[1. The Environment and its Evolution around the Tell

II.1. The Latest Quaternary Evolution of the Peneiada Valley, Central Greece, and its
(UHFWV RQ 1HROLWKLF DQG +LVWRULFDO 6HWWOHPHQW

Riccardo Caputo — Bruno Helly — Dimitra Rapti — Sotiris Valkaniotis

[1.1.1. Introduction

The major questions posed at the beginning of the present research which we attempted to an-
VZHU ZHUH WKH IROORZLQJ (UVWO\ H[SODLQLQJ WKH /DWH 4XDV
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*°
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
FXUUHQFH DQG IUHTXHQF\ RI ARRGLQJ HYHQWYV DQG WKH H[WHC
plains, etc.

Geological and Hydrographic Framework

The present-day orographic texture of Thessaly and its broader surroundings is basically oriented
1: 6( ZKLFK LV WKH UHVXOW ¢UVWO\ RI WKH FRPSUHVVLRQDO SK
thrust belt during the Oligocene—Miocene and, subsequently, of the Pliocene—Early Pleistocene
tectonic inversion associated with a NE-SW crustal exterisibine 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)*?2 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 Gonnéi étdist
Almyros and Vasilika Basin®,in northern and southern Thessaly, respectively. Most of these nor-
mal faults are still in an incipient stagfeand hence the cumulative displacements are relatively

%0 Gallis 1989; van Andel et al. 1995.
81 Caputo 1990; Valkaniotis 2005.

32 Caputo — Pavlides 1993.

% Caputo et al. 1994.

3 Caputo 1990.

% Caputo 1995.
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VPDOO ,Q DQ\ FDVH WKH FXPXODWHG FUXVWDO GHIRUPDWLRQ KDV
changed the inherited regional-scale morphology.

The present-day hydrographic network of the Peneios River, the longest in Greece (Fig.
. D LV VWURQJO\ LQAXHQFHG E\ WKHVH SUH H[LVWLQJ DQG VW]
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. 11.1.1). It is worth noting that along the path of the
B3HQHLRV 5LYHU ZH ZHUH DEOH WR GLVWLQJXLVK WZR PDMRU UHDFK
7KH ZHVWHUQ RQH LY UHSUHVHQWHG E\ WKH .DUGLWVD 30DLQ DQG
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. 11.1.1a).
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Fig. I.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
WKH HDVWHUQ /DULVVD 30DLQ E 3UHVHQW GD\ ORQJLWXGLQDO SUR¢OHV RI WKH
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7KH RWKHU PDMRU UHDFK RI WKH 3HQHLRV 5LYHU FKDUDFWHUL!
ADW DOOXYLDO DUHD LV UHSUHVHQWHG E\ WKH QRUWKHUQ /DULV
5RGLD )LJ ,, DDQGE ,Q WKLV FDVH KRZHYHU WKH K\GURJUD
ULYHU ¢UVWO\ ARZV (6( DV IDU DV WKH WRZQ RI /DULVVD ZKHUH
QRUWKZHVWZDUGVY EHIRUH HQWHULQJ WKH 5RGLD *RUJH ,Q WKL\
JUDSKLF HYROXWLRQ KDV EHHQ GRFXPHQWHG IRU WKH +RORFHQF
DW GHYLDWLRQ DORQJ WKH $VPDNL FKDQQHO WRZDhi$GV WKH VRXW
ZDV GXH WR D FRQFRPLWDQW WKRXJK FRPSHWLQJ UROH SOD\HG
WKH 7\UQDYRV %DVLQ WKH SURJUHVVLYH VHGLPHQWDU\ LQ¢OOLC
DQWKURSRJHQLF DFWLYLWLHV FDUURHGWROUW LDPVS IAGKHHS BWIK H Q®HL OQ
GLYHUVLRQ RI WKH 3HQHLRV ZDWHUV LQWR /DNH .DUOD DQG WKH
ORZHU DOWLWXGH Rl WKH VRXWKHDVWHUQ /DULVVD 30DLQ /DNH
V DQG SDUWLDOO\ UHVWRUHG LQ UHFHQW \HDUV IRU HQYLURQF
 QWHUSRVHG EHWZHHQ WKH WZR UHDFKHV WKDW FURVV WKH ZL
WLYHO\ WKH 3HQHLRV 5LYHU ARZV DORQJ D QDUURZ DOOXYLDO S
ERUGHUHG E\ URFN\ PRXQWDLQ VORSHV :H UHIHU WR WKLV PRUSK
IURP WKH VPDOO YLOODJH RQ WKH OHIW EDQN RI WKH ULYHU )LJ
3HQHLRV 5LYHU LV DOPRVW NP ORQJ DQG WKH DYHUDJH VORSH
FRUUHVSRQGLQJ WR F P NP A )LJ ,, E 7KH 3HQHLDGD 9DC
RXV PHDQGHUV HLWKHU DFWLY H ARdordnglp) QepRQdn®df RQWAY )LJI
WHU FRXUVH LV HYHQ ORZHU FRUUHVSRQGLQJ WR DQ DYHUDJH R
RI GHWDLOHG WRSRJUDSKLF PDSV FDGDVWUDO PDSV DQG DHULDC
ODSSLQJ PHDQGHULQJ VWDJHV FRXOG EH FOHDUO\ UHFRJQLVHG D
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[1.1.2. Late Quaternary Peneiada Valley Evolution

9DOOH\ %RWWRP *HRPHWU\ DQG LWV ,Q,00LQJ

A careful morphological analysis of the broader Peneiada Valley (Fig. 11.1.2) suggests the

presence of a marked hydrographic anomaly. In particular, following the present-day down-

VWUHDP SDWK WKH WZR YDOOH\ ADQNV FRQVLVWLQJ RI URFN\ VO
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

GXULQJ WKH SHULRGLFDO ARRGLQJ HYHQWY HYHQWXDOO\ GLVDSS

Larissa Plain

~Tyrnavos Fault

LI ,, D ([WHQW RI WKH ARRGHG 3HQHLDGD 9DOOH\ GXULQJ WKH YHEUXDU\

the alluvial plain is completely inundated up to few kilometres from the Kalamaki Gorge, where, instead, an entrench-

LQJ SURFHVV E\ WKH 3HQHLRY 5LYHU GRPLQDWHYV ,Q FRQWUDVW WKH XSVWUHDP

AXYLDO GHSRVLWLRQ YL] DJJUDGDWLRQ E 3UHVHQFH RI WKH VHYHUDO PHWUH }
YDOOH\ LQWR D ODNH 6LPLODU ARRGLQJ HYHQWYVY RFFXU DOPRVW HYHU
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sochero village (Fig. 11.1.3). As a matter of fact, beyond this point, the Peneios River visibly

HQWUHQFKHV LWV RZQ EHG ¢(UVWO\ DuHFWLQJ ROGHU AXYLDO G

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-

VLRQ Rl WKH ZDWHU ARZ DORQJ D PDMRU UHDFK L H WKH 3HQHLLE
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

XQGHUO\LQJ WKH UHFHQW33ARMYyUgRth® Busoluevdltine@iel vabuesSoRthe. W V

UHFRQVWUXFWHG YDOOH\ ERWWRP KDYH VRPH PLQRU XQFHUWDLQ

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. 11.1.4. In other

ZRUGV DQG QHJOHFWLQJ DQ\ SRVVLEOH VLIQL{FDQW UROH RI UH,.

FHVVHV DQ\ PDMRU ZDWHU FRXUVH ARZLQJ DORQJ WKH SDODHR 31
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Fig. I1.1.4 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)

38 Mantovani et al. 2018.
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LQ WKH RSSRVLWH GLUHFWLRQ IURP WKH SUHVHQW GD\ 3BHQHLRV 5L
Holocene alluvial plain and drains the waters from western to eastern Thessaly (Fig. 1l.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. Il.1.1a and b),
and particularly the drainage area of the major water courses draining the mountains surrounding
Thessaly (Fig. 11.1.5), it is likely that the palaeo-Peneiada Valley was part of the Titarissios River,
UHSUHVHQWLQJ LWV ORZHVW K\GUDXOLF DQG DOWLPHWULF UHDFK |
I1.1.6a, 1.1.7.a). The issue of a possible connection between the Titarissios and Peneios rivers was
already raised by Horst Ernst Schneider and Michel Sivighahp, however, did not propose
any solution to the question posed.
$vV D ¢UVW VXEVWDQWLDO FRQVHTXHQFH RI WKLY UHFRQVWUXFW
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. 11.1.5). Accordingly, from an environmental
point of view, the Karditsa ‘area’ at that time was certainly covered by a water table corresponding
WR D PDMRU ODNH RU DW OHDVW GLuUXVH PDUVK\ JRQHVY WKH SHUPI
face was obviously also a function of the climatic period (glacial versus interglacial stages) that,
during the Quaternary, strongly modulated the regional precipitation réging therefore the
overall water discharge of the several inlets and tributaries of the western Thessalian ‘lowland’.

Othrys Moudntains

Fig. 1.1.5 Hydrographic basins and corresponding areas in km? of the major inlets of the palaeo-Karditsa Lake
(R. Caputo)

% Schneider 1968; Sivignon 1975.
4 E.g. Dean et al. 2015.



21 8y} punoJe uolNjoAT S)i puUB JUSWUOIIAUT BYL ||

yLJ ,, D 7THQWDWLYH UHFRQVWUXFWLRQ RI WKH PDLQ FRXUVH RI WKH 7LWDULVVLRV 5LYHU ARZLQJ DORQJ WKH SD¢(

E &DSWXUH SKDVHV RI WKH 7LWDULVVLRV 5LYHU ¢UVWO\ LQ FRUUHVSRQGHQFH ZLWK DQG GXH WR WKH /DULVVD )DXC

/DULVVD /DNH $W WKLV VWDJH QR PDMRU ZDWHUFRXUVH ZDV ARZLQJ LQ WKH DEDQGRQHG 3HQHLDGD 9DOOH\ F ,Q W

ported by the ‘western’ rivers (Fig. 11.1.7). Once the progradation of the internal deltas and the level of the western plain reached the entrance of the abandoned Peneiada Valley the latter

ZDV DuHFWHG E\ D YHU\ KLJK DJJUDGDWLRQ UDWH DQG WKH FRQVHTXHQW UDSLG LQYHUVLRQ RI WKH WRSR&UDSKLF JU
GH{;QLWHO\ GUDLQ LQWR WKH /DULVVD 30DLQ VRPHWLPH GXULQJ WKH +RORFHQH DQG-=OLNHO\ LQ
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yLJ ., (YROXWLRQ RI WKH ORQJLWXGLQDO SUR¢{OHV RI WKH PDMRU ULYHUV UH:
VLQFH WKH OLGGOH WR /DWH 4XDWHUQDU\ 7KH VNHWFKHV VKRZ WKH SURJUHVVLY
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 Thessaliartidke)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)
WKH AXYLDO VHGLPHQW ORDG PDLQO\ WKH 7LWDULVVLRV DQG 3H

7HFWRQLF ,QAXHQFH RQ WKH 5HFHQW *HRPRUSKLF (YROXWLRQ

Since the (Middle-)Late Quaternary, the broader Aegean region, including Thessaly, has been
shaped by an important geodynamic rearrangefditte new north-south direction of crustal
VWUHWFKLQJ VWDUWHG DUHFWLQJ WKH SUH H[LVWLQJ 1: 6( WUHC
creating new normal faults striking obliquely to the inherited ones and trending between east-
west and ESE-WNW: 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 lak&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 Pl&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 B&doydered by some (howadays) 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. 11.1.6b). 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

WKH QRUWKHUQ KDQJLQJ ZDOO EORFNV ERWK IDXOWYVY KDG D GLu
UROHV ERWK GLUHFW DQG LQGLUHFW RQ WKH AXYLDO GLYHUVLR
during the Late Pleistocene.

Regarding the Larissa Fault, the repeated occurrence of linear morphogenic earthrpamkes
idly generated a scarp across the riverbed, locally inverting the downstream gradient and there-

IRUH JUDGXDOO\ KDPSHULQJ WKH UHJXODU VRXWKZDUG ARZ RI WK
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. 11.1.6b). As a consequence of the local water accumulation

LH GDPPLQJ HuHFW E\ WKH IDXOW DQG WKH IDVW UHJUHVVLYH
WKH /DULVVD ODNH D SURWR .DODPDNL *RUJH FRXOG KDYH IRUPI
event for the palaeo-Titarissios River.

On the other hand, the growing cumulative displacement on the contemporaneously forming
7\UQDYRV )DXOW KDG WZR PDMRU LQGLUHFW HUHFWV )LUVWO\ V
5LYHU ARZLQJ SDUDOOHO WR WKH IDXOW WUDFH RQ WRS RI WKH
fered a rapid decrease in its downstream gradient. Secondly, corresponding to the major tectonic

4 Caputo et al. 1994.

42 E.g. Mercier 1981; Mercier et al. 1989; Caputo — Pavlides 1993.
4 Caputo 1995.

44 Caputo et al. 1994.

4 Caputo 1990.

4 Caputo 1990; Caputo 1995.

47 SensuCaputo 2005.
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VFDUS LQGXFHG E\ WKH 7\UQDYRYV )DXOW ZLWK D PD[LPXP HuHFW L
eastwards topographic gradient was increasing together with the displacement accumulation and
WKHUHIRUH WKH FRQFHQWUDWHG ORFDO HQHUJ\ RI WKH VXU¢{FLDO
HURVLRQ ¢(QDOO\ UHDFKLQJ DQG WKXV FDSWXULQJ- WKH 7LWDULV\
erating its present-day path and starting to form a rapidly prograding internal delta (Fig. 11.1.6c).

We do not know the exact timing of this two-step capture process; however, the permanent
GLYHUVLRQ RI WKH SDODHR 7LWDULVVLRY 5LYHU WRZDUGYV WKH (1(
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. 11.1.6c, 11.1.7b).

BHGLPHQWDU\ ,Q,00LQJ Rl WKH $EDQGRQHG 9DOOH\

From the geophysical investigatiofighe 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. 11.1.4). The lower part of this
sedimentary succession was possibly accumulated by the same palaeo-Titarissios River when it
ZDV FRQWULEXWLQJ WR WKH JHQHUDO LQ¢s;OOLQJ RF WKH .DUGLWYV
acterised by a higher base level likely corresponding to climatic wet stages. These lacustrine,
AXYLDO DQG RU LQWHUQDO GHOWD GHSRVLWLRQDO FRQGLWLRQV C
Pleistocene.

+RZHYHU RQFH WKH GH¢{¢QLWH GLYHUVLRQ V RFFXUUHG XSVWUHI
PDQHQWO\ DEDQGRQHG E\ WKH 7LWDULVVLRYV 5LYHU- WKH GHSRVLYV
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
LWV HQWLUH OHQJWK )LJ ,, F 2Q WKH RWKHU KDQG WKH ODFN
WKH ERWWRP RI WKH YDOOH\ FRXOG KDYH KDG WKH HuHFW Rl IDFLC(

YL] SURJUDGDWLRQ LQVRIDU DV WKHUH ZDV QR ORQJHU VXVFLHQ

WKHLU WRH WKH FRDUVH JUDLQHG FODVWYV DV RWKHUZLVH UHJXOL
Titarissios River. During the Late Pleistocene glacial periods, these cones probably experienced
their maximum development and progradation rate (Fig. I.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. I1.1.5) were causing a growing
eastwards hydraulic and sedimentary ‘pressure’ in their search for an outlet towards the Aegean
Sea (Fig. 11.1.7b). 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 lonian 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. 1.1.1a) producing coalescent internal deltas (Fig. I1.1.7b) and thus
generating a large scale mean gradient towards E-NE, still clearly visible in the digital elevation
PRGHO '(0 DQG LQ DOO SUR¢{OHV RI WKH ULYHUV ARZLQJ LQ WKH
the latest Quaternary, the western rivers progressively reached the entrance to the Peneiada Valley
close to Farkadona (Fig. 11.1.7c).

Following the diversion of the Titarissios River, the consequent lack of i) any counteracting
ZHVWZDUG ARZ LL DQ\ DVVRFLDWHG K\GUDXOLF JUDGLHQW DQG L
FHUWDLQO\ IDFLOLWDWHG DQG DFFHOHUDWHG WKH YHU\ ¢QDO LQg¢

48 Mantovani et al. 2018.
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from the west towards the east (Fig. 11.1.7d). 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. 11.1.5),
this process likely occurred in an extremely rapid way. Once progradation and aggradation of
WKH SDODHR 3HQHLDGD 9DOOH\ ARRU UHDFKHG WKH WKUHVKROG
Kalamaki Gorge that was likely already formed along the Larissa Fault during the Late Pleisto-
FHQH ¢(UVW 7LWDULVVLRV 5LYHU GLYHUVLRQ )LJ ,, E FRXOG
waters to establish a direct hydraulic connection with the Eastern Thessalian Plain (Fig. 11.1.6d).
'LWK WKLY ODVW HYHQW WKH ARZ GLUHFWLRQ DORQJ WKH 3HQHLI
(Fig. 11.1.7d). 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. Il.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. 11.1.78xhus setting up the entire path of what we today call
the Peneios River.

7KH UHQHZHG ZDWHU ARZ DFURVV WKH .DODPDNL *RUJH DQG WK
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
GLVHTXLOLEULXP VHFWRU VHSDUDWLQJ WKH XSVWUHDP UHDFK Z
contributing to a residual (though progressively disappearing) aggradation of the Peneiada Valley
plain (Fig. 11.1.3), 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

5HIDUGLQJ WKH DJH RI WKH ODWH VHGLPHQW LQ;OO0OLQJ RI WKH S
VLRQ RI WKH ZDWHU ARZ GLUHFWLRQ QR DEVROXWH DJHV DUH D°
tion we discuss some chronological constraints by analysing the ejection cones originating from
WKH VHYHUDO PLQRU ODWHUDO YDOOH\V )LJI ,, 7TKHLU PRUSK
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 VKRXOG EH QRWHG WKDW PDFURVFRSLF GLUHUHQFHV H[LVW
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-
LELOLW\ RI WKHVH WZR OLWKRORJLHV LV TXLWH GLUHUHQW EXW
FODVWY SURGXFHG DORQJ WKH PRXQWDLQ VORSHV IURP WKH WZR
JHQHUDOO\ FRDUVH JUDLQHG ZLWK FODVWV XS WR VRPH FP DQG
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.

7KHVH GLUHUHQFHV ERWK LQ WKH JUDQXORPHWU\ DQG LQ WKH
WKH RYHUDOO WH[WXUDO IHDWXUHYV RI WKH GHSRVLEEWY DUH REY!
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.

4 Caputo et al. 1994.
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Also, the solute carbonate content in the water draining the ‘carbonate’ versus the ‘metamor-
SKLFY K\GURJUDSKLF EDVLQV ZzDV PDUNHGO\ GLUHUHQW DQG WKLYV |
LQGXFHG D GLUHUHQW GHJUHH RI FHPHQWDWLRQ IRU WKH WZR W\S]I
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® Similar cemented deposits in Thessaly characterising the upmost layers of the ejection
cones providedfC ages of 19-23k&,n 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-
SRVLWYV DV ZHOO DV WKH PRUSKRORJLFDO VLPLODULW\ RI WKH GLu
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-
VHOQWHG E\ WKHLU VWUDWLJUDSKLF DQG JHRPHWULF UHODWLRQVKI
the Peneiada Valley plain. If we assume as a null hypothesis that both depositional environments

LH VORSH DQG ARRGLQJ SODLQ ZHUH FRQWHPSRUDQHRXVO\ DF\

cies (ejection cones versus alluvial sediments) and the associated event layers should basically
LQWHU¢{QJHU DW WKH IRRW Rl WKH 3HQHLDGD 9DOOH\ ADQNV ZKHU
DJJUDGDWLRQ RI WKH SODLQ ZRXOG FRPSHWH DQG WKHLU HuHFWYV
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.

f+ f WR WKH ADW WRSRJUDSK\ RI WKH DOOXYLDO SODLQ 7R VXP

LQIHU LV WKDW WKH DFWLYLW\ RI WKH HMHFWLRQ FRQHYVY FOHDUO\
iada Valley. As a consequence, and taking into account the fact that the cones largely completed
WKHLU HYROXWLRQ GXULQJ WKH /*0 F + ND %3- WKH ¢QDO LQ
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. I1.1.7d). 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.

%0 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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[1.1.3. 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

VXUIDFH ULOOLQJ DQG WKH SRRU XQGHUJURXQG LQ;OWUDWLRQ |
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
FRPELQDWLRQ RI WKHVH WZR HuHFWV KLJK VHGLPHQW ORDG DQC
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
FRQFXUUHQW GLUXVLRQ RI WKH YHIJHWDWLRQ FRYHU LQ WKH EURL
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.

'XH WR WKH HDVWZDUG UHVWUDLQLQJ RI WKH 3HQHLDGD 9DOOH
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 tributaried.For example, in historical times, local aggradation and progradation
rates as high as 15cm/a and 500m/a, respectively, have been documented for the R&ho River,
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. 11.1.5), during the post-LGM wet pe-
riods it is reasonable to assume comparable aggradation rates.

W VKRXOG DOVR EH FRQVLGHUHG WKDW WKH SRVW /*0 SHULRG
AXFWXDWLRQV Rl FOLPDWLF FRQGLWLRQV DQG SDUWLFXODUO\ E\
VRFLDWHG LQ FHQWUDO *UHHFH ZLWK L ZHWWHU FRQGLWLRQV L
periods, and iv) likely much more intense rainy evéhithese conditions were favourable to
more frequent and stronger exudation events and the consequent distribution and deposition of
KXJH DPRXQWYVY RI DOOXYLDO VHGLPHQWY LQ WKH VXUURXQGLQJ
9DOOH\ LV SDUWLFXODUO\ QDUURZ WKH LQ¢c¢OOLQJ SURFHVV DQG
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,

WKDW ZDV WKH WLPH VSDQ GXULQJ ZKLFK WKH 3HQHLDGD 9DOOH\
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.
5 Bondesan 2001; Caputo et al. 2016.
5 Rossignol-Strick 1993; Kromer — Friedrich 2007; Ceraga et al. 2010; Dean et al. 2015.
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Peneios River (Figs. I1.1.1, 11.1.5) transporting the ‘western’ water into the Larissa Plain and from
WKHUH ¢QDOO\ WR WKH $HJHDQ 6HD IRUPLQJ WKH SUHVHQW PDULC
From a dynamic point of view, two distinct processes operated synergistically on the hy-
GUDXOLF WRSRJUDSKLF JUDGLHQW RI WKH 3HQHLDGD 9DOOH\ LQ R
.DUGLWVD 30DLQ WRZDUGV WKH /DULVVD 30DLQ 7KHVH SURFHVVH)
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 FRQVHTXHQFH RQFH DQ HDVWZDUG GLSSLQJ JUDGLHQW zZDV
WKH VHDVRQDOO\ DQG RU SHUPDQHQWO\ ARRGHG DUHDV ZLWKLQ
WRIJHWKHU ZLWK WKH IUHTXHQF\ RI WKH H[FHSWLRQDO ARRG HYH
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’.
$VVXPLQJ DV D SUHOLPLQDU\ DQG URXJK K\SRWKHVLV WKDW WKH
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
ARRG ZDWHU DQG WKHUHIRUH WKH DEVROXWH DOWLWXGH RI WKH pl
In other words, Neolithic people could have passively assisted a sort of swamp/lake transgression
towards their villages and farmed areas.
&RQVLGHULQJ DOVR DQQXDOO\ YDULDEOH ARRGYV DQG WDNLQJ LQ
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 abarielanddPMZ 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
It is worth noting that PMZ is located at the toe of the widest ejection cone formed along
WKH QRUWKHUQ ADQN RI WKH 3HQHLDGD 9DOOH\ )LJ ,, $V PHC

LV RQH RI WKH FRQHV RI pPHWDPRUSKLFY SURYHQDQFH FRQVLVWL
FODVWV XS WR IHZ PLOOLPHWUHYV LQ VLIH GHSRVLWYV PDLQO\ DVVR
nisms. Such locations could be generally quite safe, especially if ditches and protection walls are

installed® KRZHYHU LQ WKH FDVH RI H[FHSWLRQDO HYHQWYVY H J ADVK
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.

% Giorgos Toufexis, personal communication.
5%  Gallis 1989; Toufexis — Batzelas, this volume, 83, 125.
57 Souvatzi, this volume, 593-596.
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L3 ., ODS RI WKH =DUNR DUHD VKRZLQJ WKH ORFDWLRQ RI WKH 1HROLWKLF
UHSUHVHQW SDODHR FKDQQHOV DQG SRLQW EDUV GDVKHG DUURZV LQGLFDWH
DOWLWXGH RI VHOHFWHG FRQWRXUV LV UHSRUWHG .RXWVDNL ODJRXOD DQG 30=
WKH SDODHR ODNH DW GLUHUHQW VWDJHV YL] HSRFKV 7KH IRUPHU KDV EHHQ
GHSRVLWV RI WKH PRGHUQ 3HQHLRYV 5LYHU 5 &DSXWR

River Dynamics Deduced from Historical Floodplain Features

‘H KDYH EHHQ DEOH WR LGHQWLI\ ODWH +RORFHQH DQG PRGHUQ
ARRGSODLQ )LJ ,, 7KH WKUHH GLVWLQFW XQLWYV DUH WKH IR
QRUWKHUQ VLGH RI WKH 3HQHLDGD 30DLQ PD\ FRUUHVSRQG WR
VORSHY DQG UHZRUNHG E\ ZDWHU G\QDPLFV GXULQJ WKH KLJKHVW
GDWH EDFN DW WKH ODWHVW WR WKH FRPSOHWH LQs;OOLQJ RI W
GHOWD LL $Q LOQWHUPHGLDWH XQLW VORSLQJ WR WKH HDVW RQI
HURVLRQ ZHVWZDUG LQWR WKH 3HQHLDGD 9DOOH\ ARRU 8QLW

DQFLHQW R[ERZ ODNHV FXW Ru DQG LVRODWHG EHORQJLQJ WR F
DJHV RQ WKH QRUWKHUQ PDUJLQ RI WKH DOOXYLDO SODLQ IRU H
GRFXPHQWHG R& DKH UB® IBKRMKRY LVRODWLRQ RI SDODHRPHDQGH
WKH 3HQHLRV ARRGV IURP FRPSOHWHO\ ¢00LQJ WKHP ZLWK VHGL
GLVSOD\V D VHULHV RI DUFXDWH VFUROO EDUV FRUUHVSRQGLQJ "

% 7]LDIDOLDV HW DO
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GXULQJ ARRG HSLVRGHV :HVW Rl 3HQHLDGD YLOODJH XQLW LV C
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

KDYH EHHQ DOO WKH PRUH UDSLG DV WKH ULYHU ZDV QRW \HW HQ\
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. 11.1.2, 11.1.9), one important town of the Thessalians from Archaic to Roman Thessaly
(7"—2 centuries B.C. ~2.7-2.1ka BP). The site was also occupied during Roman and early Byz-
antine times (till c. the F0century) 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 h&dtapasticular,
the core of the towratropolig was located in the lower sector of the bedrock slope of Mount Tita
nos, the more rural arekafopolig 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. 11.1.9).

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 teettiery
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,
VHDVRQDO ARRGLQJ HYHQWYV DuUHFWLQJ WKH 3HQHLDGD 9DOOH\ ER
still occur today; Fig. 11.1.3). 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
IURP WKLV SRLQW RI YLHZ YLOODJHUV ZHUH OLNHO\ VDIH HQRXJK |

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 séfreags, north, and west
of the town, thus suggesting the existence of three roads, respectively (Fig. 11.1.9). Two main
VLWHYV RI DUFKDHRORJLFDO ¢QGLQJY KDYH EHHQ GRFXPHQWHG VR
Firstly, eight funeral steles with engraved epitaphs date8%enturies 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 thettentury AD. Three corpses were present in the t81®n.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 Katakdtiteese 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.

5% Tziafalias et al. 2016.

80 Chourmouziadis 1968; Tziafalias et al. 2016.
61 Gallis 1979a.

62 Katakouta 2001.



Il. The Environment and its Evolution around the Tell

N
N

o
o |
3 ]
&

S
A
#7(
v
e

\
Vet H
=S

= \\\,Q_—
e
—

Y 3 h \l
Lithodokia

51

Yo ’\\. 5 = \
LA,
\

Fig. 1.L1.9 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 (Nortt)Larisa (East). 1. highest terrace (Early to Mid Holocene);

2. intermediate terrace (prehistorical); 3. lowest terrace (historical); 4. ejection cones (LGM); 5. direction of historical

PHDQGHU VKLIW 7KH GLUHUHQW SDWKV RI WKH 3HQHLRY 5LYHU DUH ODEHOOH
(R. Caputo)

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.
11.1.9). 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 equestri&h statue,
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
DIWHU KH OHIW RvVFH ZKHQ KH ZDV VWLOO D€eht¥riiBG7/d¢H LQVFULSW
more probably early"century BC. The base of the statue stood at the same place until the late
5RPDQ SHULRG DW OHDVW DV WHVWL{HG WR E\ DQRWKHU LQVFUL
2 century AD%
Since then, the southwestwards lateral migration of the major meander located NW of the
town (arrow from poinimin Fig. I1.1.9) 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-
guence, 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-
JUHVVLYH HURVLRQ IURP WKH .DODPDNL *RUJH KDV DOUHDG\ DuUHF
D EHWWHU DQG TXLFNHU GUDLQDJH RI WKH H[FHVV ZDWHU GXULQ.

8  Tziafalias et al. 2018.(Atrax, no. 151).
64 Tziafalias et al. 20164.(Atrax, no. 48).
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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'8century BC as the necropoles established during‘ticertury 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

WR $WUD[ ZzDV TXLWH UHGXFHG DQG OLPLWHG WR XQLW IHYHUWK

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

VWUXFWXUH ZKLFK KDV EHHQ XVEG IRU FDWFKLQJ ¢VK IRU FHQWXU
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

HURVLRQ WKDW VWDUWLQJ IURP WKH .DODPDNL *RUJH VHYHUDO Wi

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-
PDUVK\ WR AXYLDO FRQGLWLRQV ZDV TXLWH UDSLG LW FHUWDLQO)
than a single human generation. Nonetheless, the memory of such natural variations could have
EHHQ ¢[HG DV DQ RUDO WUDGLWLRQ WKXV EHFRPL®J D P\WK )RU
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
YDOH RI 7KHt\adDadded that “[...] the Thessalians say that Poseidon made the passage
E\ ZKLFK WKH 3HQHXV ARZV 7KLV LV UHDVRQDEOH IRU ZKRHYHU E
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
HDUWKTXDNH ZKLFK IR UFHAS agaot raddidh i€t thd he@ovid IS iefergvice 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.
The same oral tradition is reported by the geographer Strélmeifiury BC) with the same
explanation, while another historian, Baton of Sinope (ldtee®itury BC) gives a more detailed
account of this myth: “the Thessalians received this tradition from the mouth of a divine envoy,
ZKR LQIRUPHG WKH 7KHVVDOLDQV WKDW WKH KLVWRU\ RI WKHLU FR
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
WKH FRQWLQXRXV GU\LQJ XS RI WKH ZDWHUV LW K®G EHFRPH D SO

% Helly 1991; Helly 1999.

% Herodotus, Histories 7.129.1.

67 Herodotus, Histories 7.129.4.

6 Helly 1987.

%  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 tht8*t FHQWXULHV % & FRQ;UPV WKDW WKH ODNH FHUWD
some generations before, possibly corresponding to some centuries, or at most a millennium. On
WKH RWKHU KDQG D ODUJH OLWHUDWXUH GRFXPHQWYVY WKDW WH
Holocene, with several major seismic events in historical tithe8,K XV DOVR FRQ/¢UPLQJ WKH F
An additional argument supporting a highly dynamic environment in historical times is the
IRXQGDWLRQ DW WKH EHJLQQLQJ RI WKH (¢UVW PLOOHQQLXP %&
naion, whose meaning in ancient Greek could be translated as ‘lacustrine’ or ‘town on tfe lake’.
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. 11.126¢c—d).
Accordingly, it seems that up to historical times the entrance of the Peneiada Valley still repre-
VHQWHG DQG FDXVHG DQ RYHUDOO pGDP HUHFWY IRU WKH ZHVW
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. 11.1.8). Indeed, in the present-day climatic conditions,

such a perturbation of the hydrographic system could not be explained. We interpret it as a conse-

guence of the Little Ice Age (1419" centuries) that likely caused initial forcing conditions, but

ZKRVH GXUDWLRQ ZDV QRW VXVFLHQWO\ ORQJ WR PDNH WKLV FKD
A second observation is from the centre of the Koutsochero Basin NE of Alifaka village (Fig.

11.1.2), 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 BasihAlthough ephemeral, the critical role of the ‘eastern’ Asmaki

5LYHU zDV D QDWXUDO DWWHPSW DW GLYHUWLQJ WKH H[FHVV ZD

5LYHU WRzZDUGYV WKH VRXWKHDVWHUQ VHFWRU RI WKH /DULVVD 3C

present-day altitude is 44—45m asl, that is, well below the 63—-65m asl of the Chasambali Bulge as

ZHOO DV RI WKH GH¢{QLWLYH H[LW RI WKH 3HQHLRV 5LYHU DFURVYV
Although we do not know for sure, it is, however, likely that, based on ethnography, the same

WRSRQ\P LQ GLUHUHQW ORFDOLWLHV GHVFULEHV WKH VDPH WRSE

graphic characteristics. Accordingly, during the Ottoman Empire occupation, local people likely

LGHQWL¢{HG WKH VLWH $VPDNL QHDU $OLIDND ZLWK WKH VDPH JH

0 Caputo 1995; Caputo et al. 2004; Caputo — Helly 2005a; Caputo — Helly 2005b; Caputo et al. 2011.
7 Titus Livius 36.13.9.

2 Decourt 1990.

7  Caputo et al. 1994.
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in the Larissa Plain. In other words, understanding and characterising this sector of the alluvial
SODLQ DV D WUDQVIHU JRQH RU E\ SDVV DUHD RI ZDWHU GXULQJ A
the Peneiada Valley.

,| WKLV LV WKH FDVH WKH ADW DUHD VRXWK Rl .RXWVRFKHUR U
ZKHUH ERWK LQARZ DQG RXWARZ SUREDEO\ RFFXUUHG DORQJ WKH
times.

[1.1.4. 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\GURJUDSKLF WUDQVIRUPDWLRQV WKDW DuUHFWHG 7KHVVDO\ GXUL
explain a major morphological anomaly in its central sector. In particular, we present and discuss
HYLGHQFH WKDW WKH UHDFK Rl WKH 3HQHLRY 5LYHU SUHVHQWO\ A
UHFHQW FHUWDLQO\\RXQJHU WKDQ WKH /*0 SHULRG F + ND ¢
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-
cO00LQJ WKH 3HQHLDGD 9DOOH\ FOHDUO\ GHHSHQV IURP (1( .RXWVR
and Farkadona sector), where it reaches an estimated depth of about 150m from the surface (Fig.
[1.1.3).”* 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. 1.1.6a), 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. 11.1.5).

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
RQO\ ORFDO GHSRVLWLRQ VRXUFHG IURP WKH YDOOH\ ADQNV UHPD
hand, due to the endorheic conditions characterising the western ‘lowland’, the Karditsa Lake was
SURJUHVVLYHO\ LQ;OOHG E\ AXYLR ODFXVWULQH GHSRVLWV 7KH L
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. 11.1.7). Over time, this sedimentary process steadily reduced the size of the permanent water
table, progressively shifting/delimiting the lacustrine area northeastwards.

6RPHWLPH DIWHU WKH /*0 DQG OLNHO\ GXULQJ +RORFHQH WLPHYV
UHDFKHG WKH 3HQHLDGD 9DOOH\ WKHUHE\ UDSLGO\-FRPSOHWLQJ L
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.

7 Mantovani et al. 2018.
™ Heuzey — Daumet 1876; Nobile 1910; Royal Hellenic Map Service 1909a; Royal Hellenic Map Service 1909b;
Ministry of Agriculture 1928; Hellenic Army Geographical Service 2008.



II. The Environment and its Evolution around the Tell 55

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.

[1.1.5. 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 Holbtedeed,
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
GRFXPHQW IRU WKH ¢UVW WLPH WKH RFFXUUHQFH RI D JHRORJLFD
WKH WRSRJUDSKLF JUDGLHQW DORQJ WKH YDOOH\ DQG WKHUHIRU
ZHVWZDUGYV LQ FRQWUDVW WR WKH SUHVHQW GD\ 3HQHLRV 5LYHL
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
SURJUHVVLYHO\ FKDQJHG IURP SXUHO\ ODFXVWULQH WR PDUVK\
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
TXLWH GLUHUHQW IURP WKH SUHVHQW GD\ RQHV
$V D FRQVHTXHQFH RI WKHVH QHZ VFLHQWL¢F ¢QGLQJV DQG LQ
the palaeogeographic evolution of the broader area around the tell durirfigtéh26nillennia
%& D QHZ VSHFL¢F JHRORJLFDO LQYHVWLJDWLRQ FORVH WR WKH
essary.
Following the above premise, a dedicated subproject was set up within the framework of
WKH PDMRU 30= SURMHFW LQ RUGHU WR GH¢{QH PRUH DFFXUDWH
VXFFHVVLRQ LQ¢s;OOLQJ WKH 3HQHLDGD 9DOOH\ DQG-HVSHFLDOO\
geographic evolution of the broader area around the tell during"ttee B¢ millennia BC. In
order to achieve these goals, a borehole has been drilled for obtaining a continuous core of the
ODWHVW 4XDWHUQDU\ DOOXYLDO GHSRVLWYV ,Q SDUWLFXODU WK|
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
VDPSOHV WR EH DQDO\VWHG ZLWK WKH UDGLRFDUERQ WHFKQLTXH
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-
LVWLFV DQG WKHLU LQAXHQFH RQ WKH SUHKLVWRULF KXPDQ VHW)\
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
IRU FKDUDFWHULVLQJ WKH UHDO HQYLURQPHQWDO FRQGLWLRQV C

6 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
LQseOOLQI WKH PRUH FRPSOHWH DQG GHWDLOINGe wkoH FRUHG VWUL
WR IRFXV RQ WKH ODWHVW 4XDWHUQDU\ VWUDWLJUDSKLF VXFFHVVI
sample dating and iv) trivial logistic issues (like the availability of water for the drilling opera-
WLRQV ODQG RZQHUVKLS GLVWDQFH IURP WKH FDUWZD\ HWF

The drilling operation of borehole PVP-1 (Peneiada Valley Project 1) was successfully carried
out between 29and 3% 2FWREHU FRULQJ WKH DOOXYLDO SODLQ FORVH
EDQNV RI WKH SUHVHQW GD\ 3HQHLRYV 5LYHU DQG QH[W WR D KLVW
Rl =DUNR NP 6( RI WKH 30= VLWH DQG P :6: Rl .RXWVDNL ODJRXC
ZDV SHUIRUPHG E\ WKH FRPSDQ\ *(2'5,// ZLWK DQ $FNHU URWDU\ U|
GHSWK RI PIURP WKH VXUIDFH &RUH VDPSOLQJ ZDV UHDOLVHG
SOHU DQG P ORQJ ZLWK D GLDPHWHU RI PP 7KH XVH RI H
avoided caving and side collapse and protected the sampled cores from possible mixing and
FRQWDPLQDWLRQ

%DVHG RQ WKH GULOOLQJ SURFHGXUH WKH FRUH ZDV REYLRXVO\
JRRG FRQGLWLRQ DORQJ WKH HQWLUH OHQJWK 6RRQ DIWHU HDFK
JUDSKHG LQ GHWDLO ZLWK PHWUH PHDVXULQJ WDSH DORQJVLGH L
VRPH ORVW PDWHULDO HJ LQ WKH FDVH RI ORRVH FRDUVH JUDLQ
RI FRUH OHQJWKHQLQJ HJ LQ FOD\ ULFK VDPSOHYV GXH WR D pWRI
WKH UHFRUGHG GHSWK YDOXHV FRXOG KDYH YHUWLFDO XQFHUWDL
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DQG VHYHUDO KLVWRULFDOO\ DEDQGRQHG PHDQGHUV $X[LOLDU\ FRQWRXUV DUH |

UHFHQW /DWH +RORFHQH" ADVK ARRGVY WKDW VKDSHG WKH DOOXYLDO FRQH GH)\

IHROLWKLF VLWHV RI 30= DQG .RXWVDNL ODJRXOD DQG WKH PRGHUQ =DUNR YLOC
ORFDWLRQ RI WKH ERUHKROH 5 &DSXWR
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'XULQJ WKH ¢HOG RSHUDWLRQV D PDFURVFRSLF OLWKRORJLFD
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-
,00LQJ WKH SDODHR 3HQHLDGD 9DOOH\ ZH DOVR FROOHFWHG Q>
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

WKH ¢HOG DQG LQLWLDOO\ UHSRUWHG DW VFDOH 7KH OLWKRYV
' DQG 7DE ,, KDV EHHQ UH;QHG RQ WKH EDVLV RI D FDUHI
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. 11.1.12). The following
genera were recognised:

GastropodsPlanorbis planorbisTheodoxusp.,Valvatasp., Melanopsidae ind., Lymnaeidae ind.
Bivalvia: Unio sp.

All the above are freshwater molluscs and characterise aquatic environments with a permanent
SUHVHQFH RI ZDWHU WKHUHE\ FRQ¢{¢UPLQJ WKH SUHVHQFH RI OD
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.

8 Reimer et al. 2009.
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Fig. 1.L1.11 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. 11.1.2). The paraconformity tentatively associated to
the LGM likely corresponds to a sedimentary hiatus (R. Caputo, G. Syrides)



Tab. I1.1.1 Lithological description of the Peneiada Valley Project 1 borehole (R. Caputo)

0-0.7
0.7-2.4
2.4-2.8

2.8-3.4

3.4-43

4.3-4.5

4.5-5.9

5.9-6.3
6.3-6.5
6.5-7.3
7.3-7.5
7.5-8.1

8.1-8.6

8.6-9.1

9.1-9.2

9.2-9.5

9.5-10.2

10.2-10.5
10.5-10.8
10.8-11.0
11.0-11.3
11.3-11.5
11.5-11.6

11.6

11.6-12.6

12.6-13.7

13.7-14.5

6HGLPHQWY DuHFWHG E\ DQWKURSRJHQLFSOIHZRUNLQJ

OHGLXP WR FRDUVH VDQG ¢QLQJ XSZDUGV PHDQGHULQJ FKDQQHO ED

$OWHUQDWLQJ ¢QH VDQG VLOW\ VDQG D QMeandeplateral bar

) ) ) ) ) and alluvial fan
Gravel, poor in matrix; a few centimetric clasts, very low maturity; meta-

morphic clasts and quartz; sharp base

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

7KLQ LQWHUFDODWLRQ RI VLOW\ VDQG DQG ¢QH JUDLQHG VDQG

JLQH WR FRDUVH VDQG JUDGHG EHGV RIWHQ ELRWXUEDWHG ¢QLQJ X
some root remains; gentle pedogenesis and some carbonate concretions
(particularly at 5.60m)

Medium-coarse sand disturbed by coring Proximal alluvial

Fine-grained sand and silty sand, thin bedded lacking bioturbation plain

Coarse-grained sand and mixed sand disturbed by coring (6.6—6.9m)
Sand and silty-sand, thin bedded

Medium sand, lacking matrix, partially disturbed by coring

JLQH VDQG DQG VLOW (QHO\ DOWHUQDWLQJ WZR JUDGHG VDQG EHGYV
lack of bioturbation

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

Palaeosol level; upper black organic-rich horizon, and a lower brownish
level, with carbonate accumulation into altered s&@lgated to calibrat-
ed 11,000 years BP

OHGLXP WR ¢QH VDQG WKLQO\ EHGGHG DQG ODFNLQJ ELRWXUEDWLRQ

Fine-grained gravel and coarse sand with muddy matrix, strongly dis- roximal alluvial
turbed by coring, with transported Melanopsidae fresh water gastropo Sain. at the fringe of

Medium(-to-coarse) sand, with some gravel; graded beds and laminatidosally fed alluvial

Coarse sand-to-gravel, strongly disturbed and possibly displaced by égﬂng

Fine to medium sand, with some Bivalve bioclasts

6LOW VDQG\ VLOW DQG ¢(¢QH JUDLQHG VDQG WKLQO\ EHGGHG
Dark grey coarse-grained sand and silt, with gastropods

Gravel-coarse sand, very immature lithoclasts and freshwater gastropods

Associated with
LGM

*UH\ ELRWXUEDWHG VLOW\ FOD\ VWURQJO\ SHGRJHQHWLF DOWHUDWLI
calcareous concretions
Bioturbated clay and silty clay, with a reduced degree of pedogeHi€sis; N
dated to calibrated 31.8ka BP .Z - V.H DVRQDO ARRG
ing and dry intervals

%LRWXUEDWHG ¢QH JUDLQHG VDQG VLOW\ VDQG DQG VLOW \HOORZL\
reddish

Sharp, strongly diagenised surface, associated with a time gap

Distal alluvial plain,
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Tab. [1.1.1 (continued)

Depth [m] Short lithological description Depositional facies
14.5-15.0 Fine to medium sand, in several graded beds, with silty sand intercalation
15.0-15.7 *UDGHG EHGV RI FRDUVH WR PHGLXP VBQG ZLWK VRP
' ' low
15.7-16.3 Medium-coarse sand, lacking bioclasts and wood, disturbed by coring
16.3-16.5 &HQWLPHWULF DOWHUQDWLRQ RI FRDUVH VDQG DQG ¢
16.5-17.2 Clay and silty clay, mottled by bioturbation, with root traces and carbanate
' ' Q R G X0 HRted to calibrated 36.5ka BP
. . - - - - Approaching river
17.2-18.0 Fining upwards unit grading from sandy silt to silty clay, bioturbated system with progra-
18.0-18.2 No core recovery dational cycles
$OWHUQDWLRQ RI VLOW VDQG\ VLOW DQG ¢(¢QH VLOW\
18.2-19.6 .
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
JLQLQJ XSZDUGV XQLW JUDGLQJ IURP ¢QH VDQG WR V
20.6-21.0 EDWHG DQG WKXV SUHVHUY L QY méaslrédRdbe] RQWDO JUD(

beyond the method limits

1 ¢QH JUDYHO JUD

QH VLOW\ VDQG \

VDQG ¢QH JUDGH

DQG\ VLOW SRRU(
5HG EHGYV

y)Ld .,

([DPSOHV RI PROOXVF VKHOOV D OHODQRSVLGDH LQG

b. freshwater gastropods in the washed cuttings (~22.5m) (G. Syrides)

*DVWU






Tab. I1.1.2 Radiocarbon data from the Peneiada Valley Project 1 borehole (R. Caputo)

I R I -

PVP-004 (LTL19022A) 9.2 10829 + 230
PVP-002 (LTL19422A) 13.3 31764 + 246
PVP-008 (LTL19423A) 16.7 36510 + 549
PVP-013 (LTL19127A) 213 >45000
PVP-016 (LTL18740A) 325 >45000
PVP-048 (LTL18676A) 60.9 >45000

this period, at times the ecological conditions prevented the organism from bioturbating the sedi-
PHQW WKHUHIRUH OHDYLQJ ZHOO SUHVHUYHG ¢(QH EHGGHG + F
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,
FDXVLQJ D VLIJQL;FDQW FODVWLF VHGLPHQW LQSXW 7KUHH SRVVLE
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 Wirmian glacial stage.

7KH GRPLQDQW ¢(¢QH JUDLQHG VHGLPHQWY REVHUYHG EHWZHHQ
ZDV VXEVHTXHQWO\ FKDUDFWHULVHG E\ D ADW GLVWDO DOOXYLDC
VHDVRQDO ARRGLQJ 7KH DOWHUQDWLQJ GULHU SHULRGV ZHUH DV
pedogenesis, leading to the extensive precipitation of diagenetic carbonate nodules, sometimes
RQ YHIJHWDO URRW VWUXFWXUHV VLIQL¢;¢FDQWO\ VWLVQJ WKH PXG
DW D GHSWK RI P SURYLGHG DQ DEVROXWH DJH RI N D :
this unit accumulated during the Late Wirmian stage (pre-LGM). Solil 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

DQG P 6DQG DQG VLOW DFFXPXODWHG LQWR D WRSRJUDSKL

FOHDUO\ LQWHU¢{QJHULQJ ZLWK WKH ORZHU IULQJH RI DQ DOOXYLL
OLNH ¢QH JUDYHO DQG FRDUVH VDQG 7KH SURYHQDQFH RI WKH OD
metamorphic rocks, largely cropping out in a minor hydrographic basin north of the investigated
site®® 7KH LQFUHDVHG SUHFLSLWDWLRQ ZDVKHG RXW ZLWK GHEULV .
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.

8 Caputo et al., this volume, 48-49.
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