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In the course of field work based on geo log i cal and land slide map ping and spa tial anal y ses of map in for ma tion at least 2
types of land slides were iden ti fied. Type I: sim ple land slides de vel oped in ho mo ge neous and un dis turbed rocks, for in stance
– loams, clays and sands. This type of land slide in cludes many ex am ples de vel oped mainly on the stretch (seg ment of the
stud ied area) ap prox i mately be tween 132.25 and 133.50 km and 128.50 and 129.50 km of the Pol ish coast line. Type II: com -
plex land slides in which the move ment and dis place ment of rock masses oc curs un der com plex geo log i cal and
hydrogeological con di tions. The com plex fac tors are de ter mined by phe nom ena such as glaciotectonics, dis con ti nu ities of
rock lay ers and thrust zones; the slip sur face oc curs at con sid er able depths, and some times sev eral slip sur faces can be dis -
tin guished. These land slide types are lo cated in the vi cin ity of Jastrzêbia Góra and Rozewie, near km 134 and 131.5. Pre dic -
tion of the for ma tion of this land slide types is dif fi cult. Even if long-term ob ser va tions are avail able, the mass move ment,
vari able over time, is dif fi cult to in ter pret. It is clear that the changes are con tin u ous, but oc cur with vary ing in ten sity. Proper
rec og ni tion of the types of mass move ment is cru cial to es tab lish ing the ap pro pri ate meth ods to pre vent their de vel op ment.
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INTRODUCTION

Coastal ar eas have al ways been im por tant for eco nomic
and so cial rea sons. They are sub ject to pres sure from set tle -
ments and (still) are an im por tant part of socio-eco nomic de vel -
op ment. There fore, spe cial at ten tion should be paid to the risks
aris ing from a spe cific fea ture of the con tact be tween ma rine
and land en vi ron ments. Among all types of coasts, the great est
nat u ral haz ards are linked with steeply cliffed coasts, where
land slides of var i ous di men sions, na ture and gen e sis are of ten
de vel oped. (Eurosion, 2004; Lee, 2008; Montoya-Mon tes et al., 
2012; Hackny et al., 2013; Car pen ter et al., 2014; Kuhn and
Prufer, 2014; Young et al., 2014). Large land slides, ac tive over
many years, cre ate par tic u lar haz ards.

Ma rine ero sion and mass move ments be long to the main
geodynamic pro cesses shap ing the coasts of the sea around
the globe. These pro cesses are gen er ated by many in ter re lated 
fac tors such as ge ol ogy and geo mor phol ogy, hy dro log i cal con -
di tions, hydrogeological and hy dro dy namic fac tors (drain age of
ground wa ter due to the prox im ity to the sea), and
anthropogenic and cli ma tic phe nom ena (Varnes, 1978; Cruden 
and Varnes, 1996; Dikau and Schrott, 1999; Fiorillo, 2003; Della 
Seta et al., 2013; Hungr et al., 2014; Kuhn and Prufer, 2014;

Kostrzewski et al., 2015; Mickovski et al., 2015; Young et al.,
2016; Joyal et al., 2016). In var i ous com bi na tions, these fac tors
lead to the de vel op ment of mass move ments which may ini tially 
seem harm less, and then be come a sig nif i cant prob lem
through the con tin u ous de vel op ment. Pre dict ing the places and 
time of their for ma tion is ex tremely dif fi cult (Pellicani et al.,
2013; Lari et al., 2014). Even with long-term ob ser va tions, the
move ment of rock masses is vari able in time and chal leng ing to
in ter pret. It is clear, though, that the changes are con tin u ous, al -
though oc cur ring with var i ous in ten sity and by var i ous mech a -
nisms.

The char ac ter is tics of these phe nom ena and at tempts to
pre vent their de vel op ment are par tic u larly dif fi cult in com plex
geo log i cal con di tions, which can in clude interbedding of co he -
sive and non-co he sive rocks (gla cial tills, silts and clays,
glaciofluvial sands and gravel such as), while the con ti nu ity of
sed i men tary suc ces sions is of ten dis rupted by glacitectonic
struc tures. The oc cur rence of land slides in this type of suc ces -
sion has been widely dis cussed (Dick son et al., 2007; Lee,
2008; Car pen ter et al., 2014).

Such con di tions can be of ten found on the Pol ish Bal tic
coast. In tense geodynamic pro cesses have been re ported par -
tic u larly around the Kaszuby Coast, in the vi cin ity of Jastrzêbia
Góra, Rozewie and W³adys³awowo (Subotowicz, 1982, 1995a,
b; Uœcinowicz et al., 2004; Ilcewicz-Stefaniuk et al., 2005).
These pro cesses have been de scribed both for sci en tific and
more prac ti cal rea sons, the lat ter aim ing at sta bi liz ing the aris -
ing land slides. Re search has been fo cused on ma rine ero sion
as a ma jor caus ative fac tor, via waves and storm surges and to
a lesser ex tent on the iden ti fi ca tion of geo log i cal and
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hydrogeological fac tors in clud ing the in flow of ground wa ter into
the sea. It is gen er ally as sumed that the ma rine ero sion de -
stroys the foot of the cliff (at a rate de pend ent on the vul ner a bil -
ity of rock), waves re move ta lus or col lu vial ma te rial, the slope
is again un der cut be yond the thresh old of sta bil ity and land -
slides oc cur. How ever, the ob ser va tions made on the Pol ish
coast re vealed that, de spite pro tec tion of the base of the cliffs,
which should po ten tially halt ero sion, land slides con tinue to
evolve and, in some cases, the rate of de for ma tion in creases.
This led the au thors to a more com plex ap proach to these is -
sues, draw ing at ten tion to the im por tance of the re la tion ship be -
tween the geo log i cal struc ture (of both the on shore and off -
shore part of the coast), hydrogeological con di tions, ma rine
ero sion and hu man ac tiv i ties. The main sci en tific fo cus was
over all anal y sis of the geo log i cal struc tures oc cur ring on land
and con tin u ing off shore and un der the sea bed. This en abled
the ob ser va tion of some ar eas where mass move ments oc cur
and cre ate ex ten sive, ac tive and pe ri od i cally ac tive land slides.

There fore, the aim of this field-based study is to char ac ter -
ize the mor phol ogy and ba sic types of land slides de vel oped in
un con sol i dated de pos its of this part of the coast, as well as to
de scribe their in ferred con trols.

STUDY AREA

The study area is lo cated in the north ern most part of Po land 
and cov ers an area of morainic up land, the Kêpa Swarzewska
(Fig. 1). The up land is slightly elon gated from NNW to SSE. It
bor ders with the Bal tic Sea to the north and east (to the east
through the Gulf of Gdañsk); to the west and in the south it is
lim ited by the large P³utnica and Czarna Woda River val leys.
The sec tion of coast stud ied stretches over a dis tance of
~7.5 km and is lo cated be tween the re sorts of Jastrzêbia Góra
and W³adys³awowo – be tween 127.0 and 134.5 km of the Pol -
ish coast line. The coast line in the west is sim i lar to the lat i tu di -
nal and turns to the SE in the vi cin ity of Rozewie head land
(~132 km of the Pol ish coast). The cliff coast in the area un der
dis cus sion reaches a height from a dozen of metres to 67 m.
The edge of the up land is dis sected by deep ero sional ra vines

in sev eral places. It ex tends down to sea level and some struc -
tures (e.g., Lisi Jar) have their palaeocontinuation un der the
sea bed. The edge of the up land is al most com pletely free of wa -
ter courses. Only pe ri od i cally are the ra vines partly filled with
wa ter which flows to the sea or in fil trates into the beach sand.

The old est de pos its crop ping out in the up land are of Mio -
cene age (Kramarska, 1999; Wag ner, 2007). These are mainly
silts, in places with lig nite, and fine to me dium grained sands.
The top of the Mio cene suc ces sion is vari able and lies 17 m be -
low sea level [b.s.l] in the west. How ever, in the east ern and
cen tral part, it is ex posed in the cliff face at ~15–17 m above sea 
level [a.s.l.]. The Mio cene strata are over lain by Pleis to cene de -
pos its (Fig. 2).

There are three lev els of till interbedded with sandy de pos its 
and clays, ex posed in the west ern part of the cliff (Mas³owska et
al., 2002; Uœcinowicz et al., 2014). Glaciotectonic struc tures
were vis i ble in the west ern, edge part of the up land. The lower
part of the cliff pro file is built of grey till which has been as signed
to the Saalian Gla ci ation. In the cen tral part of the cliff there is a
con sis tent level of till with a max i mum thick ness of 20 m – this
was as signed to the Mid dle Stadial of the Weichselian Gla ci -
ation. The up per most, youn gest level of till is 5–6 m thick. It is
very sandy with small quan ti ties of gravel. Mar ginal lac us trine
de pos its oc cur lo cally. Silts and clays are ex posed in the cliff at
Jastrzêbia Góra at heights rang ing be tween 15 m a.s.l. and
2 m b.s.l. The east ern part of this cliff has a much sim pler geo -
log i cal struc ture. The low er most part of the cliff is built of sands
and silts, lo cally with lig nite of Mio cene age. Di rectly above
these, glaciofluvial and gla cial sands and grav els oc cur. These
sands are over lain by a dis con tin u ous layer of gla cial till of the
Weichselian Gla ci ation. Lo cally, the sur face of the morainic up -
land is cov ered by ae olian sands. The thick ness of this cover is
up to 3 m. It should be noted that in this part of the coast the
Neo gene/Pleis to cene bound ary is of ero sive char ac ter, with an
as so ci ated boul der and gravel layer over al most the en tire dis -
tance.

The sea bed within the study area grad u ally de clines to the
north and north-east. Isobaths of 2.5 m, 5 m and 10 m are more
or less par al lel to the shore. There are two or oc ca sion ally three
bars close to the shore. These are rather low, of be tween 0.5
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Fig. 1. Location of the study area



and 2.5 m (£êczyñski, 2002; Zachowicz et al., 2007). The sea -
bed is built mainly of fine-grained and silty sands of Ho lo cene
age. How ever, these sed i ments are of ten dis con tin u ous and
have a small thick ness, so that the un der ly ing Mio cene strata,
and lo cally glacitectonically de formed Oligocene(?) clays as
well as Pleis to cene tills are re vealed in places (Zachowicz et al., 
2007; Uœcinowicz et al., 2014).

MATERIAL AND METHODS

The study was based on sev eral types of anal y sis. First,
spa tial anal y ses were con ducted on the old est avail able maps – 
Ger man top o graphic maps from 1877–1910 (Topographische

Karte, 1877, 1910: 137-Ostrau; 138-Rixhof). The ap prox i mate
coast line re treat was ana lysed based on this his tor i cal in for ma -
tion and the mod ern sit u a tion (the coast line po si tion in 2015 ac -
cord ing to the Mar i time Of fice). These old Ger man maps are
the only (but good) source of in for ma tion con cern ing the coastal 
to pog ra phy at the be gin ning of the 20th cen tury, and com par i -
son of these with mod ern maps is good enough to show the
gen eral evo lu tion of the Pol ish Bal tic coast.

Sec ondly, a dig i tal ter rain model [DTM] based on la ser air -
borne scan ning with a res o lu tion of 1 ´ 1 m was ana lysed us ing
var i ous geoprocessing tech niques. Pa ram e ters af fect ing the
viv id ness and read abil ity of the dig i tal model were ad justed.
These pa ram e ters in cluded col our scale, con trast and con -
tours. The DTM was a ba sic source of in for ma tion on the mor -
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Fig. 2. Photos illustrating some characteristic features of the study area

A – Miocene (lower – light grey, silty sand)/Pleistocene (upper – sand with boulders) contact; B – deformed uppermost part
of the cliff in the vicinity of Jastrzêbia Góra; C – colluvium of the landslide (rotated complex of Miocene sand); 

D – Weichselian till succession (uppermost part of the cliff)



pho log i cal pa ram e ters of the land slides and was used in the
prep a ra tion of cross-sec tions of the cliff slope. Sub se quently,
anal y sis of the geo log i cal set ting was made based on ar chi val
stored in the Cen tral Geo log i cal Da ta base as well as at the Na -
tional Geo log i cal Ar chive and the HydroBank (da ta base). This
part of the study mainly in volves anal y sis of the lo ca tion of bore -
holes, of the thick ness of the Qua ter nary suc ces sion and of the
lithologies of both the Qua ter nary and the un der ly ing strata.
This en abled the se lec tion of re li able ar chi val data for fur ther
anal y sis.

How ever, the ma jor method of data col lec tion was field -
work, as geo log i cal and geohazard (land slide) map ping. The
area un der dis cus sion was vis ited tens of times be tween years
2012–2016 and as a re sult a de tailed in ven tory of land slides
was made. The meth od ol ogy com prised: (1) field work–ob ser -
va tion–in ter pre ta tion, (2) re peated field work–ob ser va tion–in -
ter pre ta tion, and (3) com par i son of re corded changes. This pro -
cess was re peated sev eral times so that the whole sec tion of
cliff was mapped. This sys tem atic, reg u lar work was nec es sary
be cause sig nif i cant sec tions of the cliff are cov ered with col lu -
vial de pos its and over grown with plants. Nev er the less, dur ing
these me thod i cal, long-term stud ies, it was pos si ble to il lus trate
ex po sures which are pe ri od i cally ex posed by ma rine ero sion.
There is less in for ma tion on the geo log i cal con di tions in the off -
shore part of the study area.

Car to graphic field work was fo cused mainly on clean ing ex -
po sure faces, pho to graph i cally documentating and tak ing GPS
mea sure ments of land slides and as so ci ated coastal fea tures.
Dur ing the lat est phase, the newly ob tained data were ana lysed 
and com pared with past data (e.g., of geo log i cal struc ture and
field ob ser va tions).

RESULTS

The com ple men tary stud ies con ducted have doc u mented a 
con tin u ous oc cur rence of mass move ments at dif fer ent scales
– from the sim ple to ge net i cally and mor pho log i cally com plex
forms. The mass move ments have a re pet i tive pat tern. Start ing 
from the west ern end of the area, com plex land slides al ter nate
in space with sim ple land slides. The first kind oc curs in the fol -
low ing sec tions: 134.5–133.5 km (Jastrzêbia Góra area);
132.5–131.7 km (the area west of the Rozewie head land);
130.3–128 km (the area south-east of the Rozewie head land
to wards Ch³apowo). A spe cial case here is the area of the
Rozewie head land, se cured by hydrotechnical con struc tion that 
kept the bluff sta ble and pre vented further ma rine ero sion, ex -
cept for an in ci dent in 2004 when there was a short-term re -
newal of landsliding. These ar eas are char ac ter ized by di verse
con di tions de ter min ing the kinds of emerg ing land slides. We
de scribe be low four land slides that are typ i cal ex am ples of sim -
ple and com plex forms re spec tively, to gether with their as so ci -
ated pro cesses, cho sen from among the broad in ven tory of
land slides mapped in the study area.

RUDNIK LANDSLIDE 128.3–128.5 KM

Map anal y sis shows that the coast line in the vi cin ity of the
land slide shifted land ward by ~70 m in the west and 60 m in the
east. The land re treat is ~80 m in front of the land slide. The
land slide north-west of ra vine Rudnik is not shown on ar chived
maps. A top o graphic map from 1910 shows the char ac ter is tic
steep, aligned slope (Fig. 3A). How ever, it is ad ja cent to the
area cov ered by land slides, which may sug gest that this is a
part of an older mass move ment en larg ing its spa tial range.

The cliff reaches a height of 42 m a.s.l. and the land slide ex -
tends over a dis tance of ~180 m. Its to tal length is ~60 m, while
the length of dis placed mass is 40 m. The main scarp of the
land slide is 7 m high (Figs. 4 and 5). An in ter est ing fea ture of
this land slide is its in com plete de vel op ment in com par i son to
the land slides dis cussed be low. In par tic u lar, the land slide
forms only the up per part of the cliff which is oth er wise built of
glaciofluvial de pos its of Pleis to cene age. The lower limit of the
land slide (col lu vium) reaches an el e va tion of ~20 m a.s.l. Di -
rectly be low, the slope is built of silty-, fine- and me dium-
grained sands interbedded with Neo gene silts and silty clays.
How ever, there is some loose ma te rial at the cliff foot which
can not be re garded as a land slide de pos its, hav ing fallen from
the ad ja cent cliff face.

LISI JAR LANDSLIDE 131.9–132.1 KM

The coast line in the vi cin ity of the land slide shifted land -
wards by ~40 m in the west ern part and by 30 m at its the cen tre, 
at the front of the land slide. In its east ern part, the coast line has
moved seawards by tens of metres as a re sult of coastal pro tec -
tion, via a raised seawall and beach nour ish ment.

The land slide is lo cated west of the Rozewie head land and
is rel a tively young. The top o graphic map (Topographische
Karte, 1877) shows a bluff coast but with out any signs of mass
wast ing pro cesses (Fig. 3B). We as sume that the de vel op ment
of mass move ments in this part of the coast is an af ter math of
the seawall built in the area of the Rozewie head land. In its
pres ent form, this land slide ex tends over a dis tance of ~150 m,
from the in let of the Lisi Jar ra vine. The to tal length is ~70 m,
while the length of dis placed mass is 50 m. The height of the cliff 
reaches 31 m a.s.l. and the height of the main scarp reaches
~15 m (Figs. 4 and 6). The geo log i cal struc ture of the area sub -
jected to landsliding is rel a tively sim ple. The up per part of the
main scarp is built of tills cov ered by a thick unit of fine and me -
dium sands. This Pleis to cene suc ces sion has, in its lower part,
a gravel layer. Be low this lie fine and me dium sands
interbedded with clays and silts of Neo gene age.

The col lu vium can be di vided into two parts. The larger (up -
per) part, the top of which reaches the el e va tion of ~15 m a.s.l.,
is formed of Neo gene–Pleis to cene de pos its. The smaller
(lower) part is formed by sec ond ary dis place ment (with ro ta tion) 
of the Neo gene de pos its.

JASTRZÊBIA GÓRA LANDSLIDE 133.8–134.2 KM

The coast line in the vi cin ity of this land slide has shifted land -
wards by ~50 m in the west and by 20 m in the east. The land re -
treat in front of the land slide is ~20 m (Fig. 3C).

The land slide at Jastrzêbia Góra, at west ern part of the
coastal cliff, has been a train ing ground for stud ies of
lithodynamic pro cesses and slope sta bil ity for many years
(Subotowicz, 1982, 1995a, 1995b; Kramarska et al., 2011;
Kamiñski et al., 2012) and is the best rec og nized land slide in
this area, not only due to many ar chi val ma te ri als, but es pe cially 
to the pos si bil ity of mon i tor ing the de vel op ment of mass move -
ments from the mo ment of its res to ra tion in 2002. Anal y sis of
his tor i cal data shows pro nounced ac tiv ity of the cliff. The land -
slide in its pres ent form ex tends over a dis tance of ~350 m. The
to tal length is ~90 m, while the length of dis placed mass is 70 m. 
The height of the cliff reaches 32 m a.s.l. and the height of the
main scarp is ~5–10 m (Figs. 4 and 7). The pres ence of ground -
wa ter within the col lu vium was doc u mented in many places.
The geo log i cal struc ture of the cliff is con strained by nu mer ous
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Fig. 3. Present boundaries of the landslides under discussion and position of the coastline (modern and historical) compared
with historical topographic maps (Topographische Karte, 1877, 1910: 137-Ostrau; 138-Rixhof)

A – landslide 128.3–128.5 km “Rudnik”; B – landslide 131.9–132.1 km “Lisi Jar”; C – landslide 133.8–134.2 km “Jastrzêbia Góra”; 
D – landslide 129.4–129.9 km “Pod Radarem”
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bore holes, both in the broad and the im me di ate vi cin ity of the
cliff edge and col lu vium. Con di tions within the land slide are
com plex, with al ter nat ing co he sive and non-co he sive rocks
which are glacitectonically dis turbed in the west ern part. The
sit u a tion is fur ther com pli cated due to the pres ence of dis con -
tin u ous lev els of ground wa ter, the depth of which var ies
(Lidzbarski and Tarnawska, 2015). The emer gence and con -
sid er able ac tiv ity of the land slide un der dis cus sion is caused
es pe cially by the geo log i cal and hydrogeological con di tions, in -
clud ing the pres ence of wa ter-rich co he sive sed i ments (Fig. 8),
with lim ited im pact of ma rine ero sion af fect ing the col lu vium. In

2002, the foot of the cliff was pro tected by a seawall, meant to
limit the im pact of ma rine ero sion. The seawall does re duce the
im pact of waves on the cliff, but it neg a tively af fected the off -
shore (sea-floor). Col lu vium ero sion takes place only in the mo -
ments when it over laps the seawall. Si mul ta neously the seawall 
is a bar rier for the sed i ments from the cliff which are a source of
the up per most mo bile layer of the sea bed. This sit u a tion may
con trib ute to the ero sion of the off shore area, and con se quently
af fect the cliff sta bil ity.

Fig. 4. The digital elevation model (orthogonal view) and the basic parameters of landslides

A – landslide 128.3–128.5 km “Rudnik”; B – landslide 131.9–132.1 km “Lisi Jar”; C – landslide 133.8–134.2 km “Jastrzêbia
Góra”; D – landslide 129.4–129.9 km “Pod Radarem”; a – total length, b – length of displaced mass, c – width of displaced mass

Fig. 5. Illustration of the landslide 128.3–128.5 km “Rudnik”,
geological cross-section

 1 – sand and gravel (with boulders in the lower part); 2 – sand
interbedded with mud and clay; 3 – colluvium Q

Fig. 6. Illustration of the landslide 131.9–132.1 km “Lisi Jar”,
geological cross-section

1 – sandy till; 2 – fine and medium sand (with gravel in the lower
part); 3 – fine and medium sand (with gravel in the lower part); 

4 – colluvium Q+N; 5 – colluvium N



POD RADAREM LANDSLIDE 129.4–129.9 KM

The coast line in the vi cin ity of the land slide shifted land -
wards by ~30 m in the west and by 70 m in the east. Re treat of
the land in front of the land slide is ~70 m. The group of land -
slides (south-east of the Rozewie head land) is vis i ble on the
old est ana lysed top o graphic maps (Fig. 3D), ex tend ing over a
dis tance of 500 m. The to tal length is ~170 m, while the length
of dis placed mass is 150 m. The cliff height in this area is up to
60 m a.s.l. (Figs. 4 and 9) and the height of the main scarp is
~12 m. A char ac ter is tic fea ture of this land slide is the oc cur -
rence of mor pho log i cal steps which may be a con se quence of
the cliff height and of the lithological prop er ties of the strata
build ing the area of landsliding. The slope of the cliff is formed
of 2–3 and lo cally of 4 steps (Fig. 10). The geo log i cal struc ture
within the area of landsliding is dif fi cult to rec og nize. The geo -
log i cal de scrip tion was made only at gen eral level due to the
large ex tent of the col lu vium and the mod er ate ac tiv ity of the
land slide, which is over grown by veg e ta tion. How ever, in the
up per part of the land slide the thick suc ces sion of sand and
gravel interbedded with clay/silt de pos its and a suc ces sion of
gla cial till (re vealed at the el e va tion of ~20 m a.s.l.) can be ob -
served. These interbeds of clastic de pos its are a zone of out -
flow of wa ter ac cu mu lat ing within the col lu vium. Nev er the less
we in fer that the lay ers of co he sive de pos its are dis con tin u ous.
The main part of the col lu vium com prises de pos its of Pleis to -
cene and Neo gene age. The low er most part of the col lu vium,
which reaches sev eral metres a.s.l. is built of sand, silt and clay
of Mio cene age.

DISCUSSION

The var i ous land slides stud ied are at var i ous stages of their
evo lu tion de pend ing on their geo log i cal struc ture and mor phol -
ogy. In the case of the land slides from by the ra vines of Rudnik
and Lisi Jar (128.3–128.5 km; 131.9–132.1 km) there oc cur the
same pro cesses but at dif fer ent stages of de vel op ment. The
start ing point for this type of land slide is a rel a tively sta ble cliff,
where grav i ta tional move ments may oc cur, but with out sub -
stan tial ev i dence in di cat ing the ex is tence of ear lier mass move -
ments. In such con di tions the ini tial move ment starts at the cliff
top (built of Pleis to cene de pos its) and reaches the bound ary of
the Pleis to cene/Neo gene de pos its. It af fects poorly lithified de -
pos its, but with out af fect ing un der ly ing, Neo gene strata (vide
the Rudnik land slide). The Neo gene de pos its are more co he -
sive than the Pleis to cene ones, so their vul ner a bil ity to slid ing
and wa ter in fil tra tion are lesser. Such state is es pe cially vis i ble
dur ing in creased storm surge pe ri ods when the lower parts of
cliff be come nearly ver ti cal. Next, in creased in fil tra tion of rain -
wa ter into the ini tial col lu vium and un der ly ing rocks of the Mio -
cene age may oc cur. These rocks are char ac ter ized by a higher 
level of diagenesis than the Pleis to cene de pos its. Such con di -
tions com bined with ma rine ero sion destabilize the foot of the
cliff and lead to the de vel op ment of the land slide proper that
cov ers the whole slope (Fig. 11).

The pres ence of ground wa ter in the up per part of the main
scarp is also sig nif i cant. In the case of “Lisi Jar” land slide there
was a well close by the cliff (~60 m from the cliff edge) which
was used for wa ter sup ply to the nearby re sort. The well depth
was rather small (15 m) and col lected wa ter stored in the sandy
interbeds of the till. De spite the low yield of the well, its use
showed the pres ence of perched wa ter in the cliff, as in the case 
of the land slides at Jastrzêbia Góra (see be low). The land slide
(Lisi Jar) is sta ble at pres ent. How ever, tak ing into ac count the
height of the main scarp and the amount of col lu vial ma te rial
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Fig. 7. Illustration of the landslide 133.8–134.2 km “Jastrzêbia
Góra”, geological cross-section

1 – ae olian sand; 2 – ma rine sand; 3 – col lu vium; 4 – fine sand
(glaciofluvial); 5 – till; 6 – mud and clay (glaciotectonically de -
formed); 7 – sand and gravel (glaciofluvial?); 8 – sand (gla cial); 9 –
sand, mud, clay; 10 – sand and gravel; 11 – fine sand with
glauconite

Fig. 8. Simplified diagram of geological and hydrogeological
conditions within the Jastrzêbia Góra landslide

1 – till; 2 – sand and gravel; 3 – mud and clay; 4 – seawall; arrows 
– direction of water flow

Fig. 9. Diagram of the landslide 129.4–129.9 km 
“Pod Radarem”, geological cross-section

1 – sand; 2 – till; 3 – colluvium Q+N?; 4 – colluvium N



that is suc ces sively eroded by ma rine ac tion the thresh old of
sta bil ity will be crossed and a re newal of mass move ments is
ex pected.

In the com plex land slides, the pro cesses are di verse and
more com pli cated. A good ex am ple is the Jastrzêbia Góra land -
slide the de vel op ment of which could be ob served from the pe -
riod start ing with cliff sta bi li za tion in 2002 to the pres ent. Dur ing
the first stage, cracks and dis place ments ap peared around the
cen tral part of the slope. Then, there was a ro ta tional dis place -
ment of the ini tial col lu vium. The con stant move ment of col lu vial 
de pos its led to the destabilization of the main scarp, which con -
se quently led to a sig nif i cant re treat of the cliff edge. At the mo -
ment the land slide is in a tem po rary state of equi lib rium (with
slight dis place ments of the main scarp edge); how ever, dis -
place ments af fect ing the col lu vium con tinue (Fig. 12). The land -
slide un der dis cus sion is de cid edly com plex, in which the move -
ment and dis place ment of sed i men tary masses oc curs un der
com plex geo log i cal and hydrogeological con di tions. The sit u a -
tion is fur ther com pli cated by the seawall raised in 2000 which
pro tects the cliff foot. The con struc tion is meant to pro tect the
cliff and land slide against ma rine ero sion. Yet, ero sion of the
sea bed in front of the seawall oc curs be cause of a lack of thick
sandy de pos its of the pro tec tive layer (Uœcinowicz et al., 2014).

The geo log i cal struc ture in the vi cin ity of the land slide “Pod
Radarem” is rel a tively sim ple, and the cause of the ex ten sive
landsliding here may be in ter preted by anal ogy with the land -
slide at Jastrzêbia Góra, as re gards the oc cur rence of
glaciotectonic de for ma tion zones or thrust zones. Such
morphogenetic de vel op ment can be facillitated by at least two
fac tors. Firstly, the top o graphic sit u a tion links the land slide with
the nat u ral el e va tion of the ground sur face (the high est part of
cliff – the al leged push mo raine) above the sur round ing gen er -
ally flat morainic up land. Sec ondly, the com pli cated and am big -
u ous off shore geo log i cal sit u a tion, where out crops of sand, silt
and brown coal of the Neo gene age can be found a few hun -

dred metres from the coast line (Kramarska, 1999; Zachowicz et 
al., 2007). Such mor pho log i cal and geo log i cal con fig u ra tion
may sug gest the pres ence of a thrust/de for ma tion zone that
causes in creased mass wast ing ac tiv ity.

The de vel op ment of mass wast ing is in flu enced by a va ri ety
of fac tors which should be con sid ered col lec tively. There fore, it
is im por tant to de ter mine the “weight” of each fac tor in re la tion
to the de vel op ment of these land slides (Ta ble 1).

With re gard to the sim ple land slides, where the geo log i cal
struc ture is well-de fined, as es tab lished by nu mer ous stud ies
(geo log i cal and land slide map ping), the rel a tive im por tance of
these fac tors is sim ple. The main fac tor is the ef fect of re cent
sea-level rise and storm surges caus ing ma rine ero sion of the
cliff foot. Coastal ero sion and shore line re treat, as shown (e.g.,
Fig. 3), forms part of the gen eral trend of change on the Pol ish
coast and is in ten si fied dur ing au tumn-win ter storms (Rotnicki
et al., 1995; £abuz and Kowalewska-Kalkowska, 2011). Thus
the re moval of ta lus or col lu vial ma te rial and di rect ex po sure of
the cliff foot to wave at tack causes destabilization of the en tire
cliff. Here we can as sign a sec ond-or der fac tor, which is the
geo log i cal struc ture. The first dis place ment oc curs in de pos its
of low de gree of diagenesis (of Pleis to cene age) which causes
faster in flow of rain wa ter into the lower parts of the cliff (a
third-or der fac tor) and, con se quently, its ac ti va tion. The whole
se quence is closed (or starts again) with ma rine abra sion.

The sit u a tion of the com plex land slides is some what dif fer -
ent in this con text. The cliff slope reach ing the limit of equi lib -
rium is sub ject to trans for ma tion, in which the pri mary role is
played by the com plex geo log i cal con di tions. Their neg a tive ef -
fects are in ten si fied by the com pli cated hydrogeological sit u a -
tion (Uœcinowicz et al., 2014; Lidzbarski and Tarnawska, 2015).
Col lu vium dis place ment is of ro ta tional or ro ta tion-with-flow
char ac ter, which is caused by a con stant in flow of rain wa ter and 
ground wa ter. Hu man in flu ence is an open ques tion. While in
the case of the Jastrzêbia Góra land slide it can not be ex cluded,
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Fig. 10. Photo illustrating the “steps” within the landslide
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Fig. 11. The stages of development of simple landslides Fig. 12. The stages of development of the Jastrzêbia Góra
complex landslide

Sim ple land slide Com plex land slide

I Ma rine ero sion Geo log i cal con di tions

II Geo log i cal con di tions Hydrogeological con di tions

III Weather and hydrologic con di tions Man-made fac tors

IV – Ma rine ero sion

T a  b l e  1

The im por tance of in di vid ual fac tors caus ing mass move ments
 in re la tion to sim ple and com plex land slides



since the land slide is lo cated close to the ur ban area and to
coastal pro tec tion con struc tions, the “Pod Radarem” land slide
is not di rectly af fected by such sig nif i cant hu man pres sure.
Nev er the less, an anthropogenic fac tor should be con sid ered, at 
least po ten tially. It is re flected in the many forms of coastal pro -
tec tion, which of ten bring un ex pected re sults. In large, com plex
land slides, ma rine ero sion is less im por tant than in the case of
sim ple land slides. A note wor thy ex am ple is the Jastrzêbia Góra 
land slide where mass wast ing pro cesses in ten si fied de spite
con struc tion stop ping of ma rine ero sion.

Unlithified, rel a tively soft rocks and rocks with low lev els of
diagenesis which are af fected by sea-level rise, storm surges
and hu man pres sure oc cur along the ma jor part of the south ern
Bal tic coasts, from Es to nia in the north-east to Wolin Is land and
fur ther to the west (Eberhards et al., 2006; Orviku et al., 2013;
Ostrowski et al., 2014; Kenzler et al., 2015; Kostrzewski et al.,
2015). The cliff un der dis cus sion is char ac ter ized by the great -
est com plex ity of geo log i cal struc ture on the Pol ish coast, both
lat er ally and ver ti cally. At the same time, it has been poorly un -
der stood in terms of mass wast ing fac tors. Nev er the less, the
re sults ob tained can form a com par a tive ex am ple not only in
the Bal tic Sea re gion but also in the re gions where soft sed i -
ment cliffs dom i nate. Sim i lar pro cesses have been de scribed
on the east ern Ca na dian coast, where the cliff is com posed of
glacio-iso stat i cally raised, un con sol i dated Late Qua ter nary ma -
rine de pos its (Joyal et al., 2016), and along the south ern Cal i -
for nia sea cliffs (USA) con sist ing of Eocene, ce mented
claystone and sand stone and Pleis to cene, weakly ce mented
fine-grained sandy de pos its (Young et al., 2009, 2016). The ex -
am ples de scribed clearly show that pro cesses in volved within
un con sol i dated sed i men tary cliffs are both uni ver sal and in -
clude re gional nu ances that shed new light on bluff coast ero -
sion and geodynamic de vel op ment.

CONCLUSIONS

Sev eral years of stud ies of the cliff coast be tween
W³adys³awowo and Jastrzêbia Góra and the com par a tive anal -
y sis of maps has led to the fol low ing con clu sions:

1. This area is char ac ter ized by un con sol i dated de pos its
of Neo gene, Pleis to cene and (to a lesser ex tent) Ho lo -
cene age.

2. Land slides of var i ous or i gin, ex tent and ac tiv ity are per -
ma nently de vel oped within these de pos its.

3. At least two types of land slides char ac ter ized by di verse
geo log i cal struc ture and dif fer ent stages of de vel op -
ment can be dis tin guished.

4. Sim ple land slides – de vel oped in ho mo ge neous and un -
dis turbed de pos its (e.g. silts, clays, sands) are rep re -
sented by the forms de scribed along sec tions
128.3–128.5 km and 131.9–132.1 km. These land slides 
are char ac ter ized by rel a tively sim ple geo log i cal struc -
ture, with ma rine ero sion as a main fac tor of their or i gin.

5. Com plex land slides, rep re sented by the forms de scribed
in sec tions 129.4–129.9 km and 133.8– 134.2 km, are
char ac ter ized by com plex geo log i cal struc ture as so ci -
ated with zones of glaciotectonic de for ma tion and by a
multi-stage scheme of de vel op ment.

6. In re la tion to all of the above types, the pre dic tion of their 
for ma tion is ex tremely dif fi cult. Even with long-term ob -
ser va tions, the move ment of these sed i ment masses is
vari able over time and dif fi cult to in ter pret. Long-term
ob ser va tion (both his tor i cal and mod ern) shows that the
changes are con tin u ous, though oc cur ring with vary ing
in ten sity. The iden ti fi ca tion of the type of mass wast ing
move ment is cru cial in the se lec tion of proper meth ods
of cliff and shore pro tec tion.

7. This study of land slides in di cates di rec tions for fur ther
re search, in clud ing the need of de vel op ing the meth od -
ol ogy, which, in ad di tion to pro vid ing stan dard geo log i -
cal in for ma tion, will iden tify the lo ca tion and na ture of the 
slip sur face. It seems par tic u larly im por tant to know the
im pact of ground wa ter flow in the area of drain age on
cliff sta bil ity.
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