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Karst processes were very active in Northern Lithuania during the Holocene.
Pollen analysis of sediments filling karst sink-holes is essential for a better under-
standing of karst processes. However, only a few pollen investigations have been
carried out in the study area so far.

The Skrebiskiai karst sinkhole (karst lake) was formed in the Late Atlantic
(approx 6.5-5 ka BP) as a result of leaching of gypseous Devonian layers with
underground water. The shape of the sinkhole is composite, comprised of at least
three joint sinkholes. Intensive abrasion processes took place just after formation —
a layer of karst sediments up to 380 cm thick accumulated during several hundred
years or even decades. When the abrasion processes stopped (in the end of the
Atlantic; roughly 5 ka BP), gyttja started to accumulate in the karst lake. In the
Early Subboreal (roughly 4.5 ka BP) the waterlogging of the basin took place. A
layer of peat up to 350 cm thick accumulated thereafter. Accumulation in the peat-
bog was relatively fast during the Subboreal (approx 4.5-2.5 ka BP), but slowed
down during the Subatlantic (latter 2.5 ka) period. An uncomon increase of spruce
and lime pollen in the Subatlantic sediments possibly reflects specific soil peculari-
ties common to the whole area of the karst region.

Pollen and palaeoclimatic data show that the Late Atlantic could be one of the
most important stages of intensive formation of karst sinkholes during the Holocene.
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INTRODUCTION

other types of sediments (Narbutas, Pranaitis, 1960).
Profound investigations (especially pollen and radio-

More than 2000 karst sinkholes are present in the
karst region of Northern Lithuania (Taminskas, 2000).
Most of these sinkholes are formed during the Holo-
cene, due to the leaching of gypseous Devonian layers
by underground or surface water. Karst processes in
Northern Lithuania are active even nowadays.

A considerable part of karst sinkholes in the stu-
dy area are filled with biogenic, karst, glacial or
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carbon analyses) of the sediments filling the karst
forms could provide a better understanding of for-
mation and evolution of sinkholes, which is very
important for the prognoses of possible karst acti-
vities. However, very few pollen investigations have
been carried out in the area so far.

The first application of pollen analysis in the
study area concerned Pleistocene karst (Narbutas,
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Kondratiené, 1958). In the end of the fifties, four
Holocene karst sinkholes filled with peat were ana-
lysed in the vicinty of Kirkilai and Ripeikiai villa-
ges, Birzai district (TropemHoB, Buamanrac, Ilpa-
Haiitie, 1959). Two of the peat-bogs studied were
formed late in the Atlantic period (approx 6.5-5 ka
BP) and the rest during the Subboreal (approx 5-
2.5 ka BP) and the Subatlantic (approx 2.5-0 BP).
Further investigations showed that karst processes
took place in the beginning of the Holocene as well.
It was determined that the Smardoné karst hollow
in the vicinity of Likénai was formed during the
Preboreal (approx 10-9 ka BP; Kondratiené, Nar-
butas, Lincius, 1998).

METHODS

The Skrebiskiai karst peat-bog is situated 5 km
northerly of the Birzai town, on the intersection of
Draseikiai—Skrebiskiai highway and the Birzai pipe-
line route (coordinates in LKS-94 system: 548658;
6235355). The peat-bog is a karst sinkhole of irre-
gular form (about 200 m long, 150 m wide and 8 m
deep). It is filled up with sediments. The territory
of the sinkhole is overgrown with various species of
trees (pine, spruce, birch, alder and lime), herbs,
ferns and mosses.

Aerophoto images helped to ascertain the boun-
daries of the peat-bog and to choose prospective
coring sites (Fig. 1). Corings yielded the lithological
composition of the sediments of the Skrebiskiai sink-
hole. The obtained data were supplemented with
lithological data from helical corings carried out se-
veral years ago in the same peat-bog with the aim
to estimate the probability of underground water
pollution in the Birzai pipeline zone (Narbutas,
1998). Lithological data are represented in the litho-
logical cross-section (Fig. 2) and the scheme of
thickness of biogenic sediments (Fig. 3). The latter
shows the number of jointed sinkholes forming the
bottom of the peat-bog.

The sediment core Skrebiskiai-1 was chosen for
further pollen analysis. Pollen samples were taken
from every 10 or 20 cm of sediment (depending on
the significance of the core interval) and prepared
according to a standard technique: alkaline L. von
Post’s treatment, V. Grichiuk’s separation with hea-
vy liquids and G. Erdtman’s acetolytic preparation
(Kabailiene, 1979). At least 500 pollen grains were
counted in each sample, including 200 or more tree
pollen grains. According to lithological and pollen
data processed with a range of software, including
Tilia and Tilia Graph (Grimm, 1990; 1992), a pol-
len diagram (Fig. 4) was drawn.

BIRZAI DISTRICT,
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RESULTS
Lithological composition of the sediments

Coring data (Fig. 2) show that the Devonian rocks
affected by karst process (“dolomitic flour” and karst
gravel) are covering the bottom of the sinkhole.
These layers are covered with lacustrine silt, mixed
with karst rocks (debris of dolomite). Above it, a
gyttja layer up to 70 cm thick occurs. It is overlain
by peat of different types and humification grade
up to the top.

down to 16.5 m 00|
(see column “8")

Depth, cm

I:l Peat l:l Karst gravel ,QUD.)D;
1100

I:l Gyttja l:l Carbonaceous clay 12004
Silt with =¥ Clay with interlayers of 1300

E dolomite debris m gypsum and dolomite ;:zi
“Dolomitic flour” 1600

Fig. 2. Cross-section of sediments of Skrebiskiai karst sink-
hole
2 pav. Skrebiskiy karstinés jgriuvos nuosédy pjuvis

—100—— Isopachites

40 Borehole and the thickness

° of biogenic sediments (cm)

Fig. 3. Scheme of thickness of biogenic sediments in Skre-
biskiai karst sink-hole (? — thickness unknown, sediments
mixed)

3 pav. Skrebiskiy karstinés jgriuvos biogeniniy nuosédy sto-
rio schema (? — storis nezinomas, nuosédos permaisytos)
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The total thickness of biogenic sediments in the
peat-bog reaches 420 cm in its deapest place, but
the depth varies unevenly — several depressions
(Fig. 3) corresponding to different sinkholes can be
distinguished.

Composition of pollen spectra

Thirty two sediment samples were analyzed from
the Skrebiskiai-1 core sequence (390 cm long). Re-
markably high Polypodiaceae (fern) percentages (up
to 99.03%) are found in the upper part of the dia-
gram (245-0 cm). The values of Polypodiaceae dec-
rease down to 1.16-39.26% in the lower part (390-
245 cm). Tree pollen prevails here, mostly Pinus
(pine) and Picea (spruce). Abundance of Pinus and
Picea pollen is typical of the whole length of the
sequence except the lowermost silt layer, where Be-
tula (birch), Alnus (alder), Corylus (hazel), Quercus
(oak), Tilia (lime) and Ulmus (elm) are found in
increased numbers. Among the herb pollen, Poaceae
(grass) and Cyperaceae (sedge) prevail. At particu-
lar depths, some other species of herbs are present:
Filipendula (dropwort), Artemisia (mugwort) and ot-
hers. Very few aquatics were found — only single
grains. Quite high amounts of Bryales (green moss)
and Equisetum (horsetail) spores are observed.

The pollen concentration varies between 5856
and 4.077 x 107 in the Skrebiskiai-1 sequence. In
the upper part of the diagram (the depth of 30-
0 cm), the concentration decreases down to 14763
pollen grains per cm’® and in the lower part (inter-
val of 380-360 cm) to 5686 pollen grains per cm’.
In the rest part of the diagram pollen concentra-
tions are higher than 10° pollen grains per cm?.

Four local pollen assemblage zones (LPAZ) were
distinguished in the SkrebisSkiai-1 pollen diagram
(from bottom to top):

LPAZ Quercus-Tilia—Ulmus—Corylus—Alnus—Betula;
390-355 cm. The values of Quercus here make 2.22—
21.5%, Tilia — 4.01-9.29%, Ulmus — 7.03-15.82%,
Corylus — 4.81-19.33%, Alnus — 7.41-11.28%, Betu-
la — 5.68-10.78%. Pinus pollen is most abundant in
the lower part of the zone, reaching up to 31.48%.
Picea makes up to 15.56%. Herb pollen make rela-
tively high percentages (up to 13.33%). Cyperaceae
(up to 7.04%) and Poaceae (up to 5.58%) are pre-
vailing among them. Compared to the rest part of
the core, quite low values of Bryales (up to 3.86%)
and Polypodiaceae (up to 22.86%) are present here.

LPAZ Picea—Pinus 1; 355-205 cm. Pinus (35.81-
91.19%) and Picea (7.92-59.68%) prevail. In the
lower part of the zone, a slight increase of Betula
(up to 4.31%), Alnus (up to 5.74%), Tilia (up to
3.11%), Corylus (up to 3.83%) and Juniperus (up to
2.39%) pollen percentages is discernible. The amount
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Fig. 4. Pollen diagram of sediments from Skrebiskiai-1 core
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of herbs decreases. The greatest part among
them makes Poaceae pollen (up to 20.52%).
The percentages of spores are higher: Brya-
les up to 18.66%, Polypodiaceae up to
93.81%, Equisetum up to 9.1%.

LPAZ Pinus-Picea—Juniperus—Poaceae;
205-80 cm. Pinus - 28.4-56.41%, Picea -
26.92-52.53%. Herb percentages are low, ex-
cepting Poaceae (up to 14.73%). Up to 3.49%
of Betula and up to 4.27% of Juniperus pol-
len were found. Extremely high were Poly-
podiaceae percentages — 47.03-89.07%. The
amount of Bryales reached up to 20.41%.

LPAZ Picea—Pinus 2; 80-0 cm. The
amount of Picea pollen increases up to
68.27%, Pinus — up to 71.04%, Poaceae — up
to 6.64%. Only single grains of other herb
taxa were found. Polypodiaceae spores still
dominate (49.06-99.03%), Bryales make up
to 80%. Pollen grains in two uppermost
samples are severely corroded (most likely
as a result of oxidation processes), therefore
it was impossible to find a sufficient quantity
of analysable tree pollen in these samples,
though we can propose that quite a lot of
Tilia, Betula and Poaceae pollen are present
here, besides the predominant Pinus and
Picea.

INTERPRETATION

Higher amounts of Quercus, Tilia, Ulmus, Co-
mlus, Alnus and Betula pollen are observed in
the lowermost local pollen assemblage zone
(including the silt layer) of the Skrebiskiai-1
sequence, suggesting a correlation of the pol-
len zone with the Atlantic chronozone (AT;
app. 85 ka BP). Most probably these sedi-
ments accumulated during the Late Atlantic
(app. 6.5-5 ka BP). High contents of herb
pollen are observed here. This is not com-
mon to sediments of the Atlantic period. Such
a high quantity of herb pollen probably is
related to the pecularities of the sinkhole for-
mation. Presumably, the sinkhole was formed
in an open area and was not overgrown by
trees for some time, like the majority of sink-
holes in the Karst Region of Northern Lithua-
nia (Taminskas, 1999). The presence of trees
on the bank of the sinkhole would obscure
the levels of herb pollen in the sediments.
Low pollen concentrations and the type of
the sediment itself (silt with dolomite debris)
shows that sedimentation rates were high dur-
ing the studied period.
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The local pollen assemblage zone Picea—Pinus 1
corresponds to the Early Subboreal (SB1; app. 5-
4ka BP) chronozone. The significant increase of
spores (especially Polypodiaceae) at the depth of
310-255 cm is related to the waterlogging process,
which took place roughly 4.5 ka BP. Changes in the
pollen spectra coincide with lithological changes —
mire deposits start to accumulate at the depth of
310 cm.

The prevalence of Pinus and a slight increase of
Betula pollen in Pinus-Picea-Juniperus—Poaceae
LPAZ are typical of the Late Subboreal (SB2; app.
4-2.5 ka BP) chronozone. The increased values of
Poaceae and Juniperus in this zone could be related
to human activity during this period (Savukyniené,
1974).

In the uppermost zone Pinus pollen is dominant.
These sediments were accumulated during the lat-
ter 2500 years (Subatlantic chronozone; SA). Some
uncommon features of pollen spectra are traced in
the uppermost samples of the diagram, e.g., an in-
crease of Picea and Tilia pollen levels. A similar
increase of Picea and Tilia can be traced in the
diagram of the Smardoné karst hollow (situated
17 km SW from the Skrebiskiai sinkhole) sediments
as well (Kondratiené, Narbutas, Lincius, 1998).
These features are probably related to the similarity
of soil parameters of the both sinkholes. It is pos-
sible that such similarities are common to the whole
region. Unfortunately, we cannot trace such increa-
se in pollen diagrams described by Tiuremnov, Vid-
mantas and Pranaitis (TropemHoB, Buamanrac, I1pa-
Haittuc, 1959) because of a large interval among
pollen samples (mostly 50 cm). Though, possibly fur-
ther investigations of sediments from karst sinkho-
les of Northern Lithuania will confirm the existence
of such pecularities.

FORMATION AND EVOLUTION OF THE
PEAT-BOG

Lithological data show that the SkrebisSkiai karst
peat-bog was formed as a result of leaching of the
gypseous Nemunelis layers (D,t_; Narbutas, Pranai-
tis, 1960). The clayey Kirdonys layers underlying
them at a depth of 800-1360 cm formed an aquic-
lude to the underground water (Narbutas, 1997),
hence the conditions for leaching of the Nemunélis
layers were very favourable. As a result of a drop
in the underground water level or other climatic
factors (e.g., intense precipitation), a thin layer of
Quaternary sediments sinked into the leached cavi-
ties. A karst lake (karst sinkhole filled with water)
was formed in the sinkhole. From the obtained da-
ta we can conclude that the SkrebiSkiai karst sink-
hole has an irregular form, ie. it was formed as a
result of sinking of several joint sinkholes. Unfortu-
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nately, it is not possible to determine the exact num-
ber of the constituent sinkholes, as part of the ter-
ritory of the peat-bog is covered by the Birzai pipe-
line, therefore the sediments are mixed in this part.
However, the available lithological data and the re-
sults of the decoding of aerophoto images show that
at least three jointed sinkholes are forming the bot-
tom of the basin.

Like the majority of the other karst lakes (Ta-
minskas, 1999; Narbutas, 2001), the sinkhole stud-
ied by us had a small diameter just after formation,
though during several decades an intensive karst de-
nudation occurred. The sinkhole singnificantly shal-
lowed and its diameter increased. Due to this pro-
cess carbonate till (karst gravel) and later “dolomi-
tic flour” accumulated in the sinkhole. After the
karst denudation process slowed down, silt at some
intervals mixed with biogenic sediments started to
accumulate. Even if lithological data show a reduc-
tion of the sedimentation rate, low pollen concen-
trations suggest that this rate was still relatively high.
Besides, according to the work of J. Taminskas
(1999), very fast sedimentation rates are common
to genetically young karst lakes. Hence, a layer of
silt up to 0.4 m thick must have been formed in
less than a few hundred years, most probably in
several decades. Pollen data show that the layer of
silt was formed late in the Atlantic (app. 6.5-5 ka
BP). As the upper and the lower layers were formed
relatively fast, we can assume that the sinkhole it-
self was formed in the Late Atlantic as well.

In the beginning of the Early Subboreal (app.
5ka BP), when the sinkhole got its final shape, the
denudation process actually stoped. As the sinkhole
was still filled with water, lacustrine sediments (gyt-
tja) had accumulated in it for several hundred years.
These changes coincide with the overgrowing of the
sinkhole with trees.

The basin was rather shallow and isolated, the-
refore after some time (rougly 4.5 ka BP) anoxic
conditions started to prevail and the process of
waterlogging took place. During the Subboreal
(app. 5-2.5 ka BP) the sedimentation rates were
quite high — a sediment layer up to 300 cm thick
accumulated during this period, though pollen con-
centrations show that there could be several sig-
nificant slowings, even intermissions of sedimenta-
tion at some intervals. In the beginning of the pe-
riod, trees were dominant around the sinkhole and
its surroundings. Abundant remains of trees in
peat confirm this assumption. Roughly 4500 years
BP (when the waterlogging took place), ferns,
green mosses and some other spore plants started
to prevail in the basin. Black fern peat of diffe-
rent humification grades started to accumulate.
Spores of the above-mentioned plants are abundant
in sediments as well.
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A relatively thin layer of peat acumulated dur-
ing the Subatlantic and the corroded pollen in the
uppermost samples of the Skrebiskiai-1 sequence
show that sedimentation rates in the peat-bog slowed
down during the Subatlantic (the last 2.5 ka), pos-
sibly because of unfavourable hydrogeological con-
ditions in the basin. Pollen analysis shows that the
vegetation in the vicinity of the peat-bog was simi-
lar to the present one. Coniferous trees, birch, al-
der, lime, fern and green moss prevailed.

FORMATION OF SINKHOLES IN NORTHERN
LITHUANIA DURING THE LATE ATLANTIC

Some of the researchers (Kondratiené, Narbutas,
Linc¢ius, 1998), suggest that sinkholes in Northern
Lithuania were formed in some stages. As many as
3 of the 5 palynologycally analysed sinkholes from
the karst region of Northern Lithuania appeared
during the Late Atlantic. This time of formation
was perhaps not incidental: the available data on
the lake and underground water fluctuations and
climate changes in Lithuania during the Holocene
(Kabailiene, 1990; Kabaiinene, 2000) show that cli-
mate was warm and humid during the Late Atlantic
and the water levels fluctuated frequently. Condi-
tions of this type are perfect for the development
of karst processes. A drop of underground water
level or intensive precipitation could result in nu-
merous sinks of Quaternary sediments into the ca-
ves leached in gypseous rocks.

The obtained and earlier published data (Tro-
pemHoB, Buamantac, Ipanatituc, 1959; Kabailiene,
1990; Kondratiené, Narbutas, Linc¢ius, 1998; Kab6aii-
nene, 2000) show that the late Atlantic period could
be one of the most intensive stages of active karst
processes during the Holocene. It is also possible
that there were more stages of active karst proces-
ses, though to confirm this presumption further
investigations of the karst sinkhole sediments are
needed.

CONCLUSIONS

The Skrebiskiai karst sinkhole and the karst rocks
distributed in the bottom of it (total thickness up
to 380 cm) formed in the Late Atlantic (app. 6.5
5 ka BP). The overlying gyttja layer up to 70 cm
thick accumulated in the beginning of the Early Sub-
boreal, approx 5-4.5 ka BP. A layer of peat up to
350 cm thick started to accumulate during the se-
cond part of the Early Subboreal, approx 4.5 ka BP.
The bottom of the SkrebiSkiai peatbog is compo-
site. At least three joint sinkholes are forming it.
The end of the Atlantic (6.5-5 ka BP) could be one
of the most intensive periods of the formation of sink-
holes in Northern Lithuania during the Holocene.

Pollen analysis proved to be a valuable tool for
studying karst sinkholes, determination of their age,
evolution and paleoecological conditions of the sur-
roundings.
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SKREBISKIU KARSTINIO DURPYNO (SIAURES
LIETUVA) SUSIDARYMAS IR RAIDA PAGAL
ZIEDADULKIU ANALIZES DUOMENIS

Santrauka

Karstiniai rei§kiniai Siaurés Lietuvoje buvo pladiai paplite
holoceno laikotarpiu. Nuosédy, uzpildanciy karstines jgriu-
vas, ziedadulkiy tyrimai galéty suteikti svarbios informaci-
jos apie karstinius reidkinius Siaurés Lietuvoje, taciau kol
kas ziedadulkiy analizé¢ karstiniy jgriuvy nuosédoms tai-
kyta buvo labai mazai.

Skrebiskiy karstiné jgriuva (karstinis eZeras) susifor-
mavo vélyvajame atlantyje (mazdaug prie§ 6,5-5 tukst.
mety) gruntiniam vandeniui tirpinant gipsingus devono
sluoksnius. Smegduobés forma ir biogeniniy nuosédy sto-
rio pasiskirstymas rodo, kad tiriamaja smegduobg sudaro
maziausiai trys tarpusavyje susijungusios jgriuvos. Susida-
rius smegduobei i§ karto pasireiské aktyviis ardymo pro-
cesai, dél kuriy per kelis Simtus mety (ar net kelis de-
Simtmecius) susikaupé iki 380 cm karstiniy nuosédy sluoks-
nis. Galutinai susiformavus karstiniam eZzeréliui (atlancio
pabaigoje, mazdaug prie§ 5 tiikst. mety), jame eme kaup-
tis sapropelis. Ankstyvojo subborealio (mazdaug prie§ 5-
4 tokst. mety) metu karstinis ezerélis uzpelkéjo, igriuvoje
susikaupé iki 350 cm storio durpiy sluoksnis. Subborealy-
je (mazdaug prie§ 5-2,5 tikst. mety) nuosédos pelkéje
kaupési salyginai greitai, taciau subatlantyje (paskutiniai
2500 mety) sedimentacija sulétéjo. Nebiuidingas Siam peri-
odui egliy bei liepy ziedadulkiy padaugéjimas nuosédose,
matyt, atspindi ypatingas dirvoZemio savybes, galbit tipis-
kas visam karstiniam regionui.

Ziedadulkiy bei paleoklimatiniai duomenys rodo, kad
velyvasis atlantis galéjo biiti vienas intensyviausiy karsti-
niy jgriuvy susidarymo laikotarpiy holocene.
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Jlaypac banakayckac

®OPMHUPOBAHUE U 3BOJIOLUA
CKPABUIIKANCKOIO KAPCTOBOTO
TOPO®AHUKA (CEBEPHASA JIUTBA) 110
JAHHBIM ITBUIBIITEBOI'O AHAJIN3A

Pesowme

KapcroBeie mporieccel B CeepHoit JIutBe ObutM 1IH-
POKO DPacIpOCTPaHEHbI B TeUeHHe rojoueHa. [Ibuibile-
BOW aHallW3 OTIIOXKCHHH, 3aIONHSIOMIHNX KapCTOBBIE
BOPOHKH, MOT ObI CHAOIUTH HAC IIeHHOW MH(opMarmeit
0 kapcroBbIx mporeccax B CeBepHoii JInTBe, HO MbBIITb-
LIEBOM aHAJIN3 OTJIOKEHUI KapCTOBBIX BOPOHOK Ha WC-
CllelyeMO TEeppUTOPUU TMOYTH HE OCYILECTBIISUICS.
CkpsiOuIIKsIiickasi KapcroBasi BOPOHKa (KapcTOBOE
03epo) 00pa3oBaach B MO3IHEATIAHTHUYCCKUAN ITEPHOL
(oxomo 6,5-5 ThIC. JeT TOMy Ha3al) B IPOLIECCE BbI-
IEeTAYNBaHMS IEBOHCKUX THIICOHOCHBIX CIIOEB T'PYHTO-
Boii Bomoi. PopMa BOPOHKM U PACIPENEIECHUE MOUI-
HOCTel CJI0eB OMOTEHHBIX MOPOJI MOKA3BIBAIOT, UTO HUC-
CJIeIyeMYIO0 BOPOHKY COCTABJISIIOT 110 MEHBIIIEH Mepe Tpu
COeIMHEHHBIE MeXIy co0oil BopoHkH. Cpasy ke mocie
(dbopMupoBaHHsS BOPOHKH HAayaINCh WHTCHCHBHBIC IPO-
IIECChl JIEHYJAIlNH, B Pe3yjbTaTe KOTOPBIX B TEUCHHE
HECKOJIBKMX COTeH (WIM Jaxke [EecsITKOB) JieT obpa-
30BaJICSl CIIOM KApPCTOBBIX OTJIOXKEHMH MOIIHOCTBIO 10
380 cm. Ilocnme TOro, Kak KapcTOBOE O3€pPO OKOH-
YaTeIbHO C(HOPMUPOBAIOCH (B KOHIIE aTIIAHTUYECKOTO
nepuoa — OKOJIO 5 THIC. JIET TOMY Ha3aj), B HEM Hadai
HaKaIlNIMBAaThCS camporenb. B TedeHme paHHeCyO-
O6opeanpHOTO TepuoAa (0KoJo 5—4 TBHIC. JIET TOMY
Ha3aJ) KapcToBoe o3epo 3apacTtayio Toppom. C Tex mop
B BOpPOHKEe oOpasoBayics clodl Topda MOIIHOCTHIO 10
350 cm. Bo Bpemsi cybb6opeanbHOro nepuoja (OKOJIO
5-2,5 TBIC. JIET TOMY Ha3ajll)) aKKyMyJsiius B OojoTe
MIPOUCXOINIAa OTHOCHUTEIBHO OBICTPO, HO B cCy0Oat-
nma"Trueckuil nepuoj (mociemnue 2500 neT) ceamMeH-
Talnus 3aMeTHO 3aMemImiack. HeoObIYHBIM IS OTIIO-
JKEHMI MOCIIEHEro KIMMAaTHUECKOTO Mepuoa sBIsSeTCs
YBEJIMUYCHUE KOJMYECTBA IBUIBLIBI €M W JIUIIBI, IPO-
pacTaHue KOTOPBIX CKOPEE BCEr0 OTPakauo CIerudu-
YeCcKHe TIapaMeTphbl MOYBBI, BOBMOXHO, OOIIMe T BCei
TeppuTOopun KapcroBoro peruoHa CeBepHoil JIUTBBL.
[TeUTBIIEBRIE W TIATIEOKIIMMATUYECKHE JaHHBIE CBUJIE-
TEIbCTBYIOT, YTO IMO3IHEATIAHTUYECKUH MEPHOJ MOT
OBITH OIHUM W3 CaMbIX MHTEHCHBHBIX IEPHOIOB (op-
MHUPOBaHHs KapCTOBBIX BOPOHOK B TEYEHHE TOJIOLICHA.



