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Abstract 

The submarine fan deposits in Lemnos Island, o.f the N E Greece provide a pelfect 
opportunity to investigate the iJ~fluence ofprocesses such as erosion and bed amal­
gamation in the alternation of the shape ofa power-law cumulative frequency dis­
tribution. The bed thickness distribution in two outcrops oflate Eocene to early Oli­
gocene turbidite deposits that correspond to different sub-environment, has been as­
sessed statistically. Sediments of the outcrop I at the SE parts of the Lemnos Island 
interpreted as outer fan deposits and sediments of the outcrop 2 located at the NE 
parts ofthe island as inner fan deposits show both a good fit to the power-I([1N, am­
plifying the hypothesis that departures from power-law statistics might be used as 
evidence of erosion and bed amalgamatiOn. The main difference between these two 
outcrops is that the power law exponent decreases abruptly from outcrop 1 to out­
crop 2, confirming with the aspect that the power law exponent can be considered as 
a good indicator for the available sedimentary space. 
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01 (J:lT:Oei.:uE:l~ uJroBaJ.a(Ju{wv plm{jfwv OTO vrr(Ji rJ7r; Ar,flVOU, OTIJV BA EJ.MJa, IT:api.:­
XOVV flW IT:pCUTIJr; T~ecUr; wKwpia YW Tl7V 6U:pWvrriJ77 Trrr; miJlla(Jrtr; 6IW5IK(J.(JIWV 0­
IT:Wr;, rr Jl(jfJPWiJ77 KW rr (JuIlJrayoJroi!wrt OTrrV aJJ.ayr, TOV uxr,llaTOr; fllar; }((J.T(J.VOIlr,r; 
TVlT:OV power-law. H Kawvoll'7 TWV Jraxwv (JE: Joo (jJU(JlKi.:r; TOfli.:r; TOVpfJIJITlKCUV alT:O­
Bi.:mxuv f7A/Kiar; Av. HWKaivov- K. O),lyoKafvov JrpoublOpfiJT17K(J.v uWTlOT1Ka. Ta d;r,­
p.aw TIJr; TOflr,r; 1 (jW NA Tflr,flaT(J. TOV vrr(J/o{) i.:xovv ePf.lrrvwBci (Jav (J,lT:Oei.:uur; e~CuTe­
P1KOV plmbiov eVW w. l(r,/I(J.W Trrr; TO}.ir,r; 2 (J(1V o.lT:oBi.:(Jur; WWTeplKOV plm(5fov. 01 
boo TO/li.:r; i.:xovv KaJ.r, uvUXf:rlUrt Ile Tl7V KaTavollr, power-law E:VlUXIJOVTar; TrrV VJrO()e­
(]I7 OTI alT:OK),.I(Jelr; 0.lT:0 Tl71l power-law KaT(J.voflr, IllT:OPOOV va BewprrBovv (jaV eV&iC;E:lr; 
yzo. Jl(jPpw(J1J Ka! UVfllT:aY0lT:oirWrt. H po.mKft bW(jJopa TWV Jvo /ldarrei.:vTwv (jJV(JlKWV 
WflWV elva! OT! 0 eKBf:rrrr; TIJr; Ko.w.VO/lr,r; power-law /lE:IWVeTaZ o.lT:OTO/Io. alT:O Trr VTOflr, 
1 CiTrrV TOflr, 2 empepalwvoVTar; Tl7V alT:0llflJ on civw avaJ.oyor; fIE: TOV bwei.:iJI}1O xwpo 
1(17Ilawyi;ve(]l7r;· 
Ai~elr; K).el{jUl.: YlT:OeaJ,a,(J(J1O plJriJIO, TOvpp/biTer;, IT:Ctxor; OTpwwirwv, power-law 
Kaw.volli.:r;· 
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1. Introduction-Geological setting 

Distinctions between depositional environments are an essential component in basin analysis. The 
thickness of a turbidite bed in a particular point within a sedimentary basin is determined by the 
shape of the bed and the distance of the source. The shape of the bed depends upon factors such as 
initial sediment volume, grain size(s) and flow concentration (Middleton and Neale 1989, 
Rothman and Grotzinger 1995, Malinvemo 1997, Carlson and Grotzinger 2001). 

The frequency distribution of turbidite bed thickness provides informations on flow hydrodynam­
ics and is a useful tool for petroleum reservoir modeling, particularly if thicknesses can be related 
to sediment volumes (Middleton and Neale 1989, Flint and Bryant 1993, Rothman and Grotzinger 
1996, Malinvemo 1997, Carlson and Grotzinger 2001). The bed thickness values, measured along 
a vertical succession, follow a power-law trend in their spatial distribution (Hiscott et a1. 1992, 
Rothman et al. 1994, Rothman and Grotzinger 1996, Malinvemo 1997, Carlson and Grotzinger 
2001). Departures from power-law statistics between several sub-environments owe to sedimen­
tary processes such as erosion and bed amalgamation (Rothman et al. 1994). 

The study area is located in the NE Aegean (Fig. 1A). The sedimentological evolution of the Lem­
nos area is based on the geological mapping that was carried out by Roussos (1993) (Fig. IB). 
From upper Eocene to lower Oligocene in Lemnos Island, Greece, submarine fan deposits and 
shelf deposits were accumulated with shelf deposits overlying the submarine fans (unit 1-4, figs. 
IB, IC) (Maravelis et af. 2006). The depositional processes were grain flows, debris flows and 
low, medium and high-density turbidity currents whereas the recognized sedimentary facies were 
classified as inner-fan, mid-fan and outer-fan deposits (Maravelis et al. 2006). 

The aims of this paper are: (i) to highlight on how power-law cumulative frequency distributions 
can applied both on proximal and distal turbidite deposits and (ii) to use these results in order to 
establish the basin geometry evolution of Lemnos Island. 

2. Methodology 

The two data sets consist of measured vertical sequences of continuously exposed turbidites (Fig. 
2) On account of the inability of distinction between the turbiditic and hemipelagic mud, the 
measurements were restricted to the arenaceous component. Each discemible sandstone bed was 
measured although a minimum cut-off of 1 cm was established. In cases where the determination 
of bed thickness was intractable on account of erosion, a number of measurements of the same bed 
were realized in order to evaluate the average bed thickness. Moreover, the thickness of each sand­
stone bed was measured irrespective of whether or not the beds are inferred to represent a single 
flow or multiple flows that have been amalgamated to form a single bed. 

3. Sedimentological analysis 

3.1. Outcrop 1: 

This outcrop is located at the SE part of the Lemnos Island near the Skandali village (Fig 1).The 
deep water sediment deposits consist of monotonous alternations of sandstone and claystone beds 
(Fig. 2A). The majority of the sandstone beds are thin-bedded « 10 cm) although a few beds with 
thickness from 20 cm to 33 cm have been found (Fig. 2B). Regular Tb- and Tc- type turbidites 
(less than 10 % of the measured sandstones beds contained the Ta subdivision of Bouma sequence) 
are parallel sided and laterally extensive with a few scours and no channels (Figs. 2C, 2D). Beds 
are almost always flat based, and tops grade into fine sediment (Fig. 2E). Tool marks can easily be 
found at the bottom of the thicker deposits although scour marks are very rare. The characteristic 
features of this outcrop demonstrate deposition from both low and high density turbidity currents. 
The above sediments, deposited in this particular outcrop, were interpreted as outer fan deposits 
(Maravelis et al. 2006). 
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Figure 1 - (A) General location of the study area at the NE Aegean, Greece. (B) Geological 
map of Lemnos Island. (C) General stratigraphy of the study succession and indication of the 

main Bouma divisions 
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.Figure2 - Detailed photographs of the outer fan deposits: (A) Monotonous alternations of 
sandstone and claystone beds. (B) Medium bedded sandstones in an overall thin bedded suc­
cession. (C and D) Regular Tb- and Tc-type turbidites. (E) Sandstones with flat bases in con­

tact with claystones. 

3.2. Outcrop 2: 

This outcrop is located at the NE part ofthe Lemnos Island close to the Panagia village (Fig 1). 
Most of the sandstone beds are thin to medimn bedded although a few beds with thickness up to 4 
m have been found). Regular Ta- and Tb-type turbidites (less than 10 % of the measured sand­
stones beds contained the Tc subdivision of Bouma sequence) are parallel sided with bad lateral 
continuity (Figs 38, 3C). Beds are almost sharp based although some of the thicker deposits pre­
sents erosive bases and tops grade into fine sediment (Fig. 3C). Scour marks can easily be found at 
the bottom of the thicker deposits. The characteristic features of this outcrop demonstrate deposi­
tion from high density turbidity currents. The above sediments deposited in this particular outcrop 
were interpreted as inner fan deposits and especially channel-fill deposits (Maravelis et at. 2006). 

- 157­

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



Figure 3 - (A and B) General photographs of the channel-fill. (C) Regular Ta- and Tb-type 
turbidites and erosional surface at the base of the thicker deposits. (D) Regular Ta- and Tc­

type turbidites. (E) Levee deposits 

4. Statistical analysis 

4.1. Outcrop 1: 

In this outcrop, 189 sandstone beds \vere measured and their log-log values cumulative distribution 
showed a good fit to the power-law (R2> 0.9) (Fig. 4) suggesting that erosion and bed 
amalgamation were not the dominant processes during deposition. Moreovel", a high value of 
power-law exponent (1.33) indicates a broad basin geometry. 

4.2. Outcrop 2: 

In this outcrop, 58 sandstone beds were measured and the Log-Log cumulative distribution showed 
a good fit to the power-law (R2> 0.9) (Fig. 5) suggesting that erosion and bed amalgamation were 
not the dominant processes during deposition. Moreover, a low value of power-law exponent 
(0.73) indicates less broad basin geometry than tIle outcrop 1. In figure 5 it can be observed that 
the thickness of two beds is much greater than the rest. This indication could lead to the 
assumption that excluding these two thick beds, the distribution would be similar to that in outcrop 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



1. The previous assumption is invalid because if we exclude these two beds the power-law 
exponent remains low and below unity. 
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Figure 4 - Log-log bed thickness cumulative distribution of outcrop 1 
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Figure 5 - Log-log bed thickness cumulative distributiou of outcrop 2 

4. Discussion- Conclusions 

The sedimentological analysis in these two outcrops showed that erosion and bed amalgamation 
were not the dominant factors which controlled the deposition of sediments. Even in the outcrop 2, 
which has been interpreted as channel-fill deposit, the majority of the sandstone beds presented 
with flat or sharp bases while the erosion restricted in some of the thicker beds. The statistical 
analysis showed that the linear fit of the two measured outcrops in the log-log plots show a high 
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least squares value (R2= 0.96) thus have a good fit to the power-law (Carlson and Grotzinger 2001) 
corresponding to minimal erosion (Rothman et al. 1994). The main difference between these tow 
outcrops is that the power-law exponent decreases abmptly from 1.33 at outcrop 1 to 0.71 at 
outcrop 2. This difference at the power-law exponent can provide useful information about the 
variation of turbidite deposition from regiou to region. It has been hypothesized that changes in the 
power-law exponent are related to depositional variation ranging from basin geometry to flow 
types (Rothman et a!. 1994). It is considered that the power-law exponent is analogous to the 
available sedimentary space (Rotha.mn and Grotzinger 1995). In outcrop I the high value in 
power-law exponent is the result of the subsistence of more sedimentary space than in outcrop 2 
where the turbidity currents formed thicker beds. This conclusion provides infonnation about the 
basin geometry suggesting that, during depositional processes, probably the basin was broader at 
the outcrop 1 than at the outcrop 2 which gradually restricted. This study amplifies the theory that 
the existence of a power-law cumulative distribution is an indicator of minimal erosion and bed 
amalgamation (Rothman et af. 1994) such as the fact that the power-law exponent is analogous to 
the available sedimentary space (Rothamn and Grotzinger 1995). However, the presence of the 
power-law cumulative distribution although is not indicated in Rothman et al. (1994), this model 
could be applicable in specific conditions where the effect of the erosion and bed amalgamation 
was not of great importance. 
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