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The occurrence of Bolboforma in the Upper Miocene Metochia
Section, Gavdos Island, south of Crete (Greece)

by A. ANTONARAXOU and H. Drinra®

with 5 figures, 1 table and 1 plate

Abstract. Biostratigraphy based on Bolboforma is applied for the first time in the Metochia Sec-
tion, Gavdos Island, south of Crete (Greece). The sequence interval investigated spans, according to
plankronic foraminiferal biostratigraphy, a time interval from 9.7 to 6.6 Ma (Late Miocene). Two
Bolboforma species, one incertae sedis, and the Bolboforma intermedia Zone {(7.7-5.6 Ma) have been
identified. The B. metzmacheri Zone (9.7-7.7 Ma) has not been found in the studied section, may be
due to palacoecological reasons. Bolboforma specimens are shown to be useful both in stratigraph-

ical and palaeoclimatological analysis.

Zusammenfassung. Eine biostratigraphische Gliederung, die auf Bolboformen basiert, wurde
zum ersten Mal auf das Metochia-Profil der Insel Gavdos, stidlich von Kreta (Griechenland) ange-
wendet. Das untersuchre Zeitintervall deck, nach der Biostratigraphie der planktonischen Forami-
niferen, einen Zeitraum von 9.7 bis 6.6 Millionen Jahre (Obermiozin) ab. Zwei Bolboforma-
Arten, eine Art incertae sedis und die Bolboforma intermedia Zone (7.7-5.6 Ma) wurden nach-

gewiesen. Die B. metzmacheri Zone (9.7-7.7 Ma) wurde in dem untersuchten Abschnitt nicht nach-
gewiesen, vermutlich aus palioskologischen Griinden. Es konnte gezeigt werden, daf die Bolbo-
forma-Gruppe sowohl fiir die Stratigraphie als auch die Palioklima-Analyse sehr niitzlich ist.

i Introduction

Miocene sections are traditionally dated using planktonic foraminifers and calcareous
nannofossils. In particular, the distribution and geochemistry of planktonic foraminifera
make up an important component of the marine sediment archive of past global environ-
mental changes. However, planktonic foraminifera alone do not deljver the desired leve]
of stratigraphic resolution, especially when they are used in shallow-water sertings. More
precise assignments may be obtained by combining the bioevents of different fossil
groups, which can also been integrated with chemostratigraphic events.

In this paper we present an example of this integrated stratigraphic approach applied

to the relatively deep-water Metochia section, outcropping in the northern part of Gav-
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dos Island (Fig. 1), using assemblages of planktonic foraminifers and specimens of the Bol-
boforma group.

Bolboforma specimens comprise a group of marine calcareous microfossils of uncer-
tain origin with affinities to protophytic algae. VoN DaNIELS & SPIEGLER (1974) first
introduced Bolboforma as a genus of incertae sedis belonging to a group of problematic
marine protozoans. Since then, speculations have been presented about its affinity to pro-
tozoans (ODRzYWOLsKA-BieNkowa 1976, voN DANIELS ef al. 1981) or to algae (Brzon et
al. 1977, RéeL & HocruLr 1976, Tapran 1980, MELLER et al. 1984, MURRAY 1984, Ecl-
* oLs 1985, Hopeson & FunNeLL 1987, SPIEGLER 1987). However, since encapsulated tests
have been detected (Poac & Karowr 1986, 1987; SPIEGLER 1987), the affinity to proto-
phytes seems more likely.

Specimens belonging to this group characterize lower Eocene 1o upper Pliocene sedi-
ments (SPTEGLER 1991, 1999; Cooxe et al. 2002), predominantly from middle and higher
latitudes in both the northern and southern hemispheres. Bolboforma specimens are
Lagena-shaped, possess a calcitic monocrystalline, spheroidal to subspheroidal, mostly
single chamber. Specimens range in size from 50 um to 250 wm, but their diameter is usu-
ally less than 150 um (SpreGLER 1987).

\.,Mj : LCRETE o _ GAVDOS ISLAND

Fig. 1. Geological map of Gavdos Island with location of the Metochia Section.
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Biostratigraphy based on these organisms is relatively new compared with the bio-
stratigraphy based on other microfossil groups (QvaLE & SPIEGLER 1989, SPIEGLER
& voN Danters 1991, SPieGLER 1999). However, their strong resistance to dissolution
and their phylogenetic evolution, especially during the Miocene, make the Bolboforma
to an important microfossil group for interpreting the stratigraphy of sediments from
temperate and cool regions (SPEZZAFERRI & SPIEGLER 1998a, SPIEGLER 2001; SpEzza-
FERRI et al. 2001). In particular, the use of Bolboforma may support and in some cases
improve standard zonations bdsed on calcareous nannofossils and foraminifers. Four-
teen« Bolboforma zones/subzones have been determined for the Neogene (SpiEGLER
1999),

The Bolboforma group has rarely been described from sediments in Mediterranean

“sections (SPIEGLER & ROGL 1992, SpezzZAFERRI et al. 2001). Moreover, this group is deter-
mined for the first time in the Hellenic region.

2 Material and methods

Geological setting and stratigraphy

The location of the section studied 1s near Metochia in Gavdos Island (Fig. 1). The verti-
cal sedimentary log of the section is illustrated in Fig.3 and represents the section as
shown in Fig. 2.

The Metochia Section 1s approximately 100 m thick and comprises a basal part of a
paleosol overlain by estuarine-type sediments with oyster banks. Strongly bioturbated
shallow marine sands with a high lateral continuity and with many Heterostegina (ben-
thic foraminifer), echinoids, pectinids and other gastropods and pelecypods of shallow
marine origin overly the estuarine deposits. Deeper-marine sediments overly these near-
shore dep051ts

The main part of the section consists of alternating light grey-blue, homogeneous,
hemipelagic marls and brown, organic-rich, laminated beds (sapropels). Plankton/ben-
thos ratios from the pelagic marls of the first sapropel level indicate basin depths of the
order of 850 m and more (PosT™a et al. 1993). The Metochia Section shows conspicuous
clusters of sapropels at some intervals. The sapropel-bearing succession in the Metochia
Section s overlain in stratigraphic continuity by cyclically bedded diatomites of Messin-
ian age (TRIANTAPHYLLOU et al. 1599).

The stratigraphic position of the section 1s known from magneto-, cyclo- and biostrat-
graphic data (HrLGgeEx 1991, Krijasman et al. 1995, HILGEN et al. 1995, ANTONARAKOU
2001). Based on these data, the section covers a time interval from.9.7 to 6.6 Ma, a period
of substantial changes supposed concerning the Mediterranean-Atlantic connections. In
addition, an astronomically calibrated time scale for the studied section has been estab-
lished through correlation to the 65° N summer insolation curve of La, ,, (Laskar 1990,
1993; HiLgen et al. 1995, LourEens et al. 1996). The Metochia Section has been correlated
with other sections of Crete and Sicily, and the results provide a solid, stratigraphic frame-
work that enables bed-to-bed correlation for Tortonian and lower Messinian strata of the
Eastern Mediterranean Basin.
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METOCHLA SECTION
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Fig. 3. Lithostratigraphy of the sediments from the Metochia Section.
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Micropaleontological analysis

For micropalacontological studies, 560 samples of 1 cm thickness have been taken atinter-
vals of approximately 20 ¢m, if necessary in correspondence with changes in lithology.
The collected samples were treated with H,O,, washed through a 125 pm mesh sieve and
dried at 50° C. The preparation method used to obtain Bolboforma specimens is the same
as used for foraminifers. Foraminifera and Bolboforma specimens were then hand-picked
under a binocular microscope {rom randomized splits of each dried sample and mounted
on a slide. The preservation of the specimens is good throughout the studied sequence.

3  Biostratigraphy

Planktonic foraminiferal biostratigraphy

The faunal assemblages are generally very well preserved and abundant throughout the
sequence. Planktonic foraminiferal biostratigraphy of the Metochia Section is based on
the stratigraphic distribution of six species and the coiling ratic of Neogloboguadrina
acostaensis. The stratigraphic distribution of these species 1s given by qualitative terms
{presence/absence) and provides eleven first order bioevents (No. 1-11 in Fig.3 and Table 1),
which improve the biostratigraphic resolutions of this time span (Kr1jGsMaN et.al. 1995,
ANTONARAKOU 2001). All events are accurately dated using the astronomically calibrated
time scale for the Late Miocene {Krijesman et al. 1995). '
The planktonic foraminiferal bioevents identified in the section are listed in Table 1:

Table 1 Planktonic foraminiferal bioevents in the Metochia Section (HiLGEN et al. 1995).

No. Bioevents _ Stratigraphic Astronomical Foraminiferal zones
level age (Ma)
11 G. nicolae, FO 99.25-99.35m 6.82-6.83 (. cono- N17
' miozea

10 G. miotumida group, FRO 90.25-90.33 m 7.23-7.24

9 G. menardii 5, FO 87.90-87.97 m 7.35 N. acosta-
ensis
8 G. falconarae, LO 85.20-856%m 7.44-7.46
7 G. menardii 4, LCO 84,12-84.24 m 7.50--7.51 -
6 8. seminulina, FIRO 79.06-79.31 m 7.72-7.73 Ni16
5 S seminulina, LRO 74.44-74.60 m 7.91-7.92
4 G. falconarae, FS 57.31-57.84 m 8.42-8.44
3 G. falconarae, LCO 44 104427 m 8.86
2 G.menardii 4, LCO 2935-29.76m  9.31-9.32
1 N. acostaensis, HRO 9.81-9.93 m 9.54




116 A. ANTONARAKOU and H. DrinNia

Based on these bioevents and the distributional pattern of planktonic foraminifers,
the zonations of BLow (1969, 1979) and ZACHARIASSE (1975} have been tentatively
applied to the Metochia Section. According to these zonatons, planktonic foraminiferal
data indicate that the section covers a time interval from 9.7—6.6 Ma, spanning the
N. acostaensis Zone and the G. conomiozea Zone or the N16 and N17 zones, respectively
(Brow 1969).

Bo;boforma biostratigraphy

In the sediments of the Metochia Section the following species have been identified:
B. cf. clodiusi, B. intermedia and a species of incertae sedis, forma A (Plate I).
Specimens of Incertae sedis, forma A, occur throughout the sequence (Fig. 4). I'ts low-
est common occurrence (LCO) is above the lowest common occurrence of Globororalia
menardii 4 (bioevent 2, dated as 9.31 Ma}. The last occurrence (LO) of the species is
reported almost from the top of the section and coincides with the first occurrence (FO)
of Globorotalia nicolae (at 6.82 Ma).
Bolboforma cf. clodiusi shows a very short influx just below the frequency shift of
Globorotaloides falconarae (at 8.4 Ma). B olboforma intermedia is of great biostratigraphic
significance, as its first occurrence marks the base of the Bolboforma intermedia Zone.
The total range (TR) of B. intermedia defines the B. intermedia Zone and spans the inter-
val7.7-5.6 Ma (SP1EGLER 1999). In the studied section, the first occurrence of B. interme-
dia is reported just above the lower common occurrence of Sphaeroidinellopsis seminu-
lina, dated as 7.8 Ma. The base of this interval coincides with the brief re-occurrence of
large sized Globorotaloides falconarae specimens, while the top corresponds with the base
of the longer term absence interval of G. menardsi 4 preceeding its last commeon occur-
rence level. S, seminulina and B. intermedia show the same distribution pattern.

4 Discussion

Bolboforma associations in the samples were analyzed and correlared to the planktonic
foraminiferal bioevents of the Metochia Section. The major event observed is the first
occurrence of the B. mtermedia which defines the B. intermedia Zone for the upper part
of the section (Fig. 5).

Faunal reference list (Plate I)

Type references are given for each species recognized.

Bolboforma clodinsi von DanieLs & SpiecLER, 1974, p. 63, pl.7, figs. 46,

Bolboforma intermedia von DaNteLs & SPIEGLER, 1974, pp.66—67, pl. 8, figs. 7-9.
Incertae sedis, forma A SpezzarErr1 & SpiEGLER, 1998, p- 128, pl. 2, figs. 1-11. Incertae
sedis, forma A is known form Pliocene to early Pleistocene, but was never described from
Late Miocene sequences of the Eastern Mediterrancan.
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Plate 1: Fig. 1a—c: Incertae sedis, forma A. Fig, 2a~b: Bolboforma cf. clodiusi. Fig. 3a—c: Boloboforma

intermedia.
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Fig. 4. Stratigraphic distributiona! pattern of planktonic foraminifers and Bolboforma species from
the Metochia Section (KRrIyasman et al. 1995, modified herein).
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The potential for finding index Bolboforma taxa in older sedimentary units of the
Metochia Section 1s rather low. We expected to find B. metzmacheri, the total range of
which characterizes the B.metzmacheri Zone spanning the time interval from 10.5 to
7.7 Ma. We suggest that palaeoecological and palaeoenvironmental reasons have caused

the absence of this Bolboforma species. _
Palaeotemperature trends play a crucial role in the development of the Bolboforma.

SPIEGLER & vON Daniers (1991) and Cooxke et al. (2002) mentioned that Bolboforma
specimens prefer rather temperate climatic conditions. When the climate becomes |
warmer, conditions are unfavorable for them so they usually disappear. This may be the

reason that they are mostly missing in low latitudes in both hemispheres and in Tertiary
sequences of the Pacific.

5 Conclusions

Combined Bolboforma and planktonic foraminiferal biostratigraphy provide a precise
age assignment of Miocene sediments from the Metochia Section. An expanded use of
Bolboforma bioevents may significantly improve the stratigraphy of other outcropping
Miocene sequences. However, further studies are necessary to identify the stratigraphic
potential of this group of microfossils.
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