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NORTH ESTONIAN KLINT

Estonia is rich in nature monuments.
Moraine hillocks and deep, steep-
sloped, ancient valleys in the Devonian
sandstone are common in southern
Estonia, while extensive plains and
mires are characteristic of western
Estonia. In central Estonia a great vari-
ety of landscapes occur, ranging from
large mires to glacial landforms (e.qg.
drumlins and kames). North Estonian
Klint, a steep limestone escarpment
that in many places edges Estonia’s
northern coast, is one of the most
prominent nature monuments in
northern Estonia.

The extent of Baltic klint from Oland
Island to Lake Ladoga is about 1200 km
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WHAT IS KLINT?

The word klint is likely of Scandinavian
origin; in Swedish and Danish it means
"coastal escarpment". Obviously
from these languages the term was
introduced into the languages of
the other Baltic countries. Its spell-
ing has changed, but the meaning
has remained the same, being related
to seacoast or coastal cliff. In Estonia
paekallas ("limestone shore") and
paesein ("limestone wall") are used as
synonyms for klint. Both are beautiful
words, symbolizing also limestone —
Estonia’s national stone. However, they
are somewhat misleading, because
besides limestone clay and sandstone
are also exposed in the escarpment.

North Estonian Klint is also a singu-
lar boundary structure, marking the




boundary between two extensive
structures of the Earth’s crust: the
Fennoscandian Shield and the East
European Platform. The Fennoscandian
Shield is 1.5 billion to 2 billion years
old and consists mainly of strongly
folded crystalline rocks, while the East
European Platform is represented by
relatively soft sedimentary rocks that
are non-metamorphized and often hor-
izontally bedded. Thus, to the north of
the klint crystalline rocks of an ancient
shield crop out (e.g., the rocks that are
exposed in Helsinki and elsewhere in
southern Finland). The klint itself is the
northern boundary of the sedimentary
rocks of a huge platform structure.
The sedimentary beds have a slight
southward inclination. For example, in
northern Estonia the sedimentary cover
is about 100 m thick, but in southern
Estonia its thickness has increased to
almost 800 m and continually increases
toward Latvia and Lithuania, where the
thickness reaches several kilometers.

BALTIC KLINT

The North Estonian Klint forms a part
of a much larger escarpment structure,
starting on the seafloor near Oland
Island (Sweden) and crossing the Baltic
Sea to Lake Ladoga in northwestern
Russia. The beeline length of the klint
is around 1,200 km, but along the
escarpment line it is almost twice as
long. The naturalists have divided the
klint into a number of parts, each of
them displaying characteristic geo-
graphical and natural features.

The klint is divided into the so-
called true Baltic Klint (Cambrian to
Ordovician in age, 540-460 Ma), while
the Gotland-West Estonian Klint pro-
ceeds somewhat south of the former
and is Silurian in age (440-420 Ma).
The Gotland-West Estonian Klint has
somewhat shorter and lower escarp-
ments than the Baltic Klint. The
Gotland-West Estonian Klint is less
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well-known and also less popular
among tourists.

The westernmost part of the Baltic
Klint, the Oland Klint, runs about
150 km along the western coast of
Oland Island and the Baltic seafloor.
In places its height reaches 100 m.
It is followed on the seafloor by the
Baltic Sea Klint, about 500 km long.
It reaches the environs of Osmussaar
Island. This part of the klint is less steep
and is often buried under thick layers
of sediment. East of this klint section,
the klint continues on the land. This
section, between Osmussaar and the
city of Narva, is known as the North
Estonian Klint. Along the beeline the
North Estonian Klint is some 300 km
long, but because of the jagged coast-
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line (river valleys cutting the coastline
and the presence of minor klint bays)
its total length reaches almost 600 km.
The klint section edging Estonia’s
northern coast is the most prominent
and picturesque part of the Baltic Klint
because of its height and the extent
and shape of the exposed part. The
Baltic Klint is visible to the naked eye
within 280 km and from this 240 km
is in Estonia.

Starting from Narva (on Estonia’s east-
ern border) the klint recedes from the
sea, reaching the area south of Lake
Ladoga. This section is known as
the Ingermanland Klint. Along it the
escarpment is mostly buried, being
exposed only in river valleys cutting
into the klint.




SILURIAN (GOTLAND) KLINT

HOW WAS THE KLINT FORMED?

The klint escarpment cut into the
Silurian rocks proceeds south of the
Baltic Klint, starting from the area
southwest of Gotland Island and run-
ning across the northern coast of
Saaremaa Island, Kessulaid Islet, and
Muhu Island to the village of Linnamaa
in central Estonia. The length of the
Silurian Klint is about 500 km. In
mainland western Estonia the klint is
exposed for some 100 km as a belt of
cliffs and hillocks around 3 to 7 m high
(in some places up to 15 m high). The
Silurian Klint is more clearly observ-
able in the West Estonian Archipelago,
where it is seen as coastal escarpments
and cliffs along a section about 90 km
long. Cliffs on Kessulaid Islet and Muhu
and Saaremaa islands are up to 20 m
high and 2.5 km long. Generally, their
length of individual klint sections
reaches a couple of hundred meters.

West of Saaremaa the klint continues
along the seafloor, forming escarp-
ments in places up to 100 m high. The
Silurian klint is highest on Gotland and
Fard islands, where the escarpment
rises in places more than 50 m above
the sea.

Several hypotheses on the formation
of the klint have been put forth at dif-
ferent times, but even today there is
no unambiguous explanation. We will
discuss the main ones below.

1. Supporters of the tectonic hypoth-
esis claim that the North Estonian Klint
is related to deep cracks and distur-
bances in the Earth’s crust. As early as
1845, R. Murchison, a distinguished
Scottish geologist, attributed the for-
mation of the Gulf of Finland and the
North Estonian Klint to a tectonic fault
in the Earth’s crust running along the
Gulf of Finland. Many scientists have
expanded this hypothesis and attri-
bute the formation of several other
lakes and seas along the line White
Sea-Lake Aé&nisjarv—Lake Ladoga-
Neva River—-Gulf of Finland-Baltic
Sea-Danish Straits to disturbances
in the Earth’s crust. These bodies of
water mark the boundary between
the ancient Fennoscandian Shield and
the horizontally bedded sedimentary
rocks of the East European Platform. It
is not clear yet whether this connec-
tion is accidental or is indeed related
to processes launched by the blocklike
movements of the Earth’s crust. In any
case, scientists have not yet been able
to detect extensive deep faults coincid-
ing with the klint's direction.



2. Crushing activity of continental gla-
ciers which in the past have covered
Estonia’s territory. At the end of the
nineteenth century some scientists
proposed that the klint may have been
“pushed up” by an immensely thick
continental glacier that moved along
the surface of the Cambrian sand-
stones. In this case the glacier should
have moved in an east-west direction
in order to form the deep glacial val-
ley (the present-day Gulf of Finland).
Investigations, however, have shown
that the glacial movement was pre-
vailingly northeasterly, which makes

it difficult to explain the formation of
the klint. Of course, there is no doubt
that continental glaciers have altered
the pre-glacial landforms, modified the
escarpments, dredged klint bays and
deep river valleys, and filled some of
the bays and valleys with thick layers
of deposits.

3. In addition to ice, water in its liquid
form is a mighty tool that reshapes
landscapes. Seas and large lakes have
several times abraded shores and gen-
erated characteristic landscapes. The
escarpments presently located in the

The hypothetical Eridanos River
was presuambly flowing along
the trough of present-day Baltic
Sea (based on Overeem, et al,
2001)

coastline
15 Ma ago.
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abrasion zone of the Gulf of Finland
are currently in the process of altera-
tion; changes can be observed even in
a single generation. In the nineteenth
century a well-known paleontologist,
E. Eichwald, was already proposing
that the formation of the klint was a
result of sea abrasion. Several other
scientists, of his time as well as of
ours, have supported this hypothesis.
However, they have not been able to
explain where the abraded sediments
were transported, since terrigenous
sediments of this type have not been
found on the bottom of the Gulf of
Finland. Scientists have suggested the
North Sea and Atlantic Ocean as pos-
sible destinations.

4. In the North Sea, west of the Danish
Straits, on almost 100,000 km2 beds
of terrigenous sediments about 1.5 km
thick were discovered. They are about
10 million years old. From where and
how were such huge amounts of sedi-
ments carried to this location, and can
they be partly the material abraded
from the North Estonian Klint? It is not
possible that all this material was trans-
ported only by the Pra-Neva River (the
predecessor of today’s Neva), which has
also been considered a possible genera-
tor of the klint. Recently, scientists have
suggested that in the Scandinavian
area, somewhere between Lapland
and the Danish Straits, a giant river

named Eridanos flowed, comparable
to today’s Amazon in South America.
It is supposed that for around 9 mil-
lion years most Scandinavian rivers,
including the Pra-Neva, flowed via
the Eridanos into the North Sea. This
would explain the huge amount of
sediments in the North Sea. Pra-Neva
was only a small tributary, but it still
may have formed at least part of the
Baltic Klint. Still, this hypothesis has its
discordances. It is obvious that the for-
mation of river channels is influenced
by tectonic activity, movement of the
blocks of the Earth’s crust. The land-
forms are reshaped by seawater and
river water and, summing up, we can
say that several geological processes
have influenced the formation of the
North Estonian Klint.

There are still a number of problems
related to the formation of both the
Baltic and North Estonian Klint, and
geologists as well as other scientists
are most welcome to study the history
of their development.
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CAMBRIAN AND ORDOVICIAN
ROCKS ON NORTH ESTONIAN
KLINT AND ELSEWHERE IN
ESTONIA

The Cambrian period lasted from 542
to 488 Ma ago. It is the first period
of the Paleozoic era. At that time,
today’s Estonia was in the Southern
Hemisphere.

The Cambrian and sedimentary rocks
are exposed only in far northern
Estonia, in the klint's lower part and
on the foreklint lowland. In Estonia
the rock beds have a slight southward
inclination (some 3 m per km); thus,
for example, on Ruhnu Island the
Cambrian beds lie almost 750 m below
the surface of the ground. In Estonia
the total thickness of the Cambrian
rocks is generally 80 to 120 m but

is somewhat bigger in the western
part (e.g., about 140 m on central
Saaremaa Island) and smaller in the
southeast (about 50 m in Voru).

In Estonia the Cambrian rocks are
represented only by sandstones and
clay stones. Limestones are missing,
because the continent Baltica, of which
Estonia was a part, was situated in a
cool southern temperate zone, at lati-
tudes 50° to 60°. Sedimentation in the
Cambrian sea was intermittent, and
some beds were eroded between peri-
ods of sedimentation. The thickness,
therefore, and lateral distribution of
today’s Cambrian rocks are variable.

In the Cambrian terrestrial areas were

Position of continents in late Early
Cambrian, ca 514 Ma (after C.R. Sco-
tese “Plate tectonic maps and Conti-
nental drift animations”, PALEOMAP
Project, www.scotese.com)
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lifeless, barren deserts with ultraviolet
radiation that would have destroyed
any life. The ozone layer in the atmo-
sphere formed somewhat later; there-
fore, in the Cambrian the abrupt devel-
opment of life occurred in the sea. The
increase in salinity enabled organisms
to create shells, first chitin-like, organic
crusts; later on, phosphate matter was
added, and finally (especially in warm
seas) calcium carbonate. The plank-
tonic algal flora developed abruptly,
and very soon the representatives of
various cordless animals appeared
(e.g., sponges, coelenterates, bra-
chiopods, Arthropoda, mollusks, and
several wormlike forms). In the early
Cambrian, small, wormlike animals
dominated. They lived in the mud and
their systematic position was unclear.
The generally known diverse Cambrian
fauna formed somewhat later, about
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530 Ma ago. Its most characteristic
representatives were trilobites, inartic-
ulate brachiopods, and especially gob-
let-like sponges: archeocytes. There is
evidence of the presence of conodonts
(belonging to Chordata) in the latest
Cambrian. Several fossils of the above-
described animals can also be found in
the Cambrian rocks in Estonia exposed
in the North Estonian Klint.

The Cambrian was followed by the
Ordovician. The Lower and Middle
Ordovician rocks are also exposed in
the klint escarpments. This period
lasted from 488 to 443 Ma ago and
is characterized by the dominance of
seas. Estonia was still incorporated

Position of continents in the beginning
of Late Ordovician, ca 460 Ma (after
C.R. Scotese “Plate tectonic maps and
Continental drift animations”, PALEO-
MAP Project, www.scotese.com)

Tornquist
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into the continent Baltica and was in
the southern hemisphere. In the early
Ordovician, 488 to 472 Ma ago in the
cool-water Paleobaltic Sea (which cov-
ered what is today Estonia) only sandy
and argillaceous deposits accumulated,
which are poor in fossils. Exceptionally,
the Pakerort sandstones formed at the
very beginning of the Ordovician con-
tain in places abundant phosphatic shell
fragments of the brachiopod Ungula.
These shells form lenslike deposits of
so-called Obolus phosphorite. The
light-colored sandstones and brown-
ish shale (so-called graptolite argillite)
of the Pakerort stage are followed by
the clay stones of the Varangu stage,
the greenish glauconite sandstones of

NORTH ESTONIAN KLINT

the Hunneberg stage, and the sandy
limestones of the Billingen stage. All
these stages of the Lower Ordovician
are exposed only in the middle part of
the North Estonian Klint.

Middle Ordovician rocks (472 to
460 Ma ago) are represented by the
Volkhov, Kunda, Aseri, Lasnamagi, and
Uhaku stages and are generally repre-
sented by relatively pure limestone in
northern Estonia, while mostly red-
colored argillaceous limestones occur
in southern Estonia. The thickness of
the complex is about 10 m in northern
Estonia and up to 60 m in southern
Estonia. The rocks contain abundant
skeletal fragments (detrite) of trilo-
bites, echinoderms, and brachiopods.

13



Hemisphere-like fossils of bryozoans
are rather common. The absence of
fossil corals indicates that the sedimen-
tation occurred in a temperate zone.

During the Middle Ordovician the sea
above what is now Estonia gradually
became deeper and the rocks more
argillaceous. Sedimentation was con-
tinuous. The Middle Ordovician lime-
stone beds form the upper part of
the North Estonian Klint. The topmost
hard and resistant limestones of the
Lasnamagi and Uhaku Stages have
been used as building material for sev-
eral decades.

KLINT — A CROSS SECTION OF
ESTONIA'S CRUST

As mentioned above, the North
Estonian Klint displays different rock
beds. Here geologists and naturalists
can observe the rocks which south-
ward of the klint lie deep below the
surface of the ground. Klint escarp-
ments illustrate the relationships of
bedrock strata and show the variability
of rocks’ properties. For example, in
the klint escarpment one can clearly
see that some sedimentary rocks are
more easily abraded than others.

North Estonian klintrises-from the'sea at Pakri:Cape

14
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The lowest portion of the klint is com-
posed of Cambrian clay stone some
535 Ma old, which is also known as
Lontova blue clay. The latter is over-
lain by sandstone with a few interbeds
of argillaceous limestone, known to
geologists as the Tiskre and Kallavere
formations. The argillaceous rocks are
impermeable; groundwater emanates
along their surface, and the places of
outflow can be tracked by rusty marks.
The Cambrian-Ordovician boundary
occurs in the brownish-colored sand-
stones of the Kallavere Formation.
Somewhat higher the sandstones are
overlain by dark shale, which easily

decomposes into thin lamina and is
known as Dictyonema shale or grap-
tolite argillite after an extinct marine
animal, graptolite. Dictyonema shale
displays high concentrations of heavy
metals, including metals hazardous to
human health; it is known to be self-
combustible in piles accumulated in
the process of mining, and it has ura-
nium in quantities of up to several hun-
dred ppm-s and the related anomalous
concentrations of radon, a hazardous
gas. Dictyonema shale is covered by
greenish clay and sandstone, which
are several meters thick. The greenish
coloring is due to glauconite, a mineral

Aerial view at the klint in NE Estonia (about 2 km eastwards of Valaste waterfall)
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View from Paite cliff, NE Estonia

NORTH ESTONIAN KLINT

17



18

Composite section of North Estonian klint
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containing potassium and iron of a
complex chemical composition.

The overlying rock beds are character-
ized by an abundance of carbonate
rocks — limestone and dolomitic lime-
stone. This part of the klint is justifi-
ably called a limestone escarpment.
Nevertheless, the rocks are not rep-
resented by pure limestone or dolos-
tone only, and the sequence changes
frequently: thin beds of pure limestone
alternate with limy sandstone, some

beds contain abundant iron ooids, and
sandstone with kukersite can be found
in places.

The lower portion of the klint is com-
posed of softer rocks that are more
easily abraded than the rocks form-
ing escarpment’s upper part. Different
resistance of the rocks to abrading and
the joint systems dissecting Estonian
bedrocks are the main reasons why
huge rock blocks have fallen down
along the whole klint. This is a natural
process, due to which the klint retreats
landward. Thus, the coastal escarp-
ment is a dynamic system, the appear-
ance and position of which change
over time.

Udria Cliff in NE Estonia
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Udria Cliff - Cambrian
sandstone on foreground
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KLINT AS A LANDSCAPE ELEMENT

The klint and surrounding landscape
are rich in geomorphological forms.
Landward from the klint's edge, exten-
sive limestone plateaus are spread.
Smaller plateaus (e.g., sandstone pla-
teaus) can be found on single terraces,
klint islands, or klint peninsulas (e.qg.,
the Kakumade Peninsula near Tallinn).

Klint terraces of various sizes are char-
acteristic of the North Estonian coastal
area. The terraces are bordered by klint
escarpments on both sides. The North
Estonian Klint normally has two to
four escarpments, but in places in the
Laane and Ida-Viru klint sections there
are even five. The elevated areas iso-
lated from the main klint escarpment
are called klint islands. Sometimes they
are situated below sea level (e.g., Pakri
klint island, which is located some

22

1.5 km north of Pakri Cape). This area
is known as the Pakri Bank. Some klint
islands occur in land areas, the most
famous among them being Toompea
Hill, the center of Tallinn. In fact, the
Toompea klint island is the highest
part (up to 48 m above sea level) of
the Kopli klint peninsula.

In areas in contact with the sea, klint
bays and capes of variable shape and
size occur. In the mouths of rivers the
klint is generally deeply abraded and
klint valleys have formed. The valleys
of minor brooks and trenches are still
in the process of development, which
creates good preconditions for the for-
mation of waterfalls. Waterfalls and
cascades are among the most attrac-
tive landscape elements of the klint.
Altogether 32 waterfalls or cascades
are related to klint, six of them on
rivers with a considerable flow rate.

Jagala waterfall in“Spring



Aluoja cascades near
Toila in NE Estonia

Most remarkable among the latter are
the Keila, Jagala, and Narva water-
falls. The height of the waterfalls on
the North Estonian Klint varies con-

NORTH ESTONIAN KLINT

Treppoja cascades in N\.I\/I Estonia

-

siderably; the highest among them is
Valaste waterfall (30 m drop). About a
dozen have a drop of 5to 10 m.
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KLINT — PLANT AND ANIMAL
COMMUNITIES

The klint area is rich in plant commu-
nities. The klint plateaus are charac-
terized by alvars, which are covered
by calcicole plants, low but species-
rich vegetation. Generally open alvars
develop into alvar shrublands, where
junipers prevail and some broad-leaved
trees are present as well. Minor mas-
sifs of alvar forests occur in northern
Estonia, where spruce, pine, birch, ash,
and elm trees grow.

Fore-klint lowland is covered by thicker
and taller forest, with a peculiar micro-
climate, water regime, and soil and
nutrient types. This has generated
favorable conditions for a particular

forest type. Because of its exuberance
and impassability it is sometimes called
local jungle. Its lower front consists of
high and in places very dense ferns
together with hops twisting and drop-
ping from tree stocks. The surface is
often moist. Groundwater emanates
along the surface of blue clay beds,
which crop out at the klint foot. As a
result, overly moist areas occur here
and there. They do not dry up, even
in summer. The klint forest is especially
characteristic of the klint in eastern
Estonia, where wide and rather thick
talus slope spreads in front of the
klint.

The klint area is a fragile ecosystem.
The plant communities as well as the
original landscape pattern must be

“Dense*foliage hides klint from sea near Saka manor, NE Estonia
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protected, especially nowadays when
building is growing rapidly and people
wish to build closer and closer to the
sea. As of 2006, 14 reserves of various
categories (from landscape reserve to

protected areas (e.g., the Narva River
canyon reserve, the Tarisalu land-
scape reserve) cover some dozens of
hectares, while the biggest of them,
Lahemaa National Park, has an area of

national park) have been established about 72,000 hectares.

in the North Estonian Klint zone. Small

SOME TERMS

argillite — shale, lithified clay stone which has lost its plasticity

Baltic klint — system of steep escarpments approximately 1,200 km long starting
near Oland Island and reaching up to the southern shore of Lake Ladoga. The
northern coast of Estonia is part of the Baltic Klint

bedrock — sedimentary rocks underlying the Quaternary cover, ca 350 to 600 Ma
in age

blue clay — Lower Cambrian clay, bluish to purplish-variegated; thickness may
reach 90 m in places; its upper portion is exposed at the klint foot

carbonate rocks - class of sedimentary rocks composed primarily of carbonate
minerals. The two major types are limestone and dolomite, composed of calcite
(CaCO3) and the mineral dolomite CaMg(COs),, respectively

cliff — coastal escarpment abraded in the bedrock by wave activity

conodont - an extinct Chordata, the teeth of which are almost always the only
parts preserved as fossils

dolomite — mineral and rock consisting of calcium magnesium carbonate
CaMg(COs3),. Dolomite rock is also known as dolostone

Fennoscandian Shield - a segment of the East European Craton that consists of
outcropping or exposed crystalline rocks

formation - a body of rock with more or less uniform composition; formation’s
name has been derived from a locality where the formation has its typical features

NORTH ESTONIAN KLINT 25



glauconite - greenish iron-silicate mineral; often occurs as grains

graptolite — extinct planktonic; colonial organism

klint — an extensive coastal escarpment, may be partly buried or occur as stages;
“limestone escarpment” is a somewhat misleading equivalent; is obviously derived
from Swedish and Danish, in which languages it means “coastal escarpment”

member - subdivision of a formation

outcrop or exposure —an area where rocks of certain age or composition reach
the ground surface or are covered by a thin layer of nonlithified Quaternary
deposits

period — main unit of the worldwide geological timescale; an epoch in the Earth’s
geological development, lasting tens of millions of years

Silurian Klint, also Gotland-West Estonian Klint — a system of escarpments
in Silurian rocks south of the Baltic Klint; it starts near Gotland Island and can be
followed to mainland Estonia

stage — rocks formed in a region during the geological time unit; stage name has
been derived from the locality where the stage displays its typical properties

time - a certain period in the geological development of a region

trilobite — an extinct arthropod; appeared in the Cambrian and flourished through-
out the lower Paleozoic era
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The North Estonian Klint as a geological object and a landscape element
together with the related fauna and flora surely deserves to be preserved
for future generations. It is a valuable object of nature enabling the intro-
duction of the geological and biological heritage to the public, starting
from pupils to specialists from Estonia and abroad. The activities for achiev-
ing the above goal are in progress and perhaps in the future this will lead
to the formation of the North Estonian Klint geopark, which doubtlessly

would be beneficial to all of us.

The North Estonian Klint is a dynamic landscape element and geological
structure. Rivers and wave activity dissect and reshape the klint landscape.
Western and northern Estonia are located in the area of neotectonic uplift,
with ground surface annually rising 1 to 2 mm. Thus, the sea retreats and
the coastal escarpment rises from the sea, as it has done for the last 10,000
years, which in turn influences the rivers and the position of the active
coastal zone. This process proceeds differently in the eastern and western
part of the klint (e.g., some 10,300 years ago in Ontika the escarpment was
17 m high, but at the same time the sea was 75 m deep above present-day
Osmussaar Island). The latter emerged from the sea quite recently — around

2,000 years ago.

In 100 years the klint will surely change, but the development is a natural
process. Our task is to minimize the daily man-made impact on the fragile
klint ecosystem, so that this singular natural object will be accessible to us

as well as to friendly naturalists from abroad.



IUGS ICS Geological Time Scale 2004 (www. stratigraphy.org)

adapted and modified by Estonian Commission on Stratigraphy (www.gi.ee/ESK/)
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