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Abstract. Two new pollen diagrams from the isolation sediments of the Mustjarve Bog support the
pre-Ancylus lowstand of the Baltic Sea, when high isostatic uplift resulted in the emergence and
isolation of the Mustjirve basin 9600 '*C BP. Black, highly humic organic material accumulated in
relatively dry conditions. The high share of Pinus pollen in the Pre-Boreal sediments, earlier
correlated with the Boreal, appears to be of local origin as indicated by pine stomata. The shoreline
of the Yoldia Sea retreated to 28 m a.s.l. or lower. The Ancylus transgression reached 32-33 m
a.s.1. 9100 '“C BP at Mustjirve.

Key words: vegetation history, shoreline displacement, Early Holocene, buried organic matter, the
Baltic Sea.

INTRODUCTION

The surroundings of the Mustjarve Bog have been of interest for Quaternary
scientists since the last century when Schmidt (1869) described freshwater
molluscs and buried organic material at Piirsalu. Kessel (Kessel, 1966; Kessel &
Raukas, 1967) has studied several sites with organic layers covered by Ancylus
coastal deposits in the area. Recently Ploom et al. (1996) reported of a new site of
buried organic material at Polluotsa some 10 km north of Mustjarve. Also, some of
the isolation basins since 10 200 BP have been studied (Poska, 1994). Compared to
the rest of Northwest Estonia, the area is important due to relatively undulating
glacial and bedrock topography, offering isolation basins and ancient shorelines.
The major topographic features are the Palivere end-moraine which marks the
standstill of the last ice-sheet around 12 000 years ago, radial eskers north of
Ellamaa, and bedrock (limestone) elevations at Piirsalu and Turvaste.
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Lake Mustjéarv (also Turvaste Mustjdrv) and the surrounding Mustjdrve Bog
lie at the border of the Ldine and Harju Counties in Northwest Estonia
(59°04730°" N, 24°06°00”" E), in a depression between an esker ridge of the
Palivere ice-marginal zone in the east and coastal formations of Ancylus time in
the west (Fig. 1). The bog is 2 km in diameter and the thickness of organic
deposits in the central part reaches 7.5 m. The coastal formations west of the bog
are covered with dunes (up to 45 m a.s.l.). In the western part of the bog,
between the lake and the dunes, below peat and lake sediments lies a 10 cm thick
layer of highly humic black organic matter resembling soil or decomposed
woody fen peat (Fig. 2). This suggests the pre-Ancylus lowstand of the Baltic
Sea, when due to great isostatic uplift the depression of Mustjdrve emerged and
woody fen peat accumulated in relatively dry conditions at the bottom of the
basin. During the transgression of the Ancylus Lake, Mustjéirve depression was
flooded as indicated by a thin sand layer on top of the mentioned peat.
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Fig. 1. Location of the studied sites, topography, and major geological features of the area.
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Fig. 2. Geological cross-section A-B of the Mustjdrve Bog and Lake. Studied cores 1 and 3.

METHODS

The investigated sediments were collected with 0.5 and 1 m Belarus peat
corers on an E-W levelled profile over the bog and the lake. Samples for
conventional "“C dates (lab. index Tln) were taken from closely situated parallel
cores, following visible lithological borders. Subsampling for biostratigraphic
studies (0.5-1 cm samples) and extraction of suitable material for accelerator
mass spectrometer (AMS) dates (lab. index Ua) took place in the laboratory.
Pollen preparation followed the standard procedure (Berglund & Ralska-
Jasiewiczowa, 1986). The content of organic matter, CaCOs, and terrigenous
compounds was estimated on loss-on-ignition at 550°C and 930°C for four
hours. Pollen percentages were calculated as arboreal pollen (AP) + nonarboreal
pollen (NAP) = 100%, the percentages of other microfossils were calculated
from the actual value plus this sum. The pollen diagrams were plotted with
TILIA and TILIA graph programs (Grimm, 1992). Radiocarbon dates are
uncalibrated “C years BP.

MATERIAL AND DISCUSSION

The Early Holocene vegetation history in the Mustjirve area is based on the
bio- and chronostratigraphical material from Lake Jirveotsa (Poska, 1994) and
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on the more central core 1 of the Mustjirve Bog (Fig. 2). The chronostratigraphy
is based on four conventional dates (Table 1) from core 1. Two AMS dates from
core 3 are correct, but rather considered not to represent the stratigraphical levels
they are taken from due to misfortunate sampling. According to the
biostratigraphical material from Lake Jéarveotsa (Poska, 1994), the Early Pre-
Boreal vegetation (PB-1) consisted of a Betula—Pinus dominated open heath-
forest with a variety of light-demanding shrubs such as Betula nana, Juniperus,
and Hippophaé as well as herbs in the under-layer. Similarly to Lake Jéarveotsa,
the Early Pre-Boreal vegetation at Mustjarve (Fig. 3) was an open Betula—Pinus—
Juniperus—Hippophaé community with up to 50% of NAP, mostly Cyperaceae.
Light-demanding herbs, such as Artemisia, Chenopodiaceae, Polygonum
aviculare-type, Saxifraga oppositifolia, and Ericaceae, occur widely. One of the
reasons for this is the closeness of the northeastern shore of the ancient basin.

Table 1
Uncalibrated “C dates from the Mustjiirve Bog
Depth, cm Age, '“C BP Lab. No. 5'*C %o PDB Material

Core 1

563-573 7775 £ 80 Tin-2030 Fen peat, bulk
714-724 9150+ 95 TIn-2026 Fen peat, bulk
724-734 9315 + 70 Tin-2043 Gyttja, insoluble
740-750 9590 + 120 Tin-2042 Gyttja, insoluble
Core 3

499 7885+60 Ua-11688 -27.57 Wood, insoluble
508 9080+70 Ua-11689 -29.98 Wood, insoluble

Late Pre-Boreal (PB-2) is characterized by the dominance of Betula (the
seeming decrease in birch values are due to local overrepresentation of
Cyperaceae and Poaceae during the overgrowth of the basin 9200 BP). The
overgrowth is clearly seen in lithology and in the succession from aquatics and
Pediastrum to Cyperaceae (Carex), Poaceae (Phragmites), Menyanthes, and
Cladium mariscus (Fig. 3). Also, the degree of destruction is high in the fen peat.
The empirical limit of Corylus is 9300 BP, Ulmus is present somewhat earlier.
The vegetation type is believed to be a birch—pine forest with the growing
proportion of hazel and elm. During the first half of the Boreal (BO-1),
continuation of the Late Pre-Boreal vegetation is suggested, Pinus, Corylus, and
Ulmus, though, play a more important role. In the second half of the Boreal
(BO-2), Alnus rapidly expands and Corylus gains wider distribution.

The lower part of core 3 (Fig. 2) shows a different lithology from that of
core 1 (Table 2). Below the peat and lake sediments occurs a layer of highly
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humic black organic matter resembling decay, soil, or decomposed woody fen
peat (Fig. 2). The organic content in the layer is up to 80%. In the investigated
section the peat is overlain by a thin layer of sand, sandy gyttja, and lake lime.
The biostratigraphical material clearly shows that the sand below the black
organic matter contains redeposited pollen grains of, e.g., Alnus, Quercus,
Fraxinus, and Corylus from the surrounding glacial sediments (Fig. 4). The
pollen composition of the peat itself is highly dominated by Pinus pollen. The
AP/NAP ratio in favour of the first shows closed growing conditions, moreover,
numerous finds of Pinus stomata (ventilating organs in needles) indicate that
pine trees were growing in the immediate vicinity of the sampling point. Unlike
pollen, needles do not travel over great distances by wind but rather drop nearby
the tree.

Table 2

Lithology of the lower parts of cores 1 and 3 from the Mustjirve Bog

(for core 3 see also Fig. 5)

Core 1 Core 3

Depth, cm| Sediment description Depth, cm Sediment description

600-724 Unconsolidated woody— | 471-475  Beige lake lime
Carex—Phragmites fen | 475-481  White lake lime with subfossil mollusc shells

peat 481-492  Grey sandy lake lime with subfossil mollusc
724-750 Gyttja with coarse plant shells

remains 492-495  Light brown sandy calcareous gyttja
750-758  Silt with plant remains 495-502  Brown sandy gyttja with subfossil mollusc shells
758-763  Silty sand 502-505  Sand with organic debris and mollusc detritus
763-777 Clayey silt 505-512  Black compressed organic matter (fen peat or
777-790+ Varved clay decay) with pieces of wood

512-520+ Grey sand with organic and mollusc debris

The destruction degree of pollen in the peat is high and neither algae nor
pollen from aquatic plants is registered, which suggests a relatively dry
environment. The vegetation type is thought to be a Pinus forest with ferns,
Polypodium vulgare, Selaginella, and Lycopodium complanatum in the under-
layer. All these pteridophytes prefer somewhat damp sandy minerogenic soil and
pine forest.

Similar organic layers at an altitude of 32 m a.s.l. below transgressive
Ancylus sediments at Piirsalu, 1.5 km SW of the Mustjarve Bog (Kessel, 1966),
and at 28.8 m a.s.l. in the depression of Lake Valgejiarv, 2.5 km NE of the
Mustjarve Bog (Kessel & Raukas, 1967), have been analysed biostrati-
graphically (Fig. 6), but not dated. Of these, Piirsalu-3 and especially Piirsalu-1
with 80% of pine and a high amount of ferns resemble the material from
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Fig. 3. Pollen diagram from the Mustjirve Bog, core 1.



Mustjarve Bog, CORE 3
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Fig. 4. Pollen diagram from the Mustjirve Bog, core 3. For lithology refer to Fig. 3.



Mustjirve core 3. So does the 10 cm of buried
organic material at Polluotsa, 10km north of
Mustjirve at 31.0 m a.s.l., the lower part of which is
dated to 9350+70 BP (TIn-2023; Ploom et al.,,
1996).

The age of the peat at Mustjdrve remains under
discussion although the timescale of core 3 is
supported by two AMS dates (Table1). As
mentioned above, the dates, especially 788560,
Ua-11688, are considered not to represent the
stratigraphic levels they are taken from. Both datings
were carried out on unidentified pieces of wood,
which in the worst case could be roots penetrating
the peat. As the black humic layer, from which the
wood sample Ua-11689 (9080+70 BP) was taken,
formed in dry conditions and is thus made up of
totally decomposed material, the surviving piece of
wood may represent the period of time when the
rising water level of the Ancylus Lake reached the
threshold of the Mustjdrve basin and improved the
preservation conditions (see the curve of destruction
degree, Fig. 4). Indirectly the date 9080+70 BP
could point to the time of the transgression
maximum of the Ancylus Lake in the area.

The threshold altitude of the Mustjirve
depression of 32.0-33.0 m a.s.l. marks the highest
level of the transgression shown by the limited
amount of sand overlying the peat. Probably only
occasionally high stormwater flooded the Mustjirve
basin, depositing sand on top of the peat. The efforts
to discover large-lake freshwater diatoms in the sand
ended in vain as the sediments were barren of any
diatoms or they had dissolved (A. Heinsalu, pers.
comm.). Nevertheless, diatoms typical of the
Ancylus stage, such as Aulacoseira islandica,
indicating Ancylus inundation, have been recorded
elsewhere from similar thin sand and silt layers
overlying Pre-Boreal peat (Heinsalu & Veski, 1996).
The sandy gyttja in core 3 represents the sediment of

Fig. 5. Isolation sediments of
the Mustjérve Bog, core 3. The
black highly humic organic
matter (woody fen peat or
decay) lies on sand. The peat is
overlain by 3 cm of sand
(pointed with a knife tip), 7 cm
of sandy gyttja and lake lime.
The extent of the whole core
section is 50 cm. (Photo by
Siim Veski, 1994.)

a shallow coastal lake with wet surroundings, as indicated by a reed-belt (the
curve of Poaceae), Menyanthes, and Equisetum. The forest composition with
Betula and Pinus dominating is typical of the Pre-Boreal-Boreal transition. The
date 7885+60 BP is obviously too young, most probably due to misfortunate
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sampling of a tree root penetrating from above (from the time when woody—
Carex—Phragmites fen peat started to accumulate at the sampling point; Fig. 2).
The conclusion is based on the rational limit of Alnus which is roughly dated to
8500 BP in core 1 and West Estonia in general.
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Fig. 6. Pollen diagrams of buried under Ancylus deposits organic matter from three locations at
Piirsalu. For lithology refer to Fig. 3.

The Early Holocene shoreline displacement in the region is observable since
10 200 BP, when the basin with the highest threshold (41.5 m a.s.l.) in the area,
Lake Jarveotsa, isolated during the final drainage of the Baltic Ice Lake (Poska,
1994) (Fig. 7a). The depression of the Mustjidrve Bog was part of an open bay of
the Yoldia Sea, where the basal silty sediments recorded in core 3 deposited on
top of the varved clays of the Baltic Ice Lake. The Yoldia Sea had a
connection/equilibrium with the ocean and its seemingly regressive shoreline
was generated by the fast isostatic uplift of West Estonia. An underwater bar
probably started to form between the Piirsalu bedrock island and Turvaste
bedrock peninsula, shaping the initial threshold of the Mustjéirve basin. Judged
by the altitude of the lowest buried organic matter at Valgejarve (Kessel & Raukas,
1967), the shoreline of the Yoldia Sea must have retreated to ¢. 28 m a.s.l. or even
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Fig. 7. Palaeogeography of the Mustjirve area. (a) The shoreline 10 000 BP at 41 m a.s.l., after the

isolation of Lake Jirveotsa. (b) The shoreline 9500 BP at 28 m a.s.l., or less. (c¢) The transgressive

shoreline 9200-9100 BP at 32-33 m a.s.l. The maximal Ancylus shoreline in the area. (d) The

regressive Ancylus shoreline 9000 BP at 30 m a.s.l. The retreating shoreline generates dune formation
all over the contemporary coast.
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lower (Fig. 7b). The Mustjirve Bog isolated at 9590+120 BP, in its eastern part
a shallow lake formed, in the probably better drained western part pine forest
spread and a layer of woody fen peat or humified decay accumulated.

The Ancylus transgression which started 9500 BP (Bjorck, 1995) exceeded
the crustal uplift and flooded the recently emerged coastal area at Valgejérve,
covering the basal organic matter with more than 1 m of alternating sand and silt
(Fig. 7¢). The time and altitude of the transgression maximum of the Ancylus
Lake in the area is estimated at ¢. 9100 BP and 32-33 m a.s.l. The regression of
the Ancylus Lake opened extensive sand shores and caused dune formation all
over the investigated contemporary strip of coast (Fig. 7d).
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TAIMKATTE ARENG JA MUSTJARVE UMBRUSE (LOODE-EESTI)
PALEOGEOGRAAFIA VARAHOLOTSEENIS

Siim VESKI

Mustjarve raba taimkatte arengut ja varaholotseeni paleogeograafiat on
uuritud kahe uue oietolmudiagrammi, radiosiisiniku dateeringute ning vanade
rannamoodustiste ja mattunud orgaanika mdoddistamise teel Risti ja Turvaste
vahel Lidne- ja Harjumaa piiril. Rabando pohjas soo- ja jdrvesetete all levib
laialdasel alal must suure lagunemisastmega madalsooturba- voi kddukiht, mis
settis preboreaalis, ajal kui Ladnemeri oli tihenduses maailmamerega ja Lidne-
Eesti suure maakerke tulemusel laialdased alad vee alt vabanesid. Mustjérve
nogu isoleerus 9590+120 kalibreerimata radiosiisiniku ('*C) aastat tagasi.
Varapreboreaalne kase, minni, kadaka ja astelpaju avatud kooslus asendus
hilispreboreaalis kase domineeritud tihedama kooslusega, milles esines ka paju
ja jalakat/kiinnapuud. Sarapuu ilmus 9300 '‘C aastat tagasi. Varaboreaalis
ménni, sarapuu ja jalaka/kiinnapuu osakaal kasemetsades suurenes, hilisboreaalis
hakkas ulatuslikult levima lepp.

Kahe Mustjdrve oietolmudiagrammi vordlemisel on ndha puuraugus 3
kodukihis ménni Gietolmu maksimumi, mida varasemad uurijad on ekslikult
pidanud iseloomulikuks boreaalsele kliimaperioodile. Tegu on minni lokaalse
esinemisega dsja vee alt vabanenud rannavoondis. Seda toestavad veenvalt
kodukihis hulgaliselt esinevad minniokaste ohuldhed (stomata). Erinevalt Gie-
tolmust (ka méinni omast), mis vOib tuulega kanduda puust vidga kaugele,
varisevad okkad ldhiimbrusse toestades, et mand kasvas otse proovivotu kohas.
Sarnase Gietolmu koostisega Antsiilusjirve setete alla mattunud orgaanikakihte
on H. Kessel leidnud 32 m ii.m.p. Piirsalust ja 28,8 m t.m.p. Valgejirve rabast.
Ohuke kiht liiva kddukihi peal Mustjirve raba puuraugus 3 on kantud sinna
Antsiilusjirve transgressiooni maksimumi ajal 9100 '“C aastat tagasi, kui
suurjdrve veetase timbruskonnas tousis 32-33 m t.m.p.

On vaadeldud varaholotseense rannajoone muutumist uuritaval alal.
Antsiilusjdrve transgressiooni 16pus boreaalis avas regresseeruv rannajoon laiad
litvaplaazid. See viis rannavallide luidestumisele.
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CMEHA PACTHUTEJIBHOCTH U MAJIEOTEOTI'PA®USI
B OKPECTHOCTSX O3EPA MYCTBAPB B PAHHEM I'OJIOIIEHE,
CEBEPO-3ATIATHASA DCTOHHUSA

Cuiim BECKH

Ha ocHOBe [BYX HOBBIX NaJTMHOJIOTHYECKMX AMArPaMM, PafMOYIIIEPOIHBIX
JaTUPOBOK, JaHHBIX HUBEIMPOBAHUS ApeBHEOEPEroBbix 0Opa3oBaHMN U aHAIHM3a
norpebabHOM OpraHUKH M3y4EHbl pa3BUTHE PpACTUTEIBHOCTH M paHHe-
roJioleHoBasi najieoreorpacus B OKPECTHOCTAX 03. MyCThAPB, paciooXeHHOro
Ha rpaHuue JIsoHeckoro u Xapeiockoro ye3nos. Ha pHe KOTiaoBaHa 03epa IO
03epHO-O0OTHBIMH  OTJIOXEHHUSMH 3aJleraeT CJIOH XOpOLIO Ppa3lOXMBLIErocs
norpeberHoro Topga, KoTopsiii obpazoBaics B npebopearne, Korna banruiickoe
MOpE COEJMHHIOCH C OKEaHOM, a OOLIMpPHBIE MPOCTPAaHCTBA 3anagHoi DCTOHUH
OCBOOOAMINCH OT BOJBI BCJCACTBUE HEOTEKTOHHYECKOrO IOOHSTHS 3EMHOM
kopsl. CormacHo ¢ nanmbm, 03, Mycrrsips m3omapoBaiock 9590 + 120 ner T. H.
(6e3 xamuOpoBKH).

B pannem mnpebopeaie Ha paccMaTpHBaeMOH TEPPUTOPHH JIOMHHHpOBaIa
6epe30B0-COCHOBO-MOXXEBE/IBHUKOBasd accoluanus ¢ OONenuxoif, KOTOpyrw B
nosaHeM npebopeane cMeHHTH Oonee rycTsie Gepe3oBble Jieca ¢ MPHMECHIO UBBI
u Bi3a. Jleumna nosBuiace 9300 et T. H. B panHem Gopeane nonst ydacTtus
COCHBI, JICLUIMHBI W Bsi3a yBenuyunack. B mo3mHem Gopeane, 8500 ner T. H.,
LIIMPOKO paclpoCcTpaHuIach onbXa. Ha cropoBO-NBUIBLEBOM AuarpaMMe Ciosi
norpebeHHoro Topca (CKB. 3) YETKO BBIPHCOBBIBAETCS MaKCHMYM COCHBI,
KOTOPYIO paHee MCCIeOBaTeNd OMHO0YHO MPHHHMATH 3a NpU3HaK Oopeana,
XOTS 9TOT CJIOH, MO HOBBIM JaHHBIM, copMHpoBaiIcs B npebopeane. DToT
BbIBOJ YOEOMTENbHO [OKa3blBaeT OOHIME B CIIOE COCHOBBIX HIOJIOYEK C
ycThMLIAaMH (Stomata), 3ameralomyx in situ. B oTiHyMe OT MbUIBLEI, KOTOPYIO
BETEp MOT pa3HOCHTh Ha OOMbLINE PAacCTOSHUS, XBOS ONajada TOYHO B TOM
mecte, rae pocno jepeBo. CXOXHWil NaJIMHONOTHYECKHH COCTaB HMEET M
norpeGeHHBII MO/l aHIIMIOBBIMU OTJIOXKEHUSIMH CJIOH OopraHuku B 03. Iluiipcany
Ha abGcomoTHON oTMeTKe 32 M | cioi B Gonore Banresps Ha ormerke 28,8 M.
Toukmii CcoM mecka, 3aneraiommii Ha Topde B 6omore MycTesipB (ckB. 3),
copmupoBaicss 9100 et T. H., BO BpeMsl TPaHCIPECCHH AHLHUIOBOIO 03€pa.
Torma ypoBeHb 03epa pacrionaraics Ha oTMeTke 32-33 M.

B crarbe mogpoGHO omucaHbl XOI M3MEHEHHs YPOBHS BOIBI M XapakTep
npeBHEOEPETOBBIX OTIOXEHUH IO BDEMEH PErpecCH AHIMIOBOrO O3€pa.
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