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n the (;rr{erlgap are presented the results of a multidisciplinary

study (stratigraphical, sedimentological, geophysical and

geochemical) combined with modern techniques (G.l1.S. and
remote sensing). This study aims at integrating the natural and
anthropogenic factors affecting the Korissia lagoon. It is a shallow
coastal lagoon, communicating with the sea via an artificial channel.
The area around the lagoon consists of alluvial sediments hosting, in
places, newly formed and/or “old” (pre Holocene) sand-dunes. The
broader area constitutes a post-alpine sedimentary basin
characterised by smooth morphological relief. The lower stratigraphic
unit of the post-alpine sequence is a Pleistocene marly formation,
which was detected as the basement (5-15 Ohm.m) by the
geophysical survey. The resistivity-based basement map implies the
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Flgure 2. EIevatlon map and shaded relief of th'eitudy area created by the
interpretation of high resolution digital elevation model. The main chan_nels of the
drainage network are also shown in the watershed around the lake area. The three
high detailed topographic surveys are also marked in red. I

Figure 3. The artificial channel (a) is -the only way of surficial interaction between
salted and fresh water. There are also regions where beachrocks (b) are formed,
possibly because of the underground mixture of the sea and the groundwater.

Flgure 4. The three topographic sections carrled out in the land strip that separates
- the lagoon from the sea were extended nearshore.

Figure 5. A boat was provided by the
people working in the aquaculture. The
water and sediment samples from the
~ bottom of the lake were collected with
“= their contribution.
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Figure 6.
samples for laboratory tests and
analysis were collected from the
lagoonal area with the use of plexiglass
sampling tubes.

Figure 7. Sediment samples from the
bottom of the artificial channel were
recovered with the use of a Van Veen

grab.

Figure 8. Weather data were collected
by portable meteorological station
which was set up in the area during the
fieldwork operations.

Figure 9. Sediment cores reaching 4
meters depth were extracted near the
shore of the lagoon, using portable
borehole equipment.
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Figure 1. Panoramic view of the study area. The narrow barrier which isiseparating the
lagoon from the sea is very clear at the middle right of the photograph. The relatively
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ABSTRACT

existence of a “palaeo-gulf” trending E-W. These marls constitute the
impermeable basement of a shallow aquifer hosted in the area. The
salinity of the lagoon is very high during summer (>40psu) but it does
not affect significantly the wells around it. The lagoon is well
oxygenated, while the wells have lower D.O. values. Ammonia and
nitrates are the main inorganic Nitrogen forms, in the lagoon and the
wells, respectively. Phosphorus is the limiting factor for phytoplankton
growth. Human activities affect the area that is in need of an
environmental management plan in order to prevent ecological
degradation.
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The Korissia lagoon (Fig. 1) is elongated in shape (5300 m long and 1500 m
wide) located parallel to the shoreline having a NW-SE orientation (Fig. 2). Itis
a shallow lake, with water depths below 1.5 m and connected to the sea via a
narrow (8 m) and shallow (<1 m) artificial channel (Fig.3a). Moreover, the
coastal exit of the channel is protected from the waves by artificially placed
breakwaters.

It is separated from the open lonian Sea by a strip of land, up to 200 m wide,
which can be distinguished into two parts: a part southwards the channel
which consists of uplifted Plio-Pleistocene formations, including “old” sandy
dunes with maximum elevations up to 15 m and an elongated deposit
northwards the channel, that is essentially a beach barrier hosting lower recent
sand dunes, reaching up to 2 meters height (Fig. 11). In addition, at the foot of
the “old” (pre-Holocene) high dunes, modern dunes have been developed,
whilst the presence of beach-rock formations along parts of the beach face
indicates mixing of fresh and sea water (Fig.3b).

Image interpretation of remote sensing data (Fig. 10) and analysis of high
resolution DEM (Fig. 2) were used for extracting geomorphological and
geological information. They were also used for creating background images in
a GIS designed for gathering, organizing and managing the different kinds of
data.

Three (3) topographic high resolution profiles (at 20m intervals) were carried
out across the strip of land that separates the lagoon from the lonian Sea, with
the use of handheld GPS and topographic rods (Fig. 4). Along these profiles
superficial sediment samples have been collected and analyzed according to
Folk's (1974) procedure.
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TIOAUTIOPOUETPIKNC €PELVAC (CTPWHUOTOYPAPIKNCG, ICNUATOAOYIKNAC,

YEWQPUOIKNC KOl YEWXNUIKNC), OE OUVOLOOHUO HE TN EQApU
oLYXPOVWV TEXVOAOYIWV (Z.I.11. Kol TNAEMIOKOTINGN). ZTOX0C TN EPELV “"u
gival N OmoTiUNon TwWV @UOIKWV KOl 0VOPWTTOYEVWVY TIOPAUETPWY, TOU
OIOHOPPWVOLY TO YEWTEPIBOAANOVTIKO KOBEOTWC TNG AlpvoBaAaooa(
Koplooiwv. MMpoketal yia pio pnx TOPAKTIO AluvoBAaAaccd, Tou
ETIIKOIVWVEI PUE TN BAaAacoa pEow €VOC TEXVNTOL dlavAou. H Teploxn
KOAUTITETOL KLPIWC aTtO AAAOVBIEC ATIOBETEIC, EVW KOTA TOTIOLC AMAVTOUV
TIPOCQATEC /KOl «TIOAAIEC» (TIPO-O0AOKAIVIKES) Bivec. H eupUTEPN TIEPIOXN
OTOTEAEL Mio PETOATIKI) AgKAvn I(NUOTOYEVEDONC, MTIOL  YEVIKA
LOPPOAOYIKOU avayAD@OL. TNV KOTWTEPN OTPWHATOYPAPIKY) EVOTNTA TN
AEKAVNC ATIOTEAEL Hio akoAoOLBIO pOpPYywWV, N OToI0 ATIO TN YEWQUOIKI)
EPELVA TIOL TIPAYUATOTIOINONKE, ATIOTEAEI TO YEWNAEKTPIKO LTIOBOBPO (5-

Figure 11. The contemporary dupes (d1) covering most of the area between the lonian
sea and the Korissia lake are creaqu_a-natural barrier between the two water bodies.

|

The alpine basement of the area consists of sediments t:'elen {1} e lonian
tectono-stratigraphic unit (Aubouin, 1959, Jacobshagen, 1986)-0f t -external
micro-plate of the Hellenides (Papanikolaou, 1997). At the broader area of the
Korissia lagoon, only part of the lonian stratigraphic column is exposed (Fig.
15).The major part of the alpine basement is covered by younger sediments
which create a relatively impermeable layer beneath the formed Iak&l."l:

Tthe oldest post alpine sediments exposed around the lagoon
Pleistocene age (Rogl et al, 1997). The lower stratigraphic unit is-a marine to
brackish, predominantly grey, marly to clayey sedimentary sequence, lying
unconformably over the alpine basement. The sequence is continuing with a
10 m thick sandstone layer deposited over the 12 meters terlig;marls, ending
with a thin sapropel layer of Late Pleistocene age. The nce is slightly
folded by open folds with E-W axis direction. Above these-beds lies a formation
dominated by siliciclastic sandstones, sands, and gravﬂs followed by a zone
with fossiliferous cavernous, calcareous samdstones (corallinacean -
packstone) of Late Pleistocene age. Several-fault blocks can be identified and
seem to compose the ared; separated by recently activated fault zones that
caused tilting towards NE (Fig. 12).

The aforementioned post alpine successions are covered by cross bedded sand
dunﬂFj,g,.i.t). The older dunes (Fig. 13) are found at higher altitudes parallel
adjacent to the tectonic contact between the alpine basement and the
recent deposits (Fig. 14a). The most recent dunes are located along the
fouthern coastline, a forming a beach barrier that separates the lagoon from
he lonian sea. The unconformity is clear at the beach of Richoneria (Fig. 14a)
wh?'!.e also beach rocks are currently formed along the coastline (Fig. 3).
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Figure 10. Very high resolution satellite images (Quickbird, Ikonos) acquired at different time‘II
h

periods were used and combined with remote sensing data from several sensors wit
different spectral and spatial specifications (Landsat 5 - TM, aerial photographs). Thus many
of the temporal changes of the region such as land use, the coast of the lagoon etc, were

Sediment and water samples were collected from the lagoon (Fig. 5-6), the
communication channel (Fig. 7-9) and the open sea near the exit. Subsurface
water samples were also collected from wells around the lagoon. A small
guantity of chloroform was added to each sample for nutrient preservation.
The samples were filtered by Millipore nitrocellulose filters (8um and 0.45um)
and stored in a refrigerator. Temperature, salinity, conductivity and dissolved
oxygen were measured in situ by YSI63 and YSI 550A portable instruments.
Ammonia, nitrites, nitrates and phosphates were measured spectro-
photometrically (Grasshoff et al., 1999). The results of the water samples’
chemical analysis at the diagrams below, show the seasonal and regional
fluctuations of the various forms of nitrogen and phosphorous in surface and
subsurface waters. Ammonia is the main inorganic N form in Korissia lagoon
whereas nitrates are the predominating N form in the wells around the lagoon.
Phosphates values in the lagoon were very low.

Several sediment samples were collected on September 2005 with the use of a
Van Veen grab (Fig. 7). Most of the lagoon's bottom was covered by grass and
the samples contained large numbers of shellfish. The sediment samples were
freeze-dried, dry sieved and analysed for Total N and Total P (Ladakis et al.,
2003).
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background images in the G.1.S. that was designed for gathering the collected data from all
the research teams working in the area. The areajwas studied in much detail by creating a
very dense grid of sampling sites for a complete enyironmental research.

identified. In addition pictures created after spe&g analysis and interpretation were used as {

Fifty (50) Vertical Electrical Soundings (VES) were carried out in the area

ound the lagoon, in order to investigatejthe stratigraphic structure of the
subsurface geological formations, underlying the study area. In order to
overcome the limitations imposed by the absence of borehole data, a number
rf five (5) in situ measurements (VES No 23,130, 41, 49 and 50) were carried
t at outcrops of the main geological | formations (Fig. 18). Thus,
resentative resistivity values were obtainedto be used for the interpretation

the Schlumberger array
Maximum current electrode spacing (AB) reached up to 430
urrent electrode spreading operation met difficulties due to the
occasionally steep relief, the dense vegetation district construction
(streets?esidences, fences, etc). A Terrameter SAS300B*with Booster (ABEM)
was used.jor these measurements. "

The geopﬁ¥sical data processing and interpretation was realised by applying. .
the automati¢ method of Zohdy and Bisdorf (Zohdy, 1989), implemented by
the software DEINV proposed by Markku Pirttijdrvi (2004) and the commercial
package WinSev6.1of W-GeoSoft, with very good results.

In almost all soundlngs-.la"formatlon with resistivity values between 5.0-15.0
Ohm.m was detected. In situlmeasurements in marl outcrops (VES 49 and 50),
yielded resistivity values betweé'q 5.5and 13.0 Ohm.m.

The formation of 7.0-9.0 Ohm.Mmis“CoTSidered.to represent the basement,
corresponding to the lower stratigraphic unit of centemporary basin in the

15 Ohm.m). H pop@oAoyia TN ETIPAVEIOC TOL YEWNAEKTPIKOL LTIOBAGBPOL
LTIOOEIKVUEL TNV UTAPEN EVOC «TIOAAIOKOATIOU» 0T onUEPIVI) BEon TNC
AlpvoBaAaccag. O HAPYEC OMOTEAOLV TO AdIATEPOTO LTOBOBPO TOUL
@peatiov LOPOEOPOL OpilovTa, TOU AVOTTUCOETOI OTO UTEPKEIPEVT
.er]udtd H oAatotnta tng AIvoBAAaoodg, TIOL EU@AVICETAL IBIAITEPD
aUEN[évn To KoAokaipt (>50 psu), dev emnpedlel TV TOIOTNTO TOUL
LVOPO ov oprZOVTd H AlpvoBaAaoaca apoualAdel KOAN 0ELyovwarn, EVW
Ol TIPEC Ol )\uuqou 0&LYyOVOUL OTO TINYAdIA Eival XOUNAOTEPEC. H appwvia
KOl T VITPWON €ival 01 KOPIEG LOPPEC aVOPYOVOL alwTou, TIOL ATIAVTOLV
oTn AipvoBaAacoa Kal ota Tnyadid, avtiotolxa. O @wo@opoC OTOTEAEI
TIEPIOPIOTIKO TAPAYOVTA YIO TNV OVATTUEN TOU @UTOTAAYKTOV. Ol
avVOPWTIOYEVEIC dPACTNPIOTNTEC EMNPEALOLY TNV TEPIOXN, YIa TNV oTmoia
TIPETIEL VA €QPOPUOOTEL €va  TEPIBAAANOVTIKO o0XEDI0  dlaxeipiong,

TIPOKEIUEVOL VA OTIOQPELXOEI N LTIORABLICT) TNC.
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Flgure 12. In thll§'VIeW of the coastal area towards SE a Iarge part of the Late

Pleistocene sequence of marine sediments seems to have been tilted to the NE. This
block tilting has resulted the uplift of the SW coast and therefore the rising of the

impermeable basement of the Korissia lake, separating the sea from the fresh water if‘

table. “

Flgure|13 The older sand dune beds (d2) crossmg each other are revealed on the top
of the hills near Mesa Vrysi and Plymmata locations. The altitudes on which they are \
fo:'rr! are relatively high (, as they were supposed to be near the coastline during L‘
thejr sedimentation procedures. This is a clue of the recent uplift of the coastal area
and the Korissia lagoon, caused by the fault zones trending WNW-ESE.

Kontrakas hill on the alpine carbonate rocks (Ji k) of lonian unit (a) a
unconformity between Late Pleistocene marine series (Pt m) and the con
dunes (d1) along the coastal area at Richoneria.

Figure 14. Fault surface W|th normal klnematlc indicators at the southern p-r e of “
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Figure 15. The geological map of the wider area surrounding the Korissia lake was the

result of the field work and used for preparing the geoelectrical campaign. The spots

for the electrical soundings were selected in such way to give more answers for thE/ ‘

tectonic regime of the area and consequently provide important information for the
groundwater depths and the environmental management of the lagoon.
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Figure 16. ReS|st|V|ty basement map based on VES interpretation and geological
mapping. This is also a subsurface map of the top of the impermeable marly
formation which represents the end of the open marine cycle at the lagoon area.
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Korissia Lagoon

Figure 17. Three dimensional view towards.-S'E of the top s:lei:‘sce of the impermeabl
basement (C!)Iored plane) under th oon. The vertical exaggeration (x5) of both
landscape reliefs(gray) and subsTirface allow the distinction among the two, as they { w
seem to be very close.
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investigated area. Thus the geophysical data were*very,_useful for the |
2 generation of a subsurface map of the top of the impermeable béd.sequence !
o & (Fig. 16). '| \
0.1 I s -1
o e L1 ‘ —
" | &
CONCLUSIONS ¥ !
Based on the results of the present multidisciplinary research, the make salinity values higher (>45 psu) than those of the lonian Sea. "= | E N
lagoon and the surrounding area constitute a recently developed Moreover, human activities and mainly agriculture influence the T ",I
geological structure, which is still evolving. The “old” dunes located in lagoon's chemistry. The latter is also related to the aquatic flora. i I H
the northern margin of the lagoon delineate a “palaeoshore”. Moreover, Accordingly, nutrient values in the lagoonal waters increase from et o SR L SR _
the morphology of the surface of the resistivity basement autumn to late winter (wet period), while the opposite trend is observed FIQUfe 18, 'F‘W.e%:) situ Soundlngs were
(impermeable marly sequence), also supports the existence of a former in groundwater during the same period. ?S:;me?;t S; ‘;pplyins ‘:L;hgcﬁﬁji;;fg:
narrow gulf, trending E-W. The SW part of the contemporary land strip, The Korissia lagoon is an interesting and fragile coastal wetland and array configuration.
separating the sea from the lagoon, is associated with the earlier needs further study and continuous monitoring in order to avoid . rF
existence of a beach barrier. . -

Today, the lagoonal waters are strongly affected by freshwater inputs,
especially during winter time, whilst during the summer period the
Influx of sea water and the excess of evaporation over precipitation

possible environmental degradation and to ensure its sustainable
exploitation; whilst the latter can only be achieved through the
implementation of an environmental management plan based upon the
obtained scientific knowledge.
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