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Abstract. The large gravel pit at Partsi on Hiiumaa Island, Estonia, exposes a long
section of obliquely laminated well rounded but poorly sorted sandy gravel, pebbles, and
cobbles, containing freshwater molluscs (Lymnaea baltica, Ancylus fluviatilis, Bithynia
tentaculata, etc.) in its lower part and brackish-water molluscs (different species of
Cerastoderma, Macoma baltica, etc.) in the upper part. A Lymnaea baltica shell sample
from freshwater Ancylus sediments has yielded an electron-spin-resonance (ESR) calen-
dar age of 8860700 yr BP which corresponds to ¢. 8000 conventional noncorrected
radiocarbon yr BP. A Cerastoderma glaucum shell sample from the brackish-water Lito-
rina sediments has given an ESR age of 6310720 yr BP or about 5500 *C yr BP. The
data from the Partsi section suggest that water level in the Ancylus Lake dropped 30 m
before the following Litorina transgression. About one-third of the lowering of the water
level was probably caused by land upliit.

Key words: malacofauna, mollusc shells, electron-spin-resonance (ESR) dating, Baltic
Sea, Hiiumaa Island, Ancylus Lake, Litorina Sea.

INTRODUCTION

For a long time, the sandy-gravelly plain in the Palukiila—Partsi area
in northeastern Hiiumaa Island (Fig. 1) was considered glaciofluvial in
origin. In 1989, a geological excursion of geologists from the Baltic
States visited the island. During the excursion, subfossil mollusc shells
were discovered in the steeply dipping layer of coarse gravel containing
pebbles and cobbles in Partsi gravel pit, and afterwards also in the
deeper-lying finer sandy sediments, which is indicative of the marine
origin of the plain. Among the molluscs, collected by G. Eltermann and
identified by H. Kessel (unpublished data), the following typical Ancylus
Lake species were represented: Ancylus fluviatilis, Lymnaea lamarcki,
Radix ovata (or Lymnaea baltica), Bithynia tentaculata, Valvata piscina-
lis, and Pisidium pleifferi. On the basis of the evidence derived it was
concluded that the accumulative form in the lee of the Palukiila height
had developed as a spit during the Ancylus Stage, although the absolute
heights of the formation did not fit with the known Ancylus levels on
Hiiumaa Island (Kents, 1939). According to Raukas et al. (1994), the
spit had been finally formed by the waves of the Litorina Sea, however,
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the idea was not supported by stratigraphical evidence. In the summer
of 1994, a rich subfossil Litorina mollusc fauna above the Ancylus
fauna was found in the uppermost part of Partsi gravel pit (Rau-
kas & Ratas, 1995; Tavast, 1995), which confirmed the conjecture of Kes-
sel and Raukas (Keccen & Paykac, 1967) about the catastrophic lowering
of the Ancylus Lake (phase Ayr) before the Litorina/Mastogloia trans-

gression,
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Fig. 1. Location and topography of the study area. I, Litorina fauna sampling places;
2, Ancylus fauna sampling places; 3, gravel pit.
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LOCATION AND GEOLOGY OF THE PARTSI SECTION

The gravel pit at Partsi in the northeastern part of Hiiumaa Island,
10 km SE of Kéirdla, exposes a long section of inclined bedded sandy
gravel, pebbles and cobbles (PIl. I, fig. 1), which are well rounded (coef-
ficient of roundness 2.3), but poorly sorted. Among the clasts local car-
bonate rocks prevail (96% on an average). Most of pebbles and cobbles
are more or less isometric (coefficient of flatness 1.62), which for a long
time was the main reason for genetical misinterpretation of the beds
mentioned. Coarse-grained sediments are underlain by medium-grained
sand with interlayers of gravel (Pl. I, fig. 2).

The Partsi spit was formed above the more than ten metre thick
glaciolacustrine varved clays in the lee of the Palukiila bedrock island
and morainic hill (Fig. 2). The thickness of the beach and nearshore
sediments is 7—8 m. On the Litorina terrace at a height of up to 18—
20 m above sea level, the 1—2-m-thick eolian deposits are sporadically
traceable. According to the measurements of H. and T. Moora, the upper
surface of varved clays is at a height of 8.7 m in the southernmost part
and 12.9 m above sea level in the central part of the gravel pit.
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Fig. 2. Geological cross-sections from NW to SE at Partsi after G. Eltermann with the
authors’ complements: 1, sand; 2, gravelly sand; 3, varved clays; 4, beige basal till;
5, grey basal till; 6, sampling points; 7, boreholes.

SUBFOSSIL MALACOFAUNA

In the Partsi section a freshwater mollusc fauna was discovered at an
absolute height of 9—15 m, and a brackish-water mollusc fauna was
detected in the uppermost part of the section at an absolute height of
15.6—19.8 m. Unfortunately, the transitional layer between the Ancylus
and Litorina beds did not contain mollusc shells, however, their occur-
rence in some other part of the section is not excluded. In mainland Esto-
nia (Risti, Vihterpalu) and on Muhu Island (Vo6lla), the sediments of
that level comprise besides the typical Ancylus forms, such as Ancylus
fluviatilis, Lymnaea baltica, Bithynia tentaculata, and Pisidium amni-
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cum, also the slightly brackish-water Theodoxus [luviatilis §. littoralis (at
Vihterpalu 8%, at Volla 13.5% of all molluscs), which suggests the
opening of the connection with the ocean and transition to the Mastogloia
environment (Keccen & Paykac, 1967).

The similarity of freshwater mollusc fauna at different depths and in
different parts of Partsi gravel pit suggests similar palaeoecological con-
ditions during the accumulation of lithologically difierent facies. The
medium-grained sand at a height of 8.7—12.5 m in the lowermost part
of Ancylus sediments was dominated by Lymnaea baltica (60.7%) and
Bithynia tentaculata (18.4%), with the accompanying species being Val-
vata piscinalis (6.7%), Pisidium amnicum (6.2%), Ancylus f[luviatilis
(5.5%), and Sphaerium nitidum (2.5%) (Pl. II, fig. 1).

In the gravelly facies, 12—15 m above the present sea level, only
hardly identifiable broken pieces of shells were often found. Shells have
preserved well only in the interlayers of fine-grained sediments. In the
total of more than a hundred well-preserved shells Lymnaea baltica
(83.1%) prevailed. Ancylus f[luviatilis (6.8%) and Bithynia tentaculata
(6.1%) were less frequent. E. Tavast has identified only some tiny shells
Zf Lymnaea stagnalis, Valvata piscinalis, V. cristata, and Sphaerium niti-

um.

In the overlying Litorina sands at a height of 15.6—17.8 m, typical
brackish-water molluses (PI. II, fig. 2), mainly different Cerastoderma
species (probably C. glaucum 46.5% and C. edule 32.1%), with some
addition of Macoma baltica (13.6%), Hydrobia ulvae (5.1%), and Litto-
rina littorea (1.1%), were determined. Some brackish-water shells were
found also at a height of 18—19.8 m.

CHRONOLOGY

The chronology of the Baltic Sea history in Estonia is well established
and based on a lot of *C dates obtained on lagoonal sediments and or-
ganic matter buried under transgressive beach formations. The sandy-
gravelly deposits, which were studied in the Partsi section, did not contain
any organic matter and, therefore, the only methods directly applicable
for dating purposes were “C (on shells), infrared stimulated lumine-
scence (IRSL) (on minerals, such as quartz and feldspars), and electron
spin resonance (ESR) (on shells). The C and IRSL methods used in
dating Ancylus sediments from the height, considerably lower than the
maximum level of this lake as accepted in Oland and Gotland, have
yielded ages from c¢. 13425—13025 yr BP (or 11260190 uncal. C yr
BP), as determined on shells (Konigsson & Possnert, 1988), to 7000 yr
BP, as determined by IRSL on feldspar grains (Koénigsson et al., 1995).
These data show that the possibilities of the methods applied are rather
" limited. As to the results of C (including AMS) dating, this is not sur-
prising at all, since shells (and bones) are known as the worst dating
material because of possible contamination by nonrepresentative carbon
from the environment (see e.g. Olsson, 1974). According to some authors,
thin-walled freshwater mollusc shells are entirely unsuitable for C
dating (see e.g. Goslar et al., 1986), owing to possible contamination of
the shell material during sampling, handling, storing, preparation or in
the nature before sampling. Besides, a high percentage of the mollusc
shell carbonate is due to metabolic carbon incorporation into mollusc
organism (see e.g. Tanaka et al., 1986). Part of the carbon in the shell
carbonate can be derived from ambient water with dissolved infinitely
old carbon from the calcareous bedrock that can cause the overestimation
of the apparent *C age. These factors make it difficult to use §'3C values
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PIEATE I

1. Pebbles and cobbles in the Partsi area are rather isometric. Photo by A. Raukas.

2. Stratification of medium-grained sand and gravel with westward dipping in the western
part of Partsi gravel pit. Photo by A. Raukas.



PLATE II

1. Characteristic Ancylus Lake subfossil mollusc fauna in Partsi gravel pit: I, Lymnaea
baltica; 2, Bithynia tentaculata; 3, Ancylus fluviatilis; 4, Valvata cristata; 5, Sphaerium
nitidum.

~ 2. Characteristic Litorina Sea subfossil mollusc fauna in Partsi gravel pit: 1, Cerastoderma
glaucum; 2, Macoma baltica; 3, Scrobicularia plana.



of biogenic carbonate in mollusc shells to predict the palaecenviron-
mental conditions and to indicate the isotopic composition of ambient
water in which molluscs grew.

In several cases the IRSL method, first proposed by Godirey-Smith
et al. (1987, 1988), can also be applied to dating Holocene sediments.
This dating method is based on a new luminescence readout technique
using infrared diodes with A = 880 nm (Godirey-Smith et al., 1987,
1988) to stimulate electrons from light-sensitive traps in quartz and
feldspars. Although almost all other steps in the optically stimulated
luminescence dating procedure are similar to those employed in the con-
ventional TL dating of unheated sediments, the new readout technique is
able to use light-sensitive traps for dating, because loss of the electrons
when exposed to direct sunlight may be of very short duration, and hence
the residual signals for modern sediments can be easily zeroed (Huntley
et al., 1985). However, subaqueous sediments seem not to be the best
objects for the IRSL dating because the use of wavelengths outside the
range c. 500 to 625 nm would be inappropriate for zeroing the residual
signals due to strong attenuation of the shorter and longer wavelengths
by water (see e.g. Berger, 1988). At the same time, the results obtained
in the field of ESR palaeodosimetry (see e.g. Molodkov, 1986, 1988, 1989,
1993) and ESR dating of marine, freshwater, and terrestrial mollusc
shells performed under a proper stratigraphical control (see e.g. Molod-
kov & Raukas, 1988; MousoxankoB et al., 1992; Molodkov, 1995a), hold out
the hope that age determinations by the ESR will yield rather reliable
results.

In the present work we have focused our attention on the dating of
the freshwater gastropod Lymnaea baltica from the Ancylus complex and
the brackish-water Cerastoderma glaucum species. The calculation for the
Lymnaea baltica shell samples has yielded an average ESR age of 8860+
700 yr BP (Molodkov, 1995b) (Table), which corresponds to about 8000
conventional uncalibrated radiocarbon years BP and is consistent with
the expected age of the maximum Ancylus regression phase Ay or the
transitional Mastogloia phase in the southern part of the Gulf on Fin-
land (XwoBapuuen et al., 1992).

Age calculation of the Cerastoderma glaucum shell samples from the
Litorina complex gave an average ESR age of 6310720 yr BP (Molod-
kov, 1995b) (or about 5500 uncal. *C yr BP). It fits with the chrono-
logical data available on the Litorina Stage (7200—4200 uncal. *C yr
BP; Hyvirinen et al., 1988). At the same time, as evidenced by X-ray
diffraction data, about 10% of C. glaucum shell carbonate has changed
its original aragonite composition to calcite. This would result in a slight
underestimation of the age due to a probable loss of age information.

DISCUSSION

Koénigsson (Koénigsson & Olsson, 1981; Konigsson & Possnert, 1988)
explains the presence of freshwater mollusc shells in deposits 20—25 m
below the Ancylus transgression limit in Oland and Gotland with rede-
position from the sediments of the Baltic Ice Lake or, based on *C dates,
relates them to the early part of the Ancylus transgression (the *C dates
referred below are given as conventional uncalibrated radiocarbon dates
BP). The recent material from the Partsi section in Hiiumaa clearly
demonstrates that this freshwater mollusc fauna found in low-lying
Ancylus sediments belongs in situ to the end of Ancylus time or to the
subsequent transitional Mastogloia (Clypeus) Stage.
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Fig. 3. Water level changes of the Baltic Sea at Kopu (1) and Partsi (2).

The evidence derived from the Partsi section suggests a low water
level on the boundary of Early and Late Boreal about 8500 years ago
(Raukas & Ratas, 1995) (Fig. 3), when the oceanic waters started to
penetrate into the Baltic basin. According to Kessel and Raukas (Keccea
& Paykac, 1967), the drop in water level in mainland Estonia was 20—
25 m, while the data from the Partsi section show the relative lowering
by about 30 m.

During the second half of the Boreal, the ocean should have gradually
transgressed the Danish Straits, but only a minor quantity of the oceanic
water could penetrate further to the east, where slightly brackish-water
conditions appeared between 8000—7500 “C yr BP in littoral diatom
records (XmoBapuueH et al., 1992). The Mastogloia/Litorina transgression
culminated at different times in different areas, so that the peak was
delayed towards the margins of the land uplift zone (Keccen & Payxkac,
1984). In Hiiumaa, the transgression culminated at about 7000 *C yr BP.
In the areas with zero uplift the transgression trend naturally continued
longer, until the eustatic sea level kept on rising.

Both the Ancylus and the Litorina mollusc fauna at Partsi are char-
acteristic of the nearshore environment. Therefore, in the tectonically
rising area the presence of Litorina nearshore molluscs above those of
Ancylus age can be explained only by an abrupt lowering of the Ancylus
Lake level before the Litorina transgression, whose sediments covered
the Ancylus ones.

According to Eronen & Ristaniemi (1992), the rapid transgression of
the Ancylus Lake began soon after 9600 *C and reached maximum level
about 9300 *C yr BP, when a new discharge channel opened in the south-
west, apparently via the Great Belt in Denmark. According to Estonian
materials, the maximum of the Ancylus transgression took place about
9200—9000 “C yr BP (Raukas et al., 1995) and the regression could
have started not later than 8900—8800 *C yr BP. It ended with the
onset of the Mastogloia Stage sometime between 8500 and 8000 “C yr
BP. Taking into consideration that the Ancylus limit, which is fixed at a
height of about 40 m at Partsi, reached its maximum here some 9200—
9000 “C yr BP, and the minimum of the Ancylus regression at a height
of about 12 m occurred approximately 8200—8000 '“C yr BP, then the rate
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of the Ancylus Lake regression should have been on an average about
3—4 cm per year. It is difficult to evaluate precisely the role of land
uplift in the shore displacement. For example, in NW Estonia the Prebo-
real land uplift was on an average about 1.3 cmn per year (Paykac, 1978).
On the other hand, the evidence derived irom ancient shorelines shows
that during postglacial time Hiiumaa Island has risen some 45 m, i.e. c.
4.5 mm per year. However, changes in the gradients of shorelines sug-
gest (Keccen & Muiinen, 1973) that the uplift was uneven and the rate
of land upheaval decreased abruptly at the end of the Atlantic. It means
that up to one third (9—10 m) of the relative lowering of water level
could have been caused by land uplift. Anyway, an abrupt drop in water
level well accounts for the presence of a distinct boundary between the
transitional clays and postglacial muds in the Baltic offshore sediments,
considered as a boundary between the Ancylus and Litorina stages
(Ignatius et al., 1981).
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PARTSI — LAANEMERE UUS PERSPEKTIIVNE HILISBOREAALSE
JA VARAATLANTILISE VEETASEME MUUTUSTE UURIMISE
PIIRKOND

Anto RAUKAS, Elvi TAVAST, Anatoli MOLODKOV

Kirde-Hiiumaal Palukiila aluspohjakorgendiku distaalosas paiknev
Partsi liivik ja kruusaauk on unikaalne koht, kus neotektooniliselt kerki-
vas piirkonnas subfossiilset malakofaunat sisaldavad Litoriinamere set-
ted katavad Antsiilusjdrve setteid. Seejuures paiknevad viimased 30 m
madalamal Antsiilusjarve maksimaalsest levikupiirist Hiiumaal. Elektron-
paramagnet-resonantsmeetodil saadi Antsiilusjdrve setetest kogutud
Lymnaea baltica kodade vanuseks 8860+700 aastat (vastab umbes 8000
radiosiisiniku aastale) ja Litoriinamere setetest kogutud Cerastoderma
glaucum’i kodade vanuseks 6310720 aastat (vastab umbes 5500 radio-
stisiniku aastale). Seega langeb Antsiilusjdrve veetaseme jdrsu alanemi-
sega seotud miinimum {ileminekulisse Mastogloia staadiumisse. Kuivord
Antsiilusjiarve regressiooni aegne maapinna kerge Hiiumaal vois olla
ligikaudu 10 m, saab basseini védljavoolust tingitud vahetuks veetaseme
languseks Partsi kohal pidada umbes 20 m. Jarsk veetaseme alanemine
pohjendab hésti selget litoloogilist piiri Antsiilusjérve ja Litoriinamere
pohjasetete vahel Ladnemeres ning ka néiliselt anomaalset setete leviku-
pilti Partsi kruusaaugus.

NMAPTCH — HOBbIM MEPCNEKTUBHbBIX PAWHOH IJid
UCCJHENLOBAHHUA NMO3AHEBOPEAJIbHbBIX U
PAHHEATJAHTUYECKHUX KOJIEBAHUY YPOBH4

BAJTHHCKOIoO MOP4

Anro PAYKAC, 3asBu TABACT, Anaroauii MOJIOJbKOB

PacnosiozkeHHble B CeBepO-BOCTOYHOH 4YacTH 0-Ba XuilyMaa B paiioHe
[TapTcu rpaBHiiHO-rajieuHble OTJIOYKEHHS SIBJASIOTCS YHUKAJbHBIME JJ5 BCEil
Banrtuxn. 3pecs Ha HEOTEKTOHHUYECKH MOAHMMAIOUIEHCT TeppHTOpPHH 0oJee
MOJIOJble JINTOPHHOBLIE OTJIOZKEHHS MOKPLIBAIOT aHIMJIOBLIE, IPHYEM IOCJEN-
HHe 3ajeraroT Ha 30 M HH)KE MaKCHMaJbHOTO YPOBHS AHIMJIOBOTO 03€pa.
Onpenenennsiii DITP-MeTo10M BO3pacT pakOBHH IPECHOBOLHOIO MOJIIIOCKA
Lymnaea baltica 13 aHIMIOBBEIX OTJI0KeHUE coOoTBeTcTBYeT 8860700 ronam,
unu npumepHo 8000 romam nmo HekaaHOpPOBAHHON paJHOYTJEPOLHOH IIKaJe.
Bospact ctBOpox pakoBHH Mosmiocka Cerastoderma glaucum W3 JTHTOPH-
HOBBIX OTJIOXKEHHH cocTtaBiser 6310720 jieT, 4TO COOTBETCTBYeT IPHMEPHO
5500 roxam no HekanndpoBanHo# wmKajne '*C. Takum o6pasom, peskuii cnan
BOJ M MUHHMAJbHBI YPOBEeHb AHIIHJIOBOTO o3epa OJH3KH IO BPEMEHH K
nepexogHoMy MacrorioiieBoMmy Moplo. ITockosbky noaHsitHe 3eMHOH KOPBL
3a BpeMsi perpeccHu AHLHJIOBOro o3epa Ha 0-Be XHilyMaa MOXKHO OLLEHHTb
npuMepHo B 10 M, To cmaj ypoBHS 0O3€PHBIX BOJ 3a JAOBOJILHO HENPOJOJI-
JKHTeJIbHOe BpeMsi cocTaBHis mopsgaka 20 M, uTo OOBSACHSET UETKYIO JIMTO-
JIOTHUECKYIO TpaHHIy MeK1y AOHHBIMH OTJ/IOXKEHHSMH AHLIHJIOBOrO o03epa
i JIATOPHUHOBOrO MOpS, a TaKKe aHOMAaJbHOe 3aJieraHue OTJIOKEHHII B
paitone Ilaprcu.
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