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THE RECENT INVESTIGATIONS AND PROVIDENCES ABOUT
ACTIVE AEOLIAN FORMS IN CURONIAN SPIT (LITHUANIA)

Morkiinaité R., Bautrénas A., Cesnulevidius A. Wspélczesne badania i prognozy rozwoju aktywnych form eolicznych
na Mierzei Kuronskiej (Litwa). Mierzeja Kuronska, powstata w srodkowym i péznym holocenie, ma ztozong budowe
geologiczng i jest badana pod réznymi wzgledami. W niniejszym artykule przedstawiono dane dotyczace dynamiki ru-
chomych wydm na tle analizy rezimu wiatrowego w latach 2003-2014 (stacje meteorologiczne: Nida i Klaipéda). Obser-
wacje dynamiki wydm sg stale prowadzone na gtéwnym pasmie wydmowym — wydma Vingiakopé — za pomoca precy-
zyjnych przyrzadéw geodezyjnych (teodolit Zeiss Elta R55 i GPS Trimble). Wspomniana wydma znajduje sie w granicach
rezerwatu krajobrazowego, dzieki czemu przeobrazenia jej uksztattowania sa spowodowane wytacznie przez naturalne
procesy eoliczne. W 11-letnim okresie obserwagji nie zmienita si¢ wysokos¢ wydmy (51 m n.p.m.), zaobserwowano na-
tomiast najwieksze przemodelowanie na wschodnim, dystalnym stoku tej formy: podnéze stoku cofnelo sie 0 5-15 m w kie-
runku zachodnim. Bilans masy piaszczystej jest ujemny: akumulacja na zachodnim (proksymalnym) podnézu stoku, na sa-
mym zachodnim stoku i na wierzchotku wydmy siega 4 592 m® na pasie o szerokosci 1 metra, a deflacja na wschodnim
stoku i w réznych czesciach wierzchotka siega 10 124 m? na pasie o szerokosci 1 metra. W obrebie wydm, na ktérych ma
miejsce ruch turystyczny (np. wydma Nagliai), zmiany rzezby sg coraz bardziej zauwazalne. Autorzy artykutu propo-
nuja przenies¢ ruch turystyczny w okolice wydmy Nagliai.

Mopkynaiite P., bayrpenac A., Uecnyaesnuioc A. CoBpeMeHHBIe 1icCAe A0BaHUS M IIPOTHO3BI PasBUTHsI aKTUBHbBIX
20208BbIX popM peabeda Kypmickoit kocel (Antsa). Kypiickas Koca — reoaorndeckast CTpyKTypa cpesHero-1osaHero
roA0IleHa, 3yJaeMas 110 pa3HBIM aclieKTaM. B 4aHHOI cTaThe IpeAcTaBAeHbl Pe3yAbTaThl HabAI0AeHMII 3a AMMaMUKO
IIOABVIXXHBIX AIOH, MI3MePsIeMbIX COBPEMEHHBI MU Ie0Ae3MIecKMI NHCTpyMeHTaMu (Teogoant Zeiss Elta R55, Trimble GPS).
YromsiHyThIe HaOAIOAeHIUs TIPOBOASITCA HaMI Ha AfoHe Bunrsaxomne na I'aasHOM gioHHOM XpeOte ¢ 2003 r. AHaaus mpe-
obpa3oBaHMIT TTOBEPXHOCTU AIOHBI ITpOBeAeH Ha (oHe BeTpoBoro pexkuma (Mereocranyu Huaa n Kaaitrreaa) 3a mepuog,
2003-2014 rr. AHaAM3MPOBaHbl U3MEHEeHNs Ha IT0ABeTPEHHOM I HaBeTPeHHOM CKJAOHaX OTMeYeHHOI AIOHBI BuHrskore,
B IIpeJeAax KOTOPOI1 3aIlpelieHsl TyPUCTUYeCcKIe ITOXOABI (HaXOAUTC B YepTax AaHAIIadpTHOro 3aKa3HMKa). BuHrsaKoe
10/, BAVAHMEM AUIIb €CTeBTBEHHBIX Ae(PAAIMOHHBIX ¥ aKKYMYAATHBHBIX IIPOLIECCOB He M3MeHMAa CBOIO BhICOTY (51 M
abc.), Ho motepsaa 10 124 m® mecka Ha 1moaoce muUpuHOM B 1 M (akKyMyasumst coctasuaa 4 592 m® Ha Takoli-Ke 1oa0ce)
U 3aMeTeH OTOABUI ITOABETPEHHOIO CKJAOHA K 3arlaly, IPUYMHY Yero cAeAyeT AeTaAbHO M3Y4MTh. Y IIOMSIHYTO, YTO Ha ApY-
I'MX AIOHAX, KOTOPBIE ITOABEP>KEHbI TYPU3MY, BEAMYMHBI AUHAMUKM 3aMETHO OTAMYaloTcs. IIpeaa05KeHO M3MEHUTh MecTo-
II0A0>KeHNe TYPUCTUYECKIX IIPOXOAOB Ha APYyTHe IIocelaeMble AI0HBI (B OCHOBHOM Ha AIOHBI OKpecTHocTeit Harasir).
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Stowa kluczowe: Mierzeja Kuronska, procesy eoliczne (deflacja i akumulagja), dynamika wydm
Karouessbre caosa: Kypiickas Koca, 9010BbIe ITPOIIeCCH (Ae( A U aKKyMy ASALIS), AMHAMUKA ATOH

Abstract Dune Ridge. For observing changes in the aeolian landsca-
pe was used the precision geodetic devices (theodolite
Curonian Spit, created in the mid and late Holocene, has Zeiss Elta R55 and Trimble GPS), making repeated le-

a complex geological structure. In the article are presen- velling on dunes Vingiakopé. Dune Vingiakopé is situated
ted data on the dynamics of coastal dunes and conduc- in landscape reserve, which means that the change of the
ted the analysis of meteorological data station Klaipéda slopes was acting exclusively by aeolian processes. For
and Nida during the period 2003-2014. Observation of the period of observation in the whole did not change the
the dynamics of the dunes is constantly made on the Main height of the dune (51 m above sea level). The biggest

23


mailto:morkunaite@geo.lt
mailto:arturas.bautrenas@gf.vu.lt
mailto:algimantas.cesnulevicius@gf.vu.lt

changes took place on the eastern slope. The foot of the
slope departed for 5-15 m to the west. The balance of
sand is negative: accumulation on the western foot of the
slope, on the western slope and the top of the dunes da-
tes back to 4 592 m3 belt width of one meter, and defla-
tion on the eastern slope and in different parts of the peak
reaches 10 124 m? belt width of one meter. The dunes,
which is allowed to tourists (dune Nagliai), changes of
aeolian slopes and peak are not similar. The authors sug-
gest the cognitive changes of traffic in the vicinity of du-
nes Nagliai.

INTRODUCTION

The Curonian Spit landform exhibits the dynamic se-
dimentation processes at the land — sea interface that
span the Holocene, barrier spit formation, coastal ero-
sion and accumulation, aeolian processes and episodic
paleosols formation. The Curonian spit is a young geo-
logical structure that appeared in the Middle — Late
Holocene as a result of sediment transport by coastal
currents and wind (KHARIN G. S., KHARIN S. G., 2006).

The principal contribution studying processes
of the Curonian spit in our ages belong to Vytautas
Gudelis and other geographers (MICHALIUKAITE, 1967;
MINKEVICIUS, 1982; GUDELIS, 1998, ZILINSKAS, JARMA-
LAVICIUS, MINKEVICIUS, 2001). Geologists recorded the
age dating and measurements of inner structure of pa-
rabolic dunes (BITINAS, DAMUSYTE, 2004). A contribu-
tion to the study of management aspects was made by
the scientists of the Klapéda University (POVILANSKAS
etal., 2009). The Main Dune Ridge was stationary stu-
died by geodesic devices during last decades (MORKU-
NAITE, 2000; MORKUNAITE, CESNULEVICIUS, 2005; CES-
NULEVICIUS, MORKUNAITE, 1998; MORKUNAITE et al.,
2016, BAUTRENAS, MORKUNAITE, 2016). The measure-
ments based on stationary and continuity principles.

In this paper are analyze data on dynamics of one
of biggest dune in Curonian Spit (Lithuanian part)
Vingiakopé and shortly show the diversity of erosion
and deflation small relief forms in environment of
Main Dune Ridge (fig. 1; photo 1). Under the condi-
tions of changing the wind regime and the aeolian re-
lief transformations it is necessary to use modern de-
vices for measuring in stable cross-section and obser-
vations of winds according the meteorological sta-
tions. For measurement was used electronic Theodo-
lite Zeiss Elta R55 in 2003-2004 and Trimble GPS
equipment in 2014. Meteorological data were obtained
from the archives of the Lithuanian Hydrometeoro-
logical Service. The data of meteorological stations in
Nida and Klaipeda were during 2003-2014 and data
of levelling in cross section on Vingiakopé were du-
ring 2003-2014. The compared data analysis was show
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the common view of dynamics tendencies in high du-
ne Vingiakopé (about 51 m a.s.l.).
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Fig. 1. The situation of investigated area

Rys. 1. Obszar badan:
1 - badane wydmy, 2 — punkty osadnicze, 3 — obszary
rozwiewane, 4 — granica litewsko-rosyjska

Puc.1. Vccaeayemast teppuropust:
1 — aHaamsupyemsble AIOHBI, 2 — IOCeAeHMs, 3 — pas3Be-
BaeMble TeppUTOpun, 4 — rocyjapcrseHHas rpanniia /ur-
Ba — Poccus

GEOLOGICAL AND GEOMORPHOLOGICAL
PECULIARITIES OF STUDIED AREAS”

Modern geophysical and geochronological equipment
as ground-penetrating radar [GPR] surveys, LIDAR
data and radiocarbon [“C] dating enabled detailed in-
vestigations of palaeosols were carried out in the Dead
(Grey) Dunes massif located between Juodkranté and
Pervalka settlements on the Lithuanian half of the Cu-
ronian Spit. Several soil-forming generations (pha-
ses) have been distinguished (DOBROTIN et al., 2013):
5800-4500, 3900-3100, 26002400, and from 1900 BP
until the present. According to BITINAS et al. (2001),
the layers in the cross-profile near Vingiakopé are as
follows: below the mobile dunes of the first and the
second generation (thickness or height reaches >60 m)
and the coarse-grained marine sand (5-10 m thickness)
is lying, the latter is underlain by the Baltic Lake gla-
ciolacustrine medium grained sand and marl (10 m
thickness), while deeper than 30 m there is the sub-
formation of Medininkai Glacier. Baltic Lake sapropel
occurs only near the Curonian Lagoon. It is under-
standable that Vingiakopé is a high dune (about
51-53 m a.s.l.), because it is lying on 40 m deep Pre-
Quaternary sediments (fig. 2).



Photo 1. Aeolian forms changing in Main Dune Ridge be-
tween Juodkranté and Pervalka settlements:

A — the moon landscape after the rain in a deflationary
hollow with turf insertion and clear-cut sand texture
(phot. by R. Morkiinaité), B — sand ridge with beach-
grass (Ammophila arenaria) in the deflationary hollow
(accumullation meso-form) (phot. by R. Morkiinaité)

Fot. 1. Formy eoliczne centralnego pasa wydmowego po-
miedzy osiedlami Juodkranté i Pervalka:

A -, ksiezycowy” krajobraz niecki deflacyjnej po deszczu
z widocznymi fragmentami darni i struktura piasku
(fot. R. Morkiinaité), B — piaszczysty wat akumulacyjny
porosniety piaskownica zwyczajna (Ammophila arenaria)
w niecce deflacyjnej (mezoforma akumulacyjna) (fot. R.
Morkuinaité)

@or. 1. Doaossie GpopMEI peabeda Ha IIPUMOPCKIX AIOHAX
Kypmickoii kocsl mexay nmoceaenuamu IOoaxpanre
n Ilapsaaxa:

A -, ayHHBIIT” AaHAIIAQT ITOCAE A0XKAS B AeAAIIVOH-
HOJI KOTOBVHE € HabA104aeMOVi TEKCTYPOII OTA0XKEHMIT
U A€PHOM Ha ceBepHOM cKAOHe (Port.: P. MopxkyHaiire),
B — necyaHsIif aKKyMyAATHBHBIN Baa 9aCTUYHO 0Opoc-
it Ammophila arenaria 8 AeASLIVIOHHOV KOTAOBIHE
(axxkymyasTusHas Me3odpopmMa) (dpor.: P. Mopkynaiire)
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Fig. 2. The geological structure of north part of Curonian Spit (Vingiakope dune environment)
(according KABAILIENE et al., 2009):
Glacial sediments: 1 — Dainava moraine, 2 — Zemaitija moraine, 3 - Medininkai moraine, 4 — Baltija moraine,

5 — Nemunas moraine; glaciofluvial sediments: 6 — Zemaitija, 7 — Medininkai, 8 — Nemunas; glaciolacustrine sediments:
9 - Zemaitija, 10 — Medininkai, 11 — Baltija, 12 - Nemunas; marine sediments: 13 — Holocene; 14 — Holocene aeolian
sediments; 15 — water
Rys. 2. Budowa geologiczna pétnocnej czesci Mierzei Kuronskiej w okolicach wydmy Vingiakopé
(wg KABAILIENE i in., 2009):
utwory glagjalne morenowe: 1 — Dainava, 2 - Zemaitija, 3 — Medininkai, 4 — Baltija, 5 - Nemunas; osady glaciofluwialne:
6— Zemaitija, 7 — Medininkai, 8 - Nemunas; osady glacilimniczne: 9 - Zemaitija, 10 — Medininkai, 11 — Baltija,

12 - Nemunas, 13 — osady morskie holocenu, 14 — osady eoliczne holocenu, 15 — woda
Puc. 2. Teoaornyeckas crpykrypa ceBepHOI yactu Kyp1iickoit Kocsl B OKpecTHOCTAX AIOHBI Bunrsikore
(r10: KABAILIENE 1 ap., 2009):

Iaanmaansble oTaokeHMs (MopeHsl): 1 — AartHasa, 2 — Xamaiitus, 3 - Meaununkait, 4 — baastis, 5 - Hamynac;

12|mN|13|VW 14

Jatosnorasnmaapusie oraoxenus: 6 — Xamarirns, 7 — Meaunnskaii, 8 — HaMmyHac; raanmoAMMHIYeCKIe OTA0XKEHA:
9 — Kamaittnsa, 10 — Meaunnnkaii, 11 — baastis, 12 — Hamynac; 13 — Mopckue 0TA0KeHus roao1ieHa, 14 — s040Bb1e
OTAOXEHUS ToA0IIeHa, 15 — Boga
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The evaluation of the Main Dune Ridge forms of
aeolian relief and their extension was based on the
geodetic and photographed methods from 1999-2003.
Has been described all macro-rank (positive and nega-
tive), meso-rank (positive), micro-rank (positive and
negative) and intermediate aeolian relief forms. The
macro-rank positive forms are dune ridge (protective
along sea-shore and main dune ridges); positive me-
so-rank forms are ridges, sand tongues, rollers, dome-
shaped, humps, scrap and negative meso-ranks forms
are depressions, potholes, ravines, gullies, tunnels (cor-
ridors); positive micro rank forms are ripples, corro-
sion remnants; micro-barchans; intermediate forms
are steps, gates, slopes. The micro-rank relief forms
like ripples (according to R BAGNOLD, 1941) it is sub-
ject to certain conditions crest. According V. MINKE-
VICIUS (1968), the Curonian Spit dunes has large ripple,

A.

which is not very high. The average height is 10-15 cm
and the distance between the crests varies between 22
or 13 cm. Large ripple formation occurs in conjunct-
tion with a damp or wet surface. Deflation-corrosion
micro-forms and meso-forms are at least stable. They
often found in the top of the ridge, or crest, where
fracture takes place between the windward and lee-
ward slopes. When deflation-corrasion micro-form
achieve 1 m, it is already became a meso-form (MIN-
KEVICIUS, 1968) (phot. 2).

In early publication, which based on 1998-1999
investigation (MORKUNATITE, CESNULEVICIUS, 2005) de-
flation depressions (negative meso-form) grouped
according to morphological types. There were map-
ped more than 50 those structures. Deflation depres-
sions are mostly displaced in the western part of the
Main Dune Ridge and are enough changeable.
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Photo 2. Transformation of micro- and meso-forms by aeolian processes in Main Dunes Ridge:

A — the small ripples in winter, 2015.01, B — the aeolian hump in winter, 2015.01, C — deflation remnant near Naglis
Dune, 2014 m, D - corrasional processes in barchan dune near Sklandytojai Dune, 2016. 02 (all photos by R. Morkiinaité)
Fot. 2. Transformacja mikro- i mezoform rzezby eolicznej w gtéwnym pasie wydmowym:

A — mate ripplemarki zima (styczen 2015 roku), B — maty deflacyjny garb eoliczny zima (styczen 2015 roku), C — ostaniec
deflacyjny w poblizu wydmy Naglis (rok 2014), D — procesy korazji na grzbiecie barchanu w poblizu wydmy
Sklandytojai (rok 2016) (wszystkie fotografie: R. Morkuinaiteé)
®or. 2. ITpeobpazosanre MUKpPO- 1 Me30OPM DOA0BBIMU IIPOIIeCCaMI Ha F1aBHOM AIOHHOM Xpebre KypIckoit Kocs:
A - poa0Bas psadb 3umoit — ssHBaph 2015, B — He60abI1I01T 010851 AedAsIMOHHBIN Gyrop sumMoit — susaps 2015, C —
AedASIVOHHBIN ocTaHe1] modan3ocTu A10Hb Harasit, 2014, D — koppasuoHHsIe mpoliecchl Ha HapxaHe 11o6AM30cTn
Atonbl CkaananTosit — gpespaab 2016 (Bce pororpadpum: P. MopkyHariire)

R —
THE WIND SPEED REGIME AND WIND and Nida stations. Only the winds in March and Oc-
DIRECTION tober which speed > 6 m/s were analyzed (fig. 3).

The prevailing wind directions were WSW (16.8
According to Climate Atlas of Lithuania (2013) in Cu- percents), W (14 percents), E (2.7 percents), S (3.7 per-

ronian Spit are on the average 60 days per year when cents). Such are of 13.7 percent of all winds cases.
winds in Klaipéda are stronger than 15 m/s and the- The number of days with higher than 15 m/s wind
re are 40 such days in Nida. There are on the ave- speed was 55. The last decade was “softer” than the
rage 15 days per year in Klaipéda when wind is period 19 93-2002 when there were 63 such days or
stronger than 20 m/s. the period 1981-1990 when there were 75 such days.

The wind cases are determined over the period
from 2003 to 2014 according to the data of Klaipéda

Nida meteorological station Klaipéda meteorological station
N N
NNW "490 ___NNE NNW_. 800 ___NNE
NW_~ L NE ~_NE
WNW, AT \ ENE \ ENE
7100 )
w
s, % /' / JESE
sw /sE
S S

Fig. 3. The wind regime in Nida and Klaipéda meteorological stations in 2003-2014 (cases when wind speed was > 6 m/s)
Rys. 3. Rezim wiatru na stacjach meteorologicznych Nida i Ktajpeda w latach 2003-2014 dla predkosci wiatréw > 6 m/s
Puc. 3. Berposoit pexkum Ha MeteoctHIMAX Huga n Kaaitrieaa 8 mepnog 2003-2014 4451 ckopocreit seTpa = 6 M/c

THE DYNAMICS OF ONE OF THE BIGGEST ned, after the peak it stepped with accumulation fo-

DUNE cuses and in the leeward slope it lowered by 1 meter.

At the foot of the Vingiakopé western slope we see
The repeated spring and autumn measurements were the retreat by 0.5 meter from the lagoon. In June, 2003
done in the selected Vingiakopé cross section (fig. 4). and in October, 2003 the drift of the eastern slope to-
The first measurements started in June, 2003, the se- wards the Curonian lagoon was seen in Vingiakopé
cond measurements in May, 2014. We see that after cross section, but we do not see this after 11 years.
11 years the surface on the windward slope of the du- The measurements in spring and autumn of 2003 show
ne just before the peak (about 51.00 m a.s..) flatte- the concavity and convexity formation in the eastern
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slope of after the summer season. This is not reflec-
ted in the multi-annual research results, as the slopes
are influenced by the winter processes and lagoon
ice-hazards, the eastern winds. This dune, unlike the
Nagliai (57.33 m according to 2014 data) and Parnidis
(53.52 m according to 2013 data) dunes (BAUTRENAS,
MORKUNAITE, 2016) is less exposed to tourists, so it
reflects the changes of the surface more related to na-
tural deflation and accumulation processes. Losses in
Vingiakopé dune due to deflation reach -10 124 m?,

while the sand volume added by accumulation com-
prises +4 592 m?.

It is obvious that the sizeable changes of dunes
shape were in the Main Ridge during 2003-2014 years
and need preservation. We suggest to changes network
of pathways, to construct more the benchmarks in tou-
rist places. The shape of dunes is less affected when
the flows are distributed down a dense network of
smaller pathways. It is important to prevent pathways
running across dune tops and ridges.
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Fig. 4. A — Surroundings of Vingiakopé Dune (phot. by A. Bautrénas), B — the cross-section in Vingiakopé Dune with the
measuring of dynamics changes in 2003-2014, C — the cross-section in Vingiakopé Dune with the data of losses and
accumulation of sand in 2003-2014.

Rys. 4. A — okolice wydmy Vingiakopé (fot. A. Bautrénas), B — zmiana powierzchni wydmy Vingiakopé w latach
2003-2014 w profilu niwelacyjnym, C — bilans powierzchni piaszczystej w latach 20032014 w profilu niwelacyjnym
Puc. 4. A - a10Ha Bunrsakorne — o6muit 81 (¢pot.: A.bayrpenac), B — HuBeAAIIMOHHBIT TPOPUAB Yepe3 AIOHY
BuHrmsakorne ¢ uamepenneM guHaMuku 3a repuog 2003-2014, C — HuBe ASIIMOHHEIN TPOPUAD Yepe3 AIOHY
Bunrsakorne — aepunnt u akKyMy sy rmecka 3a 2003-2014 rr.
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