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Geological heritage of Venta river valley – justification
for cross-border cooperation
Venta Regional Park, Lithuania
Venta River is a river in north-western Lithuania and western Latvia. The total area of the
Venta basin is 11 800 km2, of which 67% is situated in Latvia. Venta River source is near
Kuršėnai in the Lithuanian Šiauliai County and flows into the Baltic Sea at Ventspils in
Latvia. The Venta has many tributaries, but only one of them, the Abava River, exceeds
100 km in length. The tributary Virvyčia at 99.7 km is just shy from 100 km mark. Another
tributary Varduva is 96 km long and flows into Venta at the Lithuanian–Latvian border.
Along the Venta River – a lot of famous geological heritage objects, some of them included
into the most representative geosites of Nations of Northern Europe (according to Satkūnas J.,
Ransed G., Suominen Y., Taht K., Raudsep R., Mikulėnas V., Vdovets M., Makarikhin V.,
Cleal C., Erikstad L., 2004).
Outcrops of Jurassic rocks in Venta river valley are known since 1811, when Dionizas Poška,
famous writer and collector of antiquities visited Papilė village and collected number of
fossils. However the first scientific investigations of Jurassic outcrops were carried out by
engineer Jan Ulman in 1825–1826. Later on, the outcrops were visited and reinvestigated by
great number of researchers from universities and other geological organisations of Russia,
Germany, Poland, Lithuania and other countries. Due to long history of investigations rich
collections of fossils from Papilė now are disposed in geological museums of many European
cities.

Fig. 1. Location of Venta Regional Park, Lithuania.
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Fig. 2. Geological cross-section MH 1:220 000.
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Legend of geological cross-section (part 1).
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Legend of geological cross-section (part 2).
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The Jurassic outcrops in Papilė town and its vicinities are unique in the Baltic region and are
of great scientific significance. The course of Venta river valley with outcrops was established
as geological protected area in 1960 and the outcrop in the center of Papilė town was
established as geological natural monument since 1964. The park was established in
September 1992 for the protection of the landscape and Jurassic geological values of the
Venta Valley, the natural ecosystem and cultural treasures.
The outcrops attract researchers of Jurassic period up to now and they are being visited by
students of geology from Vilnius University each summer.
Besides Jurassic outcrops there are number of other valuable geotopes in the Venta river
valley: Quaternary outcrops, picturesque erosional remnants, erratic boulders etc.
Quarries of Triassic clay and Permian limestone, located nearby the Venta regional park are
additional interesting sites for visitors, studying geodiversity.
Besides the values of geological heritage, in the park’s territory there are Papilė, Venta,
Palošniai, Gyvoliai, Viekšniai, and Užventė towns as well as many villages rich in valuable
historical and architectural monuments. The site is full of ancient burial grounds. Two watermills of the four remaining ones, the Viekšniai and Augustaičiai, are still functioning. Papilė
and Viekšniai towns distinguish by their history and architecture.
The Venta, Virvytė, Dabikinė, Uogys, and Avižlys Rivers are flowing on the territory of
national park. The park comprises the Purviai Reserve, the Purvėnai Geomorphologic
Reserve, the Avižlys, Dabikinė and Virvytė Hydrographic Rezerves, the Užpelkiai Botanical
and Zoological Reserve, the Viekšniai Urbanistic Reserve, and Papilė Geological Reserve.
Forests cover half of the total area (10, 600 hectares) of the park. Many varieties of plants and
animals are here protected: 670 varieties of higher- class plants, of which 22 included into the
Lithuanian Red Data Book, 140 species of birds, of which 117 are hatching and registered in
the Red Data Book, 184 types of insects.
Geological Heritage of the Venta River Valley in Latvia
In Latvia a great number of geological monuments are located the Venta river valley and its
vicinities and belong to different geological periods and formations: Upper Devonian, Lower
Carboniferous, Jurassic, Quaternary. Also there are located number of valuable features of
present landscapes such as ravines, boulders, waterfalls, caves and springs.
Geological and Geomorphological Nature Monuments of Venta river valley in Latvia:
Kalni outcrop – brown coal of the Callovian Stage, Middle Jurassic;
Losis outcrop – deposits of the Zaņa Formation, Callovian Stage (Middle Jurassic) occur:
yellowish sand, fossiliferous limestone concretions and black kaolinite clay;
Outcrops as L. research of the Zaņa River – deposits of the Zaņa Formation (Callovian
Stage, Middle Jurassic): grey and black clay, sandstone, limestone, limestone concretions. In
these deposits abundant remains of marine organisms – molluscs, ammonites, brachiopods etc;
Ogļukalns outcrop – below the red, in places bluish grey, till deposits there is sand, clay, silt
and dense, gyttja-containing peat bed with total thickness of 3.3 m. Geological, palynological
and palaeocarpological investigations indicate that this bed belongs to the Pulvernieki
(Holsteinian) interglacial;
8
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Fig. 3. Location of Geological and Geomorphological Nature Monuments Venta river
valley in Latvia.
Embute ravines – an impressive ravine erosion landform area rich in biological variety;
Šķērvelis boulder – length 5.1 m, width 4.6 m, height 2.9 m, perimeter 15.5 m, volume ~18 m3;
Lēgernieki outcrop – the Middle Jurassic (Callovian Stage) deposits composed of alternation
of white quartz-rich sand and black kaolinite clay with fossilised wood (lignite) fragments. As
outlier transported from other location by the Quaternary glacier;
Plieņi outcrop – sandstone and clay of the Lētīža Formation (Lower Carboniferous);
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Fig. 4. Location of Geological and Geomorphological Nature Monuments of Latvia.
Zoslēni outcrop – the highest outcrop of Jurassic deposits (Papilė Formation, Lower
Callovian Substage, Middle Jurassic), 15 m high, represents white cross-stratified quartz sand,
in places with small brown coal lenses and clay pebbles, rarely sulphide nodules;
Sudmaikalns (Nikrāce) boulder – length 7.5 m, width 5.0 m, height 1.7 m, perimeter 21.0 m,
volume ~20 m3;
Dolomite outcrop at lower reaches of the Šķērvelis River – greenish-grey dolomite with
cellular structure. Stratotype of the Nīkrāce Member, Šķervelis Formation (Upper Devonian);
Ketleri outcrop – cross-stratified sandstone with conglomerate layers, fish and tetrapod
fossils. This famous paleontological site is stratotype of the Varkaļi Mamber, Ketleri
Formation (Upeer Devonian);
Ātraiskalns hill – in its lower part light, cross-stratified, carbonate-cemented sandstone is
exposed (Gobdziņas Member, Šķervelis Formation, Upper Devonian). It is overlain by
massive dolomite (Nīkrāce Member, Šķervelis Formation, Upper Devonian). Stratotype of the
Šķervelis Formalion;
Gobdziņas cliffs – in cliffs lower part light, cross-stratified, carbonate-cemented sandstone is
exposed (Gobdziņas Member, Šķervelis Formation, Upper Devonian). It is overlain by
massive dolomite (Nīkrāce Member, Šķervelis Formation, Upper Devonian); stratotype of the
Gobdziņas Member;
Pavāri outcrops – in loose sandstone of the Ketleri Formation (Upper Devonian) there have
been many founds of vertebrate remains. Very important are tetrapod Ventastega curonica
remains discovered in August 1991;
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Šķēde outcrop – stratotype of the Mūri Formation (Upper Devonian); light yellow, finegrained, cross-stratified sanstone with interlayers of fossiliferous dolomite; well-preserved
fossils of brachiopods Camarotoechia, Cyrtospirifier and Cyrtiopsis;
Venta rumba (waterfall) – is widest waterfall in Latvia; its width in summer is ~110 m,
during flood up to 150 m; height is 1.8–2.2 m. Venta waterfall has been formed in strong
fossiliferous dolomite of the Ape Member. Pļaviņas Formation (Upper Devonian) – ancient
reef-like barrier in the Devonian sea, which existed along southern part of the TukumsKuldīga tectonic step. Reef-like barrier has been inhabited by various Devonian
organisms:algae, stromotoporoids, corals, brachiopods, molluscs etc. Dolomite is rich in voids
formed due to dissolution of fossils of these organisms. Fine-crystalline dolomite with clay
and sandstone interlayers (also the Pļaviņas Formation) lay under the fossiliferous dolomite.
This is not so resistant, therefore the falling water of Venta River erodes it, and the waterfall
year by year is gradually moving upstream;
Riežupe waterfall and outcrops – dolomite outcrops; stratotype of the Ape Member, Pļaviņas
Formation (Upper Devonian);
Riežupe sand caves – a labyrinth of artificial caves with total length of 460 m are cut into the
loose sandstone (sand) of the Amata Formation (Upper Devonian). Caves have been made
during several centuries, in result of sand mining; sand has been used to scrub dishes, to cover
floors of rooms and later- for glass manufacture;
Baltavots (White Spring) and Melnavots (Black Spring) – are high-yield upward springs;
Muižagāji cliffs – reddish and yellowish sandstone and red clay of the Gauja Formation;
Ķīvmežs boulder – length 6.35 m, width 4.35 m, height up to 2.8 m, perimeter 17.5 m;
volume above ground ~43 m3;
Vecumi boulder – length 6.7 m, width 4.2 m, height 2.8 m, perimeter 17.5 m, volume above
ground ~42 m3;
Dampeļi outcrop – located in Ventspils, on the left bank of the Venta River, 300 m
downstream the Dampeli Farm. It is stratotype of the boundary between the deposits of the
Ancylus Lake and the Litorina Sea (both the Quaternary);
Grīži Velna beņķis (Devil’s seat) – is a boulder: length 6.8 m, width 4.6 , height up to 3 m,
perimeter 17.8 m, volume above ground ~42 m3;
Staldzene steep coast – deposits of previous stages of the Baltic Sea and glacial deposits are
exposed in a 4-8 m high typical abrasion coast of the Baltic Sea, 4 km to the NW of Ventspils.
The lower part of the coastal exposure is presented by glacial deposits: grey till of the
Kurzeme Glaciation and brownish varved clay accumulated in ice meltwater basin during the
Late Glacial of the Latvia Glaciation. Above there are deposits of previous stages of the Baltic
Sea. Oldest of them are bluish-grey silt, silty clay and light sand formed the Ancylus Lake
Stage (before 9000–8300 years). Possibly in some places deposits of the Yoldia Sea Stage
(before 10000–9000 years). Above in the geological section there follows the lagoonal
deposits of the Litorina Sea (before 7500–2800 years) – sand, silt, clay and gyttja, covered by
peat bed. The latter probably has formed during the last phase of the Litorina Sea
development. Upper part of exposure is composed of younger sandy and clayey river deposits
and sand dune deposits.
Rich geological heritage and geodiversity of Venta river valley and its vicinities, displaying
paleoenvironments and sedimentation history during Devonian, Carboniferous, Permian,
Triassic, Jurassic, Quaternary periods as well as present landscapes provide excellent
possibilities for development of cross-border cooperation, scientific research, geotourism and
education.
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Jurassic geological heritage in Lithuania
Jonas Satkūnas, Lithuanian Geological Survey, ProGEO Northern WG
<jonas.satkunas@lgt.lt>
Apolinaras Nicius, Venta Regional Park
<Venta.parkas@takas.lt>
Outcrops of Jurassic rocks in Venta river valley are known since 1811, when Dionizas Poška,
famous writer and collector of antiquities visited Papilė village and collected number of
fossils. However the first scientific investigations of Jurassic outcrops were carried out by
engineer Jan Ulman in 1825–1826. Later on, the outcrops were visited and reinvestigated by
great number of researchers from universities and other geological organisations of Russia,
Germany Poland, Lithuania and other countries. Due to long history of investigations rich
collections of fossils from Papilė now are disposed in geological museums of many European
cities.
The Jurassic outcrops in Papilė town and its vicinities are unique in the Baltic region and are
of great scientific significance. The course of Venta river valley with outcrops was established
as geological protected area in 1960 and the outcrop in very Papilė town was established as
geological natural monument since 1964. On basis of the Jurassic geological values the Venta
Regional Park was established.
The outcrops attract reseachers of Jurassic period up to now and they are being visited by
students of geology from Vilnius University each summer.
The Papilė outcrop is included in the list of most representative geosites of the Baltic region
(Satkūnas J., Ransed G., Suominen Y., Taht K., Raudsep R., Mikulėnas V., Vdovets M.,
Makarikhin V., Cleal C., Erikstad L. et al. Geosites listings for Northern Europe – a status
report // 32nd International Geological Congress, Florence, Ital. August 20–28, 2004: Volume
of Abstracts. Part 1. – [Florence], 2004. – P. 581.
According to A.Linčius, more than 300 species of fossils have been identified in Jurassic
rocks: ammonites, foraminiferra, fishes etc. Among them fossils of mollusca (41 species) and
ammonites (25 species) prevail. The name of Papilė town is included into names of several
species of ammonites – Indosphinctes (Elatmites) papilensis (Pak.), Binatisphinctes (Okaites)
popilanicus (Krenk.), Cardioceras (Plastmatoceras) popilaniense Bod. Astarte (Astarte)
papilensis Rotkytė L. The Papilė outcrop is the stratotype of the Papilė Formation.
Besides Jurassic outcrops there are number of other valuable geotopes in the Venta regional
park: Quaternary outcrops, picturesque erosional remnants, erratic boulders etc.
Quarries of Triassic clay and Permian limestone, located nearby the Venta regional park are
additional interesting sites for visitors, studying geodiversity.
Geological mapping in Venta regional park was recently completed. In the course of the
mapping it were revealed interesting features of the Quaternary cover. For example, the area
is characterised of wide occurence of Middle Weichselian lacustrine deposits, outcroping in
several exposures in the Venta river valley. It is necessary to stress that sites with Middle
Weichseliann deposits are very few in entire Baltic region. Therefore, the Venta regional park
is of great interest for Quaternary researchers as well.
12
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Table 1. The section of the Papilė outcrop (according to L. Rotkytė (1968):
Depth of layers
from the top of
the outcrop
0.0–15.0 m

15.0–17.8 m

Geological age

Sediments and fossils

Quaternary

Glacial brown clayey loam with boulders.

Jurassic period,
Callovian age,
Skinija Formation

Black clay with mica, with interlayers of sandstone
and lenses of siderite. Fossils of ammonites
Astarte sauvalei., Astarte trembiazensis Lor.,
belemnites.
Sandstone, yellow, with interlayers of black clay.
Ammonites: Kosmoceras transitionis Nik.,
Kosmoceras cf. Compressum Quenst. Mollusca
Oxytoma inaequivalvis (Sow.), Chlamys
(Aequipecten) fibrosa (Sow.), Protocardia cognata
(Phill.), Trigonia zonata Ag., Myophorella undulata
(Ag.).

17.8–18.8 m

18.8–19.3 m

Limestone dark brown, sandy. Fossils of
brachiopoda, bivalvia.

19.3–20.5 m

Sandstone brownish, weekly cemented. With
detritus of fossils and wood.

20.5–21.0 m

Jurassic period,
Callovian age,
Papartynė Formation

Sand grey, very fine. Fossils of bivalvia,
brachiopoda, tracks of worms.
Konglomerate. Fauna – ammonites: Kosmoceras
jason Rein., Kosmoceras castor Rein., obductum
Buck.

Jurassic period,
Callovian age,
Papilės Formation

Sand yellow. Fine grained with interlayers of grey
clay.

21.0–23.9 m

23.9–25.4 m

Besides the values of geological heritage in the park's territory there are many villages with
historical and architectural values: chapels, roadside poles with a statuette of a saint, mounds
and rests of the manor's parks. In this regional park there are Purviai reserve with unique part
of the Uogė river, Purvėnai geomorphologic reserve, Avižliai, Dabikinė, Virvytė hydrologic
reserves, Užpelkiai botanic-zoological reserve, Viekšniai urban rezerve. There are four water
mills left in this park, two of them (Viekšniai and Augustaičiai mills) are still working. Other
valuable object – the Dubiškiai estate. In the park of this estate there are 13 local and 9
introduced tree species. Totally in Venta regional park there are 670 species of plants with
abundance of orchid family, 140 species of birds, 184 – insects, 27 – mammals, 7 –
amphibians and 3 – reptilians.
Thanks to endeavours of National service of protected areas of Lithuania and Venta Regional
Park, the outcrops of jurassic rocks now are installed for visitors. The geological trails are
equipped with information stands, view sites etc.
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Fig. 1. Jurassic outcrop in Papilė town is now installed for visiting. Such type of
demonstration of exposure, protected by roof from precipitation is the first at all in
Lithuania (photo by A. Nicius).

Fig. 2. Works during the installation of the Jurassic outcrop. Two Jurassic layers are
exposed – black clay and sandstone (below) (photo by A. Nicius).
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Fig. 3. Geological trail in Jurakalnis (Jurassic Hill). Vistors here can have opportunity to
take a look into Venta river valley, examine Jurassic rocks. The site is interesting due to
active process of formation of ravines, occurence of landslides, springs and exibition of
erratic boulders (photo by J. Satkūnas).

Fig. 4. The artificial outcrop of Jurassic sandstones at the Papartynė locality is maintained
for collectors of fossils (photo by J. Satkūnas).
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Fig. 5. Erosional remnant in cofluence of rivers of Avižlys and Venta is particular landform.
This narrow horn is 100 m lenght and of only few metres wide (photo by J. Satkūnas).

Fig. 6. Exposure with Quaternary lacustrine gyttja in Venta river valley. Presence of shells
of mollusca indicate favourable paleoclimatical conditions during the sedimentation. The
site is under stratigraphical investigations (photo by J. Satkūnas).
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Fig. 7. Loops of Venta river (photo by A. Nicius).

Fig. 8. Exibition of collection of amonites collected by Česlovas Pakuckas (1898–1965) in
Papilė outcrops, located in Geological Museum of Vilnius University (photo by J. Satkūnas).
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Fig. 9. Ammonites are prevailing fossils. The ammonite, symbol of sedimentary geology
and biostratigraphy is the logotype of Lithuanian geological survey and Venta Regional
Park (photo by A. Nicius).

Fig. 10. Loops of Venta river (photo by A. Nicius).
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The Purviai outcrop in Venta river valley
Jonas Satkūnas*, Alma Grigienė*, Asta Jusienė*, Aldona Damušytė*, Jonas Mažeika**
*Geological Survey of Lithuania, S. Konarskio 35, LT-03123, Vilnius, Lithuania,
e-mails:
<jonas.satkunas@lgt.lt>,
<alma.grigiene@lgt.lt>,
<asta.jusiene@lgt.lt>,
<aldona.damusyte@lgt.lt>
**Institute of Geology and Geography, T. Ševčenkos, LT-03123, Vilnius, Lithuania,
e-mail <jonas.mazeika@geo.lt>

The geological setting of Venta area and occurrence of Middle Nemunas (Middle
Weichselian) lacustrine deposits
Number of sections of lacustrine sediments, occurring under the 3–9 m thick relief forming
Upper Weichselian till have been the discovered in the Venta settlement (Fig. 1) in 1976
during engineering geological surveys (Kondratienė 1998). These lacustrine sediments – silt
with humus and interlayers of peat – were attributed to the periglacial stage of Last
(Weichselian, Nemunas) glaciation on the basis of their lithological and palynological
characteristics.
In the course of geological mapping of the Mažeikiai area (North Lithuania) at a scale of
1:50 000 (Jusienė et al 2003) the Quaternary structure was studied and wide occurrence of
lacustrine deposits under the uppermost till was determined (Fig. 1).
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The area under discussion geomorphologicaly is located in the glacial plain of middle course
of the Venta river valley (Fig. 1). The plain was formed during retreat of continental ice sheet
of the Late Nemunas glaciation and it’s topography is composed mainly by basal till.
Thickness of Quaternary deposits in the area is 25–60 metres. Quaternary is composed of
prevailing Middle Pleistocene Žemaitija and Medininkai (Saalian) tills (their thickness
generally reaches up to 35 m) that occur on the pre-Quaternary surface and Upper Pleistocene
lacustrine, glacial and glaciolacustrine deposits (Fig. 2) (Jusienė et al 2003). Topography of
the area is formed by slightly undulating basal till with small drumlins and eskers. The
thickness of the Upper Nemunas (Upper Weichselian) glacial deposits is 5–10 m. The till is
yellowish-brown colour, composed of sandy loam with pebbles and gravel up to 10%. In
some places the till is covered by the layer of 3–5 m thick glaciolacustrine sand and silt with
undeveloped small continental dunes. The valley of river Venta, 10–20 m deep, with two
higher terraces cuts the till plain.
According to data of the geological mapping (Jusienė et al 2003) the Middle Nemunas
(Middle Weichselian) lacustrine deposits are overlying Medininkai (Saalian) till and are
covered by Upper Nemunas (Upper Weichselian) glacial deposits.
The top of the Middle Nemunas layer occurs at +55 – +70 m a.s.l. The thickness of the
lacustrine sediments reaches up to 28 m. Uppermost part of the lacustrine sequence could be
observed in outcrops of river Venta and its tributaries Avižlys and Virvyčia. In the outcrop of
Avižlys and Venta confluence the top of the lacustrine sediments is glacially distorted and
dislocated.
The Middle Nemunas sediments are composed of clay, silt, fine grained sand and very fine
grained sand, they are brown, yellow-grey and greenish black colour. There are many micro
interlayers of organic matter in the silt. Pebbles in diameter of 1–2 cm also are present
occasionally in the sediments. The data of boreholes, depicted in cross-sections (e.g. Fig. 1),
indicate, that lacustrine deposits occupy depressions of the underlying Medininkai till. These
depressions most probably are paleolacustrine kettles, where sedimentation of silt and fine
sandy took place.

Purviai outcrop: methods of investigations and material
The Purviai outcrop (x – 56° 12’17’’, y – 22°38’28’’) is located 8.65 km to South West from
Viekšniai town in the valley of Venta river, 11 km down from Papilė town, in the Venta
Regional Park.
Due to the structure of the exposure, the sampled sequence of the outcrop consists of two
sections: section A and section B (Fig. 3–4). Starting from the level of water in river Venta,
the following layers were identified in the outcrop (integrating both sectors sections: sandy
silt with organic matter (0.0–0.12), peat (0.12–0.17); sandy silt with organic matter (0.17–
0.34); gravel with organics and mollusca shells (0.34–0.73); sandy silt with lenses of gyttja
(0.73–0.96); sandy silt with lenses of sand (0.96–1.71), fine sand upvards getting coarser and
basal gravel at the upper contact (1.71–2.71), brown sandy loam (till) (Fig. 4). The section
was sampled for pollen and spores analysis, determination of mollusca from the layer of
gravel, and radiocarbon dating (two samples). Results of andlysies are given below.
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Fig. 3. General view of the Purviai outcrop (photo by A. Nicius) and location of the sampled
sections, marked on the photo.
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Pollen and spores analysis
Analyses were performed by Alma Grigienė (Lithuanian Geological Survey) for 16 samples
(for location of samples see Fig. 4). The material was prepared for pollen analyses following
Grichuk’s method using a heavy liquid (KJ+CdJ2, density 2.22) for separation of fine mineral
particles (Grichuk & Zaklinskaya 1948). Then the organic fraction was treated by the standard
acetolysis technique (Erdtman 1960). The keys used for pollen identification were: Erdtman
1943, Faegri & Iversen 1989 and Moore et al. 1991.
The results are presented in a percentage diagram (Fig. 5). A total pollen sum, from which,
spores and unidentified (unknown) pollen are excluded, is the basis for the percentage
calculation: ΣAP (arboreal pollen, shrubs and dwarf shrubs) + ΣNAP (non arboreal pollen) =
ΣP – pollen sum. Spores (S) were calculated on pollen sum ΣP+S, unidentified pollen (R) –
ΣP+R.
The frequencies of pollen are low. Several pollen grains were slightly corroded. A few
colonies of green algae Pediastrum were noted. Pre-Quaternary spores were also identified.
The pollen diagram has been divided into two (I–II) local pollen assemblage zones (LPAZ):
I zone – Cyperaceae LPAZ: In this zone herbaceous plant reach the highest values up
to 85%. Cyperaceae with 80% predominate. Artemisia and Poaceae are less common. A few
pollen of Salix, Juniperus and Ericales were noted.
II zone – Pinus LPAZ: Pinus is the most common tree pollen, reaching over 80% of
the total pollen sum. Betula pollen comprises some 20% of the pollen flora. Picea appears
with 15–20%. Pollen of Alnus and broad-leaves are reworked from older sediments. Betula
nana values increas and reach maximum with 2% in the lower part of the zone. A rich herb
pollen flora was noted e.g. Apiaceae, Asteraceae, Artemisia, Cyperaceae, Chenopodiaceae,
Poaceae, Rumex, Rosaceae, Ranunculaceae. A few pollen of Helianthemum were identified as
well as spores of Botrychium and Lycopodium selago. Among the aquatic plants TyphaSparganium and Potamogeton have been observed. Spores of Polypodiaceae and Sphagnum
reach up to 15%.
During the LPAZ I and deposition of the sandy silt and peat (0.08–0.25 m) the main
composition of the local vegetation were Cyperaceae and Artemisia. The pollen record (LPAZ
I) shows a cold, wet, severe periglacial conditions, where landscape was open, sedges
communities have grown in the territory.
The LPAZ II (the gravel and sandy silt, interval 0.25–1.54 m) contains pollen of Pinus, Picea,
Betula and NAP. It has to be noted the variety of herbaceous plant pollen as well as pollen of
Helianthemum, Botrychium and Lycopodium selago spores, that are indicators of
comparatively cold climatic conditions. The big amount of Pre-Quaternary spores note that,
the pollen grains of Corylus, Quercus, Tilia and Alnus are reworked from the oldest
sediments. The part pollen of Pinus and Picea also are reworked or transported over long
distances. According to pollen and spores data, during the sediments accumulation, the
territory was covered by park tundra with birch, pine and some admixture of scattered
spruces, dwarf birch and juniper.
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Identification of mollusca shells
Mollusca shells, mostly fragments of different size, were collected from the layer of gravel
(interval (0.34–0.73). It has to be noted that gravel contains small irregular lenses of gyttja.
The mollusca identification was performed by Aldona Damušytė (Lithuanian Geological
Survey) and led to conclusion that mollusca shells belong to Species of Margaritifera
margaritifera (Superfamilia: Unionoidea; Familia: Margaritiferidae; Genus: Margaritifera)
The freshwater pearl mussel is one of the longest-lived invertebrates known, and individuals
can survive for over 100 years (Bauer 1992). The mussels live buried or partly buried in
coarse sand and fine gravel in clean, oligotrophic, fast-flowing and unpolluted rivers and
streams. The characteristics of riverbed substrata are of critical importance for freshwater
pearl mussel populations. The typical substrate preference is small sand patches stabilized
amongst large stone or boulders in fast-flowing streams and rivers. Riffle areas with mixtures
of rocks, cobbles and sand are important habitats in low-gradient sections, providing a welloxygenated and silt-free environment (Skinner et al 2000).
Like some marine bivalves including the oyster, it can produce pearls from the mother-ofpearl nacre secreted on the inside of its valves (Holmes).

Fig. 6. Gravel layer with fragments of shells of the freshwater pearl mussel (Margaritifera
margaritifera) (photo by J. Satkūnas).
According to the research of present ecology it is known that, the species Margaritifera
margaritifera was extremely common in suitable rivers throughout most of Europe from the
arctic and temperate regions of western Russia, to the Iberian peninsula and on the northeastern seaboard of North America (Holmes).
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The freshwater pearl mussel (Margaritifera margaritifera) is markedly conservative
throughout its long evolutionary history from Cretaceous until present with no more than 6
extinct species recognised.
From the paleoevironmental point of view of, presence of Margaritifera margaritifera
confirm fluvial sedimentational environment of formation of gravel and indicate wide range
of paleoclimatic conditions from temperate to arctic.

Radiocarbon datings
Two samples from the Purviai outcrop were dated by 14C method using liquid scintillation
spectrometry techniques at the laboratory of Institute of Geology and Geography in Vilnius.
The data on 14C dating are given in the Table 1. For the conventional radiocarbon age transfer
to calibrated calendar age: Cologne Radiocarbon Calibration & Palaeoclimate Research
Package CALPAL_A was used (Jöris & Weninger 2000).
Table 1. 14C dating results, 2006 11 24
C
activity
pMC

C
age,
years
(BP)

Measurement
error,
years
(±1σ)

Calibrated
age, years
(BP±1σ)
(0=AD1950)

14

No.

1

2

Lab.
index

Sample
description

Material
analysed

14

Vs1630

Wood piece,
taken from peat
layer (interval
0.12–0.17 m
above water
level).

Bulk
organic

2,68

29070

270

34250 ± 500

Vs1676

Shells of
mollusca
Margaritifera
margaritifera,
collected from
the layer of
gravel, int.
0,43–0,73 m
above river
water.

Carbonates
of shells

2,50

29600

500

34690 ± 650

Paleogeographical and stratigraphical interpretation of results and discussion
The paleogeographical and stratigraphic interpretation of the sedimentary sequence in the
Purviai outcrop is based on understanding that climatostratigraphic event is a certain time
span, during which a cycle of climatic changes takes place (cycle of improvement of climate –
thermomer or cycle of climate deterioration – cryomer), these changes being expressed in
traceable changes of sedimentational environment and thus represented by deposits of certain
type. The integrated picture of interpretation of results is given in the Fig. 7. The
sedimentional environment is interpreted on the basis of lithological composition of
sediments: lacustrine (silt, sandy silt, wetland or peatbog peat), alluvial (gravel with the
Margaritifera margaritifera), glaciofluvial (sand with basal layer) and glacial (till).
According to the pollen data during the deposition of the sandy silt and peat (0.08–0.25 m) the
main composition of the local vegetation were Cyperaceae and Artemisia. The pollen record
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(LPAZ I) shows a cold, severe, however wet periglacial conditions, where landscape was
open and only sedges communities have grown in the territory. Therefore the lowermost
interval of the Purviai outcrop (interval 0.0–0.34 m): sandy silt, peat and sandy silt, most
probably were accumulating in shallow changing lacustrine-wetland environment in open
landscape under the severe climatic conditions. However, the occurence of compacted peat
(interval 0.12–0.17 m) with pieces of wood indicates, that presence of single poor trees or
shrub vegetation was possible. Radiocarbon age 34250 ± 500 yrs BP (Vs-1630) leads to
conclusion that the interval, corresponding to the I LPAZ could correlated with Huneborg
interval, which takes place in Western Europen stratigraphy between the classic pollen-based
Hengelo Interstadial (38-36 ka) and the so-called Denekamp Interstadial Complex (32–26 ka).
(Huijzer & Vandenberghe 1998).
The overlying units – gravel and sandy silt (0.25–1.54 m) – corresponding to LPAZ II contain
pollen of Pinus, Picea, Betula and NAP. The variety of herbaceous plant pollen as well as
pollen of Helianthemum, Botrychium and Lycopodium selago spores show still cold climatic
conditions, however this interval marks climatic improvement and thus could be interpreted
as thermomer. During the sediments accumulation, the territory was covered by park tundra
with birch, pine and some admixture of scattered spruces, dwarf birch and juniper.
Similar intervals according to the pollen and spores data were identified in the Medininkai
117P section and in Mickūnai site in Eastern Lithuania and interpreted as Mickūnai 3
thermomer and tentatively correlated with the Denekamp Interstadial (Satkūnas et al 2003,
Satkūnas & Grigienė 2000, Satkūnas 1999).
The Denekamp Interstadial in The Netherlands and Germany is described from number of
sites and is characterised by treeless, shrub tundra landscapes (Behre 1989, Bos et al. 2001,
Kolstrup. & Wijmstra 1977). During this Interstadial, as derived from paleobotanical evidence
July temperature (e.g. in the type locality Laarhuis near Denekamp) averaged about 10 0C
(Kolstrup. & Wijmstra 1977).
However, it must be admitted that the radiocarbon date 34690 ± 650 yrs BP (Vs-1676) from
the Purviai outcrop does not corresponds to the geochronological span of 32–26 ka of the
Denekamp Interstadial Complex in The Netherlands as recognized by Huijzer &
Vandenberghe (1998), or 32–28 ka according to Caspers & Freund (2001).
This discrepancy leads to wider discussion on long distance correlations of
climatostratigraphic events. For the Middle Pleniglacial a number of treeless interstadials
have been described from The Netherlands and other places in Western and Central Europe,
e.g. the Moershoofd complex, the Hengelo and Denekamp Interstadials (Behre 1989, Huijzer
& Vandenberghe 1998, Bos et al. 2001, Caspers & Freund 2001, Kolstrup. & Wijmstra 1977),
however it was noted that it is impossible to correlate Middle Pleniglacial peat and gyttja
deposits from different parts of northern and Central Europe based on botanical data neither it
is possible to correlate these deposits with sufficient accuracy by independent dating
techniques (Bos et al. 2001, Caspers & Freud 2001).
Deposits, that specifically belong to one of these interstadials could not be recognized in other
sections – in many cases peat formation and gyttja deposition was apparently more dependent
on local hydrological changes than climate changes (Bos et al 2001).
Nevertheless, the vegetation development as recorded in the Purviai outcrop clearly indicates
transition from cryomer (IL PAZ) to thermomer (II LPAZ) conditions and these both intervals
could be respectively correlated with Nemunas 2d cryomer and Mickūnai 3 thermomer in
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south-east Lithuania (Satkūnas et al. 2003). The transition noted in the outcrop Purviai,
however confirms assumptions that climatostratigraphic events during Pleni Weichselian are
not expressed as sharp climatic fluctuations on the background of generally progressing
global climate cooling. Due to the erosional impact the Middle Weichselian sediments are
very limitedly preserved in the area of Late Weichselian glaciation. Therefore each site with
Middle Weichselian sediments is very important for the knowledge of the stratigraphy
representing this time interval. Therefore the Purviai site, and Venta region in general provide
favourable prerequisites for the further research.
Acknowledgements – The Purviai outcrop was discovered and recommended for
investigations by Apolinaras Nicius, director of Venta Regional Park. The sample of wood for
radiocarbon dating (Vs-1630) was collected and submitted by Dr. Augustinas Linčius.
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Geological heritage of Latvia
Kalni outcrop: Jurassic brown coal
The Jurassic deposits are the youngest in the Pre-Quaternary sequence of Latvia. These
deposits occur in south-western Latvia. Glacial erosion has strongly affected the irregular
shape of their present distribution area. Many blocks of Jurassic deposits have been deformed
and transported by glacier.
The Jurassic sequence of Latvia has various and peculiar composition – mostly siliciclastic
deposits (grey and white sand, black and grey clay with interbeds of silt), but also beds and
lenses of brown coal and fossiliferous sandy limestones. Total thickness of Jurassic deposits in
Latvia does not exceed 25 m.
Mostly the deposits of the Middle Jurassic Callovian Stage (Papilė and Zana fms.) are
present in Latvia, but in south-westernmost corner also the Upper Jurassic Oxfordian Stage
(Dunika Fm.) has been found. In Lithuania deposits of the Early, Middle and Upper Jurassic are
present.
The deposits of Callovian Stage in Latvia have been divided into 3 substages (Liepins,
1961). Lower Callovian substage (Papilė Formation) is composed of white sands with high
content of quartz – more than 85% and even 90% – with admixture of feldspars and micas less
than 10–15%. Also the heavy minerals are represented by mature assemblage – zircon,
tourmaline, rutile, disthene and staurolite with minor garnet, hornblende and epidote. Sand
usually is medium-grained and fine-grained, texturally mature, often cross-stratified.
Interlayers of weakly cemented sandstones are present in the Jurassic sands as well.
Beds of clay also occur in the Papilė Formation. Jurassic clays shovv peculiar mineral
composition – dominant kaolinite with less illite. Admixture of organic matter and sulfides
gives to clay its spectacular black and dark grey colour. Silts have minor role in the Papilė
Formation. The Jurassic deposits is the only part of the geological seąuence of Latvia, where
coal is present. Brown coal is dark brown, almost black earthy mass, which forms lenses and
beds, up to 2.5 m thick.
In the Papilė Formation only such fossils as petrified wood, spores and pollen are present.
The Middle and Upper Callovian substages (Zana Formation) are composed of grey sands,
clays and fossiliferous limestones. Limestones often contain many fossils of marine
invertebrates – bivalves, foraminifera, gastropods, brachiopods, echinoderms and ammonites.
Besides clayey deposits bear rounded carbonate concretions with fossils. Sandy fossiliferous
limestones are exposed in some places at coasts of small rivers Zana and Lose. These
limestones contain also goethite ooids (in places sulfidised), which can be recognised on a
weathered rock surface by their black colour.
Rich fossil assemblages allowed to recognise both Middle and Upper Callovian substages
(Liepins, 1961) in the lithologically similar deposits of Zana Formation. Middle Callovian
seąuence contains following fossils: ammonites Kosmoceras jason Rein. and K. castor Rein.,
brachiopod Rhynchonella varians Schloth., gastropods Cerithium sp. and Pleurotomaria sp.
Also one tooth of pliosaur Peloneustes sp. has been found in the beginning of this century,
but currently its location is not known exactly – probably in Germany.
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Upper Callovian substage bears fossils such as ammonites Quenstedticeras lamberti Sow.,
Kosmoceras proniae Teiss. and K. ornatum Schl, belemnites Cylindroteuthis beaumontianus
d‘Orb. and Pachyteuthis sp. etc.
The deposits of Upper Jurassic Oxfordian Stage (Dunika Formation) are found only in two
boreholes in a small area near Rucava and Siksni. These deposits, up to 1.6 m thick, are
represented by black sandy silts and dark grey fine-grained sands and attributed to the
Oxfordian Stage according to remains of mollusks and foraminifera.
The deposits of the Papile Formation (Lower Callovian substage) are supposed to be formed in
Continental environment. Brown coal deposits are elongated and have curved shape, which
resembles meanders of rivers. Besides sand seąuences shovv very changeable dip
azimuths of cross-strata in small distances, which also could be indicative of aliuviai origin.
The same is shown by lack of marine fossils.
In the Zana time (Middie and Late Callovian times) sea transgressed over the south-western
areas of Latvia, and marine deposits rich in invertebrate fossils accumulated. Goethite ooids
presumably originated in shoal environment.
There are many evidences (deposits of brown coal, kaolinite-rich clays, compositionally
mature sands) that humid climate prevailed over area of southern Baltic at the boundary time
between the Middie and Late Jurassic.
The Callovian sands poor in iron compounds after enrichment are useful as a raw material for
glass and mould production. The most important is the Skudras deposit located south of
Rudbarzi Village. Kaolinite clay could be useful for production of refractory ceramics, and
due to small amount of iron oxides also for light-colour materials, however mineral
deposits are too small and have difficult mining conditions. Jurassic brown coal contains
much ash and sulfur, therefore is low-quality fuel comparable to peat. In summer of 1940
the Jurassic brown coal has been mined for several months and sent to the Riga and Broceni
cement factories, where burned together with imported hard coal.
KALNI OUTCROP situated at the left coast of the Lose River in the Kalni Village is the best
exposure of the Jurassic brown coal in Latvia. Coal bed reaches here thickness of more than
1.5 m. Kalni outcrop is situated 2 km southwards from Grieze – a locality where brown
coal has been mined in 1940. Previous quarries are completely overgrown and flooded.
Lose River outcrop 1: Jurassic kaolinite claysandfossiliferous limestones
LOSE RIVER OUTCROP 1 is situated at the left coast of the Lose River (left coast tributary
of the Venta River) 200 m upstream from its mouth. In this small exposure the Jurassic
(Callovian, Zana Formation) deposits are seen (Fig. 1). Likely there is exposed a part of large
erratic block, because the bedding is steeply inclined (up to 40°). Most interesting are
typical Jurassic black kaolinite clays, as well as sandy limestones containing goethite
ooids and many fossils – mostly bivalves, but also brachiopods, echinoderms and spectacular
ammonites. The later are easily recognisable even in small fragments by their rainbow-like
lustre. Sometimes very well preserved ammonites have been found in this locality. Limestones
usually contain small fragments of petrified wood, which likely were transported in sea from
continent by currents and waves.
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Description of section (from left to right)
1 – sand yellowish grey. J2cl.
2 – limestone grey and dark grey. In places fossils are absent, but in other places
limestone is rich in remains of bivalves, ammonites, brachiopods etc. J2cl.
3 – clay grey (to left) and black (to right). J2cl.
4 – till reddish brown. Between beds 3 and 4 – sand interlayer. gIII ltv (?).

Fig. 1. Geological section of outcrop of the Jurassic deposits (Zana Formation) at the left
coast of the Lose River.
Lose River outcrop 2: Triassic smectite clays
Like the Permian and Jurassic sequence, the Triassic deposits are present only in the southwestern part of Latvia. Irregular island-like shape of present distribution area of the Triassic
deposits is largely due to influence of the Quaternary glacial erosion. A lot of erratic blocks
of Triassic deposits transported by glacier are present. The Triassic, as well as overlying
Jurassic deposits was strongly subjected to erosion because are dominated by soft rocks with
a minimum lithification degree.
In Latvia only lowermost part of the Lower Triassic – the Nemunas Formation – is present.
In the area of Lithuania this formation is covered also by younger lower Triassic deposits.
Middle Triassic is present neither in Latvia, nor in Lithuania, and some deposits of Upper
Triassic (the Nida Formation) are found only in Lithuania.
The Triassic sequence of Latvia (the Nemunas Formation) is dominated by reddish and
greenish grey clays with interbeds of sand and silt. Its maximum thickness reaches 30–74 m
south from Nīgrande and close to Rucava. The Triassic clayey deposits are interesting by their
mineral composition – smectite is dominant (50–80%) among the clay minerals. Origin of
smectite in these beds is still unclear.
Geological age of the Triassic deposits of Latvia has been determined according to
phyllopods Estherites gutta (Lutk.), E. aequale (Lutk.), Estheria albertii Voltz.
Ostracodes are represented by Darwinulla sp. Remains of small gastropods, fishes and spores
Bullulina plicata Mal., Aggerella bullulinoides Mal., A. bullulinaeformis Mal., Neocalamites
punctata Mal., Lophotriletes pussilus (Waltz.), Dilaterella exilis f. typica Mal. are also found
(Gavrilova, 1979).
Deposits of the Nemunas Formation likely accumulated in continental settings under arid
climate conditions (Paškevičius, 1997).
The Triassic smectite clays contain small amount of K2O and Na2O, therefore are used for
production of high-quality cement in Lithuania. In Latvia, however, clay is more sandy and
therefore less qualitative, besides only quite small deposits with relatively thick rock cover
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are present. The Triassic clays could be used also for production of bricks and refmement of
polluted waters.
LOSE RIVER OUTCROP 2 is situated at the left coast of this river 400 m upstream from its
mouth. About one metre thick seąuence of red (in lower part) and green (in upper part)
carbonate clays is exposed. These deposits are attributed to the Lower Triassic (Nemunas
Formation). As usually in the Triassic of Latvia, these clays are dominated by smectite.
Vecvagari outcrop: tills of three glaciations in one belt of outcrops
VECVAGARI OUTCROP (Fig. 2) is only one area in Western, Northern and Eastern
Europe, where the tills of three glaciations are seen at once in several outcrops, and the fourth
till lies below being found by core (Kalnina, 1999). The valley of the Letiza River is
favourable place for a detailed investigation of the tills.
Description of the 3rd Vecvagari
outcrop, which is situated approximately 8 m above a water level of the
Letiza River (from base to top):
1. (1.3 m). Grey, very dense tiil with
greenish grey and bluish grey belts
(the most clayey layers) and rusty
belts (silty layers). The till contains
a lot of small pebbles and also
larger pebbles (up to 5–10 cm in
diameter, mostly carbonate rocks,
rarely igneous rocks). Orangebrownish colour appears along
fractures, and in the lower part of
bed iron hydroxide crusts, 3–7 mm
thick, are present. The upper contact
of the bed is quite sharp, fine
hummocky, and is emphasised by
an interlayer of bluish grey till, 1–
2 cm thick;
2. (1.25 m). Grey silty clay with
greenish, in places greenish brown
tone and obscure bedding. Upwards
it grades into silt, which composes
the upper 0.5 m of the section. The
silt is light greenish and brownish
grey and contains light yellowish
grey inclusions. In places along
fractures and bedding planes a rusty
colour appears due to presence of
Fig. 2. Geological section of the Pleistocene
the iron hydroxides. The upper
glacial deposits in the Vecvagari outcrop (after
contact of the bed is sharp, finely
Aija Cerina).
wavy;
3. (1–1.2 m). Yellowish grey sand with planar and lenticular, in places deformed
lamination. The sand contains considerable admixture of silt, and in the lower part of the
bed, 0.3 m thick, fine grey silty clay interlaminae are present. The upper contact of the bed
is irregular, hummocky;
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4. (1.5 m). Violet brown till with pebbles and small boulders of igneous and carbonate
rocks. In the middle of the bed a lens of sand occurs.
5. (1.5 m and more) scree and soil with wood remains up to the upper part of a bluff.
The Latvia till in the southwestern part of Kurzeme and in the Vecvagari section is
distinguished by a large content of clayey and silty size grains, large values of
predominance of limestones over dolostones, and in all area of Western Kurzeme
distinguished by the highest content of sandstones. The distinctions observed in the
composition of different tills are interpreted by various positions of the ice flows. During the
Kurzeme Glaciation the glacier advanced more westwards than during other glaciations.
The glacier of the Latvia Glaciation advanced to the east and was submeridionally directed
in general. The general direction of ice movements during the Letiza Glaciation has the
intermediate position between directions of glacier movement during the Kurzeme and Latvia
glaciations (Kalnina, 1999).
Zosleni Cape: Jurassic cross stratified white sands
Famous outcrop called ZOSLENU RAGS (cape) is situated in deep valley of small Dzelda
River 80 m upstream from its connection with the Šķervelis River. Typical deposits – white
sands – of the Lower Callovian (Papilė Formation) are exposed in this 15 m high outcrop.
Sand is texturally mature and has various grain size – from coarse- to very fine-grained.
Dominant sedimentary structures are trough cross-stratification, as well as wavy and lenticular
bedding. In very fine-grained sand layers sedimentary structures are almost invisible. In places,
usually in the upper parts of single layers – bedding deformation structures are present. Sands
contain many small lenses and lenticular laminae of grey to black clay, carbonaceous clay and
brown coal. In places drapes of clayey material occur on the inclined cross-beds.
Two sedimentary (aliuvial?) cycles can be divided in the outcrop. Contact between the cycles
is marked by a clay and coal conglomerate with gravelly sand matrix. Upward sand gradually
becomes finer. Below the conglomerate silty and very fine-grained sand is changing
downwards into fine-grained sand. Sand is white and light grey in largest part of the outcrop,
but in lower 4 metres of the outcrop it has yellow colour.
Measurements of cross-stratification shows dip azimuth to west, but in another smaller
outcrop situated 150 m from Zoslēni Cape the dip azimuth is to south-east Probably it
indicates that the sand beds have accumulated in meandering river. It is supported also by
cyclic structure of the sand sequence and many inclusions of brown coal.
Recent mineralogical study by Dr. Bernarda Klagisa shows that sand is highly mature in
all sequence, but feldspar/quartz ratio increases downwards (content of feldspar in the upper
part of outcrop is 7–10%, but in lower part – 10–15%). This ratio seems to be independent
from cyclicity of a sequence.
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Devonian dolocretes at the mouth of the River Lētīža
Ģirts Stinkulis
University of Latvia, Alberta iela 10, Rīga Post address: Raiņa bulv. 19, Rīga, LV-1586
e-mail: <girts.stinkulis@lu.lv>

Dolostone of the Nīkrāce Member, Šķervelis Formation, Famennian Stage correspond to the
uppermost part of the Devonian sequence in Latvia. These youngest Devonian beds of Latvia
are well-exposed at left bank of the River Lētīža near its mouth. The outcrops are
approximately 300 m long and 4–5 m high, which corresponds to whole thickness of the
Nīkrāce Member.
Dolostones have several features, which indicate their origin and diagenesis in desert-like
environment during regression of the Devonian basin:
• irregular bedding of dolostone (Fig. 1);
• cellular structure – cell-shaped vugs in dolomite are filled with clay (Figs. 1 and 2);
• clayey material within the vugs contains clay mineral paligorskite indicating subaerial
settings and arid climate;
• admixture of chert together with high content of magnesium also shows shallow basin /
subaerial environment and arid climate;
• dolostone contains rounded, irregularly concentric grains – pisoids (pisolites), 0,5–5 mm in
diameter, which have pendant shape and are sorted in reverse grading – their size increases
upward (Fig. 3). Such pisoids are typical indicators of soil processes, and their pendant
shape have formed as pisoids grew in vadose environment under influence of verticallymigrating groundwater;
• aggregates of several pisoids attached to each other by bridge-like cement also show
groundwater movement along grain contacts and vadose environment (Fig. 4);
• cell-shaped vugs often have pendant shape indicating their formation in vadose zone as
well;
• fine wavy-laminated crusts, lower part of which is more irregular than upper, are typical
for carbonate crusts formed in continental environment.
These
features
are
ubiquitous in these youngest
Devonian deposits and
indicate that almost all the
dolostone sequence of the
Nīkrāce
Member
is
dolocrete – carbonate crust
formed
in
continental
settings under arid climate
conditions. The above data
show that it corresponds to
dolomitized alpha calcrete,
which are dominated by
micrite (very fine carbonate
material), contains large
Fig. 1. Fragment of dolostone (Nīkrāce Member, Šķervelis
Formation, Upper Devonian) exposure at mouth of the River dolomitised calcite rhombohedra and there is almost no
Lētīža.
influence of organisms.
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Fig. 2. Cellular structure of dolostone in
exposure at the River Lētīža mouth.
“Cells” are empty due to weathering;
originally they are filled with clay, which
contains paligorskite.

Fig. 3. Reverse grading of pisoids (upper
part of photograph) in a dolostone macrosample from exposure at the River Lētīža
mouth (photo by Ints Indāns).

Fig. 4. Thin section photomicrograph: Dolomite pisoids and intraclasts (rounded grains)
with bridge-like contacts indicated by arrows. Light brownish-grey inclusions are quartz
(fine sand) grains. Thin section is made of dolostone from exposure at the River Lētīža
mouth (photo by Ints Indāns).
Carbonate crusts are exception in the Devonian sequence on the Main Devonian Field (Baltic
States, north-western part of Russia, northern part of Belarus and other neighbouring areas)
which have formed mostly in a shallow sea. However, these crusts give opportunity to trace
episodes of regressions of the Devonian basins, which are not apparent in other way.
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