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Abstract

This paper deals with the morphometric analysis of 42, late Holocene, coastal allu-
vial fans located along the coasts of the tectonically active North Evoikos Gulf in
central Greece. Thirty six of the fans have been formed by streams that discharge
along the east coast of the Gulf (Evia Island) while the rest are located on the oppo-
site side (Continental Greece). Selected morphometric parameters of the drainage
basins were measured using topographic maps at the scale of 1:50,000 while those
of the fans were derived from detailed topographic diagrams at the scale of 1:5,000
utilizing ESRI’s ArcGIS9.3 software. Fans were classified into four groups accord-
ing to the primary depositional processes (fluvial and/or debris flow). Another clas-
sification criterion was the relationship between the location of the fan-catchment
system and the local tectonic patterns (active faults). Fan-basin morphometric rela-
tionships for each fan group were also investigated. A strong positive relation was
found between the size of the fan and the drainage basin area while the correlation
between drainage area and fan slope was negative. Large catchments located near
fault terminations have formed gently sloping fans dominated by fluvial processes,
whereas torrents with small rough drainage basins, developed on the footwall, have
formed steep fans likely dominated by debris-flow along the east coast of the Gulf.
Key words: Coastal alluvial fans, Quantitative Geomorphology, North Evoikos Gulf,
Greece.

Mepiinyn

2TV mopovaa. EPYOTio. OVOADOVTOL UOPPOUETPIKG 42 mapaxtio allovfiokd, piridio.
nlikiog Avartepov OAdkaivov, Tov Ppickovial KaTe UNKOS TV OKTMOV TOD TEKTOVIKG,
evepyov Boperov Evfoixov Koimov atnv kevipixy EAAddo. Tpiavro €61 amo to avtd,
PITTIOL0. EYOVY TYNUATIOOEL OO YELUOPPOVS TOV EKPALLOVY KATA UKOS THG AVOTOLIKNAG
axthg tov Kolmov (Evfoia), evad ta vmoloima fpiokovior atny omévav okt (2teped
Ellada). ExtiunOnrov emleyuéves LOPPOUETPIKES TOPAUETPOL TWV AEKOVOV OO TO-
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moypagikovs xoptes kAiuaras 1:50,000, eva ot mopauetpol twv pimidiwv uetpnonkoy
amo AEmTOUEPT] TOTOYPOPIKA Jlaypauuote kKAuokag 1:5,000 ue yprion tov loyiouixod
ArcGIS9.3 g ESRI. Ta aAlovfioxa pimioio. taéivounnkay oe téooepis ouades Lopi-
Pavovrog vown Ti¢ TpwTOYEVELS dtepyaaies omOfeons (motduia tpopodoaio. ue iCnuo.
Kai/n digpyaocics mov oyetiCovial (e pon vAIKWOV Aoyw fopvtntag). AlAo éva kpithpio
yio. v tadtvounon yrov n 0éon tov cvoTiuaTOS PITTIdlo-AEKaVn € GYéoH UE TO. KOpIoL
evepya pRyuato e meployns. Emmiéov pueletnOnrav o1 ayéoeis uetald poppouetpi-
KOV TopopETp@v pimidiov-Aekavns yio. ke ouado pimidicowv. H oyéon petald g é-
KTOONS TOV pImidiov Kol Tov gufadod e Aekavns amoppons nrov Getiky kol 1oyvpn
eV 1] GVOYETION UETOCD EKTOONG AEKAVHS KOL UOPPOAOVIKNG KAIONS pITIOiov HTow op-
vnuikn. Meyding éktaong Aekadves mov Eyovv avamtvybel kovid ot amoliéels pnyud-
TV EYOVY OLOUOPPWDOEL LIKPTG KAIONG PITTiolo. OTOL KOPIOPYODY Ol TOTOUIES OIEPYOTI-
£G, EVM YEIUOPPOL LUE WIKPES TPOYEIS AEKAVES ATOPPONS, TOV PPIoKOVIaL OTO, AVOWOD-
LEVA TEUGYT PHYUATMV, EYOVY ONUIOVPYHOEL OTOTOUN PITIOLA OOV VA Kuplapyel n
Kivion vAikav 10y Popidtntag otnv avoroliki okt tov Koixov.

Aéeig wlewowa: Iopoxtio allovfiaxa pimiowa, Iocotikny I'ewpoppoloyia, Bopeiog
Evpoixog Kolrog, EALdda.

1. Introduction

Alluvial fans are sedimentary deposits with a form resembling the segment of a cone radiating
downslope from a point where a channel emerges from an upland (Blair and McPherson, 1994).
Fans are subaerial features; however, if they extend into water, they are called fan deltas.

According to Blair and McPherson (1994), there are three necessary conditions for optimal alluvial
fan development: (a) a topographic setting where a channel becomes unconfined by emerging from
an upland drainage basin to a relatively flat lowland, (b) sufficient sediment production in the
drainage basin for fan construction, and (c) infrequent intense precipitation to create high water
discharge needed to transport the sediment from the drainage basin to the fan site.

The aim of this study is to classify the fans according to the primary depositional processes (fluvial
and/or debris flow) controlling their formation and recent evolution, through quantitative
morphometry. Among the principal objectives of this paper is to present fan-basin morphometric
relationships for the fans, and to investigate the possible relationship between the geographic
distribution of fans and basins and the local tectonic patterns.

In Greece, similar attempts have been made to classify fan-deltas along the coast of the Gulf of
Corinth (Karymbalis, 2007; Karymbalis et al., 2010; Karymbalis et al., 2012).

2. Study Area

The studied fans are located on the east and west coasts of the North Evoikos Gulf, a NW-SE
trending graben, 100km long, which separates north Evia Island to the east from continental
Greece to the west (Figure 1). The Gulf of Evia rift system is a significant geomorphological fea-
ture, a Quaternary structure accommodating N-S crustal extension in Central Greece (Roberts &
Jackson, 1991). The amount of extension (from geodetic estimates for the whole of Central
Greece) is about lcm/yr, implying a fast mean extension rate (Ganas & Papoulia, 2000). Recent
research using local seismological networks has demonstrated that in this area seismic stress may
not necessarily be released with strong earthquakes, but instead with intense microearthquake ac-
tivity, usually in seismic swarms (Papanastassiou et al., 2001; Papoulia et al., 2006). Several major
normal fault zones, in a step-like arrangement striking WNW-ESE and dipping to the north bound
the high relief along both coasts. According to Goldsworthy and Jackson (2001) the coastal fault
system (Atalanti and Kandili fault zones) is probably the most active and recent (Figure 1). Apart
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from these major coastal faults, there are also NE-SW minor fault zones with motions during the
Quaternary (Palyvos, et al., 2006).

The coastal landscape of the west coast of the Gulf has undergone significant changes during the
Quaternary which can be recognized in the form of raised terraces, raised or submerged
beachrocks and marine notches while on the lowlands tsunami deposits are found (Cundy et al.
2000; Gaki-Papanastassiou et al. 1999). The central-eastern mainland of Greece is a tectonically
active region which hosts well-known WNW-ESE tectonic structures, such as the Atalanti, Ar-
kitsa-Agios Konstantinos-Kamena Vourla and Kallidromon Fault zones (Ganas & White, 1996)

Some historical earthquakes are known in the region from historical sources and archaeological
findings, but most cannot be associated with a particular fault. Only one, in 1894, is known to
have ruptured the surface and this occurred on the coastal fault system east of Atalanti
(Goldsworthy and Jackson, 2001; Goldsworthy et al., 2002; Pantosti et al., 2004; Pavlides et al.,
2004). According to Goldsworthy and Jackson, (2001), hanging wall migration of the faulting has
occurred, while they maintain that the basins in the Gulf of Evia (Evoikos Gulf) can change from
substantial subsidence to substantial uplift, erosion and re-deposition all within 1 million years.

The west coastal zone of North Evoikos Gulf, along the hanging wall of the Arkitsa fault, is domi-
nantly erosional (probably due to sediment starvation), with deposition confined to moderate to
large fan deltas (Cundy et al., 2010), while on the other hand the footwall sourced fan deltas of the
east side are generally smaller (Leeder and Jackson, 1993).

At the east coastal zone of North Evoikos Gulf the attitude of the normal faults switches from
dominantly N-dipping near Kamena Vourla in the west, to S-dipping and then finally to N-dipping
along the coastline of NE Evia (Goldsworthy et al., 2002). Normal faults along the east coast of
Evoikos Gulf are responsible for uplifted marine notches containing lithophaga (also along the
coastline of NE coastline of Evia) (Stiros et al., 1992). No modern earthquakes have occured in
this region but several historic events are noted.

Figure 1 - DEM of the broader area of North Evoikos Gulf. The main normal faults and the

subaqueous morphology are also depicted (DFZ: Dirfys fault zone, KFZ: Kandili f.z, AFZ :

Atalanti f.z, KAFZ: Kallidromon f.z, AKFZ: Arkitsa-Kammena Vourla f.z) (insert map of
Greece shows the location of the study area).
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3. Data Used and Methodology

The identification and delineation of the fans was based on field observations, aerial photo inter-
pretation (at 1:33,000 scale, taken in 1996, obtained from the Greek Ministry of Rural Develop-
ment and Food), and the use of detailed topographic maps (at 1:5,000 scale with 2 m contour lines)
obtained from the Hellenic Geographical Military Survey and geological maps of the sub-aerial
geology obtained from the Institute of Geology and Mineral Exploration of Greece (IGME). These
detailed topographic maps were also the source for the measurement of fan morphometric varia-
bles. Measurement of fan morphometric parameters was restricted to the portion of fan sediments
above sea-level since the subaqueous portions could not be measured due to the lack of detailed
hydrographic data.

Drainage networks and source catchments were delineated from topographic maps at 1:50,000
scale, with 20 m contour intervals, and aerial photo interpretation (at 1:33,000 scale, taken in
1996). The same maps were used for the measurement of the morphometric parameters of the
catchments. Measurements, calculations and visualization of the results were performed using
ESRI’s ArcGIS9.3 software.

The morphometric parameters for the fans and their catchments, which provided the most interest-
ing results, are given below:

® Drainage basin area (Ay), the total planimetric area of each basin, measured in km?.

® Drainage basin slope (Sy), obtained using the equation eXLc/Ab, where e=equidistance, L =
total length of contour lines and A,=basin area.

® Drainage basin crest (Cyp), the maximum elevation of the drainage basin, measured in m.
® Drainage Basin Perimeter (Py), the length of the basin border, measured in km.

® Length of channels (L.), the total length of the channels within the drainage basin,
measured in km.

® Drainage basin Relief (Ryp), the vertical difference between the basin crest and fan apex,
given in m.

® Melton's ruggedness number (M), obtained using the formula Ry*Ay 3.
® Drainage basin circularity (Ciry), obtained using the formula 47 Ay/Pb2,

® Drainage basin density (Dy), the ratio of the total length of the channels to the total area of
the basin, L¢/As.

® Total length of 20m contour lines within the drainage basin (£L.), measured in km.
® Fan area (Ay), the total planimetric area of each fan, measured in km?.
® Fan apex (Apy), the elevation of the apex of the fan, in m.

® Fan length (L¢), the distance between the toe (in our case coastline) and apex of the fan,
measured in m.

® Fan slope (S), the mean gradient measured among the axial part of the fan.

® Fan concavity (Cy), obtained using the formula a/b, where a=the elevation difference
between the fan axis profile and the midpoint of the straight line joining the fan apex and
toe and b=the elevation difference between the fan toe and the midpoint.

The relationships between selected basin and fan parameters were investigated by plotting log-log
graphs and determining the power functions that describe these relations.

XLVII. No1 - 347




4. Geological Background

The Alpine basement of the catchments consists of the geological formations of the Pelagonian
geotectonic zone. According to the geological mapping of the Institute of Geology and Mineral
Exploration of Greece - IGME - the formations of the Alpine basement of the study area is com-
posed of igneous rocks (intrusives such as diabases, peridotites, dunites, pyroxenites and ophio-
lites), Upper Paleozoic greenschists, schists, phyllites, and greywackes with conglomerates and
limestone or dolomite intercalations, Permo-Triassic limestones, greywackes, schists, prasinites
and volcanites. Trias and Jurassic are primarily represented by limestones and dolomites while
schist-chert formation (including radiolarites, sandstones, pelites with limestone lenses and en-
closed ophiolitic bodies) of Jurrassic age also occur in the study area. The younger Alpine rocks
are limestones (mainly biosparudites), crystalline limestones and marbles of Upper Cretaceous age.

Post-Alpine formations consist of lacustrine and terrestrial deposits (conglomerates, sands, clayey
material, marls and marly limestones) of Upper Miocene-Pliocene age and Plio-Pleistocene fluvio-
lacustrine deposits such as sands, conglomerates, clays, and peat or lignite beds. Valley bottoms
along of the major streams are covered by alluvial deposits of Holocene age. The mountainous
relief, the numerous torrents and the occurrence of extensive areas covered by erodible formations
(e.g., loose Quaternary deposits, Neocene sediments, flysch formation) can amplify the action of
the erosion process. As a consequence Evia Island exhibits a high frequency of landslides and
represents one of the sites in Greece with the highest landslide susceptibility (Rozos et al., 2013).

In order to investigate the influence of the drainage basin lithology on the evolution of the fans the
lithological units cropping out in the catchments were grouped into four classes based on their
permeability (IGME, 2010). The first group includes marls and clays, schists, ophiolites, volcanic
formations and FeNi deposits. The second group includes limestones, limestone conglomerates,
dolomites, sipolines. The third group consists of alluvial sediments, sandstones and travertine; and
the fourth group contains clastic sediments and molassic deposits. The relative distribution of each
one of the four main lithological types in the area of each basin was estimated and the dominant
catchment lithology group has been correlated to the fan area and the fan gradient. This correlation
showed that the role of the bedrock control on fan formation processes is not clear, probably be-
cause of the complexity of the system.

5. Classification of the Coastal Fans

Table 1 includes the values of the morphometric variables estimated for the coastal alluvial fans
and their drainage basins. The total number of fans is 42. By far the largest among the fans is
Dipotamon having an area of 10.62 km? (Figure 3). It has developed at the hanging wall of Ar-
kitsa-Kammena Vourla fault zone and can be characterized as a delta, dominated by fluvial supply
and wave activity, formed by a relatively large river with perennial flow. The area of the other fans
range between 0.01 and 3.78 km?. An important factor for the discrimination between the alluvial
fan processes is the size of the drainage basin (represented by the area and the total length of the
drainage network channels) (Crosta & Frattini, 2004). Morphometric parameters of the fans and
corresponding basins along with the tectonic setting of the fan-catchment systems were the main
criteria for the classification of the fans into the following four groups (Figure 2).

Group 1 includes five fans, four located on Evia Island (7-18-25-35) and fan 41 fan which lies on
the opposite side of the Gulf (Figure 2 & Figure 3). These have been developed laterally and par-
tially cover larger fluvial-dominated fans of the other groups. Their shape is conical and they do
not have well-developed channels. These fans are small (mean fan area is 0.09km?) with small
catchments (mean basin area is 1.05km?). Fan gradients for this group are high (mean fan slope
equals 0.09). Their morphology, as well as the morphometric characteristics of their catchments,
indicates that they are likely debris flow-dominated fans.

XLVII.No1 - 348




Group 2 contains 22 fans (1-2-3-4-5-6-8-15-16-17-19-20-21-22-23-24-26-30-31-32) on Evia Is-
land, and fans 37 and 38 on the west side of the Gulf (Figure 2 & Figure 3). The main characteris-
tic of this group’s fans is their tectonic setting. Both fans and drainage basins are situated on the
footwall of the main active normal faults which tend to be parallel to the east and west coast of the
Gulf. Both fans and catchments of this group are more extensive than those of the previous group
(mean area values are 0.33km? and 4.09km? respectively) whereas fans are less steep (mean fan
slope equals 0.07). Most of them have a triangular shape and are characterized as fluvial-
dominated.

Group 3 is comprised of ten fans (9-10-11-12-13-14-27-28-29-36) (Figure 2 & Figure 3), which
have developed along the coastline of the Evia Island. Fan-catchment systems of this group are not
directly affected by major faults as they lie between fault segments or near their terminations. This
type of tectonic setting provides enhanced opportunities for drainage growth (Leeder and Jackson
1993). These fans have a more semicircular morphology and are generally aggrading fans with an
active prograding area near the river mouth. They are more extensive than the previous group
(mean fan area is 0.68km?) and have more extensive catchments (mean basin area is 9.95km?).
They are characterized as fluvial-dominated.

Group 4 includes five fans (33-34 on Evia Island and 39-40-42 on the west side of the Gulf)
(Figure 2 & Figure 3). In this category, basins lie on the footwall of active faults while their corre-
sponding fans are on the hanging wall. In this group the fans have the greater mean area (2.87km?)
and the lower mean slope (0.03) and are typical fluvial-dominated fans formed by extensive drain-
age basins which are located on the uplifting block of active faults.

Figure 2 — Hillshade map of the North Evoikos Gulf with the classification of fans and their
corresponding catchments into four (4) groups according to the primary depositional
processes and their position with respect to the local tectonic pattern. Comments on fan and
basin characteristics as well as on their formation and their location are also shown.
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Table 1 - Values of the morphometric parameters for the coastal fans and their drainage ba-

sins

Name | A, P, | L XL, Dy, | Sy Cirp | Cp M | Apr | Ry A¢ L¢ St Cs
o 7 02 | 22 0.70 46 | 368 | 049 | 052 | 380 | 028 20 | 360 | o0.01 108.5 | 0.129 | 2.50
\% 18 L1 | 46 1.56 350 | 139 | 062 | 068 | 810 [ 0.69 80 | 730 | 005 | 409.1 | 0.132 | 1.45
:_ 25 08 | 42 1.50 83 | 200 | 022 | 053 | 280 | 0.28 40 | 240 | 0.2 | 5088 | 0.055 | 1.33
{:3 35 07 | 42 2.37 100 | 320 | 027 | 052 | 290 | 0.40 48 | 242 | o016 | 587.0 | 0.041 | LI8
41 25 | 71 4.29 509 | 175 | 042 | o061 | 630 | 036 60 | 570 | 0.0 | 313.0 | 0077 | 0.71
1 12 | 58 2.69 241 | 232 | 042 | 043 | 670 | 038 20 | 650 | 021 | 707.5 | 0.028 | 233
2 3.1 | 86 6.56 393 | 213 | 025 052 | 670 | 0.15 19 | 651 | 039 | 7092 | 0027 | 0.73
3 L1 | 54 1.93 189 | 1.77 | 035 047 | 670 | 021 36 | 634 | 031 | 7721 | 0.047 | 2.00
4 1.0 | 47 1.52 194 | 149 | 038 | 058 | 580 | 031 41 | 539 | 014 | 4724 | 0087 | 1.28
5 23 | 82 3.56 435 | 158 | 039 | 043 | 690 | 041 40 | 650 | 028 | 529.0 | 0.076 | 1.50
6 03 | 26 0.93 66 | 310 | 044 | 055 | 410 | 0.14 24 | 386 | 003 | 2336 | 0103 | LI8
8 1.6 | 62 3.46 375 | 211 | 046 | 054 | 710 | 0.19 40 | 670 | 0.0 | 417.7 | 0.09 | 1.67
15 41 | 105 6.9 754 | 1.69 | 036 | 048 | 890 | 032 60 | 830 | 006 | 4693 | 0.128 | 161
16 55 | 103 776 | 1543 | 142 | 056 | 065 | 870 | 0.3 40 | 830 | o016 | 5339 | 0075 | Ll

~
% 17 22 | 71 3.24 615 | 150 | 057 | 054 | 970 | 0.92 36 | 934 | 011 | 4232 | 0.085 | 1.00
i’ 19 03 | 26 2.25 10.0 | 7.03 | 0.63 059 | 650 | 0.89 | 144 | 506 | 008 | 7313 | 0.197 | 112
% 20 03 | 27 1.97 99 | 597 | 060 | 056 | 630 | 030 | 100 | 530 | 005 | 5513 | 0.181 | 0.92
S 21 53 | 95 7.61 1458 | 145 | 056 | 074 | 970 | 032 | 100 | 870 | 0.5 | 790.0 | 0.127 | 0.92
22 323 | 279 | 5855 | 664.0 | 1.81 | 0.41 052 | 930 | 035 56 | 874 | 177 | 2107.7 | 0.027 | 0.70
23 33 | 88 7.77 708 | 235 | 043 054 | 850 | 043 62 | 788 | 039 | 1132.8 | 0055 | 1.58
24 04 | 28 0.84 38 | 240 | 022 | 058 | 210 | 0.64 26 | 184 | 015 | 603.6 | 0.043 | 117
26 92 | 145 16.86 | 1363 | 1.84 | 030 | 055 | 930 | 030 20 | 910 | 022 | 586.9 | 0.034 | 0.67
30 20 | 68 3.98 444 | 196 | 044 | 055 | 350 | 0.60 20 | 330 | 0.09 | 533.1 | 0038 | 1.86
31 20 | 70 3.5 459 | 1.67 | 047 | 050 | 430 | 037 16 | 414 | 003 | 3956 | 0.040 | 1.29
32 43 | 95 7.01 1163 | 1.63 | 054 | 059 | 1090 | 0.83 24 | 1066 | 0.02 | 272.9 | 0.088 | 2.00
38 21 | 717 5.14 244 | 247 | 023 045 | 350 | 0.23 20 | 330 | 041 | 840.1 | 0.024 | 1.00
37 62 | 133 | 1102 704 | 1.79 | 023 044 | 440 | 0.16 39 | 401 | 203 | 1683.1 | 0.023 | 1.44
9 57 | 154 8.39 882 | 146 | 031 031 | 740 | 0.53 20 | 720 | 0.08 | 547.8 | 0.037 | 0.67
10 02 | 23 0.22 40 | 100 | 037 | 051 | 200 | 030 24 | 176 | 0.2 | 5560 | 0.043 | 0.71
11 07 | 35 4.99 127 | 713 | 036 | 070 | 230 | 0.24 28 | 202 | 033 | 1039.4 | 0.027 | 1.00

—
% 12 02 | 17 1.23 28 | 7.69 | 035 0.66 | 110 [ 022 22 88 | 0.7 | 839.8 | 0.026 | 1.75
i/ 13 40 | 92 | 1348 63.1 | 337 | 032 | 059 | 420 [ 038 36 | 384 | 094 | 15387 | 0.023 | 1.77
% 14 39 | 10.6 8.21 87.1 | 213 | 045 044 | 670 | 0.70 44 | 626 | 041 | 9735 | 0.045 | 0.76
S 27 22 | 76 2.54 359 | 1.16 | 0.33 047 | 470 | 043 24 | 446 | 013 | 4633 | 0052 | 1.40
28 20| 72 2.45 303 | 126 | 031 048 | 470 | 061 24 | 446 | 008 | 3843 | 0062 | LI8
29 485 | 369 | 81.13 | 8882 | 1.67 | 037 | 045 | 930 | 0.52 16 | 914 | 079 | 12355 | 0013 | 0.78
36 322 | 304 | 5504 | 4500 | 1.71 | 028 | 044 | 830 | 030 36 | 794 | 378 | 2863.9 | 0.013 | 1.25
o 33 40 | 88 7.91 1085 | 196 | 054 | 066 | 850 | 0.23 40 | 810 | 028 | 639.1 | 0063 | 233
\Ilﬁ/ 34 145 | 209 | 2544 | 2593 | 1.75 | 036 | 042 | 850 | 051 44 | 806 | 2.94 | 18811 | 0.023 | 1.20
: £y 100.1 | 49.9 | 170.52 | 1661.4 | 1.70 | 033 0.51 | 930 [ 0.09 64 | 866 | 10.62 | 45380 | 0.014 | 1.29
oé 40 74 | 140 688 | 1166 | 047 | 032 | 047 | 650 | 022 40 | 610 | 038 | 1409.8 | 0.028 | 0.82
39 12 | 64 2.77 149 | 227 | 024 | 037 | 3% | 033 28 | 362 | 0.4 | 6757 | 0.041 | 0.56
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Figure 3— Hillshade map of the North Evoikos Gulf (Gulf of Evia) showing the main faults
and the location of the studied fans and their catchments.
6. Alluvial Fan - Drainage Basin Morphometric Relationships

The study of the morphomerty of alluvial fans and drainage basins reveals information regarding
fan evolution and the dynamics of hydrological processes responsible for fan formation (Harvey,
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1997). The correlation between the geomorphic features of the studied fans and their drainage
basins include the investigation of the relationship between basin area and fan delta area, as well as
between basin area and fan delta slope.

6.1. Drainage Area (Ab) versus Fan Area (Af)

The most commonly compared feature of the alluvial fan and its drainage basin have been their
respective areas. Bull (1962) was the first to recognize that as drainage basin area increases, the
size of the alluvial fan increases. He quantified the relationship with a simple power function:

A=cdit (1)

where Ay is alluvial fan area, Aq is drainage basin area and c is an empirical derived coefficient
representing the area of an alluvial fan with a drainage basin area of 1.0. The exponent k is the
slope of the regression line and measures the rate of change in fan area with increasing drainage
basin area. Comparison of these two parameters offers the most interesting correlation for the total
of the coastal fans of the study area. As drainage basin area is the most effective factor for the fan
area, the comparison of coarse sediment supply is carried out by use of regression lines between
drainage basin areas and fan areas. By representing this relation on a log—log plot (Figure 4a) it
becomes clear that the data fit the following single exponential function:

Ar=0.124,"7 (1.1)

with a positive correlation coefficient of 0.89. The reason for this strong positive relation is that
sediment discharge out of the catchment increases as drainage area increases. This shows that the
size of the contributing basin is an important control on the availability of sediment for transport to
the fan.

The coefficient ¢, which according to Harvey (1997) typically ranges from 0.1 to 2.2, has the value
of 0.12 for the study area. The exponent k attains the value 0.7 and is in agreement with the aspect
that the exponent varies from 0.7 to 1.1 (Harvey, 1997) and that it is generally less than 1.0
(Hooke and Rohrer, 1977). In the literature different values of the exponent k and the coefficient c
for humid and sub-humid region fans have been reported (Crosta and Frattini, 2004). This
variability has been attributed to different factors, such as climate conditions, tectonic setting, and
relative erodibility of source area rock types. The variability of the exponent value for the four
groups of fans reflects variations in tectonic setting.

The graph of basin area vs. fan area (Figure 4a) shows that while there is a general trend of
increasing fan area with increasing basin area, as expected, there is wide variation in fan areas for
given basin areas. The variation in fan area attributed to different tectonic setting is hypothesized
to be one of the reasons why basin area alone is not a strong predictor of fan area. Another
suggested reason is that the morphology of the fans is strongly affected locally by secondary
processes (such as coastal erosion) which mobilize and modify sediments previously transported
by primary processes.

6.2. Drainage Area (Ab) versus Fan Slope (Sf)

Another relationship that has been investigated in the literature is the one between the drainage
basin area and the fan gradient (Hooke, 1968; Harvey et al., 1999).

S=cds* )

The relation between these two parameters for the total number of the fans (Figure 4b) can also fit
a potential type function of the following form:

Sf=0.06Ab'0'23 (2.1)

The value of the exponent (-0.23) falls within the range of values determined for the majority of
examples described by other authors (-0.35 to -0.15) (Harvey, 1997) while the coefficient (0.06) is
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in the range of typically reported values (0.03-0.17). The reason for this correlation is that water
discharge increases with drainage area resulting in higher flow velocities and bed shear stress.
Thus the flow is capable of transporting on a lower slope the same material transported by smaller
discharges on a higher slope. Variability among the values of exponent and coefficient for the fans
of the four groups can be attributed to different tectonic settings of the fan-catchment systems.

Figure 4 - (a) Drainage basin area vs. Fan area and (b) Drainage basin area vs. Fan slope log
— log plots (dashed lines refer to total of the fans).

All the above mentioned relationships, for each group and for the total of fans, can be summarized
in Table 2. Group 4 shows the best correlation coefficient for both functions (Drainage Basin arca
(Ap) vs Fan area (Af) and Drainage Basin area (Ay) vs Fan slope (Sy)).

Table 2 - Summary of relationships' functions for each of the four fan groups

Drainage Basin Drainage Basin
area vs Fan area area vs Fan

(Af) slope (Sf)
Group 1 Ar=0.08A,*%2 S¢=0.07A,014
Group 2 Ar=0.11A,2° St=0.07A,%%

Group 3 Ar= 0.20A," St=0.03A,"16
Group 4 Ar=0.09A4"% Si=0.06A,
Total A= 0.12A,07 S;=0.06A,023

7. Conclusions

This study deals with the identification and morphometric analysis of alluvial fans and their
contributing catchments along the coast of North Evoikos Gulf. Qualitative and quantitative
geomorphological observations led to an initial classification of the fans.

Four main fan types with distinct different morphological features, formed in different tectonic
settings, were recognized. The first group includes small relatively steep fans likely affected by
debris-flow processes. Fan-catchment systems of the second group are located on the footwalls of
the main active normal faults and have generally small, short and steep feeder channels due to
tectonic uplift. The fans of the third group are "open" with low gradient, and are fluvial-dominated
with larger feeder channels. Both fans and corresponding catchments of this group lie between
fault segments or near their terminations. Finally, the fourth group includes the more extensive,
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gently sloping fluvial fans that have developed on the hanging walls of major faults formed by
extensive basins which are located on the uplifting blocks.

A strong positive relationship between fan area and drainage basin area was identified for the
combined group of fans of the study area. The exponential function for the fan area — basin area
relationship showed that larger basins supply proportionally less sediment to coastal fans than the
smaller ones. Although there is a general trend of increasing fan area with increasing basin area,
there is wide variation in fan areas for given basin areas. One of the reasons why basin area alone
is not a strong predictor of fan area is hypothesized to be the variations in fan area attributed to
different tectonic settings.
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