
Geo log i cal Quar terly, 2015, 59 (3): 517–530
DOI: http://dx.doi.org/10.7306/gq.1227

Rel a tive sea level changes and de vel op ment of the Hiiumaa Is land, Es to nia, 
dur ing the Ho lo cene

Jüri VASSILJEV1, *, Leili SAARSE1, Ieva GRUDZINSKA1 and Atko HEINSALU1

1 Tallinn Uni ver sity of Tech nol ogy, In sti tute of Ge ol ogy, Ehitajate tee 5, 19086 Tallinn, Es to nia

Vassiljev, J., Saarse, L., Grudzinska, I., Heinsalu, A., 2015. Rel a tive sea level changes and de vel op ment of the Hiiumaa Is -
land, Es to nia, dur ing the Ho lo cene. Geo log i cal Quar terly, 59 (3): 517–530, doi: 10.7306/gq.1227

Three sed i ment cores (Loopsoo, Tihu, Prassi) from Hiiumaa Is land (Es to nia) were in ves ti gated us ing di a toms, lithological
prox ies, mag netic sus cep ti bil ity, geo chron ol ogi cal dates and in cor po rated with the pre vi ously stud ied Káivasoo site, aim ing
to re con struct the de vel op ment of the is land and shore line changes dur ing the Litorina Sea and the Limnea Sea. The high est
level of the Litorina Sea shore line near Káivasoo is at 27.6 m a.s.l., and it oc curred dur ing the Ini tial Litorina Sea. Within the
Litorina Sea trans gres sion, 7800 cal yr BP, rel a tive sea level reached 24.9 m a.s.l. at Káivasoo, 24.1 m a.s.l. at Loopsoo,
23.6 m a.s.l. at Tihu, and 21.5 m a.s.l. at Prassi. Káivasoo be came iso lated from the sea about 8500 cal yr BP, Loopsoo be -
tween 7100 and 6800 cal yr BP, Tihu around 4800 cal yr BP, and Prassi about 2500 cal yr BP. Pres ently gained data from
Hiiumaa Is land con firm that the Litorina Sea re gressed con sis tently dur ing the last 8000 years due to pro gres sively de clin ing
iso static re bound. The pres ent study is also il lus trated by 3-di men sional palaeogeographic maps of the Hiiumaa Is land de -
vel op ment.
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INTRODUCTION

Large is lands in the Bal tic Sea Ba sin (BSB) have long time
at tracted in ter est of re searches as they show mar gin al ity in
geo log i cal and veg e ta tion his tory and cli mate con di tions (e.g.,
Luha et al., 1934; Königsson, 1968; Sepp, 1974; Svens son,
1989). Hiiumaa Is land ex pe ri enced sig nif i cant coast line
changes dur ing the Ho lo cene due to in ter play be tween sea
level change and iso static land up lift (Kessel and Raukas,
1967, 1979; Sepp, 1974; Saarse, 1994; Raukas and Ratas,
1996; Hang and Kokovkin, 1999; Saarse et al., 2003). The
Ancylus Lake and the Litorina Sea, stages of the BSB, left be -
hind nu mer ous beach ridges, wide spec trum of scarps, and
sev eral an cient la goons, which are po ten tial sites to study wa -
ter level changes, is land de vel op ment and early hu man col o -
ni za tion (Kriiska and Láugas, 1999). Coastal for ma tions of the
Ancylus Lake are now po si tioned up to 45 m a.s.l., that of the
Litorina Sea up to 27.6 m, and of the Limnea Sea up to 12.8 m
a.s.l. (Kents, 1939), pro ceeded from the postglacial land up lift
that is now a days ap prox i mately 2.5 mm yr–1 on Hiiumaa
(Torim, 2004).

The cur rent study fo cuses on the de vel op ment of the
Litorina Sea whose on set is marked with the es tab lish ment of
the con nec tion be tween the BSB and the ocean around

9800 cal yr BP (Andrén et al., 2000; Berglund et al., 2005),
since when the wa ter lev els in the BSB and the ocean were in
equi lib rium. The Mastogloia Sea has been rec og nized be tween
the fresh wa ter Ancylus Lake and the brack ish-wa ter Litorina
Sea as a tran si tional di a tom-strati graphic unit (Kessel and Pork, 
1974; Cker et al., 1988; Hyvärinen et al., 1988, 1992; Haila et
al., 1991) based on the pres ence of weakly brack ish-wa ter di a -
tom as sem blages par tic u larly in the lit to ral se quences
(Hyvärinen, 1984, 2000), whereas in the off shore se quences
such a tran si tional unit is com monly ab sent (Ignatius et al.,
1981). Lately, this sub-stage was re named Early (Ini tial) Litorina 
Sea, mark ing pen e tra tion of sa line wa ter to the BSB about
9800–8500 cal yr BP (Andrén et al., 2000; Berglund et al., 2005; 
Harff et al., 2011). The slightly brack ish-wa ter di a toms oc cur in
the sed i ment se quences of Fin land since 8800 cal yr BP
(Eronen, 1974), and about 8500 cal yr BP in west ern Es to nia
(Hyvärinen et al., 1988). How ever, the typ i cal brack ish-wa ter
mol lusc fauna mi grated later, when the sa lin ity of the sea had
reached 15–20‰ (Hyvärinen et al., 1988). The trans gres sion
peak of the Litorina Sea is time-transgressive oc cur ring later in
the south ern parts of the BSB, i.e. in ar eas with a slower land
up lift rate (Miettinen and Hyvärinen, 1997; Hyvärinen, 2000;
Saarse et al., 2000; Miettinen, 2002, 2004).

The cur rent pa per summarizes the main re sults of litho -
stratigraphical and di a tom biostratigraphical anal y sis, and 14C
ra dio car bon dat ing ap plied to stud ies of shore dis place ment on
the Is land of Hiiumaa. These data from four iso lated bas ins is
then used in GIS-anal y sis with aim to re con struct the de vel op -
ment of Hiiumaa Is land and to il lus trate its 3-di men sional (3D)
palaeogeographic maps.
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MATERIAL AND METHODS

STUDY AREA AND SITE DESCRIPTION

In the cur rent study, three bas ins: Tihu, Loopsoo and Prassi 
(Fig. 1) were ex am ined and in cor po rated with the ear lier study
by Königsson et al. (1998) and Saarse et al. (2000) from
Káivasoo.

Káivasoo is a small raised bog, an an cient Litorina Sea la -
goon on the Kápu Pen in sula at 27.5 m a.s.l. (Fig. 1B), sur -
rounded by wide spec trum of sandy beach for ma tions. It has a
nar row thresh old in the south at an el e va tion of 27 m a.s.l.,
which was deep ened by ditch ing the bog. Pol len and di a tom re -
cords of Káivasoo de pos its, taken from the cen tral part
(58°54’32’’N; 22°11’56’’E), were pub lished ear lier (Sarv, 1981;
Sarv et al., 1982; Königsson et al., 1998; Saarse et al., 2000).

Ar chae o log i cal re mains found on the beach ridges east to
Káivasoo re veal a sea sonal set tle ment dur ing the Late Meso -
lithic and Early Neo lithic (Kriiska and Láugas, 1999). Typ i cal
Litorina Sea mol lusc fauna has been iden ti fied near the set tle -
ment site at 26 m a.s.l. (Moora and Láugas, 1995). More de tails
about the pol len stra tig ra phy and ra dio car bon dates are given in 
Königsson et al. (1998), and the de vel op ment of the Kápu pen -
in sula is dis cussed by Saarse et al. (2000).

Loopsoo Bog is lo cated in the cen tral part of Hiiumaa (Fig.
1B), close to the Or do vi cian and Si lu rian bed rock bound ary
(Eltermann, 1993a). The pres ent bog sur face lies at 21.5–22 m
a.s.l., has an area of 128 ha and is sur rounded by a bow-
 shaped beach ridge. The pres ently ob served thresh old at 21 m
a.s.l. at the out flow ditch in the east ern part of the bog was prob -
a bly ca. 1 m lower and was cov ered by sand dur ing iso la tion.
Sam ples for the cur rent study were taken from the south ern part 
of the bog (58°53’41’’N; 22°40’21’’E). Thick ness, dis tri bu tion
and prop er ties of the peat were stud ied by Orru (1995), but the
peat lay ers were not dated. Loopsoo is sur rounded by a thin
woody rim and field patches. The near est dated site is Pihla Bog 
(Fig. 1B), 2 km north-west of Loopsoo, where the basal peat at
the con tact with sand at about 14 m a.s.l. has been dated to
3530 ± 230 cal yr BP (Liiva et al., 1966).

Lake Tihu Keskjärv (here af ter Tihu) in the west ern part of
Hiiumaa is a small, elon gated, shal low (max i mum wa ter depth
0.6 m) over grow ing (2.7 ha) semidystrophic lake in a paludified
val ley-like de pres sion at 14.5 m a.s.l. (Fig. 1B). It is flanked by
ridges and dunes reach ing up to 27 m a.s.l., and shoal ing to -
wards the south-east. The base of the near est beach ridge was
lev elled at 15.5 m a.s.l. (Ratas, 1976), and a thresh old at 14.4 m 
a.s.l. is lo cated in the south east ern part of the val ley. Here,
brown ish till with er ratic clasts and ma rine sands is widely dis -
trib uted, and mod ern to pog ra phy is bro ken by nu mer ous beach
ridges, spits and fan-like bars (Ratas, 1976; Eltermann, 1993b). 
Lake shores are peaty, and the catch ment is paludified and
mostly for ested by pine. Two ditches drain into the lake and one
out let ditch to Tihu Suurjärv. Ear lier stud ies on the Tihu lakes in -
clude those of Thomson (1929), Mäemets (1977) and Saarse
(1994). The pres ently stud ied sed i ment core was taken from
the SE paludified part of the lake (58°51’48’’N; 22°32’24’’E).
The near est dated sec tion is from Vanajáe (Fig. 1B), 7 km NW
of Tihu, where the Litorina Sea mol lusc shells from ca. 10–12 m
a.s.l. were dated to 3050 yr BP us ing the elec tron spin res o -
nance (ESR) method (Molodkov and Raukas, 1996).

Lake Prassi is a small seep age lake (7.5 ha and 7.2 m
a.s.l.) in the south ern part of Hiiumaa (Fig. 1B), where Si lu rian
lime stone is cov ered by gla cial and ma rine de pos its. A 13.5 km
long, north-south ori en tated esker ridge at 8–10 m a.s.l. is sit u -
ated 500 m east of the lake. The lake it self is sur rounded by a
small for ested mire, and the thresh old lies at 6.8 m a.s.l. in the
south west ern part. The base of the high est lev elled beach ridge 
is at 10 m a.s.l. (Ratas, 1976). The core was taken from the
over grown east ern part of the lake (58°43’44’’N, 22°37’02’’E).
The near est lo cal ity dated by the ESR method is the Muda
Quarry, 4 km north of Prassi (Fig. 1B). It ex poses sand rich in
mol lusc shells, at ca. 8–9 m a.s.l., where the bi valve Cerasto -
terma glaucum was dated to 2700 yr BP (Molodkov and
Raukas, 1996).

METHODS

A se ries of over lap ping (0.2–0.5 m) cores were ob tained
with a Rus sian peat sam pler from the Loopsoo, Tihu and Prassi
bas ins in sum mer 2012 and from Káivasoo in sum mer 1999
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Fig. 1. Over view map of the study area (A) and dig i tal ter rain
model (DTM) of Hiiumaa Is land (B)

Black dots mark the study sites and red squares the ar eas of
palaeo geo graphi cal re con struc tion



(Ta ble 1). One metre long core sec tions were de scribed in the
field, pho to graphed, sealed in plas tic lin ers and trans ported to
the lab o ra tory. Loss-on-ig ni tion (LOI), grain-size, mag netic sus -
cep ti bil ity (MS), ra dio car bon dates and di a tom anal y ses were
car ried out on the sed i ments. Or ganic mat ter (OM) was ex am -
ined con tin u ously from 1 cm thick sam ples ig nited at 525°C for
4 hours, and the re sults are ex pressed in per cent ages of dry
mat ter. The per cent age of car bon ates (CaCO3) was cal cu lated
af ter com bus tion of LOI res i due for 2 hours at 900°C. The
amount of res i due was de scribed as min eral mat ter and cal cu -
lated from the sum of or ganic and car bon ate com pounds. Vol -
ume spe cific MS ¡, ex pressed in SI units, was mea sured with a
Bartington In stru ments MS2E scan ning sen sor at 1 cm res o lu -
tion from the care fully cleaned sed i ment sur face. Sed i ment
grain size was mea sured by a Horiba la ser scat ter ing par ti cle
size analyser from the min eral por tion of sed i ment with the in -
ter val of 2.5–5.0 cm. Or ganic mat ter was re moved by wet ox i -
da tion with 30% hy dro gen per ox ide and car bon ates by 10%
HCl, and the grain-size clas si fi ca tion fol lows the Udden-Wen -
tworth scale (Last, 2001).

Di a tom prep a ra tion fol lowed tech niques out lined in Battar -
bee (2001). Di a tom sam ples were di gested in hy dro gen per -
ox ide and per ma nently mounted onto mi cro scope slides us ing 
Naphrax me dium. Usu ally, about 400 di a tom valves were
counted in each sam ple and iden ti fied to the spe cies level in
or der to es ti mate the per cent age abun dance of each taxon. In
some sandy sam ples, di a tom pres er va tion was poor, but
none the less, a min i mum of 100 iden ti fi able di a toms were
counted. Di a toms were grouped ac cord ing to their liv ing hab i -
tat into plank tonic, small-sized fragilarioid and periphytic taxa,
and with re gard to their sa lin ity tol er ance into ma rine/brack ish, 
halophilous, small-sized fragilarioid taxa with brack ish-wa ter
af fin ity, small-sized fragilarioid taxa, in dif fer ent, fresh wa ter
and un iden ti fied taxa. Di a tom flo ras, used for the iden ti fi ca tion
and eco log i cal in for ma tion, were de rived from dif fer ent sour -

ces (Krammer and Lange-Bertalot, 1986, 1988, 1991a, b;
Snoeijs, 1993; Snoeijs and Vilbaste, 1994; Snoeijs and Pota -
pova, 1995; Snoeijs and KasperovičienÅ, 1996; Snoeijs and
Balashova, 1998).

The age-depth con trol of sed i ment se quences was pro -
vided from peat, gyttja and plant macrofossils (Ta ble 2). Four
dates from char coal par ti cles, col lected by ar chae ol o gists from
the set tle ment sites near Káivasoo, were also con sid ered in the
wa ter level curve re con struc tion. The ma te rial for dat ing was
picked up based on the lithological bound aries, and prioritizing
the dis cov ery of ter res trial macrofossils. Macrofossils were ex -
tracted by soak ing 1 or 5 cm thick sam ples in wa ter and
Na4P2O7 so lu tion, and by wet siev ing the ma te rial through a
0.20 mm mesh. Ob tained ter res trial ma te rial was dried at 70°C
and dated in the Poznań Ra dio car bon Lab o ra tory. The ra dio -
car bon ages were cal i brated to cal en dar years (cal yr BP, 0 =
1950) at 95.4% prob a bil ity range us ing the IntCal13 cal i bra tion
dataset (Reimer et al., 2013) and the OxCal 4.2 pro gram (Bronk 
Ramsey, 2009). Ra dio car bon dates were com bined with litho -
logical data us ing the OxCal de po si tion model (Bronk Ramsey,
2008), and weighted av er age ages were used in the cur rent
study (Ta ble 2). Two ra dio car bon dates from Loopsoo: 1240 ±
30 yr BP (Poz-50760) and 5140 ± 40 yr BP (Poz-50763), and
two dates from Tihu: 1120 ± 40 yr BP (Poz-50761) and 2960 ±
100 yr BP (Poz-52922) (Ta ble 2) are too young and have not
been con sid ered in the age-depth model. Diatom and LOI re -
sults were plot ted us ing the TGView soft ware (Grimm, 2011).

Lithological (Ta ble 1 and Fig. 2), biostratigraphical (Fig. 3)
and geo chron ol ogi cal prox ies (Ta ble 2) of the cur rent and ear -
lier stud ies (Kents, 1939; Sepp, 1974; Sarv et al., 1982; Raukas 
et al., 1992, 1996; Molodkov and Raukas, 1996; Königsson et
al., 1998; Saarse et al., 2000, 2009) and GIS-based wa ter level
sur faces (Saarse et al., 2003, 2006) were used to re con struct
shore dis place ment curves for Hiiumaa Is land. The GIS-based
wa ter level sur faces are pre sented with ±1 metre er ror bars for
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T a  b l e  1

Sed i ment de scrip tion of stud ied sites

Site name and al ti tude Po si tion of cor ing site Depth [cm] Sed i ment de scrip tion

Káivasoo, 
27.5 m a.s.l.

58°54’32’’N,
22°11’56’’E 

0–197

197–240

240–265

265–318

318–325

325–351

peat

coarse de tri tus gyttja

cal car e ous silt with plant re mains

cal car e ous silt with mol lusc shells

silt with mol lusc shells

fine-grained sand with mol lusc shells

Loopsoo, 
21.5–22 m a.s.l.

58°53’41’’N,
22°40’21’’E

0–290

290–350

350–371

371–395

395–443

443–468

Sphag num peat, brown

tran si tional peat, dark brown

fen peat, light brown

minerogenic gyttja

sandy silt with or ganic mat ter, grey 

sand

Tihu Keskjärv, 
14.5 m a.s.l.

58°51’48’’N,
22°32’24’’E

0–140

140–191

191–204

204–206

206–225

peat, well-de com posed, brown

coarse de tri tus gyttja, dark brown

sand, grey ish brown

sand with gravel and peb bles, dark grey

silty clay with clasts (till?), blu ish-grey

Prassi, 
7.5 m a.s.l.

58°43’44’’N,
22°37’02’’E

0–110

110–117

117–174

174–176

176–200

200–225

reed peat, brown

sandy peat

sand, fine-grained, grey

gravel, brown ish-grey

clay, blu ish-grey 

clay, beige 



Káivasoo and Prassi, but not for Loopsoo and Tihu, to keep Fig -
ure 4 read able. Tim ing and changes in the wa ter level at
Káivasoo is based on Saarse et al. (2000), and that of Prassi
fol lows the bio- and chronostratigraphical ev i dence from the
Vääna la goon in north ern Es to nia (Saarse et al., 2009), lo cat ing 
at the same Litorina Sea isobase as Prassi.

The GIS-based palaeogeographic maps were cre ated by
re mov ing in ter po lated wa ter level sur faces and thick ness of
peat de pos its from the dig i tal ter rain model (DTM; Rosentau et
al., 2009). A 10 × 10 m grid-size DTM was used for the cur rent
study. The land area is based on the Light De tec tion And Rang -
ing data (LIDAR) from the Es to nian Land Sur vey. For the off -
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T a  b l e  2

Ra dio car bon dates cal i brated at 95.4% prob a bil ity from the Hiiumaa Is land se quences

Site name Depth, 
cm/el e va tion [m a.s.l.]

14C date
[BP]

Cal i brated age, BP 
(weighted av er age)

Lab o ra tory
no Dated ma te rial Ref er ence

Káivasoo 213–223 6580 ± 60
7430–7580

(7510 ± 50)
TA-527 gyttja Königsson et al. (1998)

Káivasoo 245.5 6830 ± 90
7750–8000

(7890 ± 60)
Ua-12071 plant re mains Königsson et al. (1998)

Káivasoo 245–255 7440 ± 60
8020–8250

(8120 ± 70)
TA-528 car bon ate frac tion Königsson et al. (1998)

Káivasoo 260–270 7850 ± 70
8410–8610

(8490 ± 50)
TA-529 car bon ate frac tion Königsson et al. (1998)

Káivasoo 315–325 8190 ± 90
9170–9490

(9350 ± 90)
TA-530 car bon ate frac tion Königsson et al. (1998)

Loopsoo 365–366 5190 ± 40
5430–5570

(5490 ± 40)
Poz-52916 peat cur rent study

Loopsoo 370–371 5050 ± 40
5450–5570

(5520 ± 30)
Poz-52917 peat cur rent study

Loopsoo 377–382 5600 ± 40
5890–6100

(5980 ± 60)
Poz-52918 plant re mains cur rent study

Loopsoo* 419 1240 ± 30
1070–1270

(1180 ± 60)
Poz-50760 wood (root?) currtent study 

Loopsoo* 450–455 5140 ± 40
5750–5990

(5670 ± 70)
Poz-50763 plant re mains cur rent study

Tihu 186 4470 ± 40
4900–5270

(5080 ± 90)
Poz-52920 twig cur rent study

Tihu* 190–195 1120 ± 40
940–1170

(1030 ± 60)
Poz-50761 bark cur rent study

Tihu 200–204 4490 ± 40
5050–5300

(5200 ± 70)
Poz-52921 plant re mains cur rent study 

Tihu* 210–215 2960 ± 100
2870–3370

(3120 ± 130)
Poz-52922 plant re mains cur rent study

Prassi 110 1020 ± 30
830–1050

(940 ± 30)
Poz-52915 plant re mains cur rent study

Prassi 114 1550 ± 30
1310–1430

(1370 ± 30)
Poz-50758 wood cur rent study

Prassi 123 1480 ± 40
1350–1510

(1410 ± 50)
Poz-50759 bark cur rent study

Prassi 139 1490 ± 30
1360–1520

(1420 ± 50)
Poz-52914 wood cur rent study

Prassi 189 1630 ± 30
1420–1600

(1520 ± 50)
Poz-52913 wood cur rent study

Pihla Bog
505–515/

14 m a.s.l.
3280 ± 180

3040–3990

(3530 ± 230)
TA-29 woody peat Liiva et al. (1966)

Kápu I 26.5 m a.s.l. 5700 ± 70
6320–6660

(6500 ± 80)
Tln-1901 char coal Kriiska and Láugas (1999)

Kápu I 26.5 m a.s.l. 5330 ± 90
5930–6290

(6110 ± 110)
TA-1493 char coal Kriiska and Láugas (1999)

Kápu IV 28 m a.s.l. 6760 ± 50
7520–7680

(7620 ± 40)
Tln-2016 char coal Kriiska and Láugas (1999)

Kápu IV 28 m a.s.l. 6640 ± 60
7430–7610

(7520 ± 50)
TA-2533 char coal Kriiska and Láugas (1999)

Kápu VIII 28 m a.s.l. 6170 ± 50
6940–7240

(7070 ± 70)
Tln-2024 ha zel nut shells Kriiska and Láugas (1999)

Dates marked by as ter isk have not been con sid ered in the age-depth model
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Fig. 2. Loss-on-ig ni tion, mag netic sus cep ti bil ity re sults and the lithological units of Loopsoo (A), Tihu (B) and Prassi (C)

 MS of Prassi be tween core depths of 174–176 cm is re duced ten times



shore area, 1:10,000, 1:25,000 and 1:50,000 scale top o graphic 
maps were used. The peat de pos its were re moved from the
DTM ac cord ing to the1:10,000 scale soil maps (Es to nian Land
Sur vey) and un pub lished re ports from the Es to nian Geo log i cal
Sur vey. GIS-based wa ter level sur faces for the Ancylus Lake
(10,300 cal. yr BP) and the Litorina Sea (7800 cal. yr BP) were
de rived from the Es to nian coastal for ma tion da ta base (Saarse
et al., 2003, 2006). The wa ter level sur faces were cre ated with
±1 metre re sid ual, so that the re con structed mean wa ter level
can fluc tu ate about 2 metres. In the cur rent pa per, the Litorina
Sea wa ter level sur face (7800 cal. yr BP) was mod i fied ac cord -
ing to the as sump tion that the rel a tive sea level has re gressed

evenly due to a lin ear land up lift (Mörner, 1979; Lindén et al.,
2006) and new wa ter level sur faces for 8500, 7100, 6800, 5100, 
4800, 4400, 2700 and 2200 cal. yr BP were in ter po lated.

RESULTS

The Káivasoo se quence (Ta ble 1, Figs. 1B and 3A) con -
tains fine-grained sand with mol lusc shell frag ments
(325–351 cm), silt with mol lusc shells (318–325 cm), cal car e -
ous silt with mol lusc shells (265–318 cm), cal car e ous silt with

522 Jüri Vassiljev, Leili Saarse, Ieva Grudzinska and Atko Heinsalu 

Fig. 3. Di a tom di a grams of the Káivasoo (A), Loopsoo (B),



plant re mains and mol lusc shells (240–265 cm), coarse de tri tus 
gyttja (197–240 cm) and peat from 197 cm up wards (Sarv et al., 
1982; Saarse et al., 2000; Ta ble 1). Un like the other stud ied
sites, silt is highly cal car e ous and con tains over 50% of car bon -
ates. The bound ary be tween cal car e ous silt and coarse de tri tus 
gyttja is richly paved with mol lusc shells.

The di a tom flora in the basal part of the Káivasoo se quence
(Fig. 3A) con sists of fresh wa ter taxa typ i cal of shal low coastal
lake, in clud ing Am phora pediculus, Martyana martyi, Karayevia
clevei, Cocconeis neothumensis and Epithemia spp., which in -
habit mostly lit to ral ar eas of hard-wa ter lakes. Plank tonic and
large-lake taxa are ab sent. A change from shal low-lake taxa to
plank tonic large-lake taxa, such as Aulacoseira islandica, Ste -
phano discus neoastraea and lit to ral Mastogloia spp. (Masto -

gloia elliptica, M. smithii and M. smithii var. lacustris) at a depth
of 325 cm re fers to the Early Litorina Sea sub-stage and the for -
ma tion of a fresh wa ter la goon. Be tween core depths of 230 and 
265 cm, large-lake di a toms dis ap pear and the pro por tion of
Mastogloia taxa de creases, be ing re placed by Cymbella
ehren bergii, C. laevis, Navicula  radiosa and other shal low-wa -
ter small-lake taxa.

The Loopsoo sec tion in cludes four units: sand, lam i nated
sandy silt with dis persed OM, minerogenic gyttja, and peat (Ta -
ble 1 and Fig. 2A). The fine-grained sand layer (Lo-1;
446–468 cm) in cludes 89–96% of sand, 4–11% of silt and very
few OM (Fig. 2A). It is over lain by dis tinctly bed ded sandy silt
with dis persed OM (Lo-2; 395–446 cm), con tain ing 53–72% of
silt and 28–47% of sand. The con tent of OM, car bon ates and
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min eral mat ter is vari able, de pend ing on sed i ment struc ture,
but still fluc tu at ing in a small range. In minerogenic gyttja (unit
Lo-3; 371–395 cm), the OM con tent slightly rises to 18%, how -
ever, the min eral com po nent is still as high as 77–94% (Fig.
2A), of which sand frac tion cov ers 38–53% and silt 47–62%. A
ma jor shift in LOI re sults oc curs at 371 cm, where the OM con -
tent rap idly in creases mark ing the on set of peat de po si tion at
about 5520 ± 40 cal yr BP (Ta ble 2 and Fig. 2A). The car bon ate
con tent re mains low through out the se quence (less 5%), as
does MS, fluc tu at ing be tween 0–4 × 10–5 SI (Fig. 2A).

The di a tom com po si tion in the Loopsoo se quence in di cates 
two types of en vi ron ment, the Litorina Sea and pre-iso la tion
tran si tional phase (Fig. 3B). Ma rine/brack ish-wa ter and small-
 sized fragilarioid taxa with brack ish-wa ter af fin ity dom i nate in
the basal se quence to a depth of 395 cm. The sandy layer from
the bot tom part re veals the high est peak of epipsammic ma -
rine/brack ish-wa ter Planothidium delicatulum (17%) and small -
- sized fragilarioid Opephora mutabilis (29%), in di cat ing a
brack ish-wa ter en vi ron ment. Epiphytic di a toms, such as ma -
rine/brack ish-wa ter Hyalodiscus scoticus, Cocconeis scu -
tellum, Gomphonemopsis pseudoexigua, Tabularia fasci culata
and halophilous Rhoicosphenia abbreviata, which are typ i cally
found in the Bal tic Sea (Witko wski, 1994; Snoeijs and Bala -
shova, 1998; Witkowski et al., 2000) to gether with epip sammic
di a toms (Planothidium cf. hauckianum, Opephora burchardtiae
and O. mutabilis), com prise about 75% of all iden ti fied di a toms.
At a core depth of 395 cm, where sandy silt is re placed by
minerogenic gyttja, in dif fer ent epiphytic Epithemia turgida pre -
vails over ma rine/brack ish-wa ter and small-sized fragilarioid
taxa with brack ish-wa ter af fin ity, mark ing the be gin ning of the
tran si tion zone.

The Tihu se quence con sists of four lithological units (Ta -
ble 1 and Fig. 2B): blu ish-grey silty clay with clasts re sem bling
waterlain till (Ti-1, 206–225 cm), sand with gravel and peb bles
typ i cal of ero sional sur faces (Ti-2, 204–206 cm), sand (Ti-3,

191–204 cm), and coarse de tri tus gyttja (Ti-4, 140–191 cm).
The OM con tent in basal silty clay is 1–2%, the car bon ate con -
tent fluc tu ates be tween 9–14%, min eral mat ter is up to 91%,
and MS up to 10 × 10–5 SI (Fig. 2B). Min eral mat ter is dom i nated 
by the clay frac tion, ac count ing for 40–51%. The silt and sand
con tents vary be tween 39–46% and 10–14%, re spec tively. In
ad di tion, this sed i ment sec tion con tains sparse gravel grains
and peb bles. Macrofossils from a core depth of 210–215 cm are 
dated to 3120 ± 130 cal yr BP (Ta ble 2), which is not con sis tent
with both the up per most date and the sug ges tion that this sed i -
ment is waterlain till.

The ero sional bed at 204–206 cm (Ti-2) con sists of sand
with gravel and peb bles, ce mented sand stone nod ules and bro -
ken mol lusc shells. Its LOI re sults are sim i lar to those of the
over ly ing sand (Fig. 2B). Sand (Ti-3; 191–204 cm) is fine to very 
fine in grain size with the OM con tent less than 3%, car bon ates
0.2–0.6%, and min eral mat ter up to 97%. The MS val ues are
low and range be tween 1–4 × 10–5 SI (Fig. 2B). Ac cord ing to
grain size dis tri bu tion, the sand frac tion con tent fluc tu ates be -
tween 78–94%, and silt be tween 6–29%, whereas clay frac tion
is ab sent. De po si tion of this sed i ment started about 5200 ±
70 cal yr BP. At 191 cm (Ti-4), sand is re placed by coarse de tri -
tus gyttja. The con tent of OM in creases to 76%, and the con tent 
of min eral mat ter de creases to 24% (Fig. 2B). The AMS date
from bark at the iso la tion con tact (190–195 cm) shows an age
of 1030 ± 60 cal yr BP (Ta ble 2) and prob a bly rep re sents a
macrofossil re main that is swept down wards dur ing cor ing. If
the ra dio car bon dates from coarse de tri tus gyttja and the basal
part of sand are cor rect (Ta ble 2), then the 12 cm thick sand
(unit Ti-3) was de pos ited dur ing a pe riod of 60–200 years.

No di a toms have been found in unit Ti-1 (Fig. 3C), sup port ing 
the in ter pre ta tion that the unit rep re sents waterlain till. The first
rem nants of bro ken di a tom frustules were ob served in the sandy
and grav elly unit Ti-2 at a depth of 205 cm. As the pres er va tion of 
di a toms in this layer was poor, bro ken parts of ma rine/brack -
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ish-wa ter plank tonic Actinoptychus octonarius, epi pelic Diploneis 
didyma and in dif fer ent epiphytic Epithemia tur gida, and small-
 sized di a toms re sis tant to ero sion, such as Fragilaria martyi var.
grandis and Catenula adhaerens, have been iden ti fied. The
dom i nance of ma rine/brack ish-wa ter plan k to nic Actinoptychus
octonarius (8%), epiphytic Cocconeis scu tellum (5%), epipelic
Diploneis didyma (15%) and Tryblio nella compressa, and in dif -
fer ent epiphytic Epithemia turgida (43%) at a depth of
197–205 cm, i.e. rep re sent ing unit Ti-2 and the lower part of unit
Ti-3, in di cate a brack ish-wa ter en vi ron ment and most likely a
pre-iso la tion la goonal phase of the ba sin. The short-lived tran si -
tion stage is char ac ter ized by mass oc cur rence of small-sized
fragilarioid taxa such as Staurosira construens (up to 50%), S.
venter (15%) and Staurosirella pinnata, de creased abun dance of 
ma rine/brack ish-wa ter and in dif fer ent taxa, and ap pear ance of
fresh wa ter periphytic di a toms like Geissleria schoenfeldii,
Navicula vulpina, Neidium ampliatum etc.

The li thol ogy of Prassi (Ta ble 1 and Fig. 2C) is sim i lar to
that of Tihu. The basal clay unit is sub di vided into beige (Pr-1a,
200–225 cm) and blu ish-grey (Pr-1b, 176–200 cm) clayey sub -
units cov ered by a thin gravel bed (Pr-2, 174–176 cm), sand
(Pr-3; 117–174 cm) and sandy peat (Pr-4, 110–117 cm) that
grad u ally turns up wards to peat (Ta ble 1 and Fig. 2C). The OM
con tent of basal clay re mains be tween 1.4–3.8%, but car bon -
ates reach 10%. The grain size of dif fer ently col oured clay is
quite sim i lar and com posed mostly of clay (67–89%) and silt
(11–27%) frac tion, with sub or di nate sand frac tion. A woody
piece found at a core depth of 189 cm was AMS-dated to 1520
± 50 cal yr BP (Ta ble 2). The over ly ing gravel (Pr-2) is poor in
OM and car bon ates but rich in mag netic min er als, up to 400 ×
10–5 SI (Fig. 2C). Sand (Pr-3) con tains a very low amount of
OM, car bon ates and mag netic min er als (Fig. 2C). Its grain size
dis tri bu tion is quite sta ble, with 75–87% of sand frac tion and
13–25% of silt frac tion. In sandy peat (Pr-4), at a depth of
100 cm, the OM con tent in creases to 85%.

The basal clay, gravel and sand do not con tain any di a tom
valves to a depth of 165 cm (Fig. 3D). The up per part of the se -
quence (110–117 cm) is also bar ren of di a toms. Di a tom frustu -
les have been iden ti fied and counted in the in ter val
120–165 cm. Like in the Loopsoo se quence, the di a tom as sem -
blage of the Prassi se quence is dom i nated by epiphytic ma -
rine/brack ish Hyalo discus scoticus and Cocconeis scutellum
(14%), in dif fer ent Epithemia turgida (35–46%) and ma -
rine/brack ish-wa ter epip sammic Catenula adhaerens (13%),
Fragilaria martyi var. grandis (6%), Martyana schulzii, Ope -
phora mutabilis (11%), all char ac ter is tic of the brack ish shal low
coastal wa ters (Witko wski, 1994). Abun dance of ma rine/brack -
ish-wa ter plank tonic Actino pty chus octonarius in di cates that
the Prassi Ba sin was a shal low, open bay of the Limnea Sea.
The sharp change of di a tom as sem blages from ma rine/brack -
ish-wa ter and in dif fer ent taxa to small-sized fragilarioid taxa
(Pseudostaurosira brevi striata, Staurosira construens, S.
venter and Staurosirella pinna ta) that pre fer fresh wa ter con di -
tions, marks the on set of the tran si tion phase at 130–135 cm
and the on set of iso la tion from the BSB.

DISCUSSION

LITHO-, BIO- AND CHRONOSTRATIGRAPHY

Basal sand (325–351 cm) from Káivasoo con tains mostly
periphytic epipsammic (taxa at tached to sand and silt grains)
fresh wa ter di a toms (e.g., Am phora pediculus) and in dif fer ent

Epithemia spp. (Fig. 3A) in hab it ing the bot tom of shal low hard-
 wa ter lakes in Es to nia. Such a di a tom as sem blage re fers to a
low wa ter level and an iso lated shal low lake en vi ron ment be fore 
9400 cal yr BP. The wa ter level dropped be low the Káivasoo
thresh old. Its ex act level at that time is un known, as it was filled
with sand dur ing the later trans gres sion. Changes in the li thol -
ogy at 325 cm (Ta ble 1), a sharp de crease in Pediastrum
(Königsson et al., 1998), and the ap pear ance of large-lake
plank tonic di a toms (Fig. 3A) and molluscs, pre fer ring deeper
wa ter en vi ron ments (Kessel and Raukas, 1967), sug gest that
the Káivasoo Ba sin was con nected with the BSB 9350 ± 90 cal
yr BP (Ta ble 2), and the wa ter level was higher than 24.3 m
a.s.l. The di a tom com po si tion in di cates that a fresh wa ter la -
goonal en vi ron ment (Fig. 3A) with cal car e ous de po si tion
(325–265 cm) lasted un til ca 8490 ± 50 cal yr BP in Káivasoo
(Ta ble 2). Dis ap pear ance of large-lake di a toms, de crease in
Mastogloia spp. and re place ment by taxa char ac ter is tic of small 
shal low lakes be tween core depths of 265 and 230 cm rep re -
sent the fi nal iso la tion of Káivasoo from BSB.

The di a tom flora shows that the sandy-silty beds in the
Loopsoo Ba sin were de pos ited in the Litorina Sea. The pres -
ence of epipsammic (Planothidium delicatulum, P. cf. hauckia -
num, Martyana schulzii, Opephora mutabilis) and epiphytic
(Hyalodiscus scoticus, Cocconeis scutellum, C. placentula)
brack ish-wa ter di a toms in di cates a shal low depositional en vi -
ron ment (Fig. 3B). Ac cord ing to a shore line dis place ment sim u -
la tion, the wa ter level near Loopsoo was at ca. 22 m a.s.l. by the 
on set of de po si tion of minerogenic gyttja (unit Lo-3), hold ing
only ca. 1.5–2.0 m above the thresh old el e va tion, and pro mot -
ing ero sion of the sur round ing beach ridges and in flux of sand to 
the Loopsoo Ba sin dur ing the higher wave en ergy. The on set of
iso la tion was most prob a bly grad ual and is re corded be tween
395 and 380 cm in the sed i ment sec tion, which sug gests that
or ganic pro duc tion in creased prior to the fi nal iso la tion of the
ba sin (Lindén et al., 2006). Ac cord ing to the age-depth model,
iso la tion started about 6720 ± 270 cal yr BP and ter mi nated
5980 ± 80 cal yr BP, cov er ing a tran si tion pe riod when ma -
rine/brack ish-wa ter di a toms still in hab ited the ba sin (Fig. 3B).
How ever, the long-last ing iso la tion is in con flict with wa ter level
sim u la tion re sults, which show that iso la tion ter mi nated about
6500 cal yr BP. Such dis crep ancy could be ex plained by prox -
im ity of the Loopsoo Ba sin to the sea and lo ca tion on a small is -
land ex posed to the winds and wave ac tiv ity. Con sid er ing that
the sed i men ta tion of 24 cm thick minerogenic gyttja lasted 1200 
years and the sed i men ta tion rate was 0.2 mm yr–1, a gap be -
tween gyttja and peat seems to be also re al is tic. In the up per
part of minerogenic gyttja, where di a toms are ab sent, the sed i -
ment grain size turns more sandy due to shal low ness of the ba -
sin and in creased ero sion.

The basal blu ish-grey silty clay with clasts (unit Ti-1) in the
Tihu se quence is most prob a bly waterlain till wide spread on
Hiiumaa Is land (Eltermann, 1993a, b; Kadastik and Kalm, 1998; 
Kalm and Kadastik, 2001; Kadastik, 2004). These de pos its are
also found in the bot tom of Tihu Suurjärv (Saarse, unpubl.). The 
grain size dis tri bu tion chart of waterlain till is multimodal and the
con tact with the over ly ing beds is sharp and paved with
dropstone (Kadastik and Kalm, 1998). If the basal silty clay is
waterlain till, there should be a long-last ing hi a tus be tween sand 
and clay, as it de pos ited not later than 13,000 years ago
(Saarse et al., 2012), and mid-Ho lo cene sand dur ing the
Litorina Sea stage. How ever, it is dif fi cult to ex plain why the
older por tion of the Litorina Sea sed i ment is ab sent. Lo ca tion of
stud ied core on the ba sin slope, ac ces si ble to ero sion of stormy
waves, could be a ra tio nale. Sand with gravel and peb bles be -
tween clayey and sandy de pos its in di cate a wa ter level low er ing 
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and ero sion. A ques tion arises, when such ero sion took place. If 
that basal clay de pos ited dur ing the Ancylus Lake, and con sid -
er ing that the Ancylus Lake max i mum level at Tihu was 41 m
a.s.l. and that the wa ter level  drop dur ing the fol low ing re gres -
sion was 30 m (Raukas and Ratas, 1996), the Tihu area should
have been emerged, which would ex plain the ero sion and hi a -
tus. Thus, the basal silty clay with clasts rep re sents most likely
waterlain till.

Dur ing the Litorina Sea stage, typ i cal ma rine di a toms
(Catenula adhaerens, Diploneis didyma, Actinoptychus octo -
narius etc.) in hab ited the ba sin (Fig. 3C). Dom i nance of epi -
phytic and epipsammic di a toms in di cates that, Tihu, like
Loopsoo, was a shal low overgrowning la goon of the Litorina
Sea at that time. How ever, un like at Loopsoo and Prassi, the
tran si tion zone from a la goon to a fresh wa ter ba sin in Tihu is
marked by a peak of small-sized fragilarioid taxa (Fig. 3C), in di -
cat ing a change in depositional en vi ron ment (Seppä and Tikka -
nen, 1998; Seppä et al., 2000; Risberg et al., 2005; Grudzinska
et al., 2012, 2013). Sand re place ment by coarse de tri tus gyttja
marks the iso la tion con tact at 191 cm and is in ac cor dance with
a change in di a tom as sem blage from ma rine/brack ish-wa ter
taxa to fresh wa ter taxa (Fig. 3C).

Sim i larly to the Tihu sec tion, the sed i ment se quence of
Prassi also in cludes low er most clayey de pos its cov ered by a
thin gravel bed rich in mag netic min er als (Fig. 2C). The basal
clay can be of glaciolacustrine or i gin (Eltermann, 1993a), as
sug gested by the ab sence of di a toms. How ever, the AMS ra -
dio car bon date in di cates a much youn ger age (Ta ble 2) and re -
fers to re-de po si tion of ma te rial and/or con tam i na tion dur ing
cor ing. The over ly ing gravel bed with a high con tent of mag netic 
min er als is in ter preted as an ero sional event. If the basal clay is
re-de pos ited and the AMS date 1520 ± 50 cal yr BP is re li able,
then the ero sional sur face was formed about 1440 ± 50 cal yr
BP. Ma rine/brack ish-wa ter di a toms, char ac ter is tic of the
Limnea Sea, are pre served only in the mid dle part of sand (Fig.
3D), whereas the lower and up per parts of sand were bar ren of
di a toms. Ac cord ing to the di a tom com po si tion, the be gin ning of
the tran si tion from the Limnea Sea to a more or less iso lated
wa ter body is re corded at a core depth of 135 cm (Fig. 3D), but
the ab sence of di a toms in the up per part of the se quence
makes de ter mi na tion of the ex act iso la tion con tact in dis tinct.
Ac cord ing to 14C dates, Prassi iso lated about 1400 cal yr BP,
but this age is in con flict with the wa ter level sim u la tion re sults of 
the pres ent study, which show that the iso la tion oc curred about
2700 cal yr BP. This age is con cur rent with the ESR date from
Cerastoterma glaucum of the Muda Quarry, 4 km north of
Prassi (Molodkov and Raukas, 1996).

RELATIVE SEA LEVEL CHANGES AND DEVELOPMENT
OF HIIUMAA

Rel a tive sea level curves com piled for Káivasoo, Loopsoo,
Tihu and Prassi are pre sented in Fig ure 4. Ac cord ing to the
GIS-based wa ter level sur faces, de rived from the Es to nian
coastal for ma tion da ta base (Saarse et al., 2003), the mean rel -
a tive wa ter level dur ing the Ancylus Lake trans gres sion about
10,300 cal yr BP was 44.5 m a.s.l. at Káivasoo, 41.6 m at
Loopsoo, 40.9 m at Tihu, and 37.5 m at Prassi (Fig. 4). Dur ing
the Litorina Sea trans gres sion 7800 cal yr BP, the mean wa ter
level was 24.9 m a.s.l. at Káivasoo, 24.1 m at Loopsoo, 23.6 m
at Tihu, and 21.5 m at Prassi. The re con structed wa ter level
curve shows a lin ear de cline since the Litorina Sea trans gres -
sion, but it does not rule out mi nor changes be ing within er ror
lim its of sim u la tion (Fig. 4). If large-scale wa ter level fluc tu a tions 
would have taken place be tween ca. 8000 cal yr BP (Káivasoo)

and ca. 1500 cal yr BP (Prassi), they should have been vis i ble in 
di a tom stra tig ra phy and lithostratigraphy of the pres ently stud -
ied sec tions. The re con structed wa ter level curves dis play a
diachronous Early Litorina/Litorina Sea trans gres sion peak oc -
cur ring ear lier in the Káivasoo area and later in the Prassi area
as a re sult of the dif fer ent rate of land up lift. The gra di ent of the
high est Litorina Sea shore line is ca 16.5 cm km–1 be tween
Káivasoo (at 27 m isobase) and Prassi (at 22 m isobase), and
the dis tance be tween them is 30 km. The cal cu lated sum mary
land up lift dur ing the last 10,300 years was 4.4 mm yr–1 at
Káivasoo, and has de creased to 2.5 mm yr–1 at pres ent (Torim,
2004). These re sults com ple ment ob ser va tions of re cent in ves -
ti ga tions by Veski et al. (2005), Saarse et al. (2010), Grudzinska 
et al. (2013) and Rosentau et al. (2013).

The first is land to emerge from the BSB about 11,000 cal yr
BP was Kápu, and the first shal low lake to iso late was Káivasoo
(Fig. 5). Kápu Is land, lo cat ing 80 km from main land Es to nia and 
con tain ing abun dant sand and gravel de pos its, was long time
sub jected to strong winds and stormy waves that fa voured the
de vel op ment of very mo saic to pog ra phy as well as the Yoldia
Sea/Ancylus Lake shore line at 55–30 m a.s.l. (Kents, 1939) and 
the Early Litorina shore line at 28–27 m a.s.l. The next is land to
emerge about 9000 cal yr BP was a tri an gu lar outwash plane
called Hiiu Is land (Ratas, 1976). By 7800 cal yr BP, these two
is lands and three tiny is lets were the only ones which formed
the core of the pres ent-day Hiiumaa (Fig. 6A). De spite the small 
size and dis tant lo ca tion of Kápu Is land from the main land, it
was sea son ally col o nized by seal hunt ers be tween 7600 and
6100 cal yr BP, as con firmed by artefacts and osteological ma -
te rial (Kriiska and Láugas, 1999). Dur ing that time, Káivasoo al -
ready ex isted as an iso lated lake and pro vided fresh wa ter for
hunt ers en hanc ing their stay on the is land. Shallowing and
paludification of Káivasoo Lake could be one of the rea sons
why their nearby set tle ments were aban doned. About 6100 cal
yr PB and about 5500 cal yr BP, Káivasoo was fully over grown
by peat (Sarv et al., 1982).

Be fore the iso la tion, Loopsoo un der went a la goonal (tran si -
tional) phase be ing strongly af fected by the sea, as it was lo -
cated on the small is land in an open sea (Fig. 7A). Be tween
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Fig. 5. 3D re con struc tion at 8500 cal yr BP at Káivasoo

Mod elled wa ter level sur face isobases are in di cated by brown lines
to gether with el e va tions in metres a.s.l.; the shore line is shown with
a mod el ling er ror ±1m (black line +1 m, or ange line –1 m); light blue
line cor re sponds to the 5 m and blue to the 10 m wa ter depth; black
dots mark the lo ca tion of ar chae o log i cal sites
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Fig. 6. 3D re con struc tions of Hiiumaa Is land at 7800 cal yr BP (A) and 4400 cal yr BP (B)

For ex pla na tions see Fig ure 5

Fig. 7. 3D re con struc tions at 7100 and 6800 cal yr BP in the sur round ings of Loopsoo (A, B) 
and at 5100 and 4800 cal yr BP in the vi cin ity of Tihu (C, D)

For ex pla na tions see Fig ure 5



7100 and 7000 cal yr BP, sandy and shin gle ridges sur rounded
Loopsoo Ba sin with nar row pas sage in north-east (Fig. 7A). It
be gun to iso late from the Litorina Sea most likely be fore
6800 cal yr BP, nev er the less, with storms and high wave ac tiv -
ity, sea wa ter flooded the ba sin dur ing and af ter the iso la tion
(Fig. 7B).

About 5100 cal yr BP, an elon gated shal low la goon ex isted
in the Tihu de pres sion with a pas sage to the sea in the south -
east (Fig. 7C), which closed ap prox i mately 4800 cal yr BP.
How ever, it seems likely that high wa ters were able to en ter into
the ba sin (Fig. 7D). Af ter wards, the Tihu de pres sion grad u ally
trans formed to land area where Tihu lakes re mained as re sid -
ual ones.

The youn gest of the stud ied ba sin to iso late was Prassi. A
shal low la goon with a pas sage in the south oc curred in the
Prassi area about 2700 cal yr BP (Fig. 8A). A pro longed iso la -
tion pro cess of the Prassi site was fa voured by a flat to pog ra -
phy, slightly in clined to wards the west and south, a lack of bar -
rier ridges, and ex po sure to the open sea (Fig. 8). Con sid er ing
that the thresh old el e va tion is at 6.8 m a.s.l., Prassi started to
iso late about 2500 cal yr BP, which is in con flict with ra dio car -
bon dates (Ta ble 2) that we dis cussed ear lier. Fur ther more, it is
also pos si ble that the up per most part of sand with abun dant
woody pieces have been car ried into the ba sin dur ing heavy
storms when the wa ter level may rise up to 3 m, as it was dur ing
the Jan u ary storm in AD 2005.

It can con clude from the 3D re con struc tions that Hiiumaa
Is land is rel a tively young in the pres ent geo graph ical shape.
Its high est peak 68 m a.s.l. emerged from the BSB dur ing the
Yoldia Sea stage ap prox i mately 11,000 cal yr BP. Emerg ing
BSB pro cesses left be hind ero sional-prone sandy fields for
waves and wind to cre ate tiny is lets, beach ridge sys tems, fan
like bars, sandy ter races and spits form ing now a very mo saic
land scape. By 7800 cal yr BP, only two large is lands, Kápu
with an area of ca. 4 km2 and Hiiu ca. 1 km2, had been
emerged (Fig. 6A). Due to a rel a tively fast land up lift by
4400 cal yr BP, al most half of the pres ent-day is land was
emerged from the sea (Fig. 6B).

CONCLUSIONS

1. Kápu Pen in sula, the high est part of Hiiumaa Is land,
started to emerge from the sea dur ing the Yoldia Sea about
11,000 cal yr BP and re mained as an iso lated is land up to the
on set of the Limnea Sea. The sum mary up lift rate since the
emer gence of Kápu is 5.6 mm yr–1 which has de creased to
2.5 mm yr–1 at pres ent.

2. Ac cord ing to the GIS-based wa ter level sim u la tion, the
mean rel a tive wa ter level dur ing the Ancylus Lake (about
10,300 cal yr BP) was 44.5 m a.s.l. at Káivasoo, 41.6 m at
Loopsoo, 40.9 m at Tihu, and 37.5 m at Prassi, and dur ing the
Litorina Sea (about 7800 cal yr BP) ac cord ingly 24.9 m a.s.l. at
Káivasoo, 24.1 m at Loopsoo, 23.6 m at Tihu and 21.5 m at
Prassi.

3. Di a tom ev i dence in di cates that, be fore 9400 cal yr BP,
the Káivasoo Ba sin had ex isted as a small shal low lake. Af ter -
wards, it was con nected with the BSB, and a semi-closed fresh -

wa ter la goon was formed un til about 8500 cal yr BP, when the
ba sin was fi nally iso lated.

4. Ac cord ing to di a tom re cords, the Loopsoo, Tihu and
Prassi bas ins iso lated grad u ally pass ing the tran si tional phase
at 6800, 4800 and 2500 cal yr BP, re spec tively.

5. Palaeogeographic re con struc tions show that the iso la tion 
of the bas ins lasted about 500–800 years, be ing lon ger for the
bas ins that iso lated later.

6. GIS-based mod elled iso la tion times are sup ported by ra -
dio car bon dates, ex cept for Prassi.

7. Wa ter level curves for dif fer ent sites in Hiiumaa fol low a
sim i lar pat tern, but the trans gres sion max i mum in ar eas of
slower land up lift (Prassi) oc curred later than in ar eas of faster
up lift (Káivasoo), show ing a diachronous Early Litorina/Litorina
trans gres sion peak.

8. Wa ter level curves dis play a lin ear de cline dur ing the last
8000 years.
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Fig. 8. 3D re con struc tions at 2700 and 2200 cal yr BP at
Prassi (A, B)

For ex pla na tions see Fig ure 5
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