. >45ka). 
Even a shallower sample (21.3m deep) provided a similar Late Pleistocene age (Fig. II.1.11 and 
Tab. II.1.2). However, samples 008 and 002, collected at a depth of 16.7 and 13.3m, respectively, 
provided proper Late Pleistocene ages corresponding to 38.5 and 33.8ka BP (36510 ± 549 calBC 
���1���±���7�D�E�����,�,���������������)�U�R�P���W�K�H�V�H���Y�D�O�X�H�V�����Z�H���F�R�X�O�G���W�H�Q�W�D�W�L�Y�H�O�\���H�V�W�L�P�D�W�H���D���V�H�G�L�P�H�Q�W�D�W�L�R�Q���U�D�W�H���R�I���D�E�R�X�W��
0.7mm/a in the latest Pleistocene, while the chronological constraint of sample 013 (>45ka BP) 
suggests this rate was previously slightly smaller. The inferred increase in time could be attributed 
to the growing clastic contribution due to the approaching internal deltas produced by the ‘west-
�H�U�Q�¶���U�L�Y�H�U�V���S�U�R�J�U�H�V�V�L�Y�H�O�\���L�Q�¿�O�O�L�Q�J���W�K�H���.�D�U�G�L�W�V�D���/�D�N�H��79

The most important is sample 004, collected at a depth of 9.2m, that provided a calibrated age 
of 10829 ± 230 years BC, therefore basically pinpointing the Pleistocene-Holocene boundary. Al-
though no laboratory ages are available in between samples 002 and 004, at a depth of 11.5m we 
observed a sharp, strongly diagenised surface, which is likely associated with a time gap caused 
by a strongly reduced sedimentation due to the paroxistic climatic conditions of the dry and cold 
last glacial maximum (LGM). Accordingly, this indurated surface could roughly represent the 
time period between 25 and 15ka BP.

Environmental Evolution

This section provides a preliminary interpretation of the environmental evolution recorded by the 
investigated core. The reconstruction is based on the sedimentological evidence and on the pal-
aeoecological interpretation of the mollusc remains, framed within the chronological framework 
provided by 14C dating and, for the uppermost portion, by archaeological and historiographic 
information. The provided reconstruction could be supported by further research, such as granu-
lometry, morphometric, petrographic, palynology analyses. But even with the available data, the 
interpretation of the environmental evolution appears to be reliable.

The older portion of the analysed succession, below 45.5m in depth, clearly records low en-
ergy, continental marsh and lacustrine environments. Sometimes the deposits show poorly oxy-
genated conditions, associated with the preservation of organic material, while other beds suggest 
improved ecological conditions, allowing mollusc faunae. Granular sediment input was quite dis-
continuous and generally scanty in the deepest 15m. The water depth was comparatively limited 
�D�Q�G���W�K�H���Z�D�W�H�U���O�H�Y�H�O���À�X�F�W�X�D�W�L�R�Q�V�����O�L�N�H�O�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���I�U�H�T�X�H�Q�W���F�O�L�P�D�W�L�F���F�K�D�Q�J�H�V���F�K�D�U�D�F�W�H�U�L�V-
ing the Late Pleistocene, were therefore able to induce repeated episodes of temporary emersions, 
triggering incipient processes of pedogenesis. This is increasingly evident in the upper part of this 
interval, as documented by well-developed carbonate nodules and root bioturbation. The timing 
of this oldest drilled phase is not tightly constrained, since both radiochronological analyses from 
samples 048 (60.9m) and 016 (32.5m) indicate an age older than 45ka, that is to say, the meth-
odological limit. However, if we tentatively consider the sedimentation rate provided by samples 
002 (13.3m) and 008 (16.7m), corresponding to c. 0.72mm/a, at the bottom of the core we could 
estimate, as a very rough approximation, an age of 100ka that could be even somewhat older 
(150?ka) if the sedimentation rate was slightly lower.

The younger evolutionary phase (45.5–23.2m interval) experienced an increasing input of 
�F�O�D�V�W�L�F���P�D�W�H�U�L�D�O�����P�D�L�Q�O�\���V�L�O�W���D�Q�G���¿�Q�H���V�L�O�W�\���V�D�Q�G�����E�X�W���V�R�P�H�W�L�P�H�V���D�O�V�R���P�H�G�L�X�P���F�R�D�U�V�H���V�D�Q�G�����7�K�H�V�H��
�J�U�D�Q�X�O�D�U���V�H�G�L�P�H�Q�W�V���Z�H�U�H���O�L�N�H�O�\���G�H�S�R�V�L�W�H�G���Z�L�W�K�L�Q���L�Q�W�H�U�Q�D�O���G�H�O�W�D�V���D�Q�G���À�X�Y�L�D�O���O�H�Y�H�H���V�\�V�W�H�P�V�����)�U�H�V�K-
water mollusc shells, particularly gastropods are frequent. Although bioturbation was common in 

79 See Caputo et al., this volume, 38–42.
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Sample label (CEDAD code) Depth [m] �&�D�O�����D�J�H���>�\�H�D�U�V���%�&���“�����1�@

PVP-004 (LTL19022A) 9.2 10829 ± 230

PVP-002 (LTL19422A) 13.3 31764 ± 246

PVP-008 (LTL19423A) 16.7 36510 ± 549

PVP-013 (LTL19127A) 21.3 >45000

PVP-016 (LTL18740A) 32.5 >45000

PVP-048 (LTL18676A) 60.9 >45000

this period, at times the ecological conditions prevented the organism from bioturbating the sedi-
�P�H�Q�W�����W�K�H�U�H�I�R�U�H���O�H�D�Y�L�Q�J���Z�H�O�O���S�U�H�V�H�U�Y�H�G�����¿�Q�H���E�H�G�G�H�G���������±�����F�P���W�K�L�F�N���V�X�F�F�H�V�V�L�R�Q�V�����O�L�N�H�O�\���I�R�U�P�H�G��
under subaqueous conditions. This unit was probably shallower relative to the lower one and 
chronologically spans younger Pleistocene times, though older than 45ka.

The analysis of the core allows us to identify a third depositional phase recorded at a depth 
between 23.2 and 14.5m. This time interval was characterised by the approaching river system, 
�F�D�X�V�L�Q�J���D���V�L�J�Q�L�¿�F�D�Q�W���F�O�D�V�W�L�F���V�H�G�L�P�H�Q�W���L�Q�S�X�W�����7�K�U�H�H���S�R�V�V�L�E�O�H���P�H�W�U�L�F���V�F�D�O�H���S�U�R�J�U�D�G�D�W�L�R�Q�D�O�����G�H�O�W�D�L�F�"����
cycles could be tentatively inferred. The lack of wood fragments could suggest a seasonally dry 
environment (or other conditions unfavourable to the wood cover). The upper portion of this 
third unit, however, records in situ bioturbation by limivorous animals and bush vegetation. The 
prevailing subaerial condition facilitated the evolution of soils. Two radiochronological analyses 
have been performed in this core interval; the deeper sample (21.3m) was beyond the methodo-
logical limit (i.e. >45ka BP), while the upper one (16.7m) provided an age of c. 38.5ka, thus 
documenting the beginning of the Late Würmian glacial stage.

�7�K�H���G�R�P�L�Q�D�Q�W���¿�Q�H���J�U�D�L�Q�H�G���V�H�G�L�P�H�Q�W�V���R�E�V�H�U�Y�H�G���E�H�W�Z�H�H�Q�������������D�Q�G�����������P���V�X�J�J�H�V�W���W�K�D�W���W�K�H���D�U�H�D��
�Z�D�V���V�X�E�V�H�T�X�H�Q�W�O�\���F�K�D�U�D�F�W�H�U�L�V�H�G���E�\���D���À�D�W�����G�L�V�W�D�O���D�O�O�X�Y�L�D�O���S�O�D�L�Q���H�Q�Y�L�U�R�Q�P�H�Q�W�����V�X�E�M�H�F�W���W�R���S�U�R�O�R�Q�J�H�G��
�V�H�D�V�R�Q�D�O���À�R�R�G�L�Q�J�����7�K�H���D�O�W�H�U�Q�D�W�L�Q�J���G�U�L�H�U���S�H�U�L�R�G�V���Z�H�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D���Z�L�G�H�V�S�U�H�D�G���D�Q�G���L�Q�W�H�Q�V�H��
pedogenesis, leading to the extensive precipitation of diagenetic carbonate nodules, sometimes 
�R�Q���Y�H�J�H�W�D�O���U�R�R�W���V�W�U�X�F�W�X�U�H�V�����V�L�J�Q�L�¿�F�D�Q�W�O�\���V�W�L
v�Q�J���W�K�H���P�X�G���V�H�G�L�P�H�Q�W�����$���G�D�W�H�G���V�D�P�S�O�H���������������F�R�O�O�H�F�W�H�G��
�D�W���D���G�H�S�W�K���R�I�����������P���S�U�R�Y�L�G�H�G���D�Q���D�E�V�R�O�X�W�H���D�J�H���R�I�����������N�D�����������������“�����������F�D�O�%�&�����1�������V�X�J�J�H�V�W�L�Q�J���W�K�D�W��
this unit accumulated during the Late Würmian stage (pre-LGM). Soil alteration was particularly 
intense in the younger portion of this interval where the unit is capped by a sharp surface (palae-
osol), recording deep pedogenesis alteration, developed during a comparatively long period of 
non-deposition, spent under subaerial conditions. This hiatus likely embraces, and is related to, 
the LGM climatic paroxism that in Greece likely represented a dry period.

Sedimentation restarted, only under changed climatic and environmental conditions, i.e. post-
LGM and early Holocene times. This depositional phase is recorded by the core interval between 
���������� �D�Q�G�� �������P���� �6�D�Q�G�� �D�Q�G�� �V�L�O�W�� �D�F�F�X�P�X�O�D�W�H�G�� �L�Q�W�R�� �D�� �W�R�S�R�J�U�D�S�K�L�F�D�O�O�\�� �À�D�W���� �S�U�R�[�L�P�D�O�� �D�O�O�X�Y�L�D�O�� �S�O�D�L�Q��
�F�O�H�D�U�O�\���L�Q�W�H�U�¿�Q�J�H�U�L�Q�J���Z�L�W�K���W�K�H���O�R�Z�H�U���I�U�L�Q�J�H���R�I���D�Q���D�O�O�X�Y�L�D�O���I�D�Q�����I�H�G���E�\���F�R�D�U�V�H�U���J�U�D�L�Q�H�G���V�H�G�L�P�H�Q�W�V����
�O�L�N�H���¿�Q�H���J�U�D�Y�H�O���D�Q�G���F�R�D�U�V�H���V�D�Q�G�����7�K�H���S�U�R�Y�H�Q�D�Q�F�H���R�I���W�K�H���O�D�W�W�H�U���P�D�W�H�U�L�D�O���L�V���X�Q�G�R�X�E�W�H�G�O�\���I�U�R�P���O�R�F�D�O��
metamorphic rocks, largely cropping out in a minor hydrographic basin north of the investigated 
site.80���7�K�H���L�Q�F�U�H�D�V�H�G���S�U�H�F�L�S�L�W�D�W�L�R�Q���Z�D�V�K�H�G���R�X�W���� �Z�L�W�K���G�H�E�U�L�V���À�R�Z�� �P�H�F�K�D�Q�L�V�P�V���� �W�K�H���F�O�D�V�W�V���I�R�U�P�H�G��
and temporarily accumulated on the slopes during the former period. Seasonal(?) freshwater 
ponds were colonised by vegetation and gastropods. The laboratory age of 12.8ka BP provided by 
sample 004 collected at a depth of 9.2m is crucial and basically marks the Late Pleistocene–Holo-
cene chronostratigraphic boundary.

80 Caputo et al., this volume, 48–49.

Tab. II.1.2   Radiocarbon data from the Peneiada Valley Project 1 borehole (R. Caputo)
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�)�U�R�P�����������W�R���F�����������P�����G�H�S�R�V�L�W�L�R�Q���R�I���¿�Q�H���J�U�D�L�Q�H�G���V�D�Q�G���D�Q�G���V�L�O�W���D�J�D�L�Q���S�U�H�Y�D�L�O�H�G���L�Q���W�K�H���D�U�H�D�����G�R�F�X-
�P�H�Q�W�L�Q�J���W�K�H���U�H�V�W�R�U�D�W�L�R�Q���R�I���D���µ�S�X�U�H�¶���D�O�O�X�Y�L�D�O���S�O�D�L�Q���I�H�G���E�\���D���P�D�M�R�U���H�D�V�W�Z�D�U�G���À�R�Z�L�Q�J���U�L�Y�H�U�����7�K�H���À�X�Y�L�D�O��
�F�K�D�Q�Q�H�O���L�W�V�H�O�I���G�L�G���Q�R�W���U�H�D�F�K���W�K�H���L�Q�Y�H�V�W�L�J�D�W�H�G���D�U�H�D�����Z�K�H�U�H�����L�Q�V�W�H�D�G�����O�H�Y�H�H���D�Q�G���G�L�V�W�D�O���L�Q�W�H�U�À�X�Y�L�D�O���H�Q-
vironments developed. Two further samples collected at 5.9 and 4.2m have been submitted to the 
laboratory for radiocarbon analyses, but the results are not yet available. They will contribute to 
�U�H�¿�Q�L�Q�J���W�K�H���X�S�S�H�U�P�R�V�W���F�K�U�R�Q�R�V�W�U�D�W�L�J�U�D�S�K�\���R�I���W�K�H���L�Q�Y�H�V�W�L�J�D�W�H�G���F�R�U�H��

With the exception of the shallowest 0.7m, representing the present-day soil which consists 
of ploughed material, the uppermost portion of the core (3.4–0.7m) consists of gravel and sand, 
once again recording two distinct sediment sources, that is to say, local clastic contributions from 
the northern fan and the deposits transported by the Peneios River. At the drilling site, the river 
formed a shallow meander, documenting that the river bottom was at c. 2.3m from the topo-
graphic surface. This suggests a possible timing older than the historical entrenching phase that 
�D
u�H�F�W�H�G���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���S�O�D�L�Q��81

�7�K�H���S�U�H�V�H�Q�W���G�D�\���H�Q�Y�L�U�R�Q�P�H�Q�W���L�V���K�H�D�Y�L�O�\���L�Q�À�X�H�Q�F�H�G���E�\���W�K�H���K�\�G�U�D�X�O�L�F�����L�U�U�L�J�D�W�L�R�Q���D�Q�G���G�U�D�L�Q�L�Q�J����
work and by the widespread agricultural practices. Wide adjacent areas are, however, still subject 
�W�R���Z�L�G�H�V�S�U�H�D�G���À�R�R�G�L�Q�J���H�Y�H�Q�W�V���G�X�U�L�Q�J���W�K�H���P�R�L�V�W���V�H�D�V�R�Q�V�����U�H�P�L�Q�L�V�F�H�Q�W���R�I���W�K�H���O�D�F�X�V�W�U�L�Q�H���D�Q�G���I�U�H�V�K-
water moist environments once so common in the research area.

Concluding Remarks

Based on the detailed description and discussion of the drilling outcomes, we could safely state 
that the main anticipated results of this project have been achieved, but, above all, that the con-
�F�H�S�W�X�D�O���J�H�R�O�R�J�L�F�D�O���P�R�G�H�O���L�V���I�X�O�O�\�� �F�R�Q�¿�U�P�H�G���D�Q�G���� �V�S�H�F�L�¿�F�D�O�O�\���� �W�K�D�W���D���/�D�W�H���4�X�D�W�H�U�Q�D�U�\�� �O�D�F�X�V�W�U�L�Q�H��
�H�Q�Y�L�U�R�Q�P�H�Q�W���F�O�R�V�H���W�R���W�K�H���3�0�=���V�L�W�H���Z�D�V���S�U�R�J�U�H�V�V�L�Y�H�O�\���D
u�H�F�W�H�G���E�\���W�K�H���D�U�U�L�Y�D�O���R�I���À�X�Y�L�D�O���V�H�G�L�P�H�Q-
�W�D�U�\���F�R�Q�G�L�W�L�R�Q�V���F�D�X�V�L�Q�J���W�K�H���¿�Q�D�O���L�Q�¿�O�O�L�Q�J���R�I���W�K�H���S�D�O�D�H�R���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���Z�L�W�K���W�K�H���F�U�H�D�W�L�R�Q���R�I���W�K�H��
�S�U�H�V�H�Q�W���G�D�\���K�\�G�U�R�J�U�D�S�K�L�F���Q�H�W�Z�R�U�N���À�R�Z�L�Q�J���G�H�¿�Q�L�W�L�Y�H�O�\���H�D�V�W�Z�D�U�G�V�����$�F�F�R�U�G�L�Q�J�O�\�����1�H�R�O�L�W�K�L�F���S�H�R�S�O�H��
likely lived during the latest phases of this changing environment.

81 Caputo et al., this volume, 38–43.
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II.2. Geophysical Investigations 
Apostolos Sarris – Tuna Kalayci – James Donati

II.2.1. Scope of the Survey and Previous Geological Studies

The geophysical prospection at the archaeological site of PMZ was carried out in December 2016 
under the auspices of the Ephorate of Trikala and within the collaboration by the Foundation for 
Research and Technology, Hellas (F.O.R.T.H.) with Eva Alram-Stern (Austrian Archaeological 
Institute, Department of Prehistory & West Asian/Northeast African Archaeology) and Giorgos 
Toufexis (Ephorate of Antiquities of Larissa). The aim was to locate concentrations of human 
activities in the form of built environments as well as other habitation signatures around the tell. 
�6�X�U�Y�H�\�� �D�U�H�D�V�� �Z�H�U�H�� �G�H�¿�Q�H�G�� �D�U�R�X�Q�G�� �W�K�H�� �P�D�J�R�X�O�D�� �Z�L�W�K�� �W�K�H�� �L�Q�W�H�Q�W�L�R�Q�� �R�I�� �F�R�Y�H�U�L�Q�J�� �W�K�H�� �O�D�U�J�H�V�W�� �D�U�H�D��
permitted by the ground conditions. The prospection was also accompanied by non-systematic 
�U�H�F�R�Q�Q�D�L�V�V�D�Q�F�H���V�X�U�I�D�F�H���F�R�O�O�H�F�W�L�R�Q���I�R�U���G�D�W�L�Q�J���S�X�U�S�R�V�H�V���L�Q���G�L
u�H�U�H�Q�W���V�H�F�W�L�R�Q�V���R�I���W�K�H���V�L�W�H��

Previous geological studies in the area of PMZ included an evaluation of the soil deposits and 
the stratigraphy within and around the site, using an augering approach.82���(�O�H�Y�H�Q���G�L
u�H�U�H�Q�W���F�R�U�H�V��
(Fig. II.2.1) were collected around the magoula and one in the Late Neolithic cemetery that was 
discovered in 1974 at a distance of about 300m to the northeast of the magoula.83 This particular 
campaign studied early Neolithic farming in the wider Thessalian river landscape. Tjeerd van 
�$�Q�G�H�O���H�W���D�O�����F�R�Q�F�O�X�G�H�G���W�K�D�W���G�H�V�S�L�W�H���W�K�H���G�L�V�D�G�Y�D�Q�W�D�J�H�V���R�I���À�R�R�G�S�O�D�L�Q���I�D�U�P�L�Q�J�����V�R�P�H���(�D�U�O�\���1�H�R�O�L�W�K�L�F��

82 Van Andel et al. 1995, 138–140.
83 Van Andel et al. 1995, 134.

Fig. II.2.1   The location of the cores taken from van Andel et al. 1995 overlaid on the DEM and the hillshade of 
the area around PMZ. The DEM was created from data of the TanDEM-X radar satellite of DLR (A. Sarris)
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communities established in silty soils made systematic use of it.84 It has to be noted, however, that  
other archaeobotanical and zooarchaeological studies by Paul Halstead and Cornelia Becker came  
�W�R���G�L
u�H�U�H�Q�W���F�R�Q�F�O�X�V�L�R�Q�V���V�X�S�S�R�U�W�L�Q�J���U�D�L�Q���I�H�G���F�X�O�W�L�Y�D�W�L�R�Q��85

�,�,�������������*�H�R�S�K�\�V�L�F�D�O���,�Q�V�W�U�X�P�H�Q�W�D�W�L�R�Q���D�Q�G���0�H�W�K�R�G�R�O�R�J�\

�0�D�J�Q�H�W�L�F�����V�R�L�O���U�H�V�L�V�W�D�Q�F�H�����J�U�R�X�Q�G���S�H�Q�H�W�U�D�W�L�Q�J���U�D�G�D�U�����*�3�5�����D�Q�G���H�O�H�F�W�U�R�P�D�J�Q�H�W�L�F���L�Q�G�X�F�W�L�R�Q�����(�0�,����
�W�H�F�K�Q�L�T�X�H�V���Z�H�U�H���H�P�S�O�R�\�H�G���G�X�U�L�Q�J���W�K�H���J�H�R�S�K�\�V�L�F�D�O���S�U�R�V�S�H�F�W�L�R�Q���F�D�P�S�D�L�J�Q���D�W���3�0�=���U�H�F�R�U�G�L�Q�J���D�Q��
�W�K�U�R�S�R�J�H�Q�L�F�� �U�H�V�L�G�X�H�V�� �D�U�R�X�Q�G�� �W�K�H�� �W�H�O�O���� �7�K�H�� �V�S�H�F�L�¿�F�� �W�H�F�K�Q�L�T�X�H�V�� �Z�H�U�H�� �F�K�R�V�H�Q�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �Q�H�H�G�V�� 
�R�I�� �W�K�H�� �U�H�V�H�D�U�F�K���� �W�K�H�� �J�H�R�P�R�U�S�K�R�O�R�J�L�F�D�O�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �R�I�� �W�K�H�� �V�L�W�H�� �D�Q�G�� �W�K�H�� �H�[�S�H�F�W�H�G�� �V�X�E�V�X�U�I�D�F�H�� 

84 Van Andel et al. 1995, 140.
85 Becker 1991; Becker 2000; Halstead, this volume, 585.

�7�D�E�����,�,���������������6�X�P�P�D�U�\���R�I���W�K�H���V�D�P�S�O�L�Q�J���D�Q�G���W�K�H���D�U�H�D���F�R�Y�H�U�D�J�H���R�I���H�D�F�K���J�H�R�S�K�\�V�L�F�D�O���W�H�F�K�Q�L�T�X�H�����$�����6�D�U�U�L�V��

Method �û�[���>�P�@ �û�\���>�P�@ �$�U�H�D���&�R�Y�H�U�D�J�H���>�P�ð�@

�0�D�J�Q�H�W�L�F�V 0.25 �9�D�U�L�D�E�O�H�������������� 57,080

�(�0�� �9�D�U�L�D�E�O�H�����a���� �9�D�U�L�D�E�O�H�����a��������47,208

�5�H�V�L�V�W�D�Q�F�H�� 1 0.5 5,196

�*�3�5�� 0.25 0.025 500

�)�L�J�����,�,���������������7�K�H���P�D�S���L�Q�G�L�F�D�W�H�V���W�K�H���F�R�Y�H�U�D�J�H���R�I���W�K�H���5�0�������U�H�V�L�V�W�D�Q�F�H���P�H�W�H�U�����a�������K�D�������&�0�'���(�0�,�����a�������K�D�������*�3�5��
�����������K�D���� �D�Q�G�� �6�(�1�6�<�6�� �J�U�D�G�L�R�P�H�W�H�U�� ���a�������K�D������ �7�K�H�� �F�R�G�L�Q�J�� �R�I�� �W�K�H�� �G�L
u�H�U�H�Q�W�� �V�H�F�W�L�R�Q�V�� �R�I�� �W�K�H�� �V�L�W�H�� ���$�±�+���� �W�K�D�W�� �Z�H�U�H�� 

�V�X�U�Y�H�\�H�G���D�U�H���D�O�V�R���L�Q�G�L�F�D�W�H�G�����$�����6�D�U�U�L�V��
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archaeological targets. The same integrated techniques proved to be extremely successful in map-
ping the environs of other Neolithic magoulas in Thessaly.86 Tab. II.2.1 summarises the sampling 
and the area coverage of each technique and Fig. II.2.2. shows the extent of coverage of each 
prospection method.

Magnetic and EMI techniques were able to cover most of the area around the magoula. Soil 
�U�H�V�L�V�W�D�Q�F�H���P�H�D�V�X�U�H�P�H�Q�W�V���Z�H�U�H���F�D�U�U�L�H�G���R�X�W���R�Q�O�\���L�Q���V�S�H�F�L�¿�F���V�H�F�W�L�R�Q�V���W�R���Y�H�U�L�I�\���V�R�P�H���R�I���W�K�H���V�X�J�J�H�V�W�H�G��
magnetic anomalies. Due to intense rainfall prior to the survey, the soil was extremely muddy; 
therefore, it was not possible to extensively scan the site with GPR other than a small section 
along a dirt road near the cemetery.

Magnetic measurements were collected using the multi-channel Sensorik & Systemtechnolo-
gie (SENSYS) MX Compact Survey System. SENSYS MX was equipped with eight FGM600 
�J�U�D�G�L�R�P�H�W�H�U�V�� �D�Q�G�� �Q�D�Y�L�J�D�W�H�G�� �W�K�U�R�X�J�K�� �D�� �G�L
u�H�U�H�Q�W�L�D�O�� �*�3�6�� ���G�*�3�6������ �7�K�H�� �J�U�D�G�L�R�P�H�W�H�U�� �V�H�Q�V�R�U�V�� �Z�H�U�H��
spaced 25cm apart and measurements were taken with a sampling of less than 10cm. MonMX 4.0 
software was used for the communication of the MX compact box with the multi-channel system. 
�7�K�H���V�R�I�W�Z�D�U�H���L�Q�W�H�U�I�D�F�H���D�O�O�R�Z�V���W�K�H���F�R�Q�¿�J�X�U�D�W�L�R�Q���D�Q�G���D�O�L�J�Q�P�H�Q�W���R�I���W�K�H���V�H�Q�V�R�U�V���D�Q�G���W�K�H���Q�D�Y�L�J�D�W�L�R�Q�� 
within the landscape. A series of Matlab functions were used for further processing of data, includ-
ing despiking and removal of overlapping data. The output processed data was imported to Surfer 
�V�R�I�W�Z�D�U�H�����L�Q�W�H�U�S�R�O�D�W�H�G���W�K�U�R�X�J�K���D���N�U�L�J�L�Q�J���D�O�J�R�U�L�W�K�P�����D�Q�G���¿�Q�D�O�O�\���F�R�Q�Y�H�U�W�H�G���L�Q�W�R���D���U�D�V�W�H�U���P�D�S��87

The EMI data was collected with a CMD Mini Explorer unit by GF Instruments designed for 
multi-depth measurements. CMD Mini Explorer is used for the assessment of ground conduc-
tivity and of induced magnetic susceptibility using three dipole centre distances (0.2m, 1.71m, 
1.18m) at a frequency of 30KHz, which correspond to 3 depth ranges (0.5/0.25m, 1.0/1.5m, 
1.8/0.9m). The data was acquired using a dGPS and logged in a designated control unit. EMI 
�P�H�D�V�X�U�H�P�H�Q�W�V�� �F�D�Q�� �F�K�D�Q�J�H�� �I�R�U�� �H�D�F�K�� �J�U�L�G�� �E�\�� �D�Q�� �R
u�V�H�W�� �D�Q�G�� �D�� �F�R�H
v�F�L�H�Q�W���� �7�K�X�V���� �X�Q�O�L�N�H�� �U�H�V�L�V�W�L�Y�L�W�\��
or magnetic data, EMI signals must be calibrated for further processing due to the sensitivity of 
the instrument (distortion, temperature change, etc.). As for the calibration, a vertical electrical 
�V�R�X�Q�G�L�Q�J���J�L�Y�H�V���D���¿�U�V�W���L�G�H�D���R�I���W�K�H���H�O�H�F�W�U�L�F�D�O���U�H�V�L�V�W�L�Y�L�W�\���G�L�V�W�U�L�E�X�W�L�R�Q�����1�H�[�W�����U�H�V�X�O�W�V���D�U�H���F�R�P�S�D�U�H�G���Z�L�W�K��
�(�0�,���P�H�D�V�X�U�H�P�H�Q�W�V���F�R�O�O�H�F�W�H�G���D�W���G�L
u�H�U�H�Q�W���K�H�L�J�K�W�V�����7�K�L�V���F�R�P�S�D�U�L�V�R�Q���D�O�O�R�Z�V���I�R�U���W�K�H���G�H�W�H�U�P�L�Q�D�W�L�R�Q��
�R�I���W�K�H���F�R�H
v�F�L�H�Q�W���G�L�J�L�W���S�S�P�����7�K�H���F�R�H
v�F�L�H�Q�W���H�V�W�D�E�O�L�V�K�H�V���W�K�H���U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���W�K�H���L�Q�V�W�U�X�P�H�Q�W�D�O��
response and the theoretical EMI response. Furthermore, it reveals the range of measurement for 
theoretical values (ppm) and the experimental values (digits). The range allows determination of 
�W�K�H���R
u�V�H�W�����7�R���F�D�O�F�X�O�D�W�H���W�K�H���R
u�V�H�W���Y�D�O�X�H���I�R�U���W�K�H���L�Q���S�K�D�V�H���S�D�U�W���R�I���W�K�H���V�L�J�Q�D�O�����D���P�H�D�V�X�U�H�P�H�Q�W���L�V���¿�U�V�W��
�P�D�G�H���D�W���D���V�S�H�F�L�¿�F���K�L�J�K���K�H�L�J�K�W�����H�T�X�D�O���W�R���R�U���P�R�U�H���W�K�D�Q�����P�������)�R�U���W�K�L�V���P�H�D�V�X�U�H�P�H�Q�W�����W�K�H���U�H�V�S�R�Q�V�H��
�L�Q�G�X�F�H�G���E�\���W�K�H���V�X�V�F�H�S�W�L�E�L�O�L�W�\���L�V���Q�X�O�O���V�R���W�K�D�W���L�W���L�V���S�R�V�V�L�E�O�H���W�R���F�D�O�F�X�O�D�W�H���W�K�H���R
u�V�H�W���I�R�U���W�K�H���V�X�V�F�H�S�W�L�E�L�O-
�L�W�\���P�H�D�V�X�U�H�P�H�Q�W�����)�R�U���S�U�R�F�H�V�V�L�Q�J���W�K�H���(�0�,���G�D�W�D�����L�W���L�V���D�V�V�X�P�H�G���W�K�D�W���W�K�H���F�R�H
v�F�L�H�Q�W���I�R�U���W�K�H���L�Q���S�K�D�V�H��
and quadrature are the same.88

�6�R�L�O���U�H�V�L�V�W�D�Q�F�H���P�D�S�S�L�Q�J���Z�D�V���F�R�Q�G�X�F�W�H�G���Z�L�W�K���D���*�H�R�V�F�D�Q���5�H�V�H�D�U�F�K���5�0������ �L�Q�V�W�U�X�P�H�Q�W���F�R�Q�¿�J-
ured in a twin-probe electrode array. While 1m probe separation enabled deeper penetration of 
the current (in comparison to Dx=0.5m), a 0.5m sampling was carried out along parallel transects 
spaced 1m apart to ensure the collection of high-resolution data. Data sets were given the appro-
priate coordinates according to the position of the adjacent grids and an area code was given for 
�H�D�F�K���F�O�X�V�W�H�U���R�I���J�U�L�G�V�����$���V�S�H�F�L�¿�F���P�D�S���F�R�R�U�G�L�Q�D�W�H���V�\�V�W�H�P���Z�D�V���F�K�R�V�H�Q���I�R�U���H�D�F�K���J�H�R�S�K�\�V�L�F�D�O���P�R�V�D�L�F��
of grids, which was registered to the appropriate geodetic system of coordinates. Thus, based on 
�J�H�R�U�H�F�W�L�¿�H�G���V�D�W�H�O�O�L�W�H���L�P�D�J�H�V�����L�W���Z�D�V���S�R�V�V�L�E�O�H���W�R���R�Y�H�U�O�D�\���W�K�H���J�H�R�S�K�\�V�L�F�D�O���P�D�S�V���D�W���W�K�H�L�U���F�R�U�U�H�V�S�R�Q�G-
ing location. Statistical analysis of both the common rows and the calculation of the average level 
of adjacent grids was carried out in order to provide a correction factor for each grid. Despiking 
techniques were used to isolate the extreme values that masked the anomalies of interest and  

86 Simon et al. 2015a; Kalayci – Sarris 2016; Kalayci et al. 2017.
87 Armstrong – Kalayci 2015, 1–12; Kalayci – Sarris 2016.
88 Simon et al. 2015b.
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�)�L�J�����,�,���������������'�H�W�D�L�O�V���I�U�R�P���W�K�H���J�H�R�S�K�\�V�L�F�D�O���Z�R�U�N���D�W���3�0�=���G�X�U�L�Q�J���W�K�H�������������¿�H�O�G���F�D�P�S�D�L�J�Q����
a. Soil resistance survey; b. EMI survey; c. Magnetometer survey (A. Sarris, photos:  

E. Alram-Stern)

a

c

b
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selective compression of the dynamic range of values was used to enhance anomalies close to 
the background level. Finally, colour and greyscale geophysical maps were produced: hot col-
ours (reddish colours) in colour maps and light (white) colours in greyscale maps represent high 
intensity values.

The Noggin Plus-Smart Cart (Sensors & Software) GPR with an antenna of 250MHz was 
�H�P�S�O�R�\�H�G�� �V�S�D�U�L�Q�J�O�\�� �E�H�F�D�X�V�H�� �R�I�� �D�G�Y�H�U�V�H�� �Z�H�D�W�K�H�U�� �F�R�Q�G�L�W�L�R�Q�V���� �7�K�H�� �H
u�H�F�W�L�Y�H�� �S�H�Q�H�W�U�D�W�L�R�Q�� �G�H�S�W�K�� �R�I��
the antennas can reach 3–4m below the surface, but due to the humidity/conductivity of the soil 
this was reduced to about 3m. Measurements were carried out along parallel transects 0.25m 
apart with a sampling of about 2.5cm along the transects. The transects that were derived from 
the GPR survey were processed using GFP Edit4 and EKKO Project 2 by Sensors & Software 
and Voxler. Processing methods were used to remove noise from the data and enhance the signal 
�L�Q�I�R�U�P�D�W�L�R�Q���W�K�D�W���F�D�Q���O�H�D�G���W�R���E�H�W�W�H�U���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���R�I���W�K�H���V�X�E�V�R�L�O�����$�W���¿�U�V�W�����W�K�H���*�3�5���V�H�F�W�L�R�Q�V���Z�H�U�H��
given the relative x- and y-coordinates according to a local reference system that was used for the 
�V�L�W�H�����3�U�R�F�H�V�V�L�Q�J���R�I���W�K�H���G�D�W�D���L�Q�F�O�X�G�H�G���W�K�H���D�S�S�O�L�F�D�W�L�R�Q���R�I���F�R�U�U�H�F�W�L�R�Q�D�O���¿�O�W�H�U�V���D�S�S�O�L�H�G���W�R���H�D�F�K���V�X�U�Y�H�\��
�O�L�Q�H�����W�K�H���H�[�W�U�D�F�W�L�R�Q���R�I���V�O�L�F�H�V���W�K�D�W���U�H�S�U�H�V�H�Q�W���W�K�H���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���W�K�H���U�H�À�H�F�W�R�U�V���Z�L�W�K���L�Q�F�U�H�D�V�L�Q�J���G�H�S�W�K��
�D�Q�G���W�K�H���F�U�H�D�W�L�R�Q���R�I���W�K�H���V�X�E�V�X�U�I�D�F�H�����'���P�R�G�H�O�����,�Q���W�K�H���¿�U�V�W���V�W�D�J�H�����W�U�D�F�H���U�H�S�R�V�L�W�L�R�Q�L�Q�J���Z�D�V���H�P�S�O�R�\�H�G��
to correct for the position of and the extent of the GPR traces within each transect. Time zero cor-
rection, based on 10% of the absolute maximum value on a data trace, allowed estimation of the 
�F�R�U�U�H�F�W���Y�H�U�W�L�F�D�O���S�R�V�L�W�L�R�Q���R�I���W�K�H���¿�U�V�W���S�X�O�V�H���W�K�D�W���O�H�I�W���W�K�H���D�Q�W�H�Q�Q�D���H�Q�G���H�Q�W�H�U�H�G���W�K�H���V�X�E�V�X�U�I�D�F�H�����2�W�K�H�U��
�¿�O�W�H�U�V�����V�X�F�K���D�V���G�H�Z�R�Z�����U�H�P�R�Y�D�O���R�I���O�R�Z���I�U�H�T�X�H�Q�F�\���Q�R�L�V�H�������6�(�&�����V�S�U�H�D�G�L�Q�J���	���H�[�S�R�Q�H�Q�W�L�D�O���F�R�P�S�H�Q-
�V�D�W�L�R�Q�����J�D�L�Q���D�Q�G���D���E�D�F�N�J�U�R�X�Q�G���V�X�E�W�U�D�F�W�L�R�Q���¿�O�W�H�U���Z�H�U�H���X�V�H�G���W�R���H�Q�K�D�Q�F�H���V�L�J�Q�D�O�V���O�R�F�D�W�H�G���D�W���J�U�H�D�W�H�U��
depths and reduce the background random noise. During the second stage, horizontal depth slices 
�D�W���G�L
u�H�U�H�Q�W���G�H�S�W�K���O�H�Y�H�O�V���Z�H�U�H���F�U�H�D�W�H�G���I�U�R�P���W�K�H���R�U�L�J�L�Q�D�O���Y�H�U�W�L�F�D�O���V�H�F�W�L�R�Q�V���D�V�V�X�P�L�Q�J���D���Y�H�O�R�F�L�W�\���I�R�U��
the electromagnetic waves equal to 0.1m/nsec. Then the 3D model was extracted and imported to 
Voxler software to visualise the subsurface.89

Details of the geophysical prospection work at PMZ are shown in Fig. II.2.3a–c.

II.2.3. Geophysical Results

The areas of investigation around PMZ were divided into eight survey zones (Areas A–H) (see 
Fig. II.2.2). The locations and extent of these areas were selected based on ground surface condi-
tions. In a number of cases, deep ploughing and standing vegetation (e.g. cotton) prevented more 
extensive magnetic and GPR surveying around the settlement. In all areas, the survey followed a 
NE to SW direction corresponding to the orientation of the ploughing lines.

Magnetic Survey

Area A was established in order to investigate a potential burial ground, since it is located about 
60m southeast of the excavated area of the Late Neolithic cemetery. The magnetic sensor array 
�Z�D�V���V�H�W���V�K�R�U�W�H�U�����¿�Y�H���V�H�Q�V�R�U�V���Z�L�W�K�������F�P���V�H�S�D�U�D�W�L�R�Q�����W�R���R�Y�H�U�F�R�P�H���W�K�H���F�K�D�O�O�H�Q�J�L�Q�J���V�X�U�I�D�F�H���F�R�Q�G�L-
tions. Nevertheless, no clear information was gathered with respect to potential urn burials (Fig. 
II.2.4a–b). Just a few isolated monopole anomalies with a diameter of ~1–1.5m were recognised 
(anomalies around A1) with a couple of larger features appearing in the southern section of Area 
�$�� ���I�H�D�W�X�U�H�V���$���� �D�Q�G���$�������� �,�W�� �L�V�� �K�D�U�G�� �W�R�� �V�X�J�J�H�V�W�� �W�K�D�W�� �W�K�H�� �V�S�H�F�L�¿�F�� �D�Q�R�P�D�O�L�H�V�� �F�D�Q�� �E�H�� �U�H�O�D�W�H�G�� �W�R�� �X�U�Q��
burials,90 due to their expected depths, which is at the limit of the investigation depth of the instru-
ment (~1.5m from the upper horizon) according to the cores made by van Andel et al.91 and the 
background noise due to the heavy ploughing of the site.

89 Annan 2009; Manataki et al. 2015, 1–13.
90 Gallis 1982, 77.
91 Van Andel et al. 1995, 134.
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North of the magoula, Areas B, C and D proved to be more revealing (Fig. II.2.5a–b). Area B 
(~80 × ~200m) exposed a series of linear anomalies criss-crossing each other. The main feature 
(B1) is a wide (~4m) lineament running NE-SW, while to the south (NE section of Area D) it ap-
pears to bisect the northern borders of the basin of the magoula. The lineament fades out rather 
abruptly within the bounds of the survey coverage. Nevertheless, recent satellite imagery (Fig. 
II.2.6) indicates that the feature continues further to the northeast with a slight turn to the north, a 
probable indication that the feature and others in Areas C and D are the remnants of past hydro-
logical activity.

Area C is located ~100m to the NW of the site with dimensions of ~55 × ~200m. Like Area 
B, many lineaments (C1, C2 and C3) here are probably related to past hydrological activity. One 
notices that magnetic levels become higher closer to the magoula in contrast to the lower mag-
�Q�H�W�L�F���V�L�J�Q�D�O�V���L�Q���W�K�H���1�:���]�R�Q�H���R�I���$�U�H�D���&�����7�K�H�V�H���G�L
u�H�U�H�Q�F�H�V���K�D�Y�H���D�O�V�R���E�H�H�Q���Q�R�W�H�G���L�Q���$�U�H�D���%�����D�V���Z�H�O�O��
�D�V���$�U�H�D���'�����V�H�H���E�H�O�R�Z�������D�Q�G���W�K�H�\���S�U�R�E�D�E�O�\���G�H�¿�Q�H���W�K�H���O�L�P�L�W�V���R�I���D�Q�W�K�U�R�S�R�J�H�Q�L�F���D�F�W�L�Y�L�W�\���D�U�R�X�Q�G���W�K�H��
magoula.

Area D (~75 × ~190m) abuts the settlement in the NW. There are numerous anomalies that 
require further attention. Prospection data revealed four large rectangular and highly magnetic 
features (D1, D2, D3 and D4), possibly of archaeological interest. These features appear to be 
aligned in the same direction NW-SE and have dimensions of about 9–12 × 12m. The northern 
feature (D1) clearly falls within two lineaments (D5) running in an east-west direction. This dou-
ble lineament can also be traced on the satellite imagery towards the east. It would be tempting to 
suggest that the particular structures indicate residues of burnt houses.

A few more residues of architectural structures (D6) can be suggested on the northern fringes 
of the magoula, towards the southeastern zone of Area D. Three or more enclosed spaces are re-
vealed in the immediate skirts of the settlement. They have northern orientations and are possibly 
surrounded by a thin enclosure wall or ditch. The dates of these structures cannot be determined 

Fig. II.2.4   a–b. Results of the magnetic survey near the Late Neolithic cemetery of PMZ in Area A. The yellow circles 
�L�Q���W�K�H���U�L�J�K�W���K�D�Q�G���¿�J�X�U�H���L�Q�G�L�F�D�W�H���W�K�H���L�V�R�O�D�W�H�G���P�R�Q�R�S�R�O�H���R�U���G�L�S�R�O�H���D�Q�R�P�D�O�L�H�V���L�G�H�Q�W�L�¿�H�G���E�\���W�K�H���P�D�J�Q�H�W�R�P�H�W�H�U���V�X�U�Y�H�\�����7�K�H��

Neolithic cemetery is also visible to the NW of the geophysical survey grid (A. Sarris)

a b
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Fig. II.2.5   a. Results of the magnetic survey at PMZ in Areas B, C and D; b. Diagrammatic interpretation of the 
geomagnetic features (A. Sarris)

a

b
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through geophysics, but one could hypothesise that they constitute part of the furthest dwellings 
of the latest phase (Early Bronze Age?) of the settlement.

Area D expands further to the south with a narrow strip ~20 × ~105m. A long, linear mod-
ern ditch divides these two areas. Due to the constricted size, this portion did not provide as 
much information. However, the magnetic signature of the area indicates similar anthropogenic 
activity and land-use practices, modern or ancient. Of particular interest is the lineament (D7) 
located to the north of the survey area and running in a NW-SE direction. It is likely that this 
feature is the continuation of the single lineament in the NE. This particular anomaly also seems 
to coincide with a larger soil conductivity feature that runs further to the south (see EMI results 
below).

Area E is a small zone (~25 × ~85m) immediately west of the magoula (Fig. II.2.7a–b). Two 
(curvi-) linear features (E1 and E2) are immediately visible, running parallel to the curvature of 
the settlement. Despite their fragmentary nature, the projections of the two features to the north-
west and southeast support the suggestion that these lineaments denote settlement enclosures, as 
do a couple of thinner curvilinear features (F1) in Area F (see below).

Area F is located to the south of the settlement, capturing the elevation rise to the southeast 
and the downwards slope towards the south. This division proved to be non-arbitrary as there is 
�D���F�O�H�D�U���J�H�R�P�D�J�Q�H�W�L�F���G�L
u�H�U�H�Q�F�H���E�D�V�H�G���R�Q���W�K�H���W�R�S�R�J�U�D�S�K�L�F���L�P�S�U�L�Q�W�����7�K�H���V�R�X�W�K�Z�H�V�W���V�H�F�W�L�R�Q���R�I���W�K�H��
area is completely clear of anomalies, suggesting a lack of human interference. The only feature 
of interest is a circular lineament, F2 (with a concavity in the opposite direction of the magoula), 
which may not be of cultural origin. Another double linear feature (F3) runs in an east-west  
direction.

Fig. II.2.6   Satellite image extracted 4 May 2010 (GoogleEarth). The continuation of the intense 
magnetic feature is obvious in the satellite image and it turns to the north (A. Sarris)



Platia Magoula Zarkou – The Neolithic Period72 

The eastern portion of Area F has a complex magnetic feature distribution (features around 
the vicinity of F4) and it is not possible to delineate features easily. Most of these features can 
be dated to past human activities, as the non-systematic archaeological survey indicated a dense 
scattering of Early Bronze Age to Middle Bronze Age sherds. Despite the complexity of the mag-
netic results, it seems that we are dealing with a dense distribution of structures, which provide 
evidence of an extensive Bronze Age (?) settlement that continues for more than 100m further to 
the east.

Area G is a smaller survey area (~45 × ~60m) located in the eastern section of the magoula. 
The distribution of the magnetic features does not have a pattern similar to Area F, even if it shows 
clear evidence of anthropogenic activity. A semicircular feature (G1) appears to the south of Area 
G. A few other features (G2) running in a north-south direction to the east of the magoula repre-
sent a continuation of low conductivity features running further to the north and may be residues 
of past hydrological activity (the east-running gully suggested by van Andel et al.).92

Electromagnetic Induction (EMI) Survey

Both magnetic susceptibility and soil conductivity data revealed patches and lineaments of highly 
susceptible and/or high conductivity soils (Fig. II.2.8a–c). The lineaments may be explained by 
�P�R�G�H�U�Q���D�J�U�L�F�X�O�W�X�U�D�O���D�F�W�L�Y�L�W�L�H�V���Z�K�H�U�H���S�O�R�X�J�K�L�Q�J���D�Q�G���G�L
u�H�U�H�Q�W�L�D�O���W�U�H�D�W�P�H�Q�W���R�I���V�R�L�O�V���S�U�R�Y�L�G�H���S�D�W�W�H�U�Q�V���� 

92 Van Andel et al. 1995, 138.

Fig. II.2.7a.   Results of the magnetic survey at PMZ in Areas E, F and G (A. Sarris)

a
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Clusters of highly magnetically susceptible/high conductivity areas may be indicative of concen-
trations of organic soils and/or human activity in the past. The images from both data sets provide 
slight evidence of curvilinear features from past hydrological activity or ditches that surround the 
magoula.

In the particular data set, the only immediately visible feature is a low-susceptibility curvi-
linear feature (E3) to the west of the settlement. It follows the contour of the magoula but fades 
away rather quickly. A few isolated high magnetic susceptibility anomalies are indicated within 
this circular feature. A few more features to the north of the magoula are at the same spot where 
the rectilinear structures (D6 in Fig. II.2.5b) on the fringes of the magoula were proposed by the 
magnetic data.

Similarly, low conductivity data indicate four distinct lineaments that require further discus-
sion: a relatively resistive curvilinear feature (E4) to the west of the settlement runs closer in the 
north (similar trajectory to E3) and then diverts as it runs further to the SW. A relatively high 
resistivity anomaly (E5) runs even closer to the magoula to the west. Another curvilinear low 
conductivity feature (H1) runs parallel to the contour of the magoula at about 40m to the east. A 
low conductivity feature (D8) is located to the north of the settlement in close agreement with the 
soil resistance and magnetic measurements. Finally, a double faint linear feature (H2) shows up in 
the conductivity data further to the east and it is visible on some satellite imagery (e.g. 14 August 
2013 on Google Earth).

Fig. II.2.7b.   Diagrammatic interpretation of the geomagnetic features (A. Sarris)

b
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Fig. II.2.8   Results of the electromagnetic survey. a. Soil 
magnetic susceptibility results; b. Soil conductivity results; 
c. Diagrammatic interpretation of the results of the  

electromagnetic survey (A. Sarris)

Soil Resistance

Soil resistance data were collected from three regions: the area southeast of the cemetery excava-
tions and a couple of areas to the north and south of the magoula. The individual sections were 
�S�U�R�F�H�V�V�H�G���V�H�S�D�U�D�W�H�O�\�����D�Q�G���H�D�F�K���¿�Q�D�O���P�D�S���Z�D�V���U�H�F�W�L�¿�H�G���D�Q�G���R�Y�H�U�O�D�L�G���Z�L�W�K���V�D�W�H�O�O�L�W�H���L�P�D�J�H�U�\�����)�L�J����
II.2.9a–b).

A number of linear anomalies were indicated in each section. To the south, two linear anoma-
lies deserve attention. A faint high resistance anomaly (F5) seems to curve parallel to the shape 
of the magoula. A much higher resistance anomaly runs for about 50m in a similar way to the 

a

c

b
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southeast (~40m away from the foot of the magoula) and coincides with the magnetic features 
(G2) at the same location. Interestingly, the continuation of this feature to the north is clearly 
pinpointed by the EMI measurements and it is manifested as a low conductivity anomaly (H1). 
�,�V���L�W���S�R�V�V�L�E�O�H���W�K�D�W���W�K�H���S�D�U�W�L�F�X�O�D�U���D�Q�R�P�D�O�L�H�V���E�H�O�R�Q�J���W�R���D���S�H�U�L�P�H�W�H�U���I�R�U�W�L�¿�F�D�W�L�R�Q���Z�D�O�O���H�Q�F�L�U�F�O�L�Q�J���W�K�H��
site?

To the north, a linear high resistance anomaly (D8) also coincides with the location of a highly 
magnetic and low conductivity anomaly. It is the one that encloses the structural remains (D6) at 
the north foot of the magoula.

On the other hand, not many features were suggested by the soil resistance measurements in 
the area of the cemetery, with the exception of a few isolated anomalies and a linear feature (A4) 
that runs in a north-south direction.

Ground Penetrating Radar (GPR)

GPR measurements were carried out along the dirt road to the north, close to the cemetery. The in-
dividual radargrams indicate a geological interface to the north (in the beginning of each transect) 
of the surveyed area (Fig. II.2.10). Based on the individual radargrams and the time slices, it be-
comes obvious that we are dealing with a geological formation that appears around 2–2.5m below 
the current surface and which rises (to about 1m or less) towards the northeast (Fig. II.2.11a–b).  
The particular rise is seen in the individual radargrams of Fig. II.2.10. If this is the general  
tendency that we have further to the north, where the cemetery was brought to light, then it might 
be possible that the particular region constituted a low elevation rise, which may have been ap-
propriate for the location of the cemetery, as it could have been relatively protected from frequent 
�À�R�R�G�L�Q�J���H�S�L�V�R�G�H�V��93

93 Discussed further by Caputo et al., this volume, 47–48.

Fig. II.2.9   a. Results of the soil resistance survey; b. Diagrammatic interpretation (A. Sarris)

a b
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Fig. II.2.10   Radargrams of the GPR survey along the dirt road in the area of the cemetery. Radargrams represent the 
�U�H�À�H�F�W�R�U�V���R�I���W�K�H���J�U�R�X�Q�G���D�O�R�Q�J���S�D�U�D�O�O�H�O���W�U�D�Q�V�H�F�W�V�����P���D�S�D�U�W�����$�����6�D�U�U�L�V��
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�)�L�J���� �,�,������������ �� �� �D���� �6�H�O�H�F�W�L�Y�H�� �J�H�R���U�H�F�W�L�¿�H�G�� �*�3�5�� �G�H�S�W�K�� �V�O�L�F�H�V�� ���I�R�U�� �G�H�S�W�K�V�� �R�I�� �������±�������F�P���� �������±�������F�P���� �������±�������F�P�� �D�Q�G��
�������±�������F�P�����D�O�R�Q�J���W�K�H���U�R�D�G���L�Q���W�K�H���D�U�H�D���R�I���W�K�H���F�H�P�H�W�H�U�\�����E�����9�R�O�X�P�H�W�U�L�F���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���R�I���W�K�H���*�3�5���U�H�À�H�F�W�R�U�V�����$�����6�D�U�U�L�V��

II.2.4. Integration of Geophysical Data and Discussion

The integrated interpretation of the geophysical survey measurements is shown in Fig. II.2.12. 
The potential burial grounds of Area A did not produce any kind of prominent features. The 
isolated magnetic anomalies and the linear high resistance feature to the south do not clarify the 
presence of structural remains even though some isolated anomalies may be related to burials. 

a

b
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On the other hand, GPR data shows that the area of the cemetery is located on top of a slightly 
elevated geological formation, which is relatively fragmented but rises towards the northeast. The 
�S�D�U�W�L�F�X�O�D�U���I�R�U�P�D�W�L�R�Q���P�D�\���D�O�V�R���F�R�U�U�H�O�D�W�H���W�R���O�D�P�L�Q�D�W�L�R�Q�V���W�K�D�W���K�D�Y�H���E�H�H�Q���F�U�H�D�W�H�G���E�\���H�S�L�V�R�G�L�F���À�R�R�G-
ing and deposition observed by van Andel et al.94 in a roadside ditch near the cemetery. If this is 
the case, which is also supported by the observations of Caputo et al. who mention a relatively 
�F�R�Q�V�W�D�Q�W���V�H�D�V�R�Q�D�O���À�R�R�G�L�Q�J���R�I���W�K�H���3�H�Q�H�L�D�G�D���9�D�O�O�H�\���S�O�D�L�Q�����W�K�H���S�D�U�W�L�F�X�O�D�U���U�H�J�L�R�Q���R�I���W�K�H���F�H�P�H�W�H�U�\���Z�D�V��
�P�R�V�W���S�U�R�E�D�E�O�\���O�R�F�D�W�H�G���D�W���W�K�H���E�R�X�Q�G�D�U�\���R�I���W�K�H���À�R�R�G�L�Q�J���]�R�Q�H���R�I���W�K�H���D�U�H�D���D�U�R�X�Q�G���W�K�H���P�D�J�R�X�O�D��95

According to van Andel et al.,96 considering the cross sections connecting the soil cores, the 
top soil stratigraphic unit (Late Pleistocene Unit A) slopes in a SW direction. The soil analysis 
of the cores indicated the existence of a 75m-wide gully passing from the cemetery towards the 
eastern half of the mound (see black arrows on Fig. II.2.13). It seems that the particular feature 
is also visible on historical aerial photos passing to the west of PMZ-7 and most probably it was 
one of the creeks turning from the mountain range to the north towards the Peneios River south 
of the magoula (see Fig. II.2.1). Cores PMZ-2b, 4, 6 and 10, located close to the magoula, sug-
�J�H�V�W���W�K�D�W���W�K�H���R�F�F�X�S�D�W�L�R�Q���R�I���W�K�H���V�L�W�H���G�X�U�L�Q�J���W�K�H���0�L�G�G�O�H���1�H�R�O�L�W�K�L�F���S�H�U�L�R�G�����Z�K�L�F�K���Z�D�V���F�R�Q�¿�Q�H�G���W�R���W�K�H��
�Z�H�V�W���E�D�Q�N���R�I���W�K�H���J�X�O�O�\�����F�R�Q�W�L�Q�X�H�G���G�H�V�S�L�W�H���W�K�H���À�R�R�G�L�Q�J���H�S�L�V�R�G�H�V���D�U�R�X�Q�G���W�K�H���V�H�W�W�O�H�P�H�Q�W�����(�Y�H�Q���F�R�U�H�� 
�3�0�=������ �L�Q�G�L�F�D�W�H�V���W�K�D�W���W�K�H�U�H���P�D�\�� �K�D�Y�H���E�H�H�Q���H�S�L�V�R�G�H�V���R�I�� �L�Q�W�H�Q�V�H���À�R�R�G�L�Q�J�� �W�K�D�W���H�Q�W�H�U�H�G���W�K�H���V�H�W�W�O�H-
�P�H�Q�W���� �,�I�� �Z�H�� �D�V�V�X�P�H�� �W�K�D�W���W�K�H�� �À�R�Z�� �R�I�� �Z�D�W�H�U�� �F�R�Q�W�L�Q�X�H�G�� �S�H�U�L�R�G�L�F�D�O�O�\�� �I�U�R�P�� �W�K�H�� �P�R�X�Q�W�D�L�Q�V�� �W�R�J�H�W�K�H�U��
�Z�L�W�K�� �W�K�H�� �F�R�Q�W�L�Q�X�R�X�V�� �J�U�R�Z�W�K�� �R�I�� �W�K�H�� �P�D�J�R�X�O�D���� �L�W�� �S�R�V�V�L�E�O�\�� �I�R�O�O�R�Z�H�G�� �W�Z�R�� �G�L
u�H�U�H�Q�W�� �S�D�W�K�V�� ���L���H���� �W�Z�R��

94 Van Andel et al. 1995, 137.
95 Caputo et al., this volume, 48.
96 Van Andel et al. 1995, 138.

Fig. II.2.12   Integrated interpretation of the geophysical survey measurements at PMZ (A. Sarris)
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Fig. II.2.13   The interpolated surface of the top soil stratigraphic unit (Late Pleistocene Unit A) based on the soil cores 
of van Andel et al. 1995 superimposed on a satellite image of the area around PMZ and the features suggested by the 
�J�H�R�S�K�\�V�L�F�D�O���V�X�U�Y�H�\�����7�K�H���E�O�D�F�N���D�U�U�R�Z�V���V�K�R�Z���W�K�H���À�R�Z���R�I���W�K�H���H�D�V�W�H�U�Q���J�X�O�O�\���V�X�J�J�H�V�W�H�G���E�\���W�K�H���D�E�R�Y�H���D�X�W�K�R�U�V�����,�W���L�V���S�R�V�V�L�E�O�H��
�W�R���V�H�H���W�K�H���D�J�U�H�H�P�H�Q�W���R�I���W�K�H���Q�R�U�W�K���S�D�U�W���R�I���W�K�H���À�R�Z���R�I���W�K�H���J�X�O�O�H�\���Z�L�W�K���W�K�H���K�\�G�U�R�O�R�J�L�F�D�O���I�H�D�W�X�U�H�V���V�X�J�J�H�V�W�H�G���E�\���W�K�H���P�D�J�Q�H�W�L�F��

survey (A. Sarris)

�G�L
u�H�U�H�Q�W���J�X�O�O�L�H�V�����F�L�U�F�X�O�D�W�L�Q�J���D�U�R�X�Q�G���W�K�H���P�D�J�R�X�O�D�����7�K�L�V���L�V���D�F�W�X�D�O�O�\���F�R�Q�¿�U�P�H�G���E�\���W�K�H���J�H�R�S�K�\�V�L�F�D�O��
data to the north of the mound, where elongated magnetic anomalies are probably related to past 
hydrological activity and/or a buried gully similar to the one described by van Andel et al.97 Actu-
ally, the long high conductivity anomaly that appears to the SW, and extending further away from 
the mound toward the south, may represent the trace of this western gully. Similar hydrological 
�I�H�D�W�X�U�H�V���L�Q�G�L�F�D�W�L�Q�J���W�K�H���K�L�J�K���H�Q�H�U�J�\���R�I���Z�D�W�H�U���À�R�Z���Z�H�U�H���V�X�J�J�H�V�W�H�G���L�Q���$�U�H�D���&��

Van Andel et al.98 indicated that the cores PMZ-4 (to the south) and PMZ-10 (to the West) 
lack anthropogenic residues, suggesting that the particular core locations were outside the main 
habitation. Still their coring was not able to outline the borders of human occupation around the 
magoula. The geophysical measurements give a more precise picture about this issue. The quiet 
magnetic levels observed as we move further away from the magoula indicate the boundaries of 
anthropogenic activity in all surrounding sections. This is especially obvious to the west of Areas 
D and E, and to the SW of Area F in close agreement to the cores PMZ-4 and PMZ-10.

�7�K�H�� �D�U�H�D�V�� �W�R�� �W�K�H�� �1�:�� �D�Q�G�� �6�(�� �R�I�� �W�K�H�� �P�D�J�R�X�O�D�� �G�L�V�F�O�R�V�H�G�� �W�K�H�� �P�R�V�W�� �L�P�S�R�U�W�D�Q�W�� �¿�Q�G�L�Q�J�V�� �R�I�� �W�K�H��
geophysical survey. Four large highly magnetic targets of archaeological interest, together with a 
few more structures on the northern fringes of the magoula were pinpointed to the NW (Area D). 

97�� �9�D�Q���$�Q�G�H�O���H�W���D�O�����������������¿�J����������
98 Van Andel et al. 1995, 137.
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Similarly, occupation activity (mainly consisting of Early Bronze Age structures?) seems to be 
dense along the low elevation rise to the SE of the magoula (Area F), extending even further from 
the limits of the surveyed region (for more than 100m further to the SE of Area F).

The various data sets also suggest a number of enclosures. To the north, a thin enclosure wall 
seems to encircle the build ings at the periphery of the magoula. A couple of wider curvilinear fea-
tures (a low-susceptibility and a low conductivity one) follow the contour of the magoula to the 
east and west. Traces of curvilinear features, located a little further away from the foot of the ma-
goula, are also evident in all data sets (EMI, resistance and magnetic) to the east of the magoula. 
The low conductivity/high resistance/high magnetic signature of these features could designate 
�S�H�U�L�P�H�W�H�U���I�R�U�W�L�¿�F�D�W�L�R�Q�� �Z�D�O�O���V�� �R�U�� �G�L�W�F�K�H�V�� �G�H�V�F�U�L�E�H�G�� �Z�L�W�K�L�Q�� �D�� �K�L�J�K�O�\�� �F�R�Q�G�X�F�W�L�Y�H�� �V�R�L�O�� �E�D�F�N�J�U�R�X�Q�G��
encircling the site. Still, we cannot ignore the hypothesis that some of these features may also be 
related to running gullies within a much more conductive soil context.


