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NING OF MAJOR AND TRACE ELEMENTS AMONG. THE GEOCHEMICAL
MTS FROM THE \ERISSOS GULF AND THE ADJACENT AREA

F. Sakellariadou

ABSTRACT

partitioning of 20 elements among the various geochemical fractions of 20
ples collected from the lerissos gulf and the adjacent onshore area was examined,
yential extraction analytical procedure of Tessier et al (1979) with a few
The geochemical fractions dealt with are the exchangeable, carbonate hosted,
nic matter-sulphide hosted and the residual. It was found that there 1s some
yzed Mg, Ca and Sr components as well as a minor K-contribution from the
sediments. Calcium and Sr are mainly present as carbonates A small biogenic
Hon of Mn is shown. A carbonate related contribution of Pb and Zn was found The
of the non-residual fractions of the metals Fe (72%), Pb (46%), Mn (34%) and
are associated with the reducible fraction that consists of Fe, Mn-oxides which
ace metals. Traces of copper sulphide may occur. The major parts of the elements
V,K, Cr, L1, Co, La, N1, Ba, Be, P, Cu, Mg and Zn are hosted in the lattice structure
minerals, clays and other resistant minerals. The contamination of the lerissos qulf
8 by Pb, 2n and Cu from mining effluents from the Stratoni district is suggested.

ZYNOWH

MeAetidnke n eni pepoug katavoun 20 oTOIXEIWY Ota Bldgopa 3£wxnuu<u KAGGUO T
fwy ({ipatog and tov kGANo tng lepoool Kat Ty nupuxauevn nupuala H
P€3060¢ nou XPNOLMONOLNSNKE E(vaL, UE OPIOUEVEC METATPONEC, N TEXVIKA Twy
al (1979). Ta yewxnplkd KAGopata nou eEErGoInkay Elval To NPOCPOGNUEVO GTO0
nAAdEwo), to elﬂoﬁsvouusvo 010 avIpakikd, To uvuxuxmo o zupwxousvo 13
'ﬂﬁlm Kau 1000 OpUKTA Kal 1 unoaeluuuuxn @don. Bpédnke otL 610 1(nuu UNapxEL
noodTnta eikoAd ubpoAUOUEVWY EVWoEwy Twy Mg, Ca Kot Sr kol pio pukpn oupfodn
SoAdoowo dAag. To Ca kav to Sr Pplokoviol Kupiwg WE TNV popen avIpaxikwy
toniodnke n OnapEn pikpwy Nosotntwy Blogevous Mn. To uexaAUtepo PEPOC TOU PN
U noocostou twy Fe(72%), Pb(46%), Mn(34%) wxat 2n{24%) Bpioketot oo
KAdopa nou anotedeitar and Fe,Mn-ofelbla nou nayibedouv (XvnuEtaAda.
geital n UnapEn ixvwy xaAxkonupitn To usguautzpo WEPOC Twy oTolelwy Ti, Al, Fe,
I.i Co, La, Ni, Ba, Be, P, Cu, Mg kot Zn Bploketal 010 BOULKO NAEYHA TWY NUPLTIKWY,
Kot GAAWY OVSEKTIKWY opuxn&w. AlaniotwInke n poAuven twy (nudiwy Tou K6Anou
gou and Pb, Zn, xat Cu nou npofpxovial and Ta onOBANTa Twy PETOAAEUTIKUY
ING NEPLOXNC ZTpatwviou.

1AAOY. H sni_ HEPOUG KATAVOUT LXVOOTOLXE(WY KOl HEYAAOCTOIXEIWY OTO YEWXNUIKG
- KAdopata (npdiwy and tov k6ANO TG l€PLOGO) KA TNV NOPOKEIPEYN napaAio.
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: nart1'(1m1ng of the elements among the various geochemical phases of the sechrnen

INTRODUCTION
Sequenitig) ‘cherpfcal-extragtion (partition geochemical analysis) aims to examin
taomique hc-wevar a time Jcensuming ane,/has the advantage of furnishing detafled infg m

concerning «the -source, ‘mode’ of occurrence, bmogucal and physicochemical availal
muu‘ngtien and uptake of trace.metals in sediments.

Arnung the many different procedures for the sediment partition analysis (Chester

Hugnas 196?, Nissenbaum, 19?2, Gupta and Chen, 1975: Tessier et al, 1979; Valin and

Y982) the sequential extraction analytical procedice of Tessier et al (1979) with af
modifications was followed in this work. Certain phases of the sediment can be selectl"
removed for analysis with this method and, thus, studies of various forms and attachmenty |
elements can be considered individually The five fractions dealt with are the exchangea|

carbonate hosted, reducible, organic matter — sulphide hosted and the residual.

Eighteen samples collected from the Ieﬁiasos qulf (and provided by the I.GME) a
two samples from the adjacent onshore area were subjected to partition analysts (Figs 18

2).

Jeod FEQE A
5BEA

Fig. 1. Map of Greece: The study area is pointed by an arrow

Ix. 1. Xaptng tng EAAdbag: to BEAOC Beixvel Tnv NEPLOXTI NOU PEAETLNINKE
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IERISSOS GULF

808 Gulf: map representing the offshare and onshore sample Tocations.

> lepiooou: xuptng HE TIC Secztg BELyHaTOANYIaC Twy BELgUdTWY nd Tov
TNV NAPAKEILEYT NEPLOYT,

LOGY OF THE ADJACENT MAINLAND

area s a guif of the Chalkidik! peninsula which geologically belongs to the
massif (SMM) - a metamorphic belt which lies on the west of the Rhodope
ea extending from the river Strymon westwards Close to the small town of
extensive masses of amphibolites, significant mixed sulphide ores, manganese
 and small Cu-bearing porphyry stocks are found (Fig. 3), On the coast near
eral processing plant operates. Granites and granodiorites are encountered in the
the town of lerissos and the eastern coastal area of lerissos gulf (Fig. 3) In
part of the lerissas quif, serpentines, amphibolites, peridotites and dunites with
11zation occur, with a3 small ultrabasic igneous complex of ophiolitic character
0 there (Fig. 3)

TECHNIQUES

mples subjected to partition analysis were treated according to the following

ps: (a) Exchangeable fraction: 1g of sample is extracted with 8m] 1M NH40Ac, at
hour, at room temperature with continuous agitation. (b) Carbonate hosted
‘Fesidue from (a) is leached with Bml 1M NaOAc, adjusted to pH S with HOAc, for

temperature, with continuous agitation; (c) Reducible fraction: the residue

115
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Fig. 3.

. 3

Key:

116

ed with 20m! 0.04M NHOHHC) in 25% (v/v) HOAc at pH 2, for 6 hours, at

al agitation; (d) QOrganic matter-sylphide hosted fraction: to the residue
HNOz and Smi of 30% H0;, adjusted to pH 2 with HNOz are added: the
fo B5:2°C, for 2 hours, with occasional agitation; a second 3m aliquot of

S REET
N
P

‘to pH 2 with HNO3, is added The mixture is heated at 85¢2°C, for 3 hours,

gitation. After cooling, 10m1 of 3.2M NHq0Ac in 20% (v/v) HNO3 are added,

At e

dfluted to a final volume of 40ml and continuously agitated for 30min.
_______ successive extraction, separation of the supernatant from the residual
‘E E - < centrifuging the mixture for 30min., at 2000rev/min. The supernatant hqdida
= :E: = The supernatants are subjected to 2 fu‘rtner treatment involving: (a)
z)e ¥ [ERISSOS GULE drops of concentrated HNO3; (b) heating to dryness; and (c) dilution with 1M

TTrona
Lrnneg

e S hEaas s . utions were analyzed on an ARL-3400 Inductively Coupled Plasma Emission
b4 PAES).
1 E sunts of elements associated with the residual phase - comprising of the
+ 4 ‘that remains after the four preceding extractions - are calculated by
_‘ I : 4 m he amounts assoctated with the first four fractions from the total sediment
_"}}}}} }_;:} m ;:‘er‘t;:;:late dissolution of the sample by a mixture of HF, HC104 and HNOz
+4+4 + 4+ 4+ E 6 * '

sults are described separately for each of the five fractions.

Simplified geological map of the mainland (modifi P
Rondogianni- Tsiambaou, 1983). modified from Bopouss ey ) Exchangeable fraction

AnAonainuEvog ¥EWADYLKOC XAPING TNG Nat i j 3
: paKelpeync neploxng (Tpononotnpevog 0
toy xaptn twy Bornovas and Rondogianni- Tsiambaou, 1983) Lhe R

1 Alluvial and coastal deposits.
2 Plgistacene = Ph’o-_P1 eistocene continental, lacustrine and marine deposits
3 Pliocene — Upper Miocene marine, terrestrial and lacustrine deposits.
b Schi_sts, ARt an prgiVites Ca Cu=ZmLi>BarPbrLa=Mn=Co=Ni=P  Be=Al=V=Cr=Fe=Ti
S  Gneisses. . Y= 2
6  Amphibolites. 1% o
; rGJIne1bslses, schists with marbie intercalations and amphibolites
arbles.
B . i e sequence makes it clear that among the varfous elements Ca, Sr, K and Mg
: A it y removed with the exchangeable fraction. Therefore, it is indicated that easily
1 . ;

rs. In addition, a slight dissolution of the carbonate fraction by NH40AC 1M at

Wneiakr BiBAI0BNKkn "Ogd ewAoyiag. A.MN.O. 17



ernavas and Cronan (1981) who Tound that Se® = 2 = 2 =
in the carbonate sediments from DSDP4z4 in the (alapagos Hudruthermﬁl
2 agsociated with the acetic acid soluble fraction. They suggested that Fh1s
smoval of these elements from biogenic calcium carbonate or from coatings

pH-8:2 may have occurred. Only traces of Al weresleached by NHgOAC, implying
treatment Uged does not affect.the.silicates.

' Significant’ CU, 'Zn. and PB encichments were found in the of fshore samples
-chpr_g.s_g_alnd.;tfﬁ.g Pb-nu enri_chm_?.m, m ___t__nf gqu,a_f;gaabl_e fppcﬁun of the onshore sap B als.
30””“‘1 Tfom e nortiivest toast of the lerissos guif. Thesé enrichments could be atfrif % found in the second leachate, showing that Fe s not likely to be associated
to lagd sources and man-made pollution, as mixed sulphide and Mn-oxide deposits occur fy  matter, and 8130 that Fe-oxides have not been attacked.

rpaﬁqlant_li;sqr_rgmqmq leriasos gul f, while jarmineral processing plant exists in the coasta) ¢ Bt 1sached by NaOAC/HOAc: obviously, the silicate phase has not been
of Stratond :

. .« Among the samples=subjected to partition analsis, an exceptionally large mg
‘enrichment in the exchangeable fraction occurs in somerafuthem. From the of fshore sampleg
and 3 show an enrichment in their exchangeable metal content, the former in Cu (9%) and
(7%), and the latter in Cu (6%), Pb (6%) and Zn (10%). As both samples were collected g
Stratom district, these enrichments probably reflect the pallution of this area from |
nearshore mining activities. The onshore samples (19 and 20) collected from the coastline
lerissos gulf, exhibit metal enrichments in their exchangeable fraction. Sample 19
enrichments in exchangeable Zn (5%) and Mn (4%) Sample 20, collected from a beach an
close to a fertilizer factory, shows an enrichment in exchangeable Pb (4%).

As the amount of exchangeable metals is a good indicator of the pollution potential §
a sediment, the samples mentioned above may be considered to be polluted, in & broad se g
containing portions of metals easily available to the biota

noticed that in some of the samples subjected to partition analysis low
.tntal Ca and Sr were leached by NaDAc/HOAC corresponding with high Ca and

found in the third leachate (1eached by NHpOHHC1). These samples were

areas enriched in carbonates and therefore high proportions of Ca were
found in the NaOAc/HOAc leach. As the NaOAc/HOAC reagent s used to d‘:slao‘we
hand a high Ca and Sr content 1s unlikely to occur in the reducible fraction of
the anomalous Ca and 5r distribution among the second and third leachate of
jHrn:lit:ates an incomplete dissolution of the sediment carbonates by NaOAc/HOAC.

:‘_anplesJ the concentrations of Ca pccurring as carbonates ( carbonate content
by gas chromatography (Sakellariadou, 1987)) were compared with the total Ca
» second and third 1eachate This comparison (Table 1) shows that the sum of Ca

nt as
(b) Carbonate hosted fraction h the second and third leachate represents the total amount of Ca prese

This fraction represents the elements associsted with carbonate minerals in th
sediments. Sodium acetate and acetic acid were used as the leaching reagents. The followii

. Calcium content determined by gas chromatography and total Ca
solubility sequence of elements in this reagent occurs.

‘associated with the second and third leachate.

Ca>Sr Pb  MmZn=La BarLi=Mg=Ni=Cu>Co>Be=K>Cr=P  Al=Y=Fe=Ti . ple 1.0, (%) (%)
>—> > >
22-17% 13%  7-6% 1-5% 0% 3 3
6 3
The above sequence confirms thal biogenic carbonate remawns, comprise the phas 5 12
mainly attacked by NaOAc/HOAC at pH 5. 1‘2 13 7

The aforementioned element solubility sequence shows that: nt determined by gas chromatography. 2, Ca content associated

- second and third leachate.
1. A significant proportion of Pb was leached by NaOAc/HOAc, implying that a part of the tolé

Pb ts supplied biogenically — an association of Pb with the acetic acid leachate has i
also noted by Varnavas (1979), Varnavas and Cronan (1981) and Shearme et al (1983). IHOAG: sttack could be
. . atta
2. Significant proportions of Mn, 2n, Ni, Cu and Co were leached by NaOAc/HOAc, ndicatings lving the carbonates: change of pH during the NaOAc ¢

_ f 5 samples, regarding
bilogenic contribution for these metals (not as extensive as for Pb) This is consistent WK 'for the incomplete attack on the carbonates. Comparison O ’ 119
118 Wneiaxr) BIBAI0BRKN "Og( oyiac. A.N.O.

a to the data obtained, it is evident that the NaODAc/HOAc leach is not




the anomalous Ca distribution between the second and third leachate (Table 2), shows t
dissolytioh;of 'carbonates by NaOAC/HOAC 1s less complete in the samples richest 1n carbong

f these oxides for metals. The probability that the trace metals found in
_are associated with the Fe,Mn-oxides rather than with the remaining
K strengthened by the following:
Table 2 Total calcium carbonate content of Selected samples, and I

propor tions of, the tota] T4 content of “the same samples associated with
tl‘_:eraecond and the third leachate.

matrices of the data obtained from the bulk geochemical analysis of 750
e sediments collected from the North Aegean Sea (Sakellariadou, 1987),

" Sample I D. CaCD_}J Cal cad correlation coefficients of Ca and each of the metals Mn, Fe, 2n, Co, NI and

E {%) (%) (%) ery low (-0.08 to -0.63). By contrast, the correlation coefficient of the Ca-Sr
. 1 8.2 40, 24 (>083).

g 2 148 24 36 g, obtained when cluster analysis was applied to the geochemical data

;gﬁ é:g zT :; ‘the whole sample analysis of 750 surface marine sediments collected from the

16 225 21 60 Sea (Sakellariadou, 1987), showed that a mega branch containing only Ca and

1: total CaC0y content determined by gas chromatography; 2: proportion of

the total Ca associated with the second leachate; 3: propartion of the
total Ca associated with the third leachate.

ults of experimental work — which concerns acetic acid attack on the carbonates
conditions (Sakellariadou, 1987) — suggest lack of trace metal association
carbonates. The latter mainly contain Ca and Sr.

a8 44% of the total Zn, and 48-62% of the total Pb occurs in the reducible
 gamples collected of f Stratoni; this could be related to the presence of mixed
lization in the mainland. In the lerissos gulf sediments zinc and lead present
ations of 586 and 1,454ppm respectively. In the Strymonikos gqulf,
atesu and the Kavala gulf sediments the mean Zn and Pb contents were found to
respectively, whereas in the Samothraki plateau sediments the corresponding
tions are 90 and 69ppm (Sakellariadou, 1987).

(c) Reducible fraction

Hydroxylamine hydrochloride was used for the removal of the reducible fraction. Th
major phases attacked are reducible ferromanganese oxides, some amorphous iron oxides :.'
other reducible material (Chester and Hughes, 1967; Cronan, 1976; Moorby and Cronan, 1981).
It is well established (Jenne, 1968) that iron and manganese oxides occur as nodules,
concretions, cement between particles, or simply as coatings on particles. These oxides are
excellent scavengers of trace metals Under anoxic conditions, Fe,Mn-oxides are unstable an
they, therefore, tend to dissolve releasing the trace metals bound to them into solution.

Organic and Sulphide bound fraction

fraction represents the elements bound to verious forms of organic matter and
in sulphide minerals.
en peroxide was used for the leaching of the organic compounds and sulphide

The following solubility sequence of the various elements occurs:

Pb>Mn ; Ca:Mg:2mSr>BesBarLa CorNDP=V>Li>Cra>Fe=Cu K>Al  Ti r
> > >— .
50-60% 20-45% 8-18% 1-2% 0%

! _.”'ll_ﬂ"lnﬂltu sequence of the various elements in HyO- s presented below:

The relatively high proportions of total Ca and Sr occurring in the third leachate aré I
attributed to the remaining carbonates, as these elements are not known to form reduciblé
phases in marine sediments. A portion of the Mg Teached by NH20H-HCT could also be associated
with the carbonates left over from the incomplete dissolution by NaOAc/HOAc. It g als ]
possible that, part of the Pb and 2n proportions found in the third leachate is associated with
the carbonates. The large proportions of the total Pb, Mn, 2n, Co, Ni, Fe and Cu removed b

NH20HHCI indicate the presence of FeMn-oxides In the sediments and demonstrate thé
120

Ni=Zn Li=Be>Cr=Co>La>Pb>Mn=¥Y=Mg>Ba>Fe=A1=Ca=5rK Ti
> > I
13% 1-9% 0%

bove sequence shows that Cu and P have a strong association with the Hp0o

o Copper in the fourth leachate may be related to sulphides and to organic
he former possibility 18 a more likely situation in the lerissos gulf sediments, on
__l)' their contamination by material derived from the mineralization of the

Wneoiokr BiBAI0BNkn "Ogc wAoyiag. A.MN.O. 121



m and (b) the event that the ‘lerfssos gulf sediments are poor in organis amounts of a reduced form of Mn that could be adsorbed on clay minerals.
(Sakelartadou, 1987). 'Phespharus in the Hp0, “sdTuble fraction i attributed to its gent e and acetic acid were used as the second leaching reagent, designed to
13.»9'.19ﬁ~, ongenic matter ‘material. However, this reagent was not successful in dissolving all of

i The concentrations of Al fn the fourth leachate show that relatively little g JYie of ‘carbonates ivied Tecorcke mainii in the: eeroenmianienriches

Liota] A) ((Up to 5%} |was: 1 eached By H3025 therefore, there is a minimal attack of the's e hosted fraction of the sediments within the study area, containg mainly

BNy . _8ilicate phase by this reagent. )

A (relatively, exceptional earichment in the metal content of the fourth frag

ogeurs in some of the sediments subjected to partition analysis. The following enrighp :
- Were_recorded:

er representing CaCOy and the latter substituting for Ca in the carbonates,

has indicated a biogenic contribution of Pb,Mn and Zn. Such contribution has
ed by Yernavas and Cronan (1981) Shearme et al (1983) and Varnavas et al

K
Ly

i
ible fraction contains Fe Mn-oxides and shows their scavenging ability for

1. Up to 36 and 32% of the total '
¢ total Cu of semples 13 (with 0.5 % organic carbon) and 3 (g son of the amounts of trace metals associated with each of the

01% organic carbon) respectively, and 13% of the total Co and 18% of the total
sample 2 (with 0.14% organic carbon) occur in the Hy02 soluble fraction. It is suggest

stions shows that the majority of them occurs in the reducible fraction: such
'Hn and Zn. Up to 38% of the total Zn was found to be bound to the reducible
0 '_nq to Ballistieri and Murray (1986), 2n can be scavenged from seawater
carbon content of these samples 1s very low This suggestion is supported by the presen jes. Also, up to 52% of the total Mn occurs in the reducible phase indicating that
of Cu-bearing porphyry stocks and mixed sulphide ores in the mainland adjacent to the -.". - pnganese oxides are large Mn reservoirs in the sediments studied. Finally,
2. Up to 46% of the total Zn occurs in the fourtn fraction of sample 19. This enrichment g e total P content was found to be associated with the reducible fraction
be attributed to traces of sulphides, as mixed sulphide mineralization occurs in the draf the abflity of phosphate anions to coprecipitate onto the surface of Fe and Mn
basin of the river from which this sample was collected. and Lee, 1974); according to Fréelich et al (1982) ferric hydroxides can
the water column, A significant portion of the non-residual Cu is hosted in the
indicating a Cu presence n reducible ferromanganese oxides
attack has leached both the organic matter and the sulphide minerals. The

that these enrichments in the fourth leachate are associated with sulphides, as the orgap

(e) Residual fraction

This fraction contains most of the elements hosted in the lattice structure of silical
minerals, clays and other resistant minerals These elements are not expected to be :r.‘:
rapidly in the secondary environment under the conditions normally encountered in nature |

The various elements occur in the residual fraction in the following sequence:

u f8 primerily associated with the organic/sulphide hosted fraction, about 26%
ﬁi occurring in this fraction. This implies & possible occurrence of traces of
‘as the lerissos guif sediments are poor in organic matter. The Hy0, attack

27% of the total P, indicating the affinity of P for organic matter. Small
Mn (5% of the total) and Fe (3% of the total) were found to be hosted in the
fraction. A minimal attack of the major silicate phase by Hy0; was recorded

jor parts of the elements Ti, Al, Fe, V, K, Cr, Li, Co, Ni, La, Ba, Be, P, Cu, Mg
2d in the lattice structure of silicate minerals, clays and other resistant
mainly remain in the residual fraction, Thus, the following are suggested
of the results of the statistical treatment of the geochemical data of 730
e sediments from the North Aegean Sea (Sakellariadou, 1987). The bulk of Ti is
igenous detrital material; the bulk of Al, K and Ba and the major part of Be
stant aluminosilicate minerals and their alteration products (such as clays):
ent in resistant Fe-bearing minerals, such as heavy minerals, silicates and

ipal route of supply of ¥, Cr and Ni to the sediments studied is detrital

THADFer)YsK>Cr Li=Co>Lla=Ni=Ba>Be>P  Cu>Mg>ZnsMn>Sr Pb>Ca
>

> >
»80% 60-70% 34-58% 20-21%

The above sequence shows that the major part of all the elements studied, apart frof
Mn, Sr, Pb and Ca, in the sediments remaing 1n their residual fraction.

CONCLUSIONS

The part of the sediment most easily released 13 the exchangeable fraction, |eachel
by NH40Ac. The presence of easily hydrolyzed Mg, Ca and Sr components and a mid
K-contribution from the seasalt has been demonstrated. Ammonium acetate has slightly attacke

the carbonate fraction. Some exchangeable Mn (1% of the total) was found; this probabld
122 Wnaoiakr BIBAIOBAKN "Oedp



. | | ' - _ - Geochim. Cosmochim. Acts, 45:
P’ ! of mafic/ultramafic rocks. Cobalt is likely to be migtaly present in the lattice gf ne ferromanganese-oxide deposits

minerals; * sccording to Chester and Hughes (1967, 1969), Co in the monovalent sta
LoC1* or Cn(w).:*', mey ‘substitute for. hydrogen in the (OH) groups of the clay
 Isttices_The comparatively small_portion of Ca in_the redidual fraction implies that g g
lﬂwt‘lm of the tatal Ca occurs in the 1attice of resistant Ca-bearing minerals.
In general, it was found that the elements determined in the marine
subjectéd to pantition analysis occur. meinly in the residual and reducible fractions. This *
agreement with the suggestions of Li (1982), and Calvert/and Piper (1984); they ohen
that in merine sediments.and 'fmomanganese nodules, metals tend to primarily associate v
stlicates and Mn,fe-oxides. Also, the contarnination of the lerissos gulf sediments by ming
effluents was indicated. Concerning the area off Stratoni, the contamination of the sedim -j
(Fe, Mn, 2n and Cu contents higher than 8.0%, 4000ppm, 700ppm and 7Sppm respectively) §
the mainland mining operation was further supported by the decrease of the non-residual 1
Fe, N and Cu proportions with increasing depth in the uppermost 16¢cm of the core
(Sakellariadou, 1987)
The results of the partition geochemical analysis are fully compatible with 09
provided by the statistical treatment (cluster and factor analysis) of the geochemical data ¢
85 samples from the lerissos gulf (Sakellariadou, 1987).
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