\ HYDRAULIC DETERMINATION AND PALAEOFLOW TRENDS
“ OF TURBIDITE DEPOSITS IN KLEMATIA- PARAMYTHIA BASIN

P.AVRAMIDIS!' & N, KONTOPOULOS?

ABSTRACT

The Klematia-Paramythia basin consists of thick turbidite sequences that deposited as submarine fans
during middle Eocenc to late Miocene. The hydraulic statistical parameters show thar these turbidites may
have been deposited by two distinct in grain concentration, low-density flows. The mean palaeoflow
velocity at the time of deposition ranged from 0.1-18cm/sec, Using lenticular lobes, sole marks, and
channels the palaeoflow trends can be reconstructed. These palaeoflow indices suggest that during middle
Eocene to late Oligocene the palaeollow trends of the submarine fans were almost the same with the
direction of progradation of Pindos foreland, ENE-WSW. During early Miocene to late Miocene the
palaeoflow trends changed as both palaeoflow indices with NNW-SSE and ENE-WSW directions have
been observed.
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1. INTRODUCTION

The grain size and the composition of sediments are related to the source material, the mode and the
agent of transport. In submarine fans the transport of the sediments is made by turbulent and turbiditic
currents. Fluid turbulence is the mechanism for the transport of sediments in suspension and the turbiditic
currents are the way to describe this type of transport.

Turbiditic currents carry large volumes of sand into the deep ocean and deposit their load when
velocity is reduced and the relief becomes gentle. The turbidite deposits are characterized by the Bouma
sequence {Bouma, 1962) and are related to the submarine fan and fan facies models association (Mutti &
Ricci-Lucchi, 1975). A complete Bouma sequence from the base upward consists of massive sand (Ta),
laminated sand (Tb), cross - laminated sand or convolute bedding (Tc), laminated silt - sand (Td) and
laminated mud (Te) (fig.1). The divisions of Bouma sequence represent the tlow parameters ol a waning
current and the flow conditions at the time of deposition. According to Walker (1965) the massive unit
indicates the upper flow regime. the laminated sand unit shows a shooting flow regime, the cross -
laminated sand and the laminated silt - sand the lower part of the lower flow regime. Continuity to
laminated silt ~ sand division is the laminated mud, which is settled from suspension.

A number of researchers have made hydraulic interpretations of turbidite deposits based on experiments
using suspension or autosuspension criteria. There are attempts which evaluate the hydraulic conditions
during the development of the turbidite current, from their grain size and their structures (Middleton, 1967,
Lowe 1982: Komar 1985). All these attempts have been made in order 10 estimate the nature of the flow
(water versus airy and evaluate the flow velocity and the bottom stresses at the time of deposition.

Another element for estimating the hydraulic conditions, is the direction where the flow develops. The
palaeocurrent direction in an ancient submarine fan can be derived from erosional structures such as sole
marks, slumps and channels. The sole marks, as erosional structures, are usually observed in the beginning
of the Bouma sequence or generally in the bases ol coarser beds in interbedded sequences. Slumps and
channeled structures are recognized in vertical sections in the inner fan and lobes with lenticular geometry
in the outer fan.
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The ‘aim of the present paper.is to_estimate the hydraulic characteristics of turbidite deposits in
Klematia-Paramythia basin and-the-palagofiow directions of the submarine fans development. Moreover,
ealculated hydraulic parameters of this study will be compared to experimental results of other works.
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Figure 1: Turbidite unit showing the Bouma mtervals Ta, Tb, Tc and Td. as it has been observed in Klemartia -
Paramythia basin.




2. GEOLOGICAL SETTING

: The Klemaria, -~ Paramythia basin belongs to the middle Ionian zone (LGSR & LF.P., 1966) and
consists of,; middle Eocene to Tate Miocene, thick uirbidites, deposited as submarine fans. The studied basin
[ s abour4Skm leng and <ISkm wide with a NW.-SE/trend, parallel to the isopic zones of external
",IHcHemdes..(/\uhouin‘ 1965). During middle Eocene to early Miocene. Gavrovo and lonian zone, were a
foreland basin (Uinderhill; 11985). which svas formed on the [ootwall of Pindos thrust. According to
Avramidis et aly (1997) the configuration and the depositional environments of the studied basin were
alfected by two tectonic events, During the first tectomc event, middle Eocene to late Oligocene, Ionian
softe wis a foreland basin and in the studied area outer fan afd basin plain deposits were accumulated up to
1050m thick. During the second tectonic event, late Oligocene to late Miocene, due to the lonian zone
subdivision, in the study basin both inner and outer fan deposits were formed, up to 2300m thick (fig.2).
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Figure 3: Cumulative curves of settling velocity (Psi} distributions through Bouma sequences of the middle Eocene 1o
late Oligocene age, Wneiakr BiBAoBnkn "©eéppacTog” - TuRpa Mewloyiag. A.M.O.



Position A

" [ Sample * Sorting  SKewness Settling Mean flow Bouma Distance
L velocity velocity division {cm)
Al 1,99 2 0,52 5,35 Ta 2
A2 217 04 0,44 1.02 Tb 13
Al 2,12 051 0.4 6,46 Tb 23
“ A4 2,26 0,56 032 5,14 Te 32
As 5 399 025 0.04 071 Td 39
Position'B
Sample  Sorting Skewness Settling Mean flow Bouma Distance
velocity velocily division (cm)
Bl 2,32 041 0,86 13,6 Ta 2
B2 2,32 033 0,58 9.2 Tb 27
B3 2.46 031 042 6.69 Tc 40
B4 2,76 0.37 0,18 2,93 Td 42
Position C
Sample Sorting Skewness Settling Mean flow Bouma Distance
velocity velocity division (cm)
Cl 6,05 053 0,12 1.92 Ta 2
C2 8.26 0.58 0.08 1.35 Tb 8
C3 4 0.35 0.09 1.57 Te 14
C4 3,79 0,05 0,02 0.32 Td 19
Position D
Sample  Sorting Skewness Settling Mean flow Bouma Distance
velocity velocity division (cm)
DI 9.44 0,59 0,15 241 Ta 2
D2 8.28 -0,01 0,01 0,01 Tb 29
D3 7.01 0,32 0,02 043 Te 35
Position E
Sample  Sorting Skewness Settling Mean flow Bouma Distance
velocity velocity division {cm)
El 2.39 0.61 0,32 521 Ta 2
E2 4,17 0,66 1.22 19,33 Th 22
E3 3,66 0.18 0,04 0,63 Tc 42

Figure 4: Statistical parameters of settling velocity distributions and hydraulic measurements of middle Eocene to late
Oligocene turbidite samples,

3. METHOD

In order to estimate the hydraulic characteristics and the palaeocurrent conditions 10 positions have
been selected from the whole basin, which are characterized by the Bouma sequence. These sequences
include at least the Ta, Tb and Tc divisions. From each position 3-5 samples were collected. vertical to the
Bouma sequence, and were analyzed for their grain size. The total thickness of the Bouma sequences
ranged from 2 lem up to Slem with an average thickness of 40cm. The grains were separated using 20%
solution ol perydrol (H,0,) and trisodium phosphate. The boiling with these reagents had good results in
grain separation, as this were tested by the microscopic examination of the samples. In 6 out of 10 selected
positions only the Ta, Tb and Tc divisions were distinguished, as Td division was missing.

Using Rubey’s ( 19&3} .%en,eral ;\orénuta,,é‘or, semin§ yelocities we)\co;weﬂtﬁl gia{nf:lers ol grains (mm),
in settling velocity vuﬂ%gm\g'ﬁm'ocﬂ'{/rlecfo‘rﬁgcftuﬁlﬁlak"i%acﬁ‘lpve%w%%re' coristructed, based on the



Iugar:i-lhmic Psi=-10g,( W Jscale where W[ is the measured settling velocity, a scale proposed by Middleton
(1967 tirst. From the hydraulic cumulative curves the statistical parameters such as sorting and skewness
were caleulated,-based onInman (1952} equations. la.ordertoestimate the mean palaeoflow velocity, at
|the time-of deposition. ithe! Psiq, ¥alues eonverted to settling velocities. [rom the cumulative hydraulic
worves and using Middieton(1967) scale.

& The estfmation of the mean flow velocity at the time of deposition, is based on Komar’s (1985)
hydraulic int¢rpretation of turbidires! According to this.interpretation the mentioned mean flow velocity is
Liven by the folloWwing equation:

w

m

\ 3

where the o is the mean flow velocity at the time of deposition. W is the settling velocity which

o

corresponds to 50-percentile and C, is a dimensionless drag coefficient. Values of C, in the range 0.0035-
0.005 have been emploved by Jonson, (1964), Bowen et al. (1984), and Komar (1985). In the calculations
of mean flow velocity, we used C=0.004, as proposed by Komar (1985) first.

The palaeocurrent directions came from palaeoflow data such as sandstone lobes with lenticular
geometry (from outer fan), channels (from inner fan) and erosional structures (sole marks) (from both
outer and inner fan).
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Figure 5: Cumulative curves of settling-velocity (Psi) distributions through the Bouma sequences of the carly Miocene
10 late Miocene deposits. Wneiakr BiBAI0BrKkn "OedppaoTtog” - TuAua Mewhoyiag. A.MN.O.



| 1

b

Position F

g Fample . Sorting  Skewness Settling Mean flow Bouma Distance
. ' velacity velocity  division (em)
tl 2 ol 043 041 651 Ta 2
F2 4.69 0.41 0,15 259 Tb 18
E3 5 0,34 0,08 127 Tc 32
F4 6,98 0,44 0,03 (.52 Td 41
Position G
Sample  Sorting Skewness Settling Mean flow Bouma Distance
velocity velocity division (cm)
Gl 4,63 0.73 1.19 18.93 Ta 2
G2 7.44 054 0,15 243 Tb 20
G3 546 a5 M 1,58 e 38
Position H
Sample  Sorting Skewness Settling Mean flow Bouma Distance
velocity velocity division (C“u
Hl1 343 0,42 04 642 Ta 2
H2 8,58 045 0,07 1,25 Tb 16
JI& 6,63 057 0.36 5.74 Te 28
Position 1
Sample  Sorting Skewness Settling Mean flow Bouma Distance _\
velocity velocity division (cm)
1l 8,65 0.38 0,05 0.86 Ta 2
12 9,46 0,14 0.01 0,1 Th 12
13 6.91 0.48 0.04 0,64 Te 26
Position J
Sample  Sorting Skewness Settling Mean flow Bouma Distancq
velocity velocity division fem)
11 8.44 0,38 0.05 0.86 Ta 2
2 5.86 0,14 0,01 0.1 Tb 16
13 442 048 0.04 .64 Te 38
| Ja 4.5 042 0,01 0,1 Td 50

Figure 6: Statistical parameters of scttling velocity distributions and hydraulic measurements of the early to late
Miocene turbidite samples.

4. SAMPLING AND PRESENTATION OF RESULTS

Middle Miocene - late Oligocene turbidites

Samples have been collected from the turbidites which were accumulated during the first tectonic
event{middle Eocene-late Oligocene). The localities of sampling are showed in figure 2. The positions
AB.C.Dand E are referred to turbidite deposits of middle Eocene to late Oligocene age. The cumulative
curves of settling velocity (Psi) distributions are presented in figure 3. The numeration of the samples has
been made from the base to the top of Bouma sequences,

The results of the Tghglack BiENOERKkTHOOPRasTEe" DTl Felikaige. Alfgyen In lizure 4. In this

figure, we present the statistical and hydraulic parameters such as sorting, skewness, settling velocity,




mean flow velocity. Bouma intervals and the distance from the base of Bouma sequence which the samples
have'been collected. The'mean flow velocities for the samples of the first tectonic event, ranged from 0.01-
19.33emy/sec and-the meanvalue was 4.9lcm/sec.

EFarfv-Mioeene - late Miocene iurbidites

Samples have been collected from the Bouma sequences which were formed during the second tectonic
event(early-late. Miocene). The positions where sthe sampling has been made are indicated in figure 2.
Thesé positions are 'F.GH.T and ). The camulative eurves ol settling velocity (Psi) distributions are
presented in'figure 5 and the statistical parameters and hydraulic measurements are presented in figure 6.
Theunean flow velocities forthe secandtectonic event rangeddrom (L01-18.93cm/sec and the mean value
was 2.96cm/sec.

5. PALAEOFLOW TRENDS

The palaeoflow trends during the first tectonic event (middle Eocene-late Oligocene), have been
estimated from the sandstone lobes and the sole marks. The sandstone lobes suggests E-W and ENE-WSW
trends (fig.2). These directions also are the directions of the submarine fan progradation. which were
developed in return to the beginning of Pindos thrust activity. Moreover, the statistical analysis of 42 sole
marks indicates a ENE-WSW palaeoflow direction(fig.7a). Both the sandstone lobes and the sole marks of
middle Eocene to late Oligocene age suggests that the development of the submarine fans was almost
parallel to the westward progradation of external Hellenides.

The palaeoflow trends, during the second tectonic event (early Miocene - late Miocene), have been
estimated from channeled sandstones, observed in the inner fan, lenticular sandstone lobes, observed in the
outer fan and from 41 sole marks. The channeled sandstones and the sandstone lobes indicate a NNW-SSE
and a WSW-ENE development directions of the submarine fan (fig.2). The statistical analysis of the sole
marks indicates two major palacoflow directions which have already observed from channels and
sandstone Iobes (NNW-SSE and WSW-ENE)(fig. 7b).

N N
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Figure 7: Rose diagrams of 42 sole marks of the first (a) and 41 sole marks of the second tectonic event (b).

6. CONCLUDING REMARKS

1. According to Lowe (1982) the studied wrbidites are the product of the low-density turbidity currents
as the identified grain size population is clay, silt and fine- to about medium-grained sand.

2. The basal samples (Ta) always show positive skewness. Moreover, the skewness reaches either a
maximum in the Bouma sequences upwards and then decreases near the top (fig.4,6) (A,C.E,G.H) or a
minimum upwards and then increases near the top(lig.4,6) (B,D.E J,1). These trends in skewness are
similar to those which have been noted earlier from experimental turbidites (Middleton, 1967). The trends
are generally clearly developed suggesting that all the studied Bouma sequences came from the low
concentration. The stron ggsiti,viﬁkcwness as not been dcvelo&xr‘d in e);perj\rn_? tal turbidites, as it was

BiBAI0O "Q¢eo " -Tun A . . .
noted by Middleton, (19 '%Q: Ie ?a:!.]Kv ue%ogp?ggolssi sc.lfir]]y deg%agxlt?gupwar s uniform through the
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A B.F and G Boumassequences. (figid,6). On_the contrary the G.DLE.H.J and I Bouma sequences do not
Sshow so clear vertical decrease of this'statistical parameter (fig.4,6). This result suggests that the A,B,F and
‘G /Boumg. sequences came from lower ‘low concentrations’ rather than the C.D,E.HJ and I ones
(Middietons 1967).

3-The sorting generally increases upwards from the base of the A.B.E.F.G and H Bouma sequences

& (fig.4,6)."Experimental studies of Middleton (1967) showed the same trends. The sorting of C,DJ and [

Boumalsequenees deereases upwards (fig.4.6). This trend suggests slow deposition Komar (1983) (flow
velocities, in fig.4.6).

4, The-mean flow veloeity at thetime of deposition decreased upwards uniform through the A.B,F and
G Bouma sequences (fig=.6); This trend is similar to this which-has been noted by Komar (1985). On the
contrary, the C.D.E.HJ, and T Bouma sequences do not show so clear vertical decrease of the flow
velocity. The flow velocity trend may suggests that the A,B.F and G Bouma sequences are the result from
a lower concentrations than the remaining Bouma sequences.

5. The mean flow velocity values are higher in the A and B Bouma sequences than in the C,DD ones of
middle Eocene-late Oligocene age. Also, the Tb interval of E Bouma sequence indicates an abnormal high
flow velocity. The existence of higher velocity values at A and B than at C.D and E, Bouma sequences can
be explained by the positions in which the Bouma sequences are situated in the basin. The A and B
sequences are situated in the more proximal parts of the outer fan {1ig.2), so the hydraulic interpretation
indicates high flow velocities.

6. From the early to late Miocene Boumna sequences (F.G.H.1.J). the sequence G seems to have the
higher flow velocities. The sequence G is situated near the inner fan of the western part of the basin. So the
high flow velocities represent the more proximal part of the outer fan. Moreover the sequence I has the
lowest flow velocities than the other sequences because the sequence | is situated far away from the
feeding channels. During the mentioned period the feeding channels were restricted in Dragopsa syncline
{fig.2). The other Bouma sequences F.H and J show intermediate flow velocities. Although these sequences
are closed (o inner fan, may be their slope gradient was gentler than this in the western part ol Botzara
syneline, where sequence G is situated.

7. The palaeoflow trends of the submarine fans development are related to the basin evolution. During
middle Eocene to late Oligocene the palaeoflow directions were almost parallel to the direction of the
external Hellinides progradation. ENE-WSW. During early (o late Miocene, due to the Ionian zone
subdivision, two major palaeoflow trends, the first ENE-WSW and the second NNW-SSE, were
characterized palaeoflow development of the submarine fan.
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