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7. Sediments as indicators of environmental 
conditions and anthropogenic activities 

The results of  macroscopic observations and laboratory analysis (sedimentology and 

micromorphology) are used as indicators for the assessment of  the depositional 

environments and the natural processes taking place at the lacustrine setting of  Dispilio; 

these proxies further contribute to the understanding of  the post depositional processes 

and the anthropogenic activities recorded at the archaeological site. 

7.1. Environmental conditions 
In the lines that follow sediments will be presented as indicators of  environmental 

processes. Water energy and water level fluctuations, as well as moisture indicators are all 

crucial parameters of  depositional conditions and their impact on the preservation of  

archaeological materials.  

The description that follows is divided in 3 parts, including the macroscopic field and the 

laboratory observations, the sedimentological analysis and the micromorphological data. 

The sedimentological analysis (grain size and TGA analysis) (fig.7.4) contributes to the 

solid description and understanding of  the specific depositional processes identified in a 

macroscopic level; thin section analysis refines these results, providing a fine scale insight 

to the processes. Processing of  the results through the Passega diagrams and the textural 

parameters plots (fig. 7.1 and 7. 2), which have been tentatively used here for the 

interpretation of  lacustrine sediments (see methodology section 4.2.4), have contributed 

to the deeper understanding of  the water energy dynamics.  

Generally, the Passega diagrams have been used here to measure the effect of  water 

energy and refine the impact of  waves and currents to the distribution of  sediments as 

described in fig. 2.1. More specifically in fig. 7.1 it is evident that DMG11 predominantly 

includes sediments belonging to unit 1, corresponding to rolled grains, mixed with 

suspended ones, deposited near the inflow source; to the other extend DMG06 is mostly 

represented by unit 8, suggesting mainly low water energy environments and deposition 

in suspension, away from the inflow source and the shore. In between these two 

extremes, DMG07 sediments are distributed between units 7 and 8, showing that the 

location of  the borehole is found at a distance from the inflow source and the shore, 

where the sediments are deposited either in suspension or by weak 
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FIGURE 7.1. THE PASSEGA DIAGRAMS FOR DMG06, DMG07, DMG09 AND DMG11. UNIT 1 CORRESPONDS TO ROLLED GRAINS, MIXED WITH SUSPENDED ONES, DEPOSITED NEAR THE INFLOW SOURCE; 
UNIT 2 DESCRIBES ROLLED SEDIMENTS DEPOSITED CLOSE TO THEIR SOURCE; UNIT 3 INDICATES ROLLED AND SUSPENDED SEDIMENTS GRADATIONALLY FURTHER FROM THE SOURCE; UNIT 4 REPRESNETS 

SUSPENSION SEDIMENTS WITH ROLLED GRAINS SMALLER THAN 1MM; UNIT 5REPRESENTS MODERATE TURBULENT DEPOSITS; UNIT 6 REPRESENTS GRADED SUSPENSION; UNIT 7 DEPOSITION BY WEAK 

TURBULENT CURRENTS IN LONG DISTANCE FROM THE SOURCE AND UNIT 8 INDICATES LOW WATER ENERGY ENVIRONMENTS AND DEPOSITION IN SUSPENSION, AWAY FROM THE INFLOW SOURCE AND THE 

SHORE 
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FIGURE 7.2A THE TEXTURAL PARAMETERS PLOT FOR DMG06 

 

A 



92 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 7.2B. THE TEXTURAL PARAMETERS PLOT FOR DMG07 
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FIGURE 7.2C THE TEXTURAL PARAMETERS PLOT FOR DMG09 
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FIGURE 7.2D. THE TEXTURAL PARAMETERS PLOT FOR DMG11 
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turbulent currents, depending on the inflow energy. Finally, DMG09 sediments are 

interspersed across most Passega units, indicating the gradational formation of  

alternating micro-environments. More specifically, at the deeper parts of  the core, the 

sediments have deposited in low energy environments, belonging to unit 7, interrupted 

by an abrupt storm described as unit 1; after this event a standing water environment 

predominates (marsh), represented by unit 8.  

The plots of  textural parameters (fig.7.2) are complementarily applied here to quantify 

water energy; the results, however are not as refined as those of  Passega diagrams. More 

specifically the textural parameters’ plots represent 3 depositional processes i.e. a) river 

channel deposits, b) overbank deposits c) overbank pool deposits, which are adapted for 

this study and interpreted as a) high energy deposits proximal to the inflow source b) 

mixed deposits in a distance from the inflow source c) low energy sediments deposited in 

suspension. More specifically for DMG11 (fig. 7.2d) the Mz/σi plot gives the most 

representative results describing two high energy events (fig. 7.3, facies L2.1 and L5.2) 

and one low energy event (facies L1); the rest of  the sediments are described as of  

intermediate energy. The rest of  the plots, nonetheless, are not in absolute agreement 

with the description above. DMG09 on the other hand, shows a consistency between the 

plots, representing a big cluster of  low energy deposits, in between intermediate energy 

sediments, failing to differentiate high energy facies L2.2 (fig.7.3). For DMG07 and 

DMG06 the diagrams accurately show predominantly low energy deposits, which are 

found in a distance from the source, in agreement with the Passega diagrams.  

Apart from the grain size parameters, the organic matter and CaCo3 give indications of  

water levels and depositional conditions (figure 7.4). More specifically organic matter 

values are relatively low, reaching maximum 3%; CaC03 values reach maximum 20%. The 

high input of  clastic material in this core prevents the deposition of  organic matter; the 

CaCO3 values are only high in facies L3.1a, where carbonate sedimentation due to the 

growth of  carbonate producing organisms, is indicated. For core DMG09 (fig. 7.4) on 

the other hand, organic matter values reach 20%, representing low energy environments 

related to marsh formations. CaCO3, values exceed 40% at the lower part of  the core, 

where deep water levels favor the growth of  carbonate producing organisms. At the 

upper part of  the core the CaCO3 values diminish and demonstrate high peaks of  

around 20%, in layers of  shells concentrations or calcium carbonate concretions. 

Calcareous concretions imply the prevalence of  short periods of  regression and 
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subsequent exposure of  the sediments and can be used as indicators of  the water depth 

at the time of  their deposition (Collinson et al., 2006:212, Müller et al., 2002). They are 

generally formed by precipitation and crystallization around a nucleation point, probably 

of  biogenic origin, such as skeletal remains of  organisms, shells or algae in the redox 

interface of  the sediment, at approximately 0.1-0.15m below the water surface, at the 

zone of  the water table fluctuation, at a location protected from the inflow of  clastic 

input, away from the influx source. At core DMG07 (fig 7.4) organic matter is averagely 

around 3%, with only a few peaks of  5% close to the surface; the CaCO3, are steadily 

high compared to DMG11, which demonstrates high peaks and lows. In this case, 

(DMG07) the values range from 15 to 45%, with the peaks concentrated in areas of  

carbonate concretions. Similar results are seen at core DMG06 (fig. 7.4), which 

demonstrates organic matter values lower than 6% and CaCO3 values ranging from 20-

45%. 

7.1.1. Water energy and water level indicators  

Floods 

MACROSCOPIC OBSERVATIONS 
Several flooding events have been identified before the first habitation and during the 

lifespan of  the site. These events are generally recognized by the coarse fraction of  the 

sediments, which is dependent on the proximity of  the location to the inflow source. The 

coarse sediments are thought to result from streams’ clastic input that feed the lake and 

are deposited at the shore after storm events (Nichols, 1999: 131). For example, at the 

lakeshore, DMG11 (fig. 7.3), shows very coarse fraction, including fine to coarse sand 

and small pebbles; it is also closer to the stream inflow than the rest of  the cores, which 

contain reworked well sorted sands, characteristic of  lakeshore or sand beach deposits. 

These coarse layers are generally thick (fig.7.5), reaching more than a meter thickness, and 

can form sand ridges at the shores of  the lakes after successive storm/flooding.
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FIGURE 7.4Α. SEDIMENTOLOGICAL ANALYSIS RESULTS, FACIES AND PASSEGA UNITS FOR DMG11 AND DMG09 
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FIGURE 7.4Β. SEDIMENTOLOGICAL ANALYSIS RESULTS, FACIES AND PASSEGA UNITS FOR DMG07 AND DMG06 
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The formation of sand bars is generally originating from the swirling turbulence of waves 

during storms, breaking off at the shore and excavating a trough in the sandy bottom. 

Some of this sand is carried forward onto the beach and the rest is deposited on the 

offshore flank of the trough. Sand suspended in the backwash adds to the bar, as does 

some sand moving shoreward from deeper water. The bar’s top is kept mostly below 

still-water (half-wave height) level by the plunge of the waves breaking over it.  

The ridges are fed gradually by storm flows, which 

transport sediment and shells from the shore. The 

successive episodes are occasionally indicated in the cores 

as intercalations of  coarse and fine sands; often these 

particle sizes appear in normal grading describing the 

diminishing energy of  the processes (fig.7.3, DMG09). In 

the archaeological site the flooding events are identified as 

thick layers of  coarse greenish, gray sands including a 

mixture of  coarse anthropogenic material in a chaotic 

structure (fig.11.7). 

 

SEDIMENTOLOGICAL ANALYSIS 
The coarse grain fraction is indicated as phi<4, however the storm layers often 

include finer sediments and the mean grain size can range from 1 to 6 phi i.e. 

coarse silt to coarse sand (fig. 7.4). The deposits can be either submerged or 

subaerially exposed and this is indicated by the colour hues (see relevant sections 

for water levels). The kurtosis of  the sediments is generally leptokurtic to very 

leptokurtic (4-20); occasionally it becomes platykurtic to mesokurtic (1.70-3.70). 

Strong positive kurtosis is indicative of  sand endmember populations (Thomas et 

al., 1973) and imply that part of  the sediment achieved its sorting elsewhere in a 

high-energy environment and that it was transported essentially with its size 

characteristics unmodified into another location, where it was mixed with another 

type of  material (Friedman, 1982). This is obviously here related to the mixing of  stream 

clastic input with the lacustrine sediments. The new regime is one of  a less effective 

sorting energy, so that the two distributions retain their individual characteristics. Poor to 

very poor sorting of  sediments is indeed demonstrated by standard deviation, ranging 

from 1 to 4 phi. The sediments are strongly fine skewed (0.5 to 4) and occasionally 

symmetrical to fine skewed (-0.16 to 1.07).

 

FIGURE: 7.5: 
STRATIGRAPHIC 

SEQUENCE OF CORE 

DMG28. THE LOWER 

PART (1) INCLUDES 

POORLY SORTED 

COARSE SANDS AND 

PEBBLES, A RESULT OF 

AN ABRUPT STORM 

EVENT. THE UPPER 

PART (2) INCLUDES 

DISSOLVED 

CONSTRUCTION 

MATERIAL.  FOR THE 

LOCATION OF THE 

SAMPLE REFER TO 

FIGURE 7.3 

2 

1 
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Positive skewness for lacustrine sediments has been interpreted by Thomas et al. (1973), 

as the mixing of  silts with endmember sand populations. This description agrees with the 

intercalation of  fine to coarse sediments in the stratigraphic sequence and the presence 

of  fine sediments by suspension. Positive skewness is further suggested to correspond to 

depositional rather than erosional processes (Sly, 1982:78), which is represented here by 

the accumulation of  thick coarse sandy deposits resulting in sand ridges.  

Flood sediments in the Passega diagram (fig. 7.1) are evidenced by different units, 

dependent on the location and proximity of  the cores to the inflow source (fig.7.3) as 

described above. DMG11 which is, as mentioned, found closer to the stream inflow, 

belongs to unit 1. During the same flooding episode, other cores belong to unit 3, which 

is indicative of  sediments that have 

rolled and are suspended gradationally 

further from the source; or even unit 7, 

describing deposition by weak turbulent 

currents in long distance from the 

source. CaCO3 values reach averagely 

15%, with fluctuations ranging from 5% 

to 25% (fig.7.4), indicating the 

fluctuating influx of  clastic material in 

the lake, which would dilute the CaCO3. 

At the same time, high CaCO3 content is 

declarative of  the existence of  carbonate 

sedimentation due to the growth of  

carbonate producing organisms 

(Nichols, 1999: 132). Organic matter 

content is generally very low, not 

exceeding 1.5%, which signals a high-

energy environment, where no organic 

matter can be accumulated, being 

diluted by CaCO3.  

MICROMORPHOLOGY 
High energy environments are 

micromorphologically characterized by 

coarse sandy deposits (fig. 7.6a) in 

FIGURE 7.6A. THIN SECTION SHOWING FLOOD DEPOSITS INCLUDING 

POORLY SORTED, SUBROUNDED TO SUBANGULAR, COARSE, QUARTZ-
RICH SANDS. AGGREGATES OF FINER MATERIAL (CIRCLE) HAVE BEEN 

ERODED AND DRIFTED FROM THE UNDERLYING DEPOSITS (K28C) FOR 

THE LOCATION OF THE SAMPLE SEE FIGURE 7.3 AND APPENDIX 1 

1cm 
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double spaced coarse enaulic related distribution. The groundmass includes mainly 

subrounded to subangular quartz, plagioclase feldspars, olivines, and sandstones and is 

poorly sorted. Erosive remnants of  these events are preserved as angular sediment 

aggregates and clay papules. These aggregates of  light brown undifferentiated silty clays 

with irregular shape are dispersed in random distribution and orientation. The aggregates 

include organic matter in linear distribution and occasional staining (Fe/Mn). Indirect 

indicators of  floods are fine layers of  congeria shells distributed in bands and randomly 

oriented, as well as diatoms in crudely linear distribution and orientation. These 

inclusions, which appear sporadically in the samples of  the lake and the site are generally 

interpreted as relicts of  abrupt storm events (Collinson et al., 2006).  

In the site, floods are identified as coarse sandy layers of  badly sorted subangular sands 

rich in schist and congeria shells, with scarce charcoal or other anthropogenic material 

(fig. 7.6b). These schist sandy deposits, which are abundant in the site, possibly constitute 

remnants of  anthropogenic construction materials and are differentiated from the 

quartz-rich naturally lacustrine derived sediments. Their transport and re-deposition 

though is a result of  high energy water 

action. The sands are deposited either in 

horizontal or in banded and inclined 

bedding, with sharp erosive contacts, 

dipping in opposite directions and at 

1 
 

FIGURE 7.6B. THIN SECTION (KS5B) SHOWING FLOOD DEPOSITS 

(1) IN THE SITE INCLUDING POORLY SORTED, SUBROUNDED TO 

SUBANGULAR, COARSE, SCHIST-RICH SANDS. SCARCE CHARCOAL 

FRAGMENTS (CIRCLE) ARE RANDOMLY DISTRIBUTED IN THE 

MATRIX. THE FLOOD DEPOSITS ARE OVERLYING A LOW ENERGY 

LAMINATED MICRO-LAYER (ARROW) AND ARE FOLLOWED BY 

DEPOSITS THAT ARE OCCASIONALLY EXPOSED AS INDICATED BY 

THE VUGHY MICROSTRUCTURE OF THE GROUNDMASS. NOTE THE 

INCLINED BEDDING INDICATING THE DIRECTION OF WAVE 

ACTION. FOR THE LOCATION OF THE SAMPLE REFER TO FIGURE 8.4 

AND APPENDIX 2 

 

 

1cm 
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varying angles, developing climbing 

ripple cross stratification. This structure 

denotes the occurrence of  oscillatory 

waves (Collinson et al., 2006: 132), with 

increasing and decreasing velocity, 

depositing coarser material fining 

upwards, creating ridges and troughs 

parallel to the flow (fig. 7.6c). Wave 

ripples are most readily envisaged as 

forming in shallow waters. The wave 

rippled sand beds with finer drapes are 

inf=ed to record waning episodes of  

bedload deposition associated with 

moderate energy waves followed by 

periods of  quiescence (suspension 

deposition). The chaotic microstructure 

of  the sediments designates the 

presence of  turbulent waves, with 

continuous influx (Reineck & Singh, 

1980: 249) in the shallow littoral area.  

Low water levels -redox conditions 

MACROSCOPIC OBSERVATIONS 
Low water levels are generally represented 

in sediments with greenish/ brownish 

hues including root encrustations, rusty 

mottling and brown stainings produced 

from the oxidation of  plant remains, because of  the periodical exposure of  sediments, 

(fig.7.7). These formations can be observed as vertical, irregular (referred to roots) or 

laminated stainings together with dissolved calcium carbonate concretions, which form 

distinct white and light brown laminae or thicker layers. The laminated microstructure 

FIGURE 7.6C. THIN SECTION SHOWING FLOOD DEPOSITS (LOWER 

PART) IN THE SITE INCLUDING ALTERNATING COARSE AND FINE 

SEDIMENTS ILLUSTRATING THE INCREASING AND DECREASING 

VELOCITY OF THE WAVE ACTION, DEPOSITING COARSER MATERIAL 

FINING UPWARDS, CREATING RIDGES AND TROUGHS PARALLEL TO 

THE FLOW (KS10D). THE UPPER PART OF THE THIN SECTION 

INCLUDES DISSOLVED CONSTRUCTION MATERIAL FOR THE 

LOCATION OF THE SAMPLE REFER TO FIGURE 8.4 AND APPENDIX 2 

 

1cm 
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generally designates the deposition in a 

standing, low energy regime. Occasionally, 

the reworking of sediments by waves in 

shallow waters produces a massive structure 

of the sediments with abundant fragmented 

mollusc shells. 

SEDIMENTOLOGICAL ANALYSIS 
The macroscopic observation referring to 

calcareous concretions is verified by the 

high CaCO3 values, (reaching 50%); organic 

matter content does not exceed 0.3%, 

indicating a well oxygenated low 

productivity environment fostering decomposition of  organic 

matter. Sediments vary in grain size; however, the dissolved 

carbonate concretions occasionally create a muddy groundmass. 

Lithology is therefore clay to silty clay and clayey silt, with 

alterations of  finer to coarser sediments (5.7 to 6.33 phi) (fig.7.4) 

and generally poorly sorted distribution due to occasional 

disturbance (SD 1.75 to 2.02 phi). The in-situ dissolution of  

calcium carbonates is implied by the mesokurtic kurtosis and the 

unimodal distribution. The Passega diagrams and the plots of  

textural parameters are not considered indicative of  water depth 

fluctuations.   

MICROMORPHOLOGY 
Microscopically low water levels are described as undifferentiated gray greenish 

sediments with bright brown oxidation staining of  Fe/Mn and grayish organic pigment 

(fig.7.8). Moreover, the abundance of  diatoms and sponges spicules, refer to a low energy 

shallow lacustrine environment. Coarse particles include predominately quartz and 

subordinately subangular pyroxenes and olivines, which are randomly distributed 

together with elongated fresh organic matter, big fresh roots and clay papules. The coarse 

fraction is observed in open porphyric c/f  related distribution and medium separated 

angular, blocky microstructure with accommodating planes and intrapedal channel 

microstructure. The decayed organic matter is found elongated, as infillings of  voids; the 

FIGURE 7.7. 
STRATIGRAPHIC 

SEQUENCE OF DMG13 

INCLUDING GREENISH 

CLAY MUDS WITH 

BROWN/ORANGE 

(OXIDATION) (1), BLACK 

(MN) (2) AND WHITISH 

(CACO3) STAININGS (3). 
AT THE LOWER HALF OF 

THE SEQUENCE, THE 

DISSOLVED CACO3 

CREATES A WHITISH LAYER 

OF SOFT MUDS (4). 
OCCASIONALLY COMPLETE 

NODULES ARE DISCERNED 

(5) . FOR THE LOCATION 

OF THE CORE REFER TO 

FIGURE 7.3 
0.5m 
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groundmass includes calcitic aggregates and intrapedal diffuse Mn-hydroxide nodules 

together with very pronounced calcitic infillings and coatings.  

High water levels  

MACROSCOPIC OBSERVATIONS 
High water levels are generally recorded as bluish fine muds representing the off-shore 

part of  the lake (fig.7.9). They are mostly fine grained, however there are exceptions of  

high energy flooding deposits of  coarse sands and gravels, characterized by bluish hues, 

representing deep water conditions. This is apparently related to locations found close to 

the streams mouth, where coarse material reaches even deeper parts of  the lake, 

transported by density currents (fig. 2.1). The 

trigger for the redistribution of  material from the 

river mouth by currents may be a storm, bringing 

large quantities of  sediment from the river to the 

lake. The distribution of  muds and sands along a 

shoreline is primarily due to the relative strength 

of  prevailing water currents (Reineck, & Singh, 

1980). Rapidly moving water in higher energy 

regimes, with strong currents will tend to carry 

larger, heavier sediment particles, washing away 

smaller particles and preventing their deposition. 

FIGURE 7.8. THIN SECTIONS SHOWING REDOX INDICATORS. LEFT: 
(K12B) BROWN (OXIDATION) (1), BLACK (MN)(2) STAININGS IN 

LAMINATED MICROSTRUCTURE WITH ABUNDANT CHANNELS. 
IRON FRAMBOIDS (CIRCLE) ARE ALSO DISCERNED. TO THE RIGHT: 
DETAIL OF CACO3 NODULES (K13B) FOR THE LOCATION OF THE 

SAMPLE REFER TO FIGURE 7.3 AND APPENDIX 1 

1 

2 

1cm 

1cm 
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Muddy sediments and moderate wave action, on the other hand, 

represent low energy water movement. 

SEDIMENTOLOGICAL ANALYSIS 
The mean grain in deep water levels vary greatly. However, the low 

energy environments, which are characteristic of  the high-water 

levels, give mesokurtic 3.15 to 3.70 phi and unimodal distribution, 

describing deposition in suspension, where the mixing of  the 

grains is evenly processed (fig.7.4). The sediments are poorly 

sorted, probably protected from the wave action, which usually 

contributes to the sorting of  the sediments. The skewness values 

reach approximately 0.6 phi, strongly fine-skewed, representing the 

presence of  silts in clays and describing strictly depositional 

sediments. Moreover, the presence of  fine or very fine skewness 

supports the introduction of  fine sediments by suspension.  

High water levels do not favor the deposition of  organic matter; 

therefore, the organic matter content is low, not exceeding 0.5%; 

CaCO3 values range from 4 to 20%, which represents the 

deposition of  CaCO3 in low energy water levels with fluctuations, 

dependent on the influx of  clastic input from the inflow source. 

The occasionally inverse relationship of  organic matter and 

organic carbon is explained by the dissolution of  organic matter by 

CaCO3 (Wuest, 2010).  

MICROMORPHOLOGY  
Micromorphological data are available for sediments in high water 

levels from Karkanas et al., 2011. Sediments consist of  gray, bluish 

muds composed of  silty clays with undifferentiated, unistrial, or 

cross-striated birefringence fabrics. The silts consist of  mica flakes, 

quartz, and detrital calcite. 

Standing water-Marshy environments 

MACROSCOPIC OBSERVATIONS 
The marshy sediments are generally characterized by the existence 

waterlogged plant remains. The colours of  the sediments due to 

the existence of  decayed plant remains are brown, brownish gray, 

and black. Being formed in low energy environments, the marshes 

FIGURE 7.9. STRATIGRAPHIC 

SEQUENCE OF CORE DMG09, 
INCLUDING ALTERNATING MUDS AND 

FINE SANDS IN BLUISH/ GRAYISH 

HUES INDICATING ALTERNATING 

WATER ENERGY AND DEPOSITION IN 

ANAEROBIC CONDITIONS. NOTE THE 

PRESENCE OF BROWNISH SANDS AT 

THE BOTTOM OF THE CORE 

SUGGESTING PERIODIC SUBAERIAL 

EXPOSURE. FOR THE LOCATION OF 

THE CORE REFER TO FIGURE 7.3 AND 

APPENDIX 1 

1m 
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include fine grained sediments 

falling in the fine to coarse silt 

fraction, often with laminated 

structure.  

SEDIMENTOLOGICAL ANALYSIS 
A major parameter of  the marsh deposits is the organic matter content, which 

reaches 46%, implying high productivity and/or better preservation of  the 

predominantly aquatic organic matter; the calcium carbonate is in moderate 

values, which reaches averagely 14%. The textural parameters vary and cannot be 

used as indicators of  marshy environments, though the sorting is generally poor 

to very poor due to the intermixing of  high organic and clastic materials; the low 

energy deposition and the absence of  secondary clastic input is indicated by the 

unimodal and mesokurtic distribution of  the sediments (fig.7.4). The Passega 

diagram includes samples that fall in units 7 to 8, describing very low energy 

depositional environments (fig.7.1) in accordance with the plots of  the textural 

parameters (fig 7.2).  

MICROMORPHOLOGY 
Marshy sediments are characterized 

microscopically by the fine-grained groundmass 

in platy microstructure (fig.7.11). Most of  the 

organic inclusions are elongated, in a wavy or 

platy structure and lenticular intrapedal 

microstructure, with accommodating planes and 

channels, in parallel-banded distribution and 

orientation.  

Charcoal is seen sporadically in random distribution. 

Sand quartz grains, randomly distributed in double 

spaced equal enaulic related distribution, are found in 

low percentage (10%). The low percentage of  clastic 

material indicates that the sediments were protected 

from the effect of  wave action for certain periods of  

time.  

FIGURE 7.10. STRATIGRAPHIC SEQUENCE OF 

DMG09, INCLUDING ALTERNATING SOFT MUDS, RICH 

IN ORGANIC MATTER, INDICATING LOW ENERGY 

ENVIRONMENT/STANDING WATER. OCCASIONALLY 

FINE OR THICKER LAYERS OF CONGERIA SHELLS ARE 

DISCERNED (ARROW).  FOR THE LOCATION OF THE 

CORE REFER TO FIGURE 7.3 

FIGURE 7.11. THIN SECTION (K14D) SHOWING SOFT LAMINATED BROWN MUDS 

INDICATIVE OF LOW ENERGY ENVIRONMENTS RICH IN ORGANIC MATTER. 
CHARCOAL FRAGMENTS AND SANDY AGGREGATES ARE IDENTIFIED AS 

INFILLINGS (CIRCLE). FOR THE LOCATION OF THE SAMPLE REFER TO FIGURE 8.4 

AND APPENDIX 2 

1m 

1cm 
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Mudflats 

MACROSCOPIC OBSERVATIONS 
Mudflats are identified locally in the 

site as massive soft muds, whose 

absence of  laminations and bedding signify the prevalence of  rapid depositional 

processes (Reineck, & Singh, 1980: 135) formed due to an inundation, which 

washes- in muds, accumulated mainly in depressions.  

MICROMORPHOLOGY 
The sediments comprise of light brown to greyish muds, very well sorted with 

medium separated massive microstructure, accommodating planes and 

intrapedal channels (fig.7.12). The sediments are depleted of any anthropogenic 

material apart from few dispersed 

subrounded charcoal fragments. They 

contain few dendritic organic nodules and 

have sporadically undifferentiated 

birefringence fabric, as they are covered by 

organic staining, indicating that they have 

been at least periodically exposed.  

7.1.2. Moisture Indicators 

The classification of  moisture indicators 

(dry-wet-amphibian) is applied at the 

archaeological sediments, where the variations are 

often very subtle and can be tentatively discerned 

macroscopically (fig.7.13).  

FIGURE 7.12. THIN SECTION (K16B) INCLUDING SOFT 

MUDS IN MASSIVE STRICTURE WITH FEW INTRAPEDAL 

CHANNELS. SPORADIC CHARCOAL FRAGMENTS ARE 

IDENTIFIED TOGETHER WITH FEW DENDRITIC 

NODULES (ARROW) INDICATING OCCASIONAL 

SUBAERIAL EXPOSURE. FOR THE LOCATION OF THE 

SAMPLE REFER TO FIGURE 8.4 AND APPENDIX 3 

dry 

amphibian

wet

 

FIGURE 7.13. STRATIGRAPHIC SEQUENCE 

(DMG39), WHERE THE TRANSITION FROM WET TO 

AMPHIBIAN AND DRY CONDITIONS IS INDICATED. 
FOR THE LOCATION OF THE SAMPLE REFER TO 

FIGURE 8.4 AND APPENDIX 3 

1m 

1cm 
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Dry-Terrestrial conditions  

Sediments deposited under 

terrestrial conditions are described 

macroscopically as light brown, 

compacted, hard deposits, which 

include in situ anthropogenic 

features, as trash pits and mudbrick 

constructions; in situ combustion 

features in the form of  thick wood 

ash layers are also observed.  

Microscopically (fig.7.14), the 

complete absence of  aquatic 

elements i.e. sponges spicules and 

diatoms, demonstrates the complete 

drying up of  the ground. In these 

cases, the sediments are light 

brown, rich in calcium carbonate 

concretions and have distinct 

evidence of  bioturbation (as 

excrements) and exposure, 

oxidation stainings, calcitic nodules 

and hypocoatings. Terrestrialization 

has further affected the 

microstructure of  the sediments, 

which is often highly separated with channels and voids; in the cases of  bioturbation the 

microstructure becomes spongy and crumby. The sediments are generally poorly sorted 

and the coarse fraction is angular to subangular; red sherds, few fragments of  charcoal 

FIGURE 7.14. TERRESTRIAL ANTHROPOGENIC SEDIMENTS 

CHARACTERIZED BY VUGHY, HIGHLY SEPARATED 

MICROSTRUCTURE (ARROW) DUE TO BIOTURBATIONS, AND 

OXIDATION DUE TO EXPOSURE. THE GROUNDMASS INCLUDES 

ABUNDANT ANTHROPOGENIC MATERIAL I.E. CHARCOAL-
POTTERY SHERDS (CIRCLES). NOTE THE FLOODING EVENT AT 

THE BOTTOM INCLUDING COARSE SANDY, POORLY SORTED 

DEPOSITS (KS19D). FOR THE LOCATION OF THE SAMPLE REFER 

TO FIGURE 8.4 AND APPENDIX 2 

1cm 
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and angular pieces of  burnt 

construction material are recorded, 

together with small elongated bone 

fragments.  

Wet environments  

Indicators of  wet conditions include 

horizontal alignment of  decayed and 

charred plant remains and phytoliths 

(fig. 7.15). These characteristic 

laminations together with the 

exceptional preservation of  organic 

remains constitute a major evidence 

of  deposition in waterlogged conditions. The sediments contain isolated, microscopic 

charred plant remains, elongated, in parallel-banded distribution and orientation and 

platy microstructure, with minor channels and voids. The aquatic elements i.e. diatoms 

and sponges spicules, which are bedded in parallel distribution and orientation, further 

constitute evidence of  enhanced moisture. Birefringence fabric is speckled in case of  

coarse-grained clastic groundmass. More often the anthropogenic and natural inclusions 

are articulated and preserve their structure as deposited in low energy conditions.    

Amphibian conditions  

The sediments formed under amphibian conditions are characterized by indicators of  

dry conditions, i.e. brownish sediments, chaotic structure, bioturbation, excrements, 

calcareous concretions, dendritic nodules. These characteristics coexist with scarce 

indicators of  moisture, which include crudely laminated sediments and platy 

microstructures, together with few articulated inclusions in parallel distribution and 

orientation (fig. 7.16). Voids and channels are abundant, much more than in wet 

sediments. Charred plant remains and big rounded to subrounded charcoal fragments of  

FIGURE 7.15. LAMINATED CHAR-RICH SEDIMENTS (KS12D) 
INDICATIVE OF WET CONDITIONS UNDER LOW ENERGY, 
MARSH ENVIRONMENTS. ELONGATED BURNT BONES ARE 

EMBEDDED IN PARALLEL DISTRIBUTION (CIRCLE). NOTE THE 

COARSE MATERIAL AT THE BOTTOM OF THE SLIDE 

INDICATING A HIGH-ENERGY EVENT. FOR THE LOCATION OF 

THE SAMPLE REFER TO FIGURE 8.4 AND APPENDIX 2 

1cm 
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irregular shape and size are 

occasionally laminated. Isolated 

rounded aggregates within the soil 

mass are stained brown, due to 

either the presence of  organic 

material or ferric oxides; 

aggregates of  ash and calcitic 

hypocoatings are visible. The 

charcoal rich sediments are poorly 

sorted, undifferentiated and 

enriched with articulated grass 

phytoliths in infillings, in a distinctive micro-laminated undulating structure. Scarce 

diatoms and sponges spicules constitute evidence that the sediments are still under water 

influence.  

7.1.3. Post depositional features 

Post depositional processes are abundant in a dynamic environment as the lacustrine, 

where the water action and the fluctuating water levels, create diverse depositional 

conditions and distort the original position of  the sediments and the anthropogenic 

materials. In natural sediments, the exposure to subaerial conditions apparently causes 

post-depositional oxidation of  organic inclusions creating brown staining and rusty 

mottling. Moreover, dendritic nodules (fig.7.12) are formed because of  the prevailing 

redox conditions. Furthermore, reworked sediments, resulting from bioturbation of  

roots and excrements, are characterized by abundant channels, voids, as well as a 

crumb/spongy microstructure (fig. 7.16). In anthropogenic sediments, the crystallitic 

birefringence is namely formed due to the dissolution of  ash accumulations from 

everyday anthropogenic activities or fire events; the lack of  articulation is an indirect 

evidence of  the movement of  the material after original deposition. Moreover, the 

FIGURE 7.16. THIN SECTION (KS18) SHOWING THE TRANSITION 

FROM AMPHIBIAN (1) TO DRY TERRESTRIAL CONDITIONS (2). 
THE AMPHIBIAN CONDITIONS ARE INDICATED BY VUGHY 

MODERATELY SEPARATED MICROSTRUCTURE AND OXIDATION 

STAININGS, COMBINED WITH CRUDELY LAMINATED AND 

PARALLEL DISTRIBUTED CHARCOAL INCLUSIONS. NOTE THE 

HIGHLY SEPARATED CRUMB/SPONGY MICROSTRUCTURE AT THE 

UPPER LEFT CORNER BECAUSE OF BIOTURBATION. FOR THE 

LOCATION OF THE SAMPLE REFER TO FIGURE 8.4 AND APPENDIX 

2 

1cm 
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fragmentation of  charcoal may indicate reworking and rounding of  materials is most 

probably due to transportation and/or floating in water (fig. 7.16). Another distinct 

process, is the dissolution of  anthropogenic construction material visible in the 

excavation profiles as masses of  fine muds with distinct boundaries (see section of  

anthropogenic features). 

A major post depositional process affecting the site is the creation of  a hardpan, a 

calcrete, which covers extensively the tell (fig. 7.17). The main process in the formation 

of  pedogenic calcrete and calcic soils is the leaching of  calcium carbonate from upper 

soil horizons by downward percolating soil solutions and reprecipitation of  the 

carbonate in alluvial horizons near the base of  the soil profile (Bachman & Machette, 

1977). The formation of  pedogenic calcrete is mainly related to climate and the source 

of  carbonate. It is therefore formed on calcareous materials, because of  climatic 

fluctuations in arid and semiarid regions (Reindhardt & Sigleo 1988: 55-56). The 

Mediterranean climate is considered ideal, due to it’s the wide temperature range and the 

moisture fluctuations.  

Rainwater saturated with carbon dioxide acts as an acid and dissolves calcite; then it 

redeposits it as a precipitate on the surface of  the soil particles; as the interstitial soil 

spaces are filled, an impermeable crust is formed. More specifically, calcic soils and 

pedogenic calcretes follow a six-stage sequence of  morphologic development originating 

from coatings of  carbonates on detrital grains, gradually developing to strongly cemented 

soils (Bachman and Machette, 1977).  

FIG. 7.17. PICTURE OF THE SOUTHWEST SECTOR OF THE EXCAVATION, WHERE THE HARDPAN FORMATION IS VISIBLE (ARROWS), DIPPING 

TO THE SOUTH 
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At Dispilio a calcretic hardpan has been formed within the calcretic soil (fig. 7.17). 

Pedogenic caliches are vertically concentrated within the soil, and this concentration can 

be due to upward (capillary action), downward (illuviation) or in situ solution of  existing 

carbonate. More often the crust is formed under the uppermost topsoil. Therefore, the 

hardpan at Dispilio could appear any time during the late habitation or after the 

abandonment of  the site.  

7.2. Anthropogenic Contexts and Processes 

Dumping 

A distinct feature of  the site is a multiple 

layered low mound identified in the west 

profile of  the east sector (fig. 8.3). This 

feature includes abundant anthropogenic 

material with interlaminations of  fine 

charred organic matter. The complex 

mixture of  the materials is a result of  

different human (and animal) activities, 

i.e. food preparation in, around, and 

beneath the houses. Mud lenses, which 

occur as small features, are due to natural 

FIG. 7.18: THIN SECTION (KS14D) INCLUDING 

DEPOSITS RICH IN ANTHROPOGENIC MATERIALS: 
CHARCOAL, BURNT BONES, OFTEN ARTICULATED 

(CIRCLE), CONSTRUCTION MATERIALS (BLUE ARROW), 
POTTERY (BLACK ARROW) AND AGGREGATES OF 

NATURAL DEPOSITS (RED ARROW). NOTE THE DIPPING 

ANGLE OF THE DEPOSITS INDICATIVE OF THE MOUND 

SHAPE. THE LAYERS HAVE BEEN LOOSELY LEVELLED 

BY WAVE ACTION. HOWEVER, THE CRUMB 

MICROSTRUCTURE OF THE UPPER HALF OF THE THIN 

SECTION INDICATES THAT THE MOUND HAS BEEN AT 

LEAST PERIODICALLY EXPOSED. FOR THE LOCATION OF 

THE SAMPLE REFER TO FIGURE 8.4 AND APPENDIX 3 

1cm 
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weathering of  daub elements during the lifespan of  a house. Accumulations of  organic 

material and grass might derive from food preparation, the preparation of  timber for 

construction activities, or they could also be insulation material for the floor (Pétrequin, 

1997). The chaotic structure of  the sediments, with crude laminations, indicates areas 

that underwent a further reworking from water/ wave action; the inclined bedding 

suggests the gradual formation of  a mound-shaped pile of  materials. This area therefore 

can be interpreted as a dumping location, where material from all everyday activities is 

deposited recurrently and then reworked and levelled by wave action. Under these 

conditions, the charcoal would float on the surface creating distinct boundaries between 

the cycles of  deposition.  

Fire events 

Traces of  conflagrations occur in organic layers, in the form of  burnt plant material, 

melted phytoliths, as well as layers of  big fragments of  charcoal, which are easily 

dislocated, fragmented by trampling and removed by flooding events (fig. 7.15). These 

fine laminations of  clearly separated alternations between phytoliths and fragments of  

carbonized plant material, with parallel orientation, high degree of  articulation and lack 

of  sedimentary matrix designate in situ decay of  burnt material.  

Moreover, other inclusions show evidence of  burning under the microscope i.e. bones 

retain brownish yellow colour; ash crystals are sporadically identified (fig. 7.21). The 

formation of  fire debris of  raised wooden dwellings is always associated with the 

collapse, tilt and displacement of  the affected structures. This leads to the formation of  

plastic accumulations of  burned daub aggregates (fig.7.21). Experimental observations 

have in fact shown that during conflagration only part of  the loam walls were burnt, the 

FIGURE 7.19. COLLAPSED CONSTRUCTION MATERIAL INCLUDING BURNT MUDS, STONES AND BURNT WOODS, AS WELL AS POTTERY 

AND BURNT BONES. ON THE RIGHT THE FINER MATERIAL IS SORTED BY WAVE ACTION LEAVING THE COARSER AS LAG 
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rest consisted of  unburnt daub (Goldberg & Macphail, 2006). Indirect evidence of  fire 

are ashes, which can however be related to everyday fire activities, cooking etc. Ashes are 

identified microscopically in the upper terrestrial and occasionally in the amphibian 

layers, as they are dissolved by water in the lower lacustrine facies. These fragile 

components are otherwise preserved only under exceptional conditions. 

Constructing  

In situ constructions are mainly identified and well-preserved at the terrestrial layers of  

the site as hearths; in the lacustrine levels, presumable constructions are identified 

sporadically (fig.8.3), formed by abundant subangular stones and aggregates of  clay 

loams, together with big sherds, bones and tools; the reddish hues of  the clays are 

interpreted as being subjected to heat (fig. 7.19).  

Construction materials are preserved as layers of  dissolved brownish red compacted 

muds forming a homogenous mass of  plastic deposits (figure 10), being the only 

evidence of  the wall construction of  raised houses, which have collapsed on the wet 

sediments after destruction; they form a sharp boundary and deform the underlying 

sediments (fig. 7.20). The brownish muds often include phytoliths and plant impressions, 

suggesting that plants have been used as temper, most likely for the construction of  mud 

bricks.  

Different materials i.e. greenish fine-grained muds, comprising compact, homogeneous 

layers with sharp upper boundaries can be interpreted as parts of the constructed floors 

(fig 7.22). These sediments show massive microstructure, polyconcave voids and a well-

defined, compact surface, sometimes with detached aggregates. These layers are depleted 

of anthropogenic material; they occasionally contain subrounded fragments of pottery on 

the upper surface; calcitic infillings and hypocoatings are seen sporadically. This is found 

FIGURE 7.20. SECTION OF THE STRATIGRAPHY AT THE 

WEST PROFILE OF THE EAST SECTOR INDICATING A 

CHAR-RICH LAYER (A) MICROFACIES SM7A WITH 

OVERBEDDED DISSOLVED CONSTRUCTION MATERIALS 

(B) MICROFACIES SM8B. A COLLAPSED STRUCTURE 

WITH ABUNDANT ANTHROPOGENIC MATERIAL COVERS 

THE UNDERLYING SEDIMENTS IN A SHARP BOUNDARY 

(CIRCLE) 

A 

B 

1m 
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overlaying a char-rich layer of burnt organic material and is extended in length, implying 

that it could have been used for the construction of floors. Locally the fine-grained muds 

are overlaid by a thin layer of fine to very big fragments of charcoal (bigger than 5cm), 

charred plant remains, pottery sherds and burnt bones in linear and parallel or wavy 

appearance (fig. 7.22). This alternating layers of muds and charred material can be 

interpreted as part of the replastering and resurfacing of the floors. 

Another distinct feature indicative of construction activities is a thick layer of charred 

plant remains, phytoliths and charcoal, finely embedded within silty and fine sandy 

sediments (fig. 7.20, S7a). The size of the organic remains ranges from a few micrometers 

to several centimetres to its lower parts (fig. 7.15), often exhibiting interlaminations, and  

 

FIGURE 7.22: THIN SECTION (KS17D) WITH 

DISSOLVED CONSTRUCTION (1) MATERIAL 

ALTERNATING WITH THIN LAMINAE OF CHARRED 

ORGANIC, CHARCOAL AND POTTERY SHERDS (2).  
FOR THE LOCATION OF THE SAMPLE REFER TO 

FIGURE 8.4 AND APPENDIX 2 

 

 

FIGURE 7.21: THIN SECTION (KS11) WITH DISSOLVED 

CONSTRUCTION MATERIAL AT THE BOTTOM, SHOWING 

EVIDENCE OF BURNING, AND BEING OVERLAID BY 

LAMINATED CHAR- RICH MATERIAL. NOTE THE BRIGHT 

COLORED BURNT BONE IN THE MIDDLE OF THE SECTION 

(ARROW). FOR THE LOCATION OF THE SAMPLE REFER TO 

FIGURE 8.4 AND APPENDIX 2 

2 

1 

1cm 1cm 
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can be micromorphologically identified as wood, grass or reed remains (probably straw) 

(Karkanas et al., 2011). Fine laminations of clearly separated alternations between 

phytoliths–probably mostly from grass or reed species–and fragments of carbonized 

plant material, with parallel orientation, high degree of articulation and lack of 

sedimentary matrix, indicate in situ decay of the material. The low percentage of mineral 

material–apart from the scattered sand grains–indicates that the formation of this layer is 

most likely related to an anthropogenic activity; it is evident though that it is deposited in 

a very low energy, most likely standing environment.  

The micro-scale alternations between phytoliths and carbonized plant remains probably 

result from a cyclic process of anthropogenic practices (Huisman, et al., 2009). Each cycle 

would consist of a phase of burning plant material (resulting in a layer of carbonized 

material) and a phase of decay of a layer of reeds, grass or straw (KS7b, KS2b, KS12d). 

Whatever the exact process, the well-preserved micro-laminations, indicate that the 

deposits were caused by human activity, but that humans did not disturb or deform the 

materials after deposition. Given the fine-grained nature and the articulation of the 

material, these deformations must have been caused by trampling in wet conditions; in 

dry conditions, it is likely that trampling would have resulted in mixing and redepositing 

of the fine carbonized material and phytoliths. The sharp lower boundary to microfacies 

SM5 suggests that the material was not mixed after its deposition. Another explanation is 

that it has fallen intact and abruptly on the wet underlying sediment. A series of human 

activities may produce such accumulations, such as the cutting down and burning of 

dead vegetation to clear the site, layering the site with bundled vegetation to keep dry feet 

and later burning them, or burning straw left over from harvesting and food processing 

(Huisman, et al., 2009). Another possible interpretation is that these deposits constitute a 

remnant of a collapsed structure (Karkanas et al., 2011). A compact burnt raised wooden 

platform with grass and reeds used as coating, when collapsing on wet sediment can 

preserve the articulation of the organic materials and cause the deformation of the 

underlying sediments, which is visible in the profiles of the excavated trench (fig.7.20).  

7.3. Assessment of the methods 
The comparative study of the sedimentological and micromorphological results 

presented above, allows the evaluation of the methodological tools implemented in the 

study. More specifically, the Passega diagram has been tentatively applied in this project, 

to enhance the resolution of sedimentological results and assess the applicability of the 

method in distinguishing depositional processes in lacustrine deposits (for a detailed 
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description of the application of the Passega diagram to the study see chapter 7.1). At the 

same time, the micromorphological analysis enriches the resolution of the 

sedimentological results, differentiates events that are composed of the same matrix, and 

decipher the relationships and arrangements of the materials in their natural context.   

Therefore, comparing the sedimentological results to the thin section analysis from 

DMG06, (microsamples K61c, K61d sedimentology samples 151384, 151385), it is 

apparent that the sandy intercalations within the marshy organic-rich sediments 

(microfacies SM12) identified in the thin sections are recognized as sandy peaks in fig.7.4. 

For the same sediments, the Passega diagram differentiates between units 7 and 7/3 

(fig.7.1) demonstrating fine alterations between suspension sediments containing few 

rolled grains, and sediments that contain rolled grains transported across environments, 

where sedimentation in suspension is scarce.  

At DMG11, the comparison of bulk samples to thin sections (K111a-b, K112, K113a-b) 

reveals that the coarser matrix of samples K111a-b is distinguished as an increase in sand 

peak in fig.7.4. This distinction, which is identified in thin sections as two microfacies 

(LM8 and LM9), is pinpointed in the Passega diagram (fig.7.1) as units 5 (moderate 

turbulent deposits containing suspended and rolled sediments) and unit 1 (formed by 

rolled grains deposited near their source). 

Turning to DMG09, facies L5.4 and microfacies LM10 to LM14, referring to a low 

energy, standing water setting, are not well correlated to unit 2 of the Passega diagram, 

describing rolled sediments deposited close to their source. This discrepancy is yet 

possibly the result of the anthropogenic impact and disturbance of the natural sediments 

at this depth.  

Deeper at the core, the differentiation between microfacies LM8 and LM9 (K95-K96) 

(facies L4.1), is correlated to Passega unit 5, describing a moderate turbulent deposit, and 

unit 3, representing rolled grains or mixtures of rolled and suspension grains deposited 

relatively close to the energy source. For the rest of facies L3.3a and L3.3b, sediments’ 

parameters demonstrate almost constant values, describing a rather homogeneous 

sedimentological sequence (fig.7.4). In thin sections these facies are subdivided in various 

microfacies LM1 to LM7 (K97, K2, K93, K94) reflecting slight sedimentary changes, 

which are classified as intercalations of Passega units 7 and 8, recording sediments 

deposited by graded suspension alternating with sediments including rolled grains, 

respectively.  


