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Mineral Res. Expl. Bull., 127, 1-14, 2003

A NOTE ON THREE ABNORMAL SAMPLES OF BENTHIC FORAMINIFERS FROM THE
DiKiLI BAY (TURKEY) IN THE NORTHEASTERN AEGEAN SEA: Peneroplis planatus
(Fichtel and Moll), Rosalina sp., and Elphidium crispum (Linne)

Engin MERIC*; Niyazi AVSAR**; Fulya BERGIN*** and ipek F. BARUT*

ABSTRACT.- Three of nine foraminifer samples collected from the Dikili Bay in the northwestern Aegean Sea
yielded three species demonstrating aberrance in development: Peneroplis planatus (Fichtel and Moll), Rosalina
sp. and Eiphidium crispum (Linne). We suggest that the cause for such abnormalities may well be thermal springs,
which are known to exist in the regions of the Dikili Bay and the Island of Lesbos to the west, and corresponding-

ly high proportion of certain elements in the waters.

INTRODUCTION

The area of the NE Aegean from which
the samples are collected is shown in figure 1.
Dikili Bay is situated on the western coast of
Anatolia between the Gulf of Edremit (to the
N) and the Gulf of Candarl (to the S), just op-
posite the Greek Island of Lesbos.

Along the western coast of Turkey, the
temperature of the Aegean has been recor-
ded as varying from 9 to 26 °C, with an oxy-
gen content ranging from 4 t010 mi/l (Artiiz
1970, Benli and Kiiguksezgin 1988, Ergin et
al., 1993a). It is thus a relatively warm and
well-aerated environment.

In the Middle Miocene, posterior to the
collision of the Arabian and Anatolian plates
the region began to expand (Sengdr and Yil-
maz, 1981), shifted westward between two fa-
ults: the Northern and Western Anatolian fa-
ults. Consequently, an E-W graben system
developed (Arpat and Saroglu, 1975; McKen-
zie, 1977; Turgut, 1987; Mascle and Martin,
1990; Yilmaz, 1990) with thermal springs-jud-

ging from the existence of those known-likely
to appear along the fault lines (Saroglu et al.,
1992).

The purpose of this paper is to suggest
that the quality and quantity of the chemical
trace elements supplied by the thermal
springs are related to the fault activity in the
area that cause aberrant formations in the
species of various benthic foraminifer in the
Dikili Bay.

FACILITIES AND METHOD OF RESEARCH

In 1996, the research vessel Sismik-1 of
the MTA equipped with a Van Veen Grab
scoop was able to sample various areas of
the seabed in the bay (Fig. 1). Although the
coordinates and depth were specified, we had
no record of the submarine environment (i.e.,
temperature, salt content, pH and oxygen
content). The depth of the seabed from which
the nine samples were recovered ranges from
16 t0 49 m.
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Fig. 1- Location map of the Dikili Bay (Northeastern Aegean Sea) and sampled localities.

THE EVIDENCE

The nine samples inspected for present-
day foraminifers in the Dikili Bay (Samples 1-
9, Fig.1) proved both plentiful and informative.
From depths of 16 to 49 m, we were able to
identify 86 benthic foraminifers of at least 50
separate species (Table 1). The literature
most helpful in identifying the species inclu-
des Cimerman and Langer, 1991; Hatta and
Ujiie, 1992; Sgarella and Moncharmont-Zei,
1993; Hottinger et al., 1993; Loeblich and
Tappan, 1994; Meric et al., 1995; Hayward et
al.,, 1999; Meric and Avsar, 2000 and 2001;
Avsar and Meri¢ 2001 a-b, Meric et al., 20023,
2003 and 2004; we have attempted to include
the most recent sources.

Of note among this benthic life in general
are the verification of the foraminifer species

Peneroplis pertusus (Forskal) at sites 3 and 5,
and the presence of progeny of Cibicidella va-
riabilis (d'Orbigny) with their unusual shell for-
mations at sites 1, 5, 7 and 8.

Specific to the subject under discussion
are single examples of Peneroplis plantus
(Fichtel and Moll), Rosalina sp., and Elphidi-
um crispum (Linne) that demonstrate aberrant
morphology. The Peneroplis planatus (Fichtel
and Moll) individual from site 2 displays two
abnormal cylindrical protuberances toward
the tip (one to the left and one to the right on
the second and third units and from the end),
both of which most obviously incorporate a
mouth. A break at the very tip suggests that
there may have been a third protuberance as
well (Fig. 2a). While other individuals of Pene-
roplis planatus (Fichtel and Moll) and P.pertu-
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sus (Forskal) from the neighbouring waters
displayed no such abnormalities, aberration
was also encountered in the shell formation of
sample No. 3 (Rosalina sp.), which demonst-
rates four protuberances-two very prominent-
at the sides/along the lateral walls (Fig. 2b).
Because of this irregularity in shape, we

remain hesitant to assign this individual to any
particular species. Sample number 2, an indi-
vidual of Elphidium crispum (Linne), also rep-
resents pronouncedly aberrant development
as abnormal swellings apparent on the conto-
ur (Fig. 2c).

Fig. 2- External views of tests, displaying abnormal morphologies;

2a: Peneroplis planatus (Fichtel and Moll), x100;

2b: Rosalina sp., x100 ve

2c¢: Elphidium crispum (Linne) x100
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Table. 1- Distributions of benthic foraminiferal genera and species from recent samples at

the Dikili Bay.
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Continue to Table 1.
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EVALUATION

Both Associate Professor Giltekin Tar-
can (Dokuz Eylul Univercity) and Dr. Levent
Cetiner (of the MTA Aegean Directorate) ag-
ree that the abnormalities in the specimens
presented here (personal communications,
June 2002) might well be the result of thermal
springs activated by the faults in the region
(Fig. 1). Particularly of note here are the hot
springs on the mainland and the seabed at
Bademli (along the coastal road between Di-
kili and Candarl) and on the promontory of Iii-
caburun (Turkiye Madensulan 3: Ege Bolgesi,
1974; Turkiye Mineralli Su Kaynaklan 1: Ege-
Bolgesi, 1999). Analyses from these sources
are shown in table 2.

Furthermore, along the east coast of Is-
land of Lesbos facing the Gulf to the west we
have scattered series of thermal springs intro-
ducing water of various temperatures into the
environment, most of these reflecting the che-
mical contents of the seawater. (Meri¢ et al.,
2002b). Considering the existence of such so-
urces on or near the mainland, we would sug-
gest that there might well be hot marine
springs affecting the environment in which
samples 3 and 5 have been recovered. Such
marine sources, with either over- or under-ba-
lance of N, I, Va, Li, Fe, Nb, Rb, Zn, Co, P,
Mo, Cd or Hg might have easily affected the
shell development of these two benthic orga-
nisms (lvanoff, 1972; Tait, 1981; Meri¢ et al.,
2002c). Likewise, the appearance of distinctly

Table 2- Chemical composition of the thermal mineral waters of southern part of Dikili Bay and
vicinity of Candarli Bay (Turkiye Maden sulari (3), Ege Bolgesi, 1974; Turkiye Mineralli

Su Kaynaklan (1), Ege Bolgesi, 1999).

Physical and DiKiLi- DiKiLF ALIAGA -
chemical BADEMLI{1974) | BADEMLIi{(1995) |ILICABURUN({1995)
compositions
Tempeorature (°C) 42 59 51.4
PH 6,24 6,61 6,72
EC (us/cm) 10500 25000 48400
Rn???(Bekerel) 767.75
NHa4 (mg/l) 6.250 4.34 ]
Na® (rgh) 2634.1 2630.1 632225
K (mg/) 246,5 187,68 262.75
ca®* (g} 251,29 128 701,86
Mg (mg/) 82 76 72.9 643,95
Fe?’ (mg/) 0,65 2,16 0,79
Al (mg/) 0,39 0,24 0.1 ]
ct (mg) 4433,2 4115,75 11436,91
I {rngA) 0,15 0,15 0.8 L
Br’ {mgh) 0,012 14,5
Fi {mg/) 2,16 2,15 2.45
SO 4 {(mg/) 200 262.,5 1625
NO3 {rmgn) 0.27 0,33 4.2
| _COg5 (mgA) - 0 0
HCO 5 (mg/) 683,2 694 36 798
| HAsSO 45 (mg/) 0,12 0,11 0,012
H28i0 3 (mg/) 150,8 122 .38 1,1
HBO » (mg/l) 95,07 93,14 4,8
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coloured Peneroplis shells found S and SE of
Bozcaada and off the E coast of Lesbos, as
well as the remarkably large proportions of
the shells of the same species recovered from
a depth of 2.5 m in the warm environment
(59 °C) of the Iica Bay near Cesme, have
been accredited to recent-and perhaps still
productive-thermal springs in the seabed
(Meric  1986; Meric and Avsar 2000; Avsar
and Meric 2001b; Meric et al., 2002a and b;
Yalcin et al., 2003).

Evidence of shell deformation in 30% of
the benthic foraminifer (217 species) is noted
from the Bay of Haifa in Israel (Yanko et al.,
1998). These anomalies have been linked to
the presence of heavy metals in the water
(see Yanko et al., 1999 for further speculati-
on). The presence of heavy metals has also
been suggested as a possible cause of ano-
malies in the shell structure of foraminifera in
the area of the French Isle of You. (Debenay
etal., 2001).

The geological characteristics of the re-
gion discussed above reflect the gradual mo-
vement of the western Anatolian plate, cha-
racterized first by the N-S compression of pa-
leotectonic evolution, but later (during neotec-
tontic development) by N-S expansion. The
primary faults and graben system in western
Anatolia developed during this latter period.
Most of the thermal springs appear along the-
se faults and grabens. The marble and limes-
tone schist in the metamorphic rocks of the
Menderes massif (marble, quartzite, and li-
mestone schist, and as well as other schist
and gneiss) provided convenient passage for
the major thermal aquifer, thus providing input
for the underground reservoirs in the Bayindir
region of lzmir (Barut et al., 2003). Recent
hydro-geological research and studies carried
out by various scholars suggest that the Ko-
zak region northeast of Dikili is the source of
much of the water collected in the Bayindir re-
servoirs. This model postulates a route trans-
porting surface water deep underground,

where it is heated in the graben and other
tectonic zones (facilitating its movement
through the bedrock) and eventually forms a
geothermal reservoir (Barut et al., 2003).

Studies have shown that the source of all
thermal springs is surface water that has
penetrated the ground and been heated by
geothermal/tectonic phenomena, eventually
returning to the earth’'s surface through faults
and cracks (Erisen et al., 1996).

Figure 3 tabulates the chemical compo-
sition of the mineral waters of the region eva-
luated on the basis of a Piper diagram (Piper,
1953). In this figure, it is seen that water rich
in Mg with a generally very high proportion of
Na and K, as well as of carbonates and sulfa-
tes; the carbonate component, registers parti-
cularly high. Elements characteristic of alkali
soils (Ca + Mg) register comparatively low.
The best-represented cations are Na, C and
K; the best-represented anions Cl, HCO,, and
SO,. These represent values appropriate for
water that has penetrated limestone.

Another factor significant to the region is
the many thermal springs scattered through-
out the SE peninsula of Lesbos (east of the
Bay of Kalloni and just across the channel
from Dikili). The salty thermal springs of the
small spa are also located on the island of
Lesbos at Thermi (46.9 °C), slightly northward
along the east coast, and at Polychnitos
(39.7 °C) 45.80 km westward from the admi-
nistrative center Mytilene, as well as the salt
waters of the nearby Lisvario spa (41.50 km
from Mytilene), one of the warmest thermal
springs in Europe with a temperature of
69 °C. The salty hot springs of Methymna
(43.5-46.5 °C) lie at the north of the island and
the spa of Therma is noted for its mixture of
fresh and salt waters (39.7 °C) only eight kilo-
meters from Mytilene. Considering the above,
it would be reasonable to postulate the further
existence of thermal sources off the east
coast of the Island of Lesbos (Meric et al.,
2002b).
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Fig. 3- Geochemical classification, Piper diagram, of the thermal mineralwaters at southern part of Dikili Bay

and vicinity of Candarli Bay.

Returning to the various samples collec-
ted in the Dikili Bay, we should note that five
of these contain traces of heavy metals: Pb,
Cr, Ni, Cu, Co, Mn and Fe (Table 3). In Samp-
les 3 and 5, although no Fe is reported, Pb is
present, and the amounts of Cr, Ni, Cu, Co
and Mn recorded-if below the threshold limits
(Krauschopf, 1985)-are worthy of note. Samp-
les 2, 4 and 8 contain a notabl proportion of
Mn, Cr and Cu, and Sample 5 reveals the hig-
hest proportions of Mn, Cr, Cu and Ni. Com-
paring the values at the stations sites 3 and 5

shown in figure 4a, the values of Mn, Cu and
Cr are relatively higher at site 3. The value of
Mn is seen to increase at the two sites shown
in figure 4b. Although all values aside from
that of Co remain under the threshold limit at
site 5, the presence of these metals should
still be considered significant. A comparison
among the values in the Dikili Bay and those
from the Candarl Bay to the south show us
that Co, Cu, and Cr rise above the threshold
values in the northern waters, whereas Fe,
Mn, and Ni in the southern waters.
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Table. 3- Heavy metal concentrations in bottom 5 sediment samples from the Dikili Bay.

Stations| Pb pg/L | Cr pg/L | Ni pg/L | Cu pg/L | Co pg/L Mn ug/L | Fe pg/L
2 — 6.657 0.060 1.053 0.582 59.003 1401.143
3 0.734 8.992 3.700 5.286 1.797 73.652 —

4 -— 6.392 4.750 6.662 7.982 23.748 | 2971.835

5 0.473 17.641 5.711 29.569 1.776 87.248 —

8 0.030 9.810 2.546 4.284 1.495 56.577 2686.906

microg/g
350 -
300 T
250
200
150 =2
-3
100 =44
=i 5

50 =0O=8

0 4

Pb Cr Ni Cu Co Fe
Fig. 4a- Comparison of the heavy metal concentrations with number of stations 2, 3, 4 and 8
microg/g
350
300 Y
L]

250

200 4— e Ph

—&—Cr
150 —_—— 1.
sy )]

100 - ety Co

0 .

2 3 4 5 8 Stations

Fig. 4b- Distributions of the abundance of the heavy metal concentrations at the of stations 2, 3, 4 and 8
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Aside from the stream known as the
Madra Cay (north of Dikili), there is no surfa-
ce drainage capable of introducing any appre-
ciable sediment into the bay. The relative
abundance of heavy metals in the offshore
waters would therefore postulate some aqu-
ifers opening directly into the seabed. Many
hot springs in the north east of the island of
Lesbos likewise support this premise.

Microprobe analysis of the morphologi-
cally anomalous shells of Peneroplis platanus
(Fichtel and Moll) and Rosalina sp. has reve-
aled the presence of CO,, Na, Mg, Al, Si, Cl,
Ca, Fe, and Ni. Trace elements in the former-
Peneroplis platanus (Fichtel and Moll)-reco-
vered at site 5, indicate Fe > Al > Na > Ca >
Si > Mg. The proportions differ in the latter-
Rosalina sp.-from site 3, however: Ni > Si >
Ca > Na > Al > Cl > CO,.

CONCLUSIONS

It seems most reasonable to contend
that the unusual high concentration of certain
elements in the waters of Dikili Bay most pro-
bably a result of thermal springs along the fa-
ult line(s) running across the seabed-like tho-
se that have been traced in the north of the
Gulf of Edremit (Meric et al., 2003) and in the
lica Bay at Cesme in the Province of Izmir
(Avsar and Meric, 2001), in the sea, E and SE
of the island of GOkceada (Meric and Avsar,
2001), Eand S of the island of Bozcaada (Me-
ric et al., 2002a) and along the east coast of
Lesbos (Meric et al., 2002b>)-might well have
caused the aberrant development in shell for-
mation of the three individuals from three dif-
ferent species of foraminifera discussed
(Figs. 2a-2c). Report of abnormal develop-
ment among the Peneroplis population thri-
ving near the thermal springs in llica Bay

(Meric, 1986; Avsar and Meric, 200l) also
supports our contention, as does the morpho-
logy of other aberrant instances of this speci-
es (Sozeri, 1966; de Civrieux, 1970). Indeed,
the number of abnormal shell formations
among Peneroplis planatus (Fichtel and Moll)
from environs fed by thermal springs is quite
striking. It seems essential that we consider
not only the major and minor chemical ele-
ments present in the environment, but trace
elements as well.

The variety of foraminifer species in each
of the nine samplings (collected from nine dif-
ferent sites, or stations) proves informative as
well. In sample 1, 40 different species were
attested; sample 2 revealed 55 species;
sample 3, 48; sample 4, 10; sample 5, 56;
sample 6, 24; sample 7, 37; sample 8, 68; and
sample 9, 36. Thus samplings 1, 2, 3, 5and 8
all confirm an environment congenial to
foraminifera, revealing at least 40 different
species, with the highest variety (68) recorded
in sample 8. sample 4, with only 10 species,
must obviously be much less attractive to the-
se benthic species. It is the ecology at the
sites from which samplings 2, 3, 5 and 8 were
collected that is of greatest interest to us.

Here we must cite one publication (Ergin
et al., 1999a and b) comparing recent estima-
tes of heavy metals in Dikili Bay and the im-
mediate surroundings (Table 4) with the mic-
roprobe values of the analyzed shell tissue
mentioned above, considering Fe and Ni in
particular. Although we cannot say that re-
sults comparing the latter elements substanti-
ate a direct correspondence, the Cu and Co
values of the various examples correspond
quite well. Discrepancies may reflect either
the depth from which the samples come
and/or particulars in the methods of analysis.
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Table. 4- Heavy metal concentrations in surface sediments from the Dikili and Candarli bays (from
Ergin et al., 1993)

Stations! Znpg/ | Crpg/L | Nipgil Cu ug/L Co ug/L Mn pg/L Fe %
T52 19 9 13 3 2 103 0.59
153 27 32 30 3] 7 172 1.18
154 37 42 36 11 5 441 2.20
755 81 73 43 34 9 352 3.07
T56 58 58 35 14 12 377 3.58
157 98 103 118 27 19 716 4.23
758 84 161 70 16 12 704 2.98
159 53 68 62 1 9 388 2.58
T80 93 101 50 21 12 337 3.16
T81 56 65 36 16 9 269 . 2.99
T82 60 74 52 18 9 343 3.69

Among further reports of interest from
the Aegean, we have one account of very
unusual benthic life influenced by thermal
sources at a depth of 10m off the Greek island
of Melos. These are compared to the astonis-
hing forms of life that appear in desert oases
(Thiermann et al., 1997). Other reports from
the Hellenic volcanic crescent include relati-
vely recent thermal sources such as the spas
along the inlets of the Methana peninsula on
the west of the Greek Peloponnesus, as well
the hot-water springs identified along the co-
asts of Melos, Samos and Yialos (Varnavas
etal., 1999).

Relative to the recent affects of the he-
avy metals upon benthic life, a population of
Melonis barleeanus (Williamson) discovered
in a fiord of Greenland, not far distant from le-
ad and zinc mines can be cited. Aberrations
among the offspring were registered at 20%,
whereas elsewhere-under normal circums-
tances-they have not numbered above 5%
(Elberling et al., 2003). The authors suggest
that within the last century the proportion-as
well as the number-of abnormal offspring of
Melonis barleeanus (Wiliamson) has incre-
ased in relation to the rising level of heavy
metal pollution and shell deformation within

the species has increased with the higher
lead content in the environment.

Let us also take a glance deep under the
Southwestern Pacific, where rich sulfide beds
containing silver, gold, copper, tin, and zinc
have been found in the bed of the Sea of Bis-
mark, about 2000 m below sea level. In this
rich environment, where we note the presen-
ce of hydrothermal submarine ‘chimneys’
emitting dark smoke, benthic life flourishes,
with gastropods representing the majority of
the fauna. So deep, and deprived of light, li-
ving creatures must depend on chemical ele-
ments for energy (Binns and Decker, 1998).
From the depths of the Timor Sea somewhat
further to the west, we can cite various popu-
lations of foraminifer displaying morphological
anomalies. Examples are given in Loeblich
and Tappan 1994, pl. 117, figs. 7-8: Pyrami-
dulina pauciloculata (Cushman); pl. 127, figs.
5 and 10, Amphycoryna separans (Brady);
and pl. 128, fig. 13 Amphycoryna sublineata
(Brady). An individual of Amphycoryna scala-
rus (Batch) with similar deformities has also
been recovered near Volcano Island in the
south of the Tyrrhenian Sea (Cimmerman and
Langer, 1991: pl. 54, fig. 6).
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In conclusion, these three foraminifer
samples representing morphological anomali-
es (Figs. 2a-2c) most probably owe their de-
formities to disproportional content of heavy
metals in the sea and considered as no anth-
ropogenic phenomenon, but introduced into
the ecosystem by natural thermal springs in
the seabed. The pollution traces at Candarli
Bay due to the Aliaga Petroleum Raffinary is
important at the north of the gulf (because of
the current). Among the five samples collec-
ted at this region the morphological abnorma-
lities of foraminifers aren't observed. (Meric et
al., 2004) The evidence in Dikili Bay does not
constitute a high proportion of aberrance
among the population as is seen in the Bay of
Haifa (Yanko et al., 1998). In the explanation
of the morphological abnormalities in this area
offered in the reports (Yanko et al.,, 1998, De-
benay et al., 2001), there is no mention of eit-
her marine thermal springs in the environs or
heavy metals in the water. The different rese-
archers talk about of possible cancerogenic
affects from the heightened proportion of the
gas Rn™? along fault lines (Choubey and Ra-
mola, 1997; Shirav (Schwartz) and Vulkan,
1997). The value of Rn* in the hot mineral
springs in the environs of Dikili measures
Rn* = 8510- 76775 Bekerel (Tirkiye Ma-
densulan-3, Ege Bolgesi, 1974). It seems re-
asonable to assume that natural marine
springs would reflect a similar worth; therefo-
re, possible affects of the gas Rn*? on the li-
fe of one-celled benthic fauna should not be
overlooked.
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