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'\ EFFECTS OF AN ACTIVE POCKMARK FIELD ON THE DISTRIBUTION OF HEAVY
'METALS OF SURFICIAL SEDIMENTS IN THE GULF OF PATRAS, GREECE
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ABSTRACT

Factor-analysis-carried outin thirteen sediment-cores, collected from an active pockmark field area in the
eastern part of the Gulf of Patras, discriminated a domestic sewage pollution factor, the Mn/Fe oxides and the
carbonate sedimentation. The increased content in sand, the low C_ content as well as the lack of C_ /heavy
metals association follow a specific NW-SE transect in the centre of the surveyed pockmark field, suggesting
pockmarks activity. This seems to contro] sedimentation and heavy metals distributions.
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INTRODUCTION

This paper deals with the distributions of several heavy metals in surficial sediments taken from pockmarks
and the surrounding seafloor of an active pockmark field in the eastern Gulf of Patras. It is the first time such an
[~ attempt is being made, since there are no references dealing with geochemistry in active pockmark fields. The
further aim of this study is to investigate the potential effects of pockmarks activity in the distributions of heavy
metals in surficial sediments contained in the ficld, by applying a multivariate statistical analysis on the sediments
grain size data and metals concentrations.
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Figure 1. Side scan sonar image from the Gulf of Patras showing gas plumes (GS) rising in the water column
from active pockmarks (PM). The circular step-like features (Sl) in the rim of the pockmark may indicate that
the sidewalls are affected by slumping due to the release of gas.

Ewx 1. Karaypagrf nyofoiiorj mAevpixis odpwons and tov Hargaizxd xddne mov deiyver dagoyes agpioy (GS)
and evepyovc xparjpes (PM) xpoc tpv vddrivy orijdn. On xvxdixds uopgés nov ouordlovy ue avapabiuovs (SI)
o010 yefdog Tov xparjpa vrodyidvovy mbavij xarodiothon Tev Toryepdrey loyw daguyns aspiov.
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GEOLOGICAL SETTING

The Gulfof Patras s an active tectonic trough with a W.NW - E.SE direction. The gulf is covered by Holocene.
/ sediments, which li¢.on Pleistocene depositions (Ferentinos ef al,, 1985). The Holocene and Pleistocene sediments:
of the gulf are gas-charged (Ferentinos, 1992; Papatheodorou et al., 1993; Hasiotis et al., 1996). The subsurface
' gas'is oSty methane, biogenic inorigine Theserhydrocaiions migrate towards the seabed surface through the
Holocene/Pleistocene interface, which scems to be the area of gas hydrocarbon accumulations (Papatheodorou
et al.'1993). Gas hydrocarbons escape to the water column throeugh faulty zones and/or pockmarks formed on
the s€afloor (Fig.1). Recently, Hasiotis et ak (1996) found a large active pockmark field in the eastern part of the
gulfl Pockmarks varied in size and Shape from;25 to 250m in diameter and from 0.5 to 15m in depth. This
pockmark field was activated during the 14/7/1993 seismic €vent, releasing large amounts of gas in the water

colump.
METHODS

The bathymetric survey was carried out prior Lo coring, using a precision depths meter ODOM ECHOTRAC
DF3200 MKII, equipped with a 200kHz/2.75° transducer. A Differential GPS, type TRIMBLE 4000 II RL-DL,
with an accuracy of *1m was used for positioning. Sediment cores were obtained with the use of a BENTHOS
gravity corer, Thirteen (13) cores were collected from inside and outside the pockmarks (Fig.2). The top 2cm of
each core was subsampled and considered as surficial sample. Laboratory analyses consisted of grain size (Folk,
1974), organic carbon determination according to Gaudette et al. (1974) and heavy metals were extracted by
bulk sediment digestion with the attack of HCl, HNO, and HF, according to Thompson and Wood (1982).
Digested samples were analysed for Ca, Fe, Co, Cu, Mn, Pb and Zn with the use of a Perkin Elmer 3110 AAS.
The concentration for each metal was derived by the equation given for the calibration curve for each metal.
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Figure 2. Map of the study area showing coring locations (dotted squares) in relation to pockmarks (stippled
areas).
Euwx.2. Xdptns g mepioyifs vre uelémy mov deiyver g Oéoeis ov mupnvolnyiwy (tetrpdywva ue Tedeia) os
TYEOY pE TOVS XPATHPES O1aQuyIfc aspiwy (YoauuoTxiaoueves TEQIOYES),

Factor Analysis (Davis, 1986), a multivariate statistical method, was applied to the grain size classes (<-1Z,
(-1)-0Z, 0-1Z, . ., 9-10Z) and geochemical (Ca, C\,m, Fe Co. Cu, Mn, Pb and Zn) data. It provides the possibility
to determine the geographical distribution of the resulting factors. The geochemical — geological interpretation
of the factors gives an insight into the main processes that may control the distribution of the variables. The aim
of R-mode Factor Analysis is to represent a large number of variables in the original data set by a significantly
smaller number of ‘factors’, each of which is a linear function of the original variables.

a. Data matrix: A 13 rows " 16 columns matrix was created on a spreadshect. Rows corresponded to the number
of samples and colurHnOgxh BBARRNKA (PeePRATTASHS THANG-TiswALYI0G Al Ruriables).
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Figure 3. Detailed bathymetric map of the study area. Depths calculated from Mean Sea Level. Isobaths in
metres. Major isobaths (thick lines) every 5m, minor (light lines) every Im.

Eux.3. Aenroucprjc frbourtoinds ydotnys s vd uedém mepioyiic. Babn vroloyioutva and mm Méon Zrdbun
Odlaooas. foofabeis oe uérpa. Kvgieg 100fabeis (mayifs yoauuss) avd 5m, devrspevovoes toopabeis (demres

yoauuss) avd Im.

. Correlation matrix: The correlation coefficient (R) was used to measure the linear relationship between each

pair of variables. A 16'16 correlation matrix was resulted.

. Initial factor matrix: The eigenvalues and corresponding eigenvectors of the correlation matrix were ex-

tracted. An initial factor matrix was computed using standard mathematical procedures. Eigenvalues ac-
count for the total variability variation explained by each factor. Each factor consists of as many coefficients
(loadings) as the number of variables. The loadings represent the correlation between the factor and the
original variables.

. Selection of the number of factors: In order to reduce the complexity of the original data, the selection of an

optimal k number of factors, less than the p original variables (k<p). is required. There are no universally
agreed upon criteria for the selection of the number of factors to be retained. There are many suggestions for
selecting the optimum number of factors (amount of the cumulative variance, eigenvalues >1, scree plot)
(Davis, 1986; Reyment and Joreskop, 1993), but the most straightforward solution is to retain as many fac-
tors as the ruling theory demands. The cut-off of the k significant factors in the present study was based on
the cumulative percentage of variance, which was accounted for by the k factors, in conjunction with the
clear-cut geochemical/granulometric meanings, which are represented by the factors. In this way, high
communalities were achieved for each variable when & factors were retained.

. Rotation of factor axes: The simple factor malrix consists of simple factors that have a few high and many

zero or near-zero loadings, Kaiser's Varimax orthogonal rotation method was applied to the initial unrotated
factor loadings in order to achieve a simple structure (Kaiser, 1958).

Factor scores: Factor scores determine the ‘amount’ of each factor in each sample. The factor scores matrix
was computed by multiplying the factor loadings for the variables times the original values of the variables
and then combir.;ed ‘h'EBﬁ @&%ﬁ%ﬁ)\ﬁg Ktai;é)zé 05(38&% ngé,,e_aﬂ] ﬁ‘&é"&’&j )\Wfé étzgrifséfnponant for the mapping
of the geographical distribution cach tactor
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RESULTS
Bathymetry

A detailed bathymeli"'ic map of the study area (Fig.3) indicates several pockmarks on the seabed of the
area. These.pockmarks lie.in the north-end part of the pockmark field discovered and surveyed by Hasiotis ef al.
{1996). The surrounding seafloor appears to he smooth with no particular morphological features.

Grainsize

Table 1 shows-the sediments contents in-sand, silt and clay fractions, as well as their textural description
according to' Folk (1974). Generally, the sediments consist of fine materials. The spatial distribution of clay
(Fig.4a) shows that it increases away from sample 14, which-was taken inside a composite pockmark. Silt de-
creases away from sample 14 (Fig 4b) and sand exhibits 4 general shoreward-increasing gradient (Fig.4c). How-
ever, two local sand peaks appear at samples 22 and 24, which were taken inside pockmarks.

Table 1. Grain size fraction percentages and textural descriptions of the surficial samples analysed.
Tiv.1. Hoo00Td xoxxOuETQIXY HAQOUATOV XAl IENUATOLOYINES TEQIYPAPES TWY EMPaveiaxwy de1ypudToy Tov

avaiifnyxav.

Sample Clay 8ilt Sand Textural Sample Clay 8ilt Sand Textural
No. (%) (%) (%) dexription No. (%) (%) (%) description
I 40.7 56.6 257 Mud 14 7.8 90.4 1.9 S5ilte
4 43.1 53.1 3.9 Mud 17 28.7 63.9 7.5 5ilt
7 30.5 50.0 19.6 Sandy Mud 18 39.4 56.3 4.3 Mud
8 42.9 54.0 3.1 Mud 22 34.5 48.1 17.4 Sandy Mud
11 45.0 54.2 0.8 Mud 24 22.3 62.1 15.7 Sandy Mud
12 39.8 59.5 0.7 Mud 26 39.¢ 59,4 L0 Mud
13 40.6 55.7 € Mud

Figure 4. Maps of the study area showing cores lvocations (as in Fig.2) and the spatial distributions of clay (a),
silt (b) and sand (c) in the surficial sediments. Contours represent sediment fraction content in %. Stippled areas
as in Fig.2.
Ex. 4. Xdorec ™y vad uedéy mepeoyris mov deiyvovy 1ig Boeig Tav mupnvolnyudy (omws Eix.2) xat 1ig
EMIPavEIaXES xaTtavouss s apyilov (@), rov mylot (b) xar ™5 dupov (c) ora empaveraxd §juara. Ot
(O0usyEOEIS xQUTVLES @avTITROOWTEVOUY T Too0oTd Tav xAadudtwy 08 Yo, FpauuooxiaouEves Teproyes omws
oty Emx. 2.

Geochemistry

The comparison of Table 1 and Table 2 shows that calcium occurs in higher concentrations where surficial
sediments have higher silt content. Generally, there is a Ca-increasing gradient from the offshore to the near-
shore surficial sediments. The spatial distribution of C«g {Fig.3) shows that it is detected in higher concentra-
tions near-shore, particularly at the northern part of the studied area. Minimum Cw concentrations were found
in the middle of the pockmark field. Numerous sewage pipes discharge untreated domestic wastes from the city

of Patras along the coastlin@iakieBiBNoBrk " Gésppdotodt PRuruaciewkoyigs. MLIhe surficial sediments of the
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mﬁ.h'arm is quite evident by the factthat maximum € concentrations occur at the north of the study area (1.c.

»oloser to E?anas city ).

be | eR g hicentrations.of calcium. (%), organic carbon (%) aﬂr Héavy metals (Fe in %; Co, Cu, Mn, Pb and Zn
al Y in mgXkg’ (ppm)) analysed in the surficial sediments.
g.limrrgmg aofieoriov (%), oe}'avmv dvlpaxa (%) xai pagéav ueriilov (Fe oe %; Co, Cu, Mn, Pb

xat Zn o mgXkg' (ppm)) mov avalvOyxay ota empaveiaxd iSijuara.

. s--pa-uo Ca ' (%) G (%) PFe (%) Co (ppm) Cu (ppm) Mn (ppm) Pb (ppm) Zn (ppm)
orl 14 5.6 1.1 2.8 35.4 60.7 743.8 98.5 152.1
ay F 7.8 igh 4.1 3444, 55.9 832.6 92.8 107.3
le= A7 5.2 1.2 2.5 31.9 53.8 589.5 74.8 78.8
w- 8 4.6 0.9 1.8 34,5 47.4 641.2 84.6 85.5
11 8.5 0.9 5.0 52,9 65.5 966.0 82.6 108.8
12 11,3 1.1 4.9 54,1 65.0 883.2 90.4 131.3
13 10.1 1.3 3.9 44.5 64.5 883.2 100.1 105.3
b 14 11.,.3 1.1 3.5 50.4 57.5 750.6 90.7 101.4
17 116 13 3.4 66.3 81.4 798.6 105.3 128.3
] 18 8.7 0.8 2.3 30.5 53.0 692.5 54.9 75.9
o 22 9.0 140 3.1 48.4 57.3 804.0 70.9 79.4
; 24 7.0 0.7 2.6 37.0 48,9 742.0 66.6 71.7
26 6.0 0.9 2.6 32.6 43,7 844 .2 64.5 86.2

Fe concentrations in surficial sediments exhibit a decreasing gradient towards the city of Patras, while
| maximum Fe concentrations are noted in samples taken inside pockmarks. Cobalt shows a general decreasing
concentrations gradient offshorewards. Maximum Co concentrations occur rather locally around sample 17.
b Another local peak occurs around sample 11 to the west of the pockmark field. Cu in the surficial sediments
~ appears to increase from offshore to nearshore, showing maximum concentrations locally around sample 17.
Enhanced Cu concentrations also seem to occur around samples 11 and 22 at the west and south parts of the
area respectively, disturbing thus an even shoreward-increasing Cu distribution. Manganese increases in a NE-
L | SW direction. In a wider geographical view, Mn increases from the surficial sediments near the city of Patras
i (NE) to the south. Maximum Mn values scem to be locally concentrated, rather than distributed. Three areas of
maximum Pb concentrations lie at the N, E and SW parts of the study area (samples 1. 17 and 13 respectively).
Maximum Zn appears at the north and in nearshore sectors, showing a decreasing gradient to the south and
offshore. In the pockmark field Zn distribution is random.

| 1 A0 LD A8 T
| . ¥
| { 3
I
T
HAITIHS I.. T e
; % [ .
. L3
s g i V|
| R "\-."7_»__‘3\'-. 1 <
n : ML
| 3 " .||'; h I\_. \:\‘ e
| ;| b A
[ sy B WA
| :ru.nn;& A S_‘ - :? ", !
il s et
| ¥ r, (4] . S |
al - T
- S
o
l.
d Figure 5. Map showing the C,_ content (%) in the surficial samples. Stippled areas as in Fig.2.
y Ex.5. Xdpryjc mov deiyvet tov mp:txo;wvo C ota expaveiaxd iGjpata (%), Foauuooxiaousves meptoyss
€ Wnoiokn BiAioBrkn "@acv'pmmﬁv—ﬂ'unﬂn ewhoyiag. A.MN.0O.
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9

+ Factor Analysis

A S+faetors model accounts for the 85.3% of the total variance of the original variables (Table 3). The first

two factors combine both geochemistry and granulometry, while the third is a pure geochemml factor. The l&;
two factors are purely granulometric; explaining intefrelationships between the grain size classes. The high
communalities achieved (Table 4) suggest that the model is statistically significant. The Varimax rotated loadings
for @ach factor extracted are shown in Table 4. Table 5 presents the scores of the extracted factors.

Ta'bie 3. Eigenvalues, individual and cumulative percentages of variance explained by each factor (R-mode) for

the surficial samples.

Hiv.3. l‘dwn,uég, emiufpous »al abpoioTind moe00Td draxvravons rov mepiyodgerar and xdfe mapdyovra (R-

mode) yia Ta empayetaxd defypara.

o

Factor Eigenvalue Percentage of Cumulative percentage of

variance (%) variance (%)
1 5.89389 36.8 36.8
Z 3.07562 19.2 56.1
3 1.98507 12.4 68.5
4 1.46978 9.2 T
5 1.21973 g Y 85.3
16 0.00000 0.0 100.0

Table 4. Varimax rotated factor loadings and related communalities for the 5-factors mode! (R-mode) selected for
the surficial samples. Factor loadings are unitless.
TTiv.4. Megrotpaupusves (Varimax) Tagayoviixés QoQriveis xal oIves mapayovTixes diaxvudvoeis Tov S-uslovs
rapayovrixov povrédov (R-mode) mov emidéyOnxs yia ta empaveiaxd deiyuata. O Tapayovrixes poprioes
eivai xabapoi agtfuoi.

Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Communalities

Ca 0.1164 0.3469 0.7856 -0.0989 0.3751 0.90150
Co 0.4129 0.3308 0.7510 -0.0329 0.0502 0.84750
Corg 0.6956 -0.2248 0.3718 -0.3373 ~0.0629 0.79040
Cu 0.5251 0.2425 0.6779 -0.2651 ~0.0697 0.86916
Fe 0.2405 0.8060 0.4210 -0.0720 0.0400 0.89158
Mn 0.1408 0.9572 0.1599 0.0504 0.0360 0.96543
Pb 0.8416 0.1586 0.2861 -0.1l628 0.0343 0.84292
Zn 0.7553 0.3376 0.1103 -0.2650 0.0890 0.77473
< 1)-32 -0.1816 -0.5210 0.2775 -0.0221 ~0.6822 0.84725
342 -0.2294 -0.6638 0,2811 -0.4874 0.2880 0.89276
4-50 0.8644 0.1922 0.1730 0.1306 0.1151 0.84437
560 0.0282 0.0583 0.2548 0.0793 0.7826 0.68792
-1 -0.1248 0.2163 -0.2145 0.9149 0.0794 0.95169
7-8 -0.2651 0.1842 ~0.7618 0.0478 0.1788 0.71878
8-92 -0.02486 0.4468 0.1835 0.1542 ~0.7772 0.86164
9-102 -0.2271 -0.1247 0.0433 0.9382 ~0.0575 0.95247

Factor | accounts for the 36.8% of the total variance of the original variables (Table 3). High to moderate
factor loadings were shown for Pb, Zn, me, Cu, Co and the 5-6Z grain size class (silt) (Table 4). This factor is a
typical ‘domestic sewage pollution” factor. Salomons and Forstner (1984) reported that these metals (among
others) are indices of pollution in nearshore sediments. High positive factor scores were obtained for samples 1
and 17 {Table 5). The effect of Factor 1 in the surficial sediments in terms of geographic distribution is shown by
the spatial distribution of the factor scores in Fig.6a. Generally, Factor 1 seems to have high scores in samples
located in the SW and NE parts of the study area, the latter being closer to the city of Patras, Most of the surficial
samples exhibiting high positive factor scores were collected outside pockmarks. The most striking observation
in the spatial distribution of Factor 1 scores (Fig.6a) is the lack of C, /metals association in the centre of the
pockmark field. The pockmark field is dominated by negative factor scores, which occur for samples inside
pockmarks, except for sample 18. The contribution of silt in the factor (Table 4) is justified by the fact that areas
of moderate and/or high positive factor scores are dominated by enhanced contents in silt (Fig.6a).

Wnoiakn BiBAI0BAKN "OedppacTog” - TuRua Mewloyiag. A.MN.O.
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" Tuble 5. Factor scores obtained Jfor the 5-factors model (R-mode) applied for the surficial samples. Factor scores
are unitless.

Hw 5. Hagayoﬂmfg TIHES TTOV TPOEXVYPAY YIQ TO S-HEALS Jm.uyowmd uovrédo (R-mode) mov eqagudornxe
B groemipaveiaxd. deiyuara, O magayevrixes Tiugs eivar xabapol agifuol.

[ Sample Factor 1 Factor 2_ Factor 3 Factor 4 Factor 5

i 1 1.3738 -0.2736 -0.9337 -0.4582 -0.3923
4 ~0.1949 0.8677 -0.5085 -0.2554 -0.0602

rE A 02581 ERA386 -0.192%6 -0.3588 -1.2165

3 J 8 -0.0214 -1.0744 -1.0403 -0.3233 -0.0619
¢ il FO.B880 1.9127 0.3621 -0.1287 -0.4374

g 12 0.5569 1.11749 0.5648 -0.1807 0.3422
13 0.6488 0.5857 0.2543 -0.0826 ~0.134

14 0.2850 -0.5956 1.0967 0.2345 2.3116

17 1.4955 05110 1.3844 -0.2037 0.0065

18 ~2.2259 -0.6151 0.0280 -1.2352 1.0643

22 -1.1379 0.1648 0.9819 -0.5156 -~1.7332

24 ~0.7695 -0.4305 0.2580 3.0569 ~0.3508

26 0.0672 0.6299 —2.2550 0.4508 0.6561

Factor 2 accounts for the 19.2% of the total variance of the original data (Table 3). High positive loadings
were resulted for Mn and Fe, while 4 more moderate loading was observed for the 9-10Z grain size class (clay)
(Table 4). This factor is interpreted as an Mn/Fe oxides factor. The capability of Mn- and Fe-oxides to scavenge
other trace metals is well documented (Goldberg, 1954; Cronan, 1969; Calvert and Price, 1977), but no heavy
metals seemed to relate with Mn and Fe in the factor. Comparing Factors 1 and 2 with respect to metals affilia-
tion, there seems to be a competition between the organic matter and the Fe/Mn oxides. Organic matter appears
to dominate over the Mn-/Fe-oxides with regard to metals adsorptive ability. Factor 2 has the greatest effects in
samples 11 and 12, both of which come from inside pockmarks and show the highest positive factor scores
(Table 5). The spatial distributions for Factors 1 and 2 (Fig.6a and 6b respectively) indicate that the aforemen-
tioned competition between C,,. and Mn-/Fe-oxides, regarding metal bonding, may be more intense in the SW
part of the study site. This particularly occurs in the surrounding area of samples 12 and 13, because both
samples exhibited moderate to high positive factor scores for both factors.

Factor 3 explains the 12.1% of the total vaniance of the original variables (Table 3) and is a pure geochemical
factor. The metals that contribute to the factor with high positive loadings are Ca, Co and Cu, while Fe exhibits
a more moderate loading (Table 4). This third factor is interpreted as the carbonates fraction factor. The car-
bonates do not normally correlate well with heavy metals. The contribution of Fe in the factor may indicate that
Fe is in lattice positions of the carbonate minerals and/or forms a coating around the carbonate grains under the
Fe-oxide form, constituting an attraction pole for other metals as well, such as Co and Cu, as the factor demon-
strated. Caroll {1958) reported that Fe is deposited in the form of oxide or hydroxide and coats fine clay parti-
cles. High positive factor scores (Figure 6c) occurred for samples 14, 17 and 22 (Table 5), indicate that the
particular surficial sediments are dominated by the carbonate fraction. This was also observed in the concentra-
tions of Ca in surficial sediments, demonstrating high Ca content locally around samples 14 and 17, as well as
enhanced Ca in the surrounding area of sample 22.

Factors 4 and S account for the 9.2% and 7.6% of the total variance of the original variables respectively
(Table 3). Both are pure granulometric factors. High positive loadings resulted for the <(-1)-3Z and 7-8Z grain
size classes in the fourth factor (Table 4). The fourth factor has an effect only in sample 24, which was the only
one with a very high positive factor score (Table 5). Factor 5 is a bipolar factor with two associations that are
inversely related. The grain size class that contributes most to the positive pole 1s 6-72Z (coarse silt) (Table 4).
Two grain size classes comprise the negative pole of the fifth factor and these are the 3-4Z (coarse sand) and 9-
10Z. (clay) (Table 4). The positive factor pole has an effect in samples 14 and 18, which exhibited the highest
positive scores, whereas the negative pole seems to have effect in samples 7 and 22 (Table 5). The pure
granulometric nature of these last two factors does not provide helpful information regarding the distribution of
heavy metals in surficial sediments.

Wnoiakn BiBAI0OAKN "OedppaacTog” - TuRua Mewloyiag. A.MN.O.
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Figure 6. Spatial distributions of (a) Factor I scores, (b) Factor 2 scores and (¢) Factor 3 scores in the surficial
sediments. Contours represent factor scores, which are unitless. Stippled areas as in Fig.2.
Ex.6. Empaveiaxés xatavopes tov tagayovrixey tigay (a) tov lov [Tapdyovra, (b) tov 2ov MNapdyovra xa:
fc) rov 3ov Hapdyovra ora emgaveiaxd oelypara. O 10opeyeBsis xQumULES AVTITPOTOTEVOUY TAPAYOVTIXES
Tapés, o1 omoies sivar xabagoi agtfuol. Feauuooxtaoueves aep1oyes omws oy Ee.2,

CONCLUSIONS AND DISCUSSION

Sediment samples analysed in the present study were sampled in an active pockmark field lying in the east-
ern part of the Gulf of Patras. Samples were taken from both inside and outside pockmarks. According to
Hasiotis er al. (1996), the pockmark field was activated during a major carthquake cvent on 14" July 1993, The
Gulf of Patras is a sessmically active area. periodically giving earthquakes of great magnitudes (Papadopoulos
and Lefkopoulos, 1993). Similar gas seepage triggered by earthquakes has also been documented at Malibu
Point, CA (Clifton er af., 1971). Hasious ef al. (1996) reported only one buried pockmark within the entire
pockmark field during the time of their survey. This fact together with that the pockmarks are located in shallow
waters, where sediment on the seafloor can be suspended and transported by the wave regime in the Gulf and
therefore filling the pockmarks, suggest a long-term activity state of the field. Although there is evidence for the
activity of the pockmark field as a whole. it cannot be pointed out which individual pockmarks are the active
ones or which will be activated in the case of a triggering event in the future.

Grain size analyses showed that the surficial sediments in the study site consist of mud, sandy mud and silt.
The coarser sediments seem to lie nearshore at the north end of the pockmark field. The distribution patterns of
sand, silt and clay seem to be controlled by the presence of pockmarks that affects the general pattern of sediments
distribution,

R-mode factor analysis applied for the surficial samples primarily discriminated the domestic sewage pollu-
tion factor, the Mn-/Fe-oxides phases in the surficial sediments and the carbonate sedimentation. Heavy metals
in surficial sediments seem to have an affinity for the organic matter rather for the Mn-/Fe-oxides. Organic
matter dominates over the Mn-/Fe-oxides in terms of metals adsorptive capability, Nevertheless, the strong
association between C‘_w and heavy metals in surficial sediments does not seem to exist in the centre of the
pockmark field under study. Oganic matter seems to control the distribution of heavy metals in surficial sediments,
but no clear discriminations between ‘inside’ and ‘outside pockmarks’ samples can be implied. The combined
study of the spatial distributions of the sand fraction, Cmg and Factor 1 scores imply that pockmarks in the centre
of the surveyed field may be active. The release of small but continuous amounts of gas re-suspends the fine
sediments, which in turn are carried away by the current regime. Lastly, the carbonates seem to control sedimen-
tation mainly in the nearshore surficial sediments.

In conclusion, the difference detected and interpreted between sediments inside and outside pockmarks in
the Gulf of Patras lies in the ways heavy metals are linked with sediments fractions. The correlations made
between sediments texture and geochemistry can be attributed to the pockmark field activity during gas release |'
events. Although samples analysed were taken from both inside and outside pockmarks, in reality all samples |
locations are in the vicinity of the pockmark field. This means that samples analysed in the present study are all !
more or less affected by the activity of pockmarks. Therefore, it 15 possible that differences detected 1n their \
geochemistry — granuloni¥WnoiaxdyBiBAofjkn!' ©edppadroghndiphpecHetodoyiag. A.M.0.
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