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The Kirkilai karst sinkhole belongs to a composite type (comprised of several sinks).
A detailed coring, pollen analysis and radiocarbon dating of its sediments showed that
the sinkhole was formed during the Aleréd warming, providing the first evidence of
Late Glacial karst processes in the Karst Region of Northern Lithuania. A sink in the
central part of the sinkhole was formed much later than the main sinkhole — during
the end of Atlantic and joined the main sink-hole later due to the abrasion of its banks.

Vegetation in the area and immediate surroundings of the sink-hole was mainly
influenced by natural factors during the Late Glacial and the Holocene. Human
impact is evident only in the Subatlantic and possibly Atlantic chronozones.

A significant activation of karst processes took place in the end of Atlantic. One
of its causes can be a more open landscape in the area at this stage, creating
favourable conditions for erosion.
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INTRODUCTION

2003) and the palaeoecological information is limited.
It is based only on single-proxy pollen investigations

The Kirkilai karst sinkhole is situated in the karst
region of Northern Lithuania, an area which extends
over 500 km? and covers a few thousands of surface
karst forms (Taminskas, 2000). Karst processes in this
region are active even nowadays. Investigations of for-
mation and palaeoecological history of the post-gla-
cial karst forms and their surroundings are essential
for a better understanding of modern karst processes
in Northern Lithuania. Such investigations are rather
sparse in the territory of the karst region (TropemHOB
u ap., 1959; Kondratiene ir kt., 1998; Balakauskas,

(not supported by other proxy data or dating techni-
ques such as radiocarbon analysis).

Pollen and radiocarbon investigations of sedi-
ments from the Kirkilai sinkhole provided new data
on environmental history in Northern Lithuania
spanning the Late Glacial and the Holocene.

SITE DESCRIPTION AND METHODS

The Kirkilai karst sinkhole is located 5 km north-
west of Birzai town, on the SE edge of Kirkilai
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Fig. 1. Situation scheme of Kirkilai sinkhole (based on aerial image)
1 pav. Kirkily jgriuvos situacijos schema (pagal aeronuotrauka)

village (coordinates in LKS-94 system: 543360;
6234016). The Kirkilai sinkhole is approximately
250 m long and 150 m wide. The shape of the sink-
hole is rather complicated (Fig. 1). At present, it is
completely overgrown and turned into a peat-bog.

Eleven cores were drilled with a Russian corer
to obtain information on the lithological composition
of the sinkhole. A lithological cross-section (Fig. 2)
and a biogenic sediment thickness scheme (Fig. 3)
were drawn according to the coring data. They show
the complexity of the basin bottom. It is evident
from Fig. 3 that the Kirkilai sinkhole belongs to
the composite type (Taminskas, 1999), i.e. comprises
several (at least five) sinks.

The sediment cores Kirkilai-1, Kirkilai-2 and Kir-
kilai-3 were chosen for further analysis. Pollen samples
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Fig. 2. Cross-section of sediments of Kirkilai karst sink-
hole
2 pav. Kirkily karstinés igriuvos nuosédy pjiivis

(3 cm®) were taken from every 5, 10 or 20 cm of a
sediment (depending on to the significance of core
interval) and prepared according to a standard tech-
nique: alkaline L. von Post’s treatment, V. Grichiuk’s
separation with heavy liquids and G. Erdtman’s ace-
tolytic preparation (Kabailien¢, 1979). For Kirkilai-1
32 pollen samples 14 for Kirkilai-2 and 43 samples for
the Kirkilai-3 sequence were prepared and analyzed.
At least 500 terrestrial pollen grains were counted in
each sample (where possible).

The peat samples taken for “C dating were dried
to the air-dry weight. For further treatment, 10—
15 g of dry bulk mass were separated. The “C de-
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Fig. 3. Biogenic sediment thickness scheme
3 pav. Biogeniniy nuosédy storio schema
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termination was based on the conven-
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Fig. 4. Pollen diagram of the sediments from Kirkilai-3 borehole
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LOCAL POLLEN ASSEMBLAGE ZONES (LPAZ)

Pollen spectra in all diagrams correlate well despite
some local differences, therefore, only the Kirki-
lai-3 (most complete) diagram is presented in this
work (see Fig. 4). However, local pollen assembla-
ge zones are described for all pollen sequences.

Kirkilai-1

LPAZ Pinus—Betula—Cyperaceae (300-295 cm). This
zone covers only the lowermost sample correspond-
ing to arctic-subarctic vegetation. Pinus and Betula
are dominant (35.9 and 44.4% respectively). Herb
pollen values, especially of Cyperaceae (9.5%) and
Poaceae (2.8%), are relatively high at this depth.

LPAZ Betula—Poaceae (295-255 cm). Betula rea-
ches its highest values (up to 71.4%), Pinus decrea-
ses down to 14.3%. Poaceae increase to 8.3% at
the top of the zone, Cyperaceae percentages remain
relatively high (up to 8.4%), also in the previous
zone.

LPAZ Pinus 1 (255-215 cm). Pinus dominates
(68.6-76.4%), while Betula decreases down to 8.4—
22.5%. Herb pollen amounts fall to 2-4.8%. Small
amounts of Alnus, Tilia and Corylus appear in the
upper part of this zone.

LPAZ Alnus-Tilia—Picea (215-140 cm) is charac-
terized by a distinct increase of Picea (up to 57.1%),
Alnus, Tilia, Corylus, Quercus, Ulmus and a decrea-
se of Pinus (down to 18.7-35.4%) pollen. Well pro-
nounced increases of Juniperus (up to 11.2%),
Poaceae (up to 9.3%) and Cyperaceae (13.9%) are
apparent in the middle of the zone.

LPAZ Pinus 2 (140-100 cm). Pinus is dominant
in this zone (53.1-60.2%), Picea remains significant
(15.5-37.5%). Betula, Alnus, Corylus and deciduous
tree pollen (excepting Tilia) are of reduced quanti-
ties. Herb pollen values are defined mainly by
Poaceae (up to 11.4%).

LPAZ Picea—Pinus (100-0 cm). Picea (25-40.3%)
and Pinus (35.9-43.4%) dominate. Betula pollen in-
creases up to 15.8% in the middle of this zone, but
declines again in the upper part. Corylus makes up
to 10%, Alnus up to 5.1%, Cyperaceae to 4.4%.
The Poaceae percentages fall down to 0.2-4.1%. It
should be noted that pollen grains in two upper-
most samples were badly corroded. Furthermore,
much lower concentrations are characteristic of the-
se samples.

Kirkilai-2
LPAZ Tilia—Picea—Juniperus (200-182 cm). Pinus do-

minates in this zone (23.04-39.9%), though its per-
centages are relatively low compared to other zo-

nes. Values of Picea (up to 29.2%), Tilia (up to
21.6%) and Corylus (up to 4.8%) are significant,
especially at the onset of the zone. In the upper
part, these values decline as the amounts of Junipe-
rus (up to 28.4%) and Alnus (up to 16.2%) increa-
se. Herb percentages, especially of Poaceae, Cype-
raceae and Ranunculaceae, are relatively high. Brya-
les have its highest values here (80-92.1%).

LPAZ Pinus—Alnus (182-100 cm). Pinus (30.9-
50.6%) and Picea (20.2-43.9%) prevail. Alnus pol-
len values increase up to 23.9% in the lower part
of this zone. In the upper part Alnus is partly re-
placed by Juniperus (up to 17.6%). Herb pollen ma-
kes up to 5.5%. The amount of Bryales spores de-
creases, though remains significant (up to 45.3%).
Polypodiaceae spore values increase up to 28.1%.

LPAZ Pinus—Picea (100-60 cm). Pinus (41.7-
47.7%) and Picea (33.6-35.9%) are still the most
abundant taxa, though Alnus and Juniperus are less
significant. Herb percentages remain similar (up to
4.4%). Bryales increase up to 48.6%.

LPAZ Pinus—Picea—-Alnus (60-0 cm). Pinus is pre-
dominant (58.5%). Alnus (up to 16.6%), Juniperus
(13.4-18.8%) and Betula (up to 6.4%) increase. Pi-
cea falls down to 8.6% in the upper part, while
herbs increase up to 5.7% at the same depth.

Kirkilai-3

LPAZ Betula (430-410 cm). Betula pollen prevails
in this interval (87.5-97.3%), Pinus makes up to
11.8%. Only single grains of other pollen taxa were
found. Bryales and Polypodiaceae spore values are
up to 2.4 and 6.9%, respectively.

LPAZ Pinus—Betula—Cyperaceae—Poaceae—Artemi-
sia (410-360 cm). Pinus (48.4-87.5%) and Betula (7.6—
41.1%) dominates. Values of Picea (up to 5.6%), Al-
nus (4.8%), Corylus (up to 4%) and Juniperus (up to
3.5%) slightly increase. Herb pollen makes up to
17.3%. Poaceae (up to 5.4%), Cyperaceae (up to 8.1%)
and Artemisia (up to 4.7%) are most abundant among
the herbs. Bryales spore values increase up to 39.7%
and Polypodiaceae up to 92%.

LPAZ Betula—Cyperaceae (360-320 cm). Betula
(44.7-62%) and Pinus (32-52.4%) pollen still pre-
vails in this zone. Juniperus (2.9%) and Picea (3.1%)
are of moderate values. Cyperaceae (up to 7.3%)
dominate among the herbs. Polypodiaceae spores
make 83.6-96.7% and Bryales up to 8.7%.

LPAZ Pinus 1 (320-270 cm). Pinus pollen values
are 62.2-80.4%, Betula 17.7-27%, Alnus up to 5.4%,
Picea up to 2.7%, Juniperus up to 2.7%. Herb pol-
len percentages are relatively low: Poaceae up to
2.7%, Cyperaceae up to 2.8%, Asteraceae up to
2.7%. Bryales spores make up to 6.4% and Polypo-
diaceae 76.6-97.5%.
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LPAZ Alnus-Tilia—Picea—Juniperus (270-120 cm).
Alnus makes up to 19%, Picea up to 29.2%, Pinus
34.5-66.7%, Betula up to 26.3%. The percentages of
deciduous trees (Quercus up to 2.4%, Tilia up to
18.2%, Ulmus up to 1.9%), Corylus (up to 8.9%) and
Juniperus (up to 26.5%) pollen

ted ages and are plotted in Fig. 5 in the context of
palaeoclimatological proxy data. The time span co-
vers almost all Holocene from 1820 BP at a core
depth 93-103 cm (Kirkilai-2) to 10110 BP at a core
depth 383-398 cm (Kirkilai-3).

increase. Relatively high herb

percentages are observed in |Table. Conventional radiocarbon dates of peat from Kirkilai karst sinkhole
this zone, especially in its top Lentelé. Kirkily karstinés igriuvos durpiu radioanglies amziaus duomenys
(Poaceae up to 17.7%, Cype- Calibrated
raceae up to 7.3%). Up to . Core “C age yr age BP
6.3% of Potamogetonaceae Laboratory Core Lithology depth (cm) | BP + 1o | (0 = AD1950)
pollen were found in this in- at £ 1o
terval. Bryales make up to | vs.1202  Kirkilai2 ~ Peat 93-103 1878 = 75 1820 = 90
18.4% and Polypodiaceac up to | vs.1295  Kirkilai-2 ~ Peat  172-182 3591 + 40 3900 * 60
96.6%. Vs-1363  Kirkilai-3 ~ Peat 383398 9023 + 75 10110 = 120
LPAZ Pinus 2 (120-80 cm).

Pinus (70.6-80%) is the domi-
nating taxon in this zone. Pi-

cea makes 2-9%, Betula up to

-2-D DISPERSION CALIBRATION
Holocene Tree-Calibration Data INTCAL98. Stuiver et al. 1998

DATE LIST
Lab. No Date(BP)STD calBC/-AD STD

Vs-1292 1878 75 -130 90|
Vs-1296 3591 40 1940 60
Vs-1363 9023 75 8160 120

.pe 13
57%, Alnus up to 3%, Tlha up Calibration Methods: Bernhard Weninger. Frankfurt, in:
. 12 Acta Interdisciplinaria Archeologica IV, Nitra 1986. 11-53
to 88%, Ulmus, Ca'plnus and Cubic Spline by W. Press, B. Flannery, S. Teukolsky, W. Vetterling
Corylus up to 2.9%. Herb pol-

Numerical Recipes, Cambridge University Press. 1986, 86-89

len percentages are relatively .
low (up to 6.5%). Callitriche- ¢
ae pollen makes up to 3.9%. 7
The amount of Bryales spores 6
is up to 6.2% and Polypodia- 5
4.
3
2
1
0

C-14 age, 10° BP

ceae 73.5-83%.

LPAZ Picea—Betula (80-
40 cm). Picea pollen increases
up to 5.1-14.7%, Betula up to

10 The date series is calibrated by 2-D Dispersion Calibration
Program Version CalPal Feb 2003 Lahey LF95v5.7+Winteracter 5.0

19.4%, Juniperus up to 9.1%. TS s

The values of Tilia reach 2-
8.6%, Corylus makes up to
10.1%, Poaceae 5.5%, Cypera-
ceae 7.1%. The amount of Po-

0O-18, per mil

lypodiaceae spores decreases T 08
down to 24.5% and of Bryales
down to 25%.

LPAZ Pinus—Picea—Alnus
(40-0 cm). The values of Pi-
nus pollen are up to 83.8%,
Picea up to 11.9%, Alnus up
to 8.8%. The percentages of
herb pollen are 3.8-7.4%, i.e.
lower than in the previous zone. Relatively high va-
lues of Potamogetonaceae (up to 3.8%) are observed
here. Bryales reach up to 3.8% and Polypodiaceae
21.6 %-35.2%.

RADIOCARBON DATING

The “C data on the Kirkilai karst sinkhole are pre-
sented in Table including conventional and calibra-

===
— Calibration Data Base:
File c:\calpal_a\calcurve\CaiPal2001.dat
Error Bars On Calibration Curve are:
| | PS2644+Suigetsu(+2ka)+U/Th-Coral
g 7 6 5 4 3 2 1 0 1 Delta O-18 Measurements
Core: GISP2 Greenland
Grootes et al. 1993
Stuiver et al. 1993
Meese et al. 1994
Sower et al. 1993
File <GISP2.180>
76 s 4 3 2 1. 0 1 2
[ka calBC/AD]

Fig. 5. Conventional and calibrated “C-ages plotted in graphic (temporal) context
with palaeoclimate (0) proxy (Grootes et al., 1993; Stuiver et al., 1993; Meese
et al., 1994; Sowers et al., 1993)

5 pav. Durpiy méginiy nustatyto “C amziaus ir kalibruoto (kalendorinio) “C am-
ziaus duomenys laiko kontekste su paleoklimatine izotopy ('*O) kreive (Grootes et
al., 1993; Stuiver et al., 1993; Meese et al., 1994; Sowers et al., 1993)

CORRELATION OF LOCAL POLLEN
ASSEMBLAGE ZONES AND INTERPRETATION

The low herb representation and the prevalence of
Betula species in the pollen spectra of the basal
LPAZ of the Kirkilai-3 core represent the Alerdd
(AL) chronozone.

The following zone (Pinus—Betula—Cyperaceae—
Poaceae-Artemisia) is characterized by an increase
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of herbs, indicating a more open landscape, sho-
wing a colder Younger Dryas (DR3) chronozone.
However, pollen spectra are still dominated by tree
pollen, which shows that forest was present at least
in the surroundings of the sinkhole. Pollen strati-
graphy is supported by radiocarbon dating: sediments
at the middle of the pollen assemblage zone (383-
398 cm) were accumulated 10110 = 120 BP. A si-
milar environment is present in the basal zone of
the Kirkilai-1 pollen diagram (Pinus—Betula—Cy-
peraceae), which allows to relate it to the former
(Fig. 6).

The Preboreal (PB) chronozone is represented
by the Betula—Poaceae zone in the Kirkilai-1 sequ-
ence and the Betula—Cyperaceae zone in the Kirki-
lai-3 sequence. A dramatic increase in Betula shows
forestation of the area by pioneer vegetation.

The Pinus 1 zones in both cores correspond to
the Boreal (BO) chronozone. Pinus spreads again
at this stage, followed by appearance of Alnus, Co-
rlus and Tilia.

The Atlantic (AT) chronozone is represented in
all three pollen diagrams. Expansion of Picea, Al-
nus, Corylus and deciduous trees in these zones
shows warm climatic conditions in Lithuania during
this stage (Kabailiene, 1990). A significant increase
of Juniperus, Cyperaceae and Poaceae evidenced in
the middle of the Atlantic, while the main tree spe-
cies declined. These changes could be caused by
early human activity in the area, still the evidence
is not very strong.

Age, BP Chronozones Kirkilai-1 Kirkilai-2 Kirkilai-3
Late Subatlantic Pinus-Picea- Pinus-Picea-
SA 2 - -
1000 ( ) — Picea-Pinus Alnus Alnus
Barly Subatlantic Pinus-Picea Picea-Betula
(SA 1)
2500
Subboreal (SB) Pinus 2 Pinus-Alnus Pinus 2
5000 —
Tilia-Picea-
-Juniperus
. Alnus-Tilia-
Atlantic (AT) | Alnus-Tilia- -Picea-
-Picea -Juniperus
7800
Boreal (BO) Pinus 1 Pinus 1
9000
Preboreal (PB) Betula- Betula-
-Poaceae -Cyperaceae
10000 -
Pinus-Betula- Pinus-Betula-
Younger Dryas | -Cyperaceae -Cyperaceae-
(DR 3) -Poaceae-
-Artemisia
10900
Allerdd (AL) Betula

Fig. 6. LPAZ correlation scheme
6 pav. VZZ (vietiniy Ziedadulkiy zony) koreliacijos schema

The following LPAZ were correalated to the Sub-
boreal (SB) chronozone. The values of deciduous
trees, Alnus and Corylus, decrease and give up the
prevalence to Pinus, showing a colder climate unfa-
vourable for deciduous forests. Sediments of Sub-
boreal chronozone in the Kirkilai-2 sequence (172-
182 cm) were dated to 3900 = 60 BP.

During the Subatlantic (SA), Pinus and Picea do-
minates, which is typical of the vegetation of North-
ern Lithuania (Kabailiene, 1990). Increase of Betu-
la, Alnus and Tilia can be traced in this chronozo-
ne. The two former are probably related to the ve-
getation of the sinkhole immediate surroundings,
while Tilia increase in the sediments of the Late
Subatlantic (SA,) is characteristic also of other pol-
len diagrams from the karst region of Norhern Li-
thuania (Kondratiené et al., 1998; Balakauskas,
2003), thus it can be considered as regional. The
inrease of herbs during the Subatlantic shows a hu-
man impact, however, it is not very well pronounced.
Probably despite an intensive forest cleaning in the
region (Kabailiene, 1990), trees were present in the
immediate vicinity of the peat-bog during all Subat-
lantic. Pollen stratigraphy in the Kirkilai-2 sequence
is supported by radiocarbon dating (1820 = 60 BP
at 93-103 cm).

DISCUSSION

Formation of the sinkhole

The Kirkilai karst sinkhole was formed during the
Allerdd warming. The primary shape of the sinkho-
le was significantly different from the present-day
one. As pollen and radiocarbon analyzes show, the
Kirkilai-2 site was not afffected by karst during the
Allerdd. The sink was formed at this site at the
end of the Atlantic chronozone as a separate sinkho-
le. Later it joined the basin of the Kirkilai karst
sinkhole due to intensive erosion of its banks, which
is typical after formation of sinkholes in Northern
Lithuania (Narbutas, Pranaitis, 1960). According to
the palaeoclimatic and water level change data (Ka-
bailiene, 1999; Kabaitnene, 2000) such time of for-
mation seems very reasonable: the relatively warm
climate and lower groundwater levels prevailed. The-
se conditions favour the development of karst pro-
cesses (Taminskas, 1999). Moreover, these statements
are confirmed by previous pollen investigations in
the region: 2 of the 4 karst sinkholes presented by
Tiuremnov et al. (TopemHoB 1 ap., 1959) and the
Skrebiskiai karst sinkhole (Balakauskas, 2003) were
formed also at the end of the Atlantic, thus half of
the sinkholes analysed in Northern Lithuania ap-
peared at approximately the same time.
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Taminskas (1999) states that the majority of the
sinkholes in Northern Lithuania are deep (up to
20-30 m) but had a small diameter (usually up to
several meters) right after sinking. In the course of
time, intensive abrasion evidences and a sinkhole
becomes shallow and wide. Often “dolomitic flour”
(karstic silt) accumulates as a result of abrasion. It
seems that the Kirkilai sinkhole is a case of such
formation. “Dolomitic flour” deposited at the bot-
tom of the sinkhole shows a high erosion rate. It is
evident from lithological, pollen and radiocarbon
data presented above in this work that abrasion took
place before the beginning of the Younger Dryas at
Kirkilai-3. At the Kirkilai-1 coring site it continued
longer — all over the Younger Dryas, probably be-
cause of differences in the shape of the sinks and
the properties of the surrounding soil.

According to lithological data, peat started to ac-
cumulate upon the “dolomitic flour”, which shows
that the abrasion processes slowed down at this sta-
ge. Only in the bottommost depths peat is mixed
with lacustrine sediments (gyttja). Therefore a lake
existed in the sinkhole only during the Late Glacial.
At the beginning of the Preboreal it started to over-
grow, and a bog environment completely prevailed
by the beginning of the Boreal.

Similar changes took place in the Kirkilai-2 sink.
The sink formed during the Late Atlantic was filled
with water approximately before the Atlantic—Subbo-
real transition. During the Subboreal and Subatlan-
tic, peat accumulated there.

Vegetation in the vicinity of Kirkilai sinkhole during
the Late Glacial and the Holocene

The pollen spectra in the Kirkilai sinkhole clearly
represent patterns of regional forest history, though
local bog vegetation was even of a greater signifi-
cance. The evidence of human impact on vegeta-
tion is not very well pronounced. Nevertheless, it
seems to have taken place during all Subatlantic
and possibly in the end of the Atlantic chronozone,
when pollen spectra show more open landscapes to
prevail in the area. Such a change could trigger the
higher erosion and thus activation of karst proces-
ses, which took place in the Late Atlantic according
to the earlier investigations.

ACKNOWLEDGEMENTS

Authors are sincerely grateful to Prof. Habil. Dr. Mei-
lute Kabailien¢ and Dr. Vytautas Narbutas for valu-
able advice and remarks. Dr. A. Linc¢ius and G. Bi¢-
kauskas aided a lot in the fieldworks.

References

Balakauskas L. 2003. Formation and evolution of the Skre-
biskiai peat-bog (Northern Lithuania) according to pollen
data. Geologija. 43. 36-42.

Joris O., Weninger B. 2000a. Approaching the Calendric
Age Dimension at the Transition from the Middle to the
Upper Palaeolithic in Europe. J. Orschied and G.-Chr.
Weniger (Hrsg.) Neanderthals and modern humans — dis-
cussing the transition. Central and Eastern Europe from
50,000-30,000 BP. Wissenschaftliche Schriften des Neandert-
hal Museums. 2. 13-19.

Joris O., Weninger B. 2000b. “C-Alterskalibrationen und
die absolute Chronologie des Spatglazials. Archdologisches
Korrespondenzblatt. 30. 461-471.

Grootes P. M., Stuiver M., White J. W. C., Johnsen S.,
Jouzel J. 1993. Comparison of oxygen isotope records from
the GISP2 and GRIP Greenland ice core. Nature. 366.
552-554.

Kabailiené M. 1979. Taikomosios palinologijos pagrindai.
Vilnius. Mokslas. 147 p.

Kabailiené M. 1990. Lietuvos holocenas. Vilnius: Moks-
las. 170 p.

Kondratiené O., Narbutas V., Lincius A. 1998. Smardo-
nés karstinés raguvos durpiy susidarymo paleogeografinés
salygos. Geologija. 23. 119-123.

Meese D., Alley R., Gow T., Grootes P. M., Mayewski P,
Ram M., Taylor K., Waddington E., Zielinski G. 1994.
Preliminary depth-age scale of the GISP2 ice core.
CRREL Special Report 94-1. Cold Regions Research and
Engineering Laboratory, Hannover, New Hampshire. 66 p.
Narbutas V., Pranaitis V. 1960. The present-day karst phe-
nomena in the Devonian gypsum of Northern Lithuania.
Collectanea Acta Geographica Lithuanica. 131-136.
Sowers T., Bender M., Labeyrie L., Martinson D., Jou-
zelJ., Raynaud D., Pichon J. J., Korotkevich A. 1993.
A 135,000 year Vostok-Specmap common temporal fra-
mework. Paleoceanography. 8. 737-766.

Skripkin V. V,, Kovalyukh N. N. 1994. An universal tech-
nology for oxidation of carbon-containing materials for
radiocarbon dating. Abstract and papers of Conference
on geochronology and dendrochronology of old towns and
radiocarbon dating of archaeological findings. Lithuania,
Vilnius, Oct. 31 — Nov. 4, 1994, Vilnius University Press.
37-42.

Stuiver M. and Reimer P. 1993 — Extended “C data base
and revised CALIB 3.0 “C age calibrating program. Ra-
diocarbon. 35(1). 215-230.

Taminskas J. 1999. Smegduobiy susidarymas ir jy raida.
Geografijos metrastis. 32. 194-203.

Taminskas J. 2000. Gamtiniy karstinio regiono riby pa-
grindimas. D. Griniiité, V. Matukoniené. Siaurés Lietuvos
karstinis regionas. Vilnius, Geografijos Institutas. 22-37.
KabGaitnene M. 2000. O pexOHCTPYKIMH KoOJeOaHHS
ypoBHsI Boabl B o3epax FOB JIuTBbI B moO37HENETHU-
KOBOE U T'OJIOLIEHOBOE BpeMs (10 JaHHBIM TUATOMOBOTO
ananmuza). Geologija. 32. 36-45.

TropemuoB C., Bunmanrtac 1O., Ilpanaiituc B. 1959.
TopdsaHuku kKapcToBbiX BopoHOK JlutoBckoit CCP u
Bragumupckoii obnactu. Kauno politechnikos instituto
darbai. 13(3). 3-34.



Formation of Kirkilai karst sinkhole (Northern Lithuania) and the palaeoecology of its surroundings ... 47

Lauras Balakauskas, Jonas Mazeika

KIRKILU KARSTINIO DURPYNO (SIAURES

LIETUVA) SUSIDARYMAS IR JO APYLINKIU
PALEOEKOLOGINES SALYGOS VELYVUOJU
LEDYNMECIU IR HOLOCENE

Santrauka

Kirkily karstiné igriuva priklauso sudétiniam tipui (susi-
daré susijungus keliems prasmegimams). Detaliu nuosédy
grezimu, ziedadulkiy bei radioanglies datavimu nustatyta,
kad smegduobé susiformavo aleriodo atSilimo metu. Tai —
anksciausiai susidariusi datuota smegduobe, kurios tyrimai
suteiké pirmuosius duomenis apie karstinius reiSkinius ve-
lyvuoju ledynmegiu Siaurés Lietuvos karstiniame regione.
Prasmegimas smegduobés centringje dalyje atsirado gero-
kai véliau nei likusioji smegduobé — atlancio pabaigoje, ir
tik veliau del kranty abrazijos susijunge su likusiaja da-
bartinés smegduobés dalimi.

Rajono ir apylinkiy augalija vélyvuoju ledynmeciu bei
holocene daugiausia nulémé natiiralis veiksniai. Zmogaus
poveikis pasireiSke tik subatlancio ir galbiit atlancio chro-
nozony metu.

Atlancio pabaigoje pastebimas karstiniy procesy suak-
tyvejimas, kurio viena i§ priezasCiy galety buti tuo metu
vyrave atviri kraStovaizdziai, sudarantys salygas erozijai.

Jlaypac Banakayckac, Monac Maxkeiika

®OPMUPOBAHUE KUPKUJIANICKOI
KAPCTOBOI1 BOPOHKU (CEBEPHAS JIUTBA)
U MAJIEODKOJIOTUSI EE OKPECTHOCTEI B
TEYEHHUE TTO3JHEJIEIHUKOBBS 1
T'OJIOLIEHA

Peszwowme

Kupkunaiickass kapcroBasi BOPOHKa OTHOCHUTCS K CO-
craBHoMy Tuny (oOpa3oBaHa M3 HECKOJIBKUX COEIU-
HEHHBIX MEXIy coboif BopoHOK). [leraapHOoe OypeHue,
MBUTBIIEBON M PagUOYIJIEPOAHBIN aHATU3 ee OTJIOKEHUH
ToKa3aJid, 4YTO BOPOHKa 00pa3oBajiack B TEUEHUE alle-
PUOAOBOro MOTEIUIEHUs. DTO camas APEBHAS U3 JaTu-
POBaHHBIX BOPOHOK, H3YYEHUE KOTOPOU MO3BOJIUIO
BIIEPBbIE IMOJIYUUThb TaHHbIE OTHOCHTEIHHO IMO3/IHe-
JIEIHUKOBBIX KapCTOBBIX IPOLIECCOB B KAapCTOBOM pe-
ruone CesepHoii JIurBel. CocTaBHasi BOPOHKA B IICHT-
panpHOM yacTu 0Opa3oBaiach 3HAYUTEIBHO TMO3XKE, YeM
OCHOBHAas, — B MO3HEATIIAHTHYECKUN TIEPUOJ, U TOIBKO
MO3Ke MPHUCOENIUHUIIACh M3-32 a0pa3uu MX Oeperos.

PacturenpHOCTh B pailioHe BOPOHKM U HENMOCpen-
CTBEHHO PSAJOM C Hell B TeUeHHE MO3JHEICTHUKOBBS U
roJIOIIeHa OOYCIOBIUBANU MPUPOAHbIE (PaKTOPBI. Brus-
HUE YelloBeKa MPOSIBUIOCH TOJBKO B CYyOATIAHTHUYECKUA
U, BO3MOXXHO, B QTJIAHTUYECKUN NEPHOJBI.

3HauyNTeIbHAS AKTUBHU3ALUS KAapCTOBBIX IMPOIECCOB
MMeTla MECTO B KOHIIE aTfaHTHUeckoro mepuoga. OaHoi
U3 MPUYUH 3TOrO MOI CTaTh Oojiee OTKPBITHIN JIaH[-
madT, COCOOCTBYIONINA PA3BUTHIO IPO3HH.



