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1. Study area and geological background 

The BDB developed in the western part of the East European Platform (EEP) on 
the Euramerica (Baltica until the Middle of Silurian) plate. From Ediacaran times up to the 
Late Ordovician, the Baltica was a separate plate that drifted from high to moderate 
latitudes on the southern hemisphere towards the equator (Cocks, Torsvick, 2005). The 
equatorial position of Baltica was reached by Silurian-Devonian times (Cocks, Torsvick, 
2005; 2006). Following the Ediacaran to Early Cambrian opening of the Tornquist and 
Iapetus oceans and the break-up of the Rodinia supercontinent, the Baltica began to 
converge during Middle and Late Cambrian times with Avalonia as well as the Laurentia-
Greenland plates, to which it was finally sutured during Late Ordovician and Silurian 
times, respectively, along the Trans-European Suture Zone and the Arctic-North Atlantic 
Caledonides (Nikishin et al., 1996; Torsvik, Rehnstrom, 2003; Roberts, 2003; Cocks, 
Torsvick, 2006). The BDB has been “squeezed” in between two collision belts: the 
Scandinavian Caledonides (closure of Iapetus Ocean) and the German-Polish Caledonides 
(closure of Tornquist Ocean) (Figure 1.1.).  

Figure 1.1. Palaeogeography of the Early Devonian (Cocks, Torsvik, 2006) 
Baltic Devonian Basin (BDB) is situated in between the collision belts related to closure of Iapetus and 
Tornquist oceans 

1.1. att ls. Agr  devona paleo eogr fija (Cocks, Torsvik, 2006) 
Baltijas devona baseins (BDB) atrad s starp div m kol zijas josl m, kas izveidoj s aizveroties Iapetusa un 
Torkvista oke niem 

Preceding the BDB, in Early and Middle Ordovician, the western part of the EEP, 
as far as the Moscow Basin was slowly subsiding and covered by shallow, epicontinental 
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sea with extremely low sedimentation rate. The basin was an evenly and weakly tilted 
ramp where carbonate and argillaceous sediments accumulated. Pulsatory input of the fine 
terrigenous material, probably from the Iapetus margin of the Baltica, started in the early 
Caradoc. During the middle Caradoc the sedimentary succession was interbedded with 
several volcanic ash layers, derived from the northwest - Iapetus Ocean (Cocks, Torsvick, 
2005). 

At the end of the Ordovician, since the late Caradoc and especially during the 
Silurian, the upheaval of the northwestern part of the craton occurred (mid Wenlock), 
caused by the closing of the Iapetus ocean. At the same time on the southwestern margin 
of the craton, the subsidence of the basin floor intensified, influenced by overthrusting and 
subduction of the Avalon plate (related to the closure of Tornquist Ocean). As a result a 
relatively narrow, deep, “starved”, basin formed where hemipelagic argillaceous deposits 
accumulated (Plink-Björklund, Björklund, 1999). The sea gradually retreated from the 
northwest and central parts of the EEP, and the basin evolved from an epicontinental sea 
into a pericontinental gulf. The Late Ordovician and earliest Silurian is the time of the 
tectonic inversion in the western part of the EEP, characterised by periods of low influx of 
siliciclastic mud alternated with intensive supply of a fine clastic material (late Caradoc - 
middle Llandovery). The early - middle Llandovery ended with a regional denudation in 
the western Estonia and eastern Lithuania, probably caused by the beginning of the 
collision between the Laurentia and Baltica plates. During the late Llandovery - early 
Ludlow influx of the fine clastics started to infill the “starved” depression (Plink-
Björklund, Björklund, 1999). During the late Llandovery - early Wenlock the sedimentary 
succession was interbedded by multiple volcanic ash layers, derived from Scandinavian 
Caledonides. During the late Ludlow - Pridoli (up to the Til že Age) intense influx of 
siliciclastic material from the Scandinavian Caledonides filled the basin depression and 
diluted carbonate sedimentation (Plink-Björklund, Björklund, 1999). By the beginning of 
the Devonian, only a remnant lagoon was preserved in NW Latvia and south-western 
Lithuania. During the Early Devonian, the northern part of the BDB was uplifted and most 
of the basin experienced subaerial erosion (Kurshs, 1992; Kleesment, 1997). The uplift has 
been attributed to propagation of stress from the Baltica to Laurentia-Greenland plate 
collision (Plink-Björklund et al., 2004). 

The Early and Middle Devonian sedimentary succession in the BDB is strikingly 
different from the described Ordovician to Silurian, as the accumulation of carbonate and 
clayey material changed into deposition of sandy to conglomeratic siliciclastics (Kurshs, 
1992; Kleesment, 1997; Plink-Björklund, Björklund, 1999). A phase of coarse siliciclastic 
deposition occurred in the BDB from the Early Devonian until the beginning of the Late 
Devonian (Frasnian). Such an appearance of coarse clastics in a basin fill is noted typically 
as the time of tectonically rejuvenated relative source-area uplift. At the end of the Early 
Devonian and during the Emsian, the basin started to subside again (Plink-Björklund, 
Björklund, 1999).  

The interpreted maturity development (see Kurshs, 1975) together with the 
suggested sediment input from northwest suggest that the Middle to lowermost Upper 
Devonian deposits in Estonia and Latvia are the product of a cannibalisation of the 
Scandinavian Caledonian foreland basin (Plink-Björklund, Björklund, 1999; Figure 1.2.). 
In the Early Devonian, Estonia and part of Latvia were an erosion and bypass area, while 
contemporaneous siliciclastic deposition occurred in southern portions of the Baltic Basin. 
A forebulge axis migrating with time may have constrained sediment transport southward 
along the axis of the foredeep (Plink-Björklund, Björklund, 1999). During the Emsian time 
extensional collapse and uplift occurred in the Scandinavian Caledonides. The uplift 
exposed the foredeep sediments to erosion and caused southeast transport across the 
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foreland to Estonia and Latvia (Plink-Björklund, Björklund, 1999). This redeposition 
continued until the Baltic Basin was filled and the siliciclastic depositon replaced by 
evaporite deposition during the Late Devonian. 

Figure 1.2. Scandinavian Caledonides and the Baltic Devonian Basin (BDB) 
 The dotted area illustrates the Baltic Devonian basin, while the homogeneous colour represents the adjacent 
to BDB epicontinental sea territory. Note, that the boundaries of the basins are schematically illustrated 
(unpublished data by Plink-Björklund, Björklund, 2000; data from Kurshs (1992) used) 

1.2. att ls. Skandin vijas Kaledon du kalni un Baltijas devona baseins 
Punkt tais laukums apz m  Baltijas devona baseinu, viendab g s kr sas iecirknis –epikontinent l  baseina 

teritorijas da u. Baseinu robežas ir ilustr tas shematiski, uz ko nor da raust t s l nijas (p c Plinkas-
Bjorklundes un Bjorklunda, 2000, nepublic ts materi ls, k  ar  p c V. Kurša, 1992) 

The R zekne RS deposits are spread in southern Estonia and are covered by the  
Pärnu RS (Kleesment, Mark-Kurik, 1997). The succession overlies erosively Ordovician 
and Silurian deposits of different age. The total thickness of the stage varies from 0,7 to 
51,5 m, and it is thickest in eastern Estonia (Kleesment, Mark-Kurik, 1997). It is 
characterized by sandstone mainly and dolomitic marl in  the upper part of the section in 
SE Estonia. The lower part of the section consists of sandstone, often conglomeratic, with 
dolomitic matrix (Kleesment, Mark-Kurik, 1997; Figure 1.3.). 

During a transgression at the R zekne time, the epicontinental see flooded a great 
part of the EEP (Kleesment, 1997). The northen part of the basin extended to Estonian 
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territory and sandy sediments of nearshore shallow sea formed there, while in SE Estonia 
sandy-silty sediments deposited (Kleesment, 1997). 

The present-day distribution of the Pärnu RS comprises the southern part of 
Estonia, Latvia, mid-Lithuania, Northern Belarus in the south and NW Russia to the east 
(see Figure 1B). The deposits of the Pärnu RS are distributed in wider areas than more 
ancient Devonian deposits and spread in the whole territory of Latvia, western, northern 
and central Lithuania, southern Estonia, as well as northern Belarus and further to the east. 
The total thickness of these formations increases up to 70 m in the Gulbene deep, but in 
other regions it usually does not exceed 20-40 m. The rocks crop out only along the Pärnu 
River within 6 km small area in SW Estonia (see Figure 1C). It unconformably overlies the 
Ordovician and Silurian carbonate rocks, mainly in the eastern part of its distribution area, 
or the lower Devonian siliciclastic deposits. Pärnu RS forms a lower part of a 500 m thick 
dominantly siliciclastic Middle Devonian (Kleesment, Mark-Kurik, 1997; Stinkulis et al., 
2011), probably Middle to lowermost Upper Devonian (Brangulis et al., 1988) succession. 
It is overlain by a shallow-marine transgressive succession (Plink-Björklund,  Björklund, 
1999; Tänavsuu-Milkeviciene et al., 2009), followed by a thick tide-dominated (Tänavsuu-
Milkeviciene,  Plink-Björklund, 2009) to tide-influenced deltaic system (Pontén, Plink-
Björklund, 2007) and transgressive estuarine succession at the top of the succession 
(Pontén,  Plink-Björklund, 2009). 

During the Pärnu time (Eifelian), deposition of coarse to fine grained siliciclastics 
prevailed with minor role of carbonate deposition in the eastern part of the basin. An 
eastward expansion of the BDB to the Moscow Basin (Narbutas, 1984; Kurshs, 1992) has 
been interpreted to have occurred in the beginning of Eifelian, in Pärnu time, for the first 
time in the Devonian it penetrated eastwards into the Moscow syneclise. Open sea, like 
before, was situated west of the epicontinental basin and was partly separated from it by 
the northwest-southeast barrier – northern part of the Belarus-Mazurian anteclise (Kurshs, 
1975). Strong river influx from north lowered the salinity of water and provided large 
amount of sandy clastics, therefore the section in northern part of eastern Baltics is 
predominated by sandstones (Kurshs, 1992; Kleesment, 1997). According to Kleesment 
(2009), an increased roundness of quartz grain in the belt from Kihnu to Värska marks a 
possible position of the ancient coastline. Freshwater influx did not reach regularly the 
eastern parts of the basin, therefore carbonate deposits prevail in this part of the basin. 
Further to south-east in the territory of Belarus deposits contain less siliciclastic admixture, 
and are represented by the clayey dolostones (Kurshs, 1975). The gypsum lenses and 
intercalations often occur in the clayey carbonate deposits. Eastwards from Latvia in the 
upper part of the sequence, gypsum layers appear and thicken to southeast, but further to 
east, in Moscow Basin, even beds of halite occur (Tikhomirov, 1995). 

The subdivision of the Pärnu succession into formations is unclear until today and 
is based on a combination of palaeontological, mineralogical and lithological data 
(Kleesment, 1997; Paškevi ius, 1997; Kurshs,  Stinkulis, 1998; Savvaitova, 2002; Mark-
Kurik, Põldvere 2012;  Luk ševi s et al., 2012; see Figure 2). The main opinion prevails on 
subdivision of two regional stages: R zekne RS (upper part of Emsian) and Pärnu RS
corresponding to the lower part of Eifelian (Kleesment, Mark-Kurik, 1997; Pa škevi ius, 
1997). These regional stages can be distinguished from each other by lithology and cyclic 
pattern in eastern part of the south-east Baltics and mineral composition in south-western 
Estonia and north-western Latvia (Kurshs, 1992; Kleesment, Mark-Kurik, 1997; Kurshs, 
Stinkulis, 1998). In other areas due to predominance of siliciclastics and poor 
palaeontological characteristics these regional stages are nearly impossible to subdivide, 
therefore they are mentioned as the R zekne-Pärnu undivided RS (Kurshs, Stinkulis, 
1998).  
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Figure 1.3. Generalized sedimentary log of the Middle to lower Upper Devonian 
succession in Baltic States with a generalized sedimentary log of Pärnu Formation at the 

outcrop area 
For the horizontal scale: C – claystone, Si – siltstone,  S – sandstone, G – gravel; for the vertical column: pr 

– Pärnu Regional Stage, nr – Narva Regional Stage, ar – Aruküla Regional Stage, br – Burtnieki Regional 
Stage, gj – Gauja Regional Stage, am – Amata Regional Stage (Plink-Björklund, unpublished data) 

1.3. att ls. Vienk ršots vidus- un augšdevona apakšda as sl kopas griezums Baltijas 
valst s un vienk ršots P rnavas sv tas nogulumu griezums atsegumu teritorij

Pie horizont l  m roga: C – m ls, Si – aleirol ts, S – smilšakmens, G – grants; Pie vertik l s kolonnas: pr – 
P rnavas re ion lais st vs, nr – Narvas re ion lais st vs, ar – Arukilas re ion lais st vs, br – Burtnieku 
re ion lais st vs, gj – Gaujas re ion lais st vs, am – Amatas re ion lais st vs (Plinka-Bjorklunde, 
nepublic ts materi ls) 

The same problems complicate the subdivision of lithostratigraphical units 
corresponding to the R zekne and Pärnu RS. The R zekne Fm corresponds to the R zekne 
RS in the eastern part of the south-east Baltic States, but the Lemsi Fm is attributed to the 
same RS in the south-western Estonia (Paškevi ius 1997; Kleesment, Mark-Kurik 1997). 
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The Pärnu Fm is attributed to the Pärnu RS in all the distribution area of these deposits 
(Paškevi ius, 1997) or to the Pärnu RS in eastern and norther n part of the south-east 
Baltics and to both R zekne and Pärnu RS (in original work defined in the same 
stratigraphic volume as the Pärnu RS) in central and western parts of the south-east 
Baltics, where separation of two formations is problematic (Kurshs 1975; Gail te et al., 
2000; Lukševi s et al, 2012).  

According to Lyarskaja (1974; 1981), the R zekne Fm and its analogues by 
geological age are not found in the western part of the Baltics. According to this opinion, 
the deposits of the R zekne RS (upper part of the Emsian) are not found in the above-
mentioned area. However, the Lemsi Fm (age-equivalent of the R zekne Fm) has been 
identified by mineralogical data in the L ž i drill-core, and two cycles composed by sandy 
deposits in lower parts and clayey-carbonate deposits in upper parts resembling the 
R zekne and Pärnu fms have been documented in the Tals i-55 and G rzde-1 drill-cores 
(Kurshs, 1975). All these drill-cores are located in the north-western Latvia. According to 
Kurshs (1992) the age-equivalents of the R zekne Fm and Lemsi Fm are distributed also 
outside the above-mentioned eastern and north-western parts of the south-east Baltics, but 
due to its composition it’s not possible to distinguish two formations. Thus, it was 
proposed to use the name Pärnu Fm for the siliciclastic beds of both R zekne and Pärnu 
RS in the areas where more detailed subdivision is problematic and for the deposits of only 
Pärnu RS where it’s possible to divide the R zekne or Lemsi Fm in the R zekne RS 
(Kurshs, 1975; 1992; Gail te et al., 2000; Savvaitova, 2002; Luk ševi s et al, 2012).  

Moreover, the Pärnu Fm in Estonia is further subdivided into a lower, coarser-
grained Tori Member and an upper, fine-grained Tamme Member (Kleesment, Mark-
Kurik, 1997). This subdivision is done by lithological data: the Tori Member consists of 
light-grey, loose, mainly cross-stratified coarse to medium-grained sandstone that becomes 
finer upward, while the Tamme Member consists of fine and very-fine grained, mainly 
cemented sandstone that contains thin interlayers of siltstone and mudstone, and is 
dominantly plane-parallel stratified with sandy dolostone at the topmost part of the Pärnu 
succession (Kleesment, Mark-Kurik, 1997).  

In this study, the R zekne and Pärnu units are considered together as one  single 
succession representing the basal part of a transgressive cycle in the Middle Devonian and 
thus are studied together. Moreover, the entire succession is subdivided into several 
retrogradational stratigraphic units based on the detailed facies analysis (see Appendixes). 
Due to uncertain formation boundaries, described above, the correlation between the core 
sections is based on lateral and vertical changes of facies. It must be noted that this may 
seem somewhat controversial to the stratigraphic subdivision and can be argued, however, 
in numerous places, the formation boundaries follow changes in depositional environments 
and sediment input, and thus are diachronous, instead of representing actual timelines.  
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2. Earlier studies of the Middle to lower Upper Devonian siliciclastic 
succession in the Baltic States 

The origin of the Devonian siliciclastics in the Baltic States has been re-
interpreted several times. In the very 19-th century an opinion on the aeolian origin of 
Devonian siliciclastics prevailed. Later, alluvial cycles have been distinguished in the 
siliciclastic succession of the Devonian by Po ivko (1977). After that, main points of the 
discussion were related to dominance of marine versus continental sedimentary 
environment during the Early Devonian - beginning of Late Devonian as a whole, as well 
as different episodes of this time. Abundant cross-stratification structures, as well as 
fining-upwards cycles composed of sandstones in lower parts and clayey deposits in upper 
parts (interpreted as alluvial cycles by Po ivko, 1977) have been used as the main 
arguments to attribute the siliciclastic deposits to alluvial environments. Several parts of 
the Devonian sequence such as the emeri, Aruküla and Burtnieki formations sometimes 
have been interpreted as the lacustrine deposits. However the major works by V. Kurshs 
give evidence about dominant role of the marine processes during sedimentation of the 
whole Devonian siliciclastic sequence (Kurshs, 1975; 1992). He suggested that the 
Devonian siliciclastic deposits in the present area of Baltic States most possibly were 
accumulated in a wide and shallow epicontinental sea (Kurshs, 1975, 1992). However, he 
did not exclude that alluvial settings dominated along the northern margin of the basin, 
which is largely removed due to the post-Devonian erosion processes. According to 
Kurshs (1992), the presence of deltaic zone in the northern part of present distribution area 
of the Devonian deposits points to the existence of continental settings further to the north.  

A great contribution to the study of the Middle to early Late Devonian BDB was 
done in the timeframe from 1999 to 2003 by P. Plink-Björklund and L. Björklund and an 
international team of specialists and students within the framework of the project 
“Tectonic and sedimentologic history of the Devonian Baltic Basin: Relation to 
development of Scandinavian Caledonides and German-Polish Caledonides”. P. Plink-
Björklund and L. Björklund described first sedimentology and sequence stratigraphy of the 
BDB in the northern Baltics, and the interaction of sediment input from the Scandinavian 
Caledonides and the Caledonian foredeep (Plink-Björklund, Björklund, 1999). Later the 
studies also focused on sedimentological and sequence stratigraphic correlation across the 
whole BDB, with incorporation of basin analyses, reconstruction of palaeoenvironments in 
various parts of the Middle-lower Upper Devonian succession in Baltic States. According 
to these studies, the origin of deposits of some intervals of the Middle to lower Upper 
Devonian has been re-interpreted. Thus, the upper part of the Narva RS has been 
interpreted as a progradational, siliciclastic-rich deltaic system (Tänavsuu-Milkeviciene et 
al., 2009), Aruküla RS is interpreted as tide-dominated delta (Tänavsuu-Milkeviciene, 
Plink-Björklund, 2009), Gauja RS as a tide-influenced delta plain and delta front (Pontén, 
Plink-Björklund, 2007), and more recently the Amata Fm has been interpreted as tide-
dominated estuarine system (Pontén, Plink-Björklund, 2009). 

Few works in relation to the R zekne and Pärnu RS exist focusing mainly on 
lithological, mineralogical, palaeontological and stratigraphical issues (Kalamees, 1988; 
Kurshs, 1975, 1992; Kleesment, Mark-Kurik, 2007; Kleesment, 2007; Kleesment, 2009). 
However no detailed facies analysis exist on these deposits. V. Kurshs describes the 
lithology of the R zekne and Pärnu successions in Baltics, divides major “facies zones” 
(Kurshs, 1975) and provides an insight into prevailing palaeoenvironments and 
palaeogeographical reconstructions of the basin (Kurshs, 1975; 1992). A. Kleesment 
describes the lithology and mineralogy of these deposits in Estonia (Kleesment, Mark-
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Kurik, 1997; Kleesment, 2009) and interprets them as near-shore shallow sea (Kleesment, 
1997). In her most recent study, A. Kleesment (Kleesment, 2009) gives data on sand grain 
roundness and corrosion, and suggests that a line from Kihnu to Värska marks a position 
of the palaeocoastline in Pärnu time. 

The most detailed recent facies studies have been made by G. Stinkulis (1998) in 
the framework of his dissertation project. He studied in details the mixed carbonate-
siliciclastic facies of the Pärnu RS (R zekne and Pärnu Fm) in eastern parts of Latvia 
based on detailed lithological and mineralogical composition studies of deposits in four 
drill-cores. The study allows to precise the main facies assemblages that formed in the 
eastern part of the Pärnu basin in Baltics. According to Stinkulis (1998) a special role 
during this time in the eastern parts of Pärnu basin in Baltics was played by 
synsedimentary positive tectonic structure - Vi aka arch, that created very shallow settings 
and partly hindered strong currents, which carried large amount of siliciclastic material 
across the central part of basin. The description of typical feature of these sediments – the 
dolomite ooids and peloids, is given in detail. Internal fabric of ooids, including concentric 
laminae of sulphide minerals, suggests that these grains formed under changeable low and 
high agitation (Stinkulis, 1998). Mixed-composition clayey carbonate and sandy deposits 
exhibit wave ripples and whirl-like structures interpreted to be formed in strong winds and 
possibly even storms. The dominant type of sediments - dolomitic marls and sandy 
dolomitic marls with inclusions of gypsum, are interpreted to be accumulated in lagoonal 
settings. According to more recent studies, dolocretes that occur in many intervals of the 
Devonian succession, suggest to indicate frequent episodes of subaerial exposure during 
the Devonian basin development (Stinkulis, Spu ženiece, 2011). 
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3. The role of tides to the clastic deposition and tidal signatures in 
siliciclastic sediments 

Origin of tides 

A tide is any periodic fluctuation in water level that is generated by the 
gravitational attraction of the Moon and Sun. The Moon, because it is closer to the Earth, 
exerts a tide-generating force which is twice as large as that of a Sun. Tides represent the 
vector sum of two forces: 1) Gravitational attraction of the Moon, which is strongest on the 
side of the Earth facing the Moon, and 2) the centripetal force caused by the revolution of 
the Earth-Moon system about the common centre of mass. On the side of the Earth facing 
the Moon, the gravitational attraction of the Moon is greater than the oppositely directed 
centripetal force, while the reverse is true on the other side of the Earth. The water in the 
oceans therefore piles up in two bulges, one underneath the Moon, and the other on the 
opposite side of the Earth (Dalrymple, 1992).  Because the Earth rotates, the bulges travel 
around the Earth as two tidal waves causing water levels to rise and fall regularly. Rising 
water levels are known as flood tides, whereas the fall is the ebb tide. The most commonly 
observed period for one complete tidal cycle is the semidiurnal (twice a day) period of 
12.42 hours. Because the rotational axis of the Earth is inclined with respect to the orbital 
plane of the Moon most of the time, any given point on the Earth surface passes closer to 
the crest of one tidal bulge than the other, thereby adding a diurnal (once a day) component 
to the tidal spectrum (Dalrymple, 1992).   

The interaction of the Moon and Sun produces a still longer periodic variation in 
tidal range – the difference in water level between successive high-tide and low-tide levels. 
When the Sun and Moon lie in a straight line relative to the Earth, their effects add to 
produce greater than average tidal ranges – spring tides. When the Sun and Moon are at 
right angles, their forces counteract each other and the tidal range is smaller than average – 
forming the neap tide. For semidiurnal tides, the spring-neap cycle has a period of 14.77 
days, and contains 28 tidal cycles. Diurnal tides have a neap-spring period of 13.66 days 
that contains 14 tidal cycles (Dalrymple, 1992; Kvale, 2012) 

Many areas experience a net or residual transport of sediment in the direction of 
the stronger (dominant) current. The weaker current which flows in the opposite direction 
is termed the subordinate current. 

Tidal range 

Because the tide-generating forces are small, only the open oceans develop 
significant tides, and even these typically have a range of less than 1 m. Smaller bodies of 
water (including enclosed seas) cannot develop an appreciable tide of their own. The tides 
which are observed on continental shelves are due to the forcing action of the oceanic tide. 
As the tidal wave moves from the open ocean onto a continental shelf, shoaling and 
convergence associated with coastal embayments concentrate the energy within the tidal 
wave into a smaller cross sectional area, and the tidal range increases (Dalrymple, 1992).   

Tidal dominance over other processes is most common in areas where the tidal 
range is large, because this results in strong tidal currents. Consequently, most microtidal 
(0-2 m tidal range) and mesotidal (2-4 m tidal range) areas are wave (or storm) dominated, 
whereas some mesotidal and most macrotidal (>4 m tidal range) areas are tide-dominated 
(Johnson, Baldwin, 1996). However, if wave action is limited due to topographic 
sheltering, or the tidal current speeds are increasing by a topographic construction, tidal 
dominance can even occur in microtidal areas (Dalrymple, 1992). 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


Main tidal sedimentary structures 

The periodic changes in the current speed and direction which characterize tidal 
systems produce several sedimentary structures which are diagnostic of tidal deposition. 

Cross bedding contains some type of regularly spaced, internal discontinuities 
formed in areas where the maximum speed of the dominant current is capable of producing 
dunes. If the subordinate current is capable of eroding the lee face of the dunes formed by 
the preceding dominant current, reactivation surfaces are produced (Figure 3.1.). 

A 

B 

Figure 3.1. A - reactivation surfaces, B – formation of reactivation surfaces in cross-strata 
(Nichols, 1999) 

3.1. att ls. A – reaktiv cijas virsmas, B – reaktiv cijas virsmu veidošan s sl psl ot s 
s rij s (Nichols, 1999) 

Mud drapes  may also be deposited on the lee face during one or both slack-water 
periods if suspended sediment concentrations are high enough. Typically the amount of 
sand deposited by the subordinate current is small, and hence the mud drapes deposited 
after the dominant and subordinate tides are closely spaced (Figure 3.2). 

Figure 3.2. Mud drapes in cross-strata (Nichols, 1999) 
3.2. att ls. M la k rti as uz sl pajiem sl n šiem (Nichols, 1999) 

The deposits of a single, dominant tide are called tidal bundles, whether bounded 
by reactivation surfaces or mud drapes. Because of the variation in tidal current speed 
associated with the neap-spring cycles, sequences of tidal bundles commonly show cyclic 
variations in thickness, with thicker bundles forming during spring tides when currents are 
stronger and the dune migrates further (Figure 3.3.). 
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Figure 3.3. Illustration of tidal bundles and neap-spring cycles in cross-strata (Nichols, 
1999) 

3.3. att ls. Pl dmai u k rtas un pl dmai u cikli sl psl ot s s rij s (Nichols 1999) 

Herringbone cross stratification  which is marked by opposed (bipolar) dip 
directions in adjacent sets of cross-bedding, is widely used as an indication of tidal 
deposition. However, bipolar cross-bedding is not universally developed in tidal settings, 
because the development of either flood or ebb dominance commonly produces a 
unidirectional palaeocurrent pattern.  

Flaser, wavy and lenticular bedding  reflect a unit of ripples formed by the 
maximum currents of the dominant tide, followed by deposition of a mud layer during the 
ensuing slack-water period (Figure 3.4). If the subordinate current is strong enough, a 
second rippled unit with an opposite palaeocurrent direction will be deposited on top of the 
first mud drape, followed by another mud drape during the second slack-water interval. 
Such beds, which show cyclic changes in layer thickness due to neap-spring variations, in 
tidal current speed are called tidal rhythmites (Kvale, Archer, 1990; Dalrymple et al., 
1991). 

Figure 3.4. Formation of a tidal rhythmite in tidal current (Dalrymple, 1992) 
3.4. att ls. Pl dmai u ritm ta veidošan s pl dmai u straum s (Dalrymple, 1992) 
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4. Materials and methods 

hm sm

d d/hm
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4.1. The conceptual framework of facies analysis: from processes to sequences 

The deposits of the 
same facies area and similarly the sum of the deposits of different facies areas were 
formed beside each other in space, but in a lithostratigraphic profile we see them lying on 
top of each other
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Lithostratigraphic logging 

The distinction, description and interpretation of facies 

lithofacies
litho-

Sedimentary facies

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


The distinction of facies associations

facies association

System

Systems tract

Sequence stratigraphy 

Sequence

Transgressive and regressive shoreline systems 
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5. Results and interpretation 

5.1. Facies architecture and deposition in sand-rich estuary and fluvial-
tidal transition zone in the northern part of the Baltic Devonian Basin 

during the Pärnu time 

5.1.1. Sedimentary facies 

Facies 1: Mudstone and siltstone conglomerate 

Psilophytites Hostinella

Interpretation: 

Facies 2: Trough cross-stratified mudstone conglomerate 
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Psilophytites Hostinella

Interpretation: 

Facies 3: Trough cross-stratified sandstone 
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Interpretation: 

Facies 4: Cross-stratified sandstone with mud and mica drapes 
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Interpretation: 

Facies 5: Plane-parallel stratified sandstone 

Interpretation: 
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Facie 6: Structureless sandstone

Interpretation: 

Facies 7: Current ripple cross-laminated sandstone 
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Interpretation: 

Facies 8: Climbing ripple laminated sandstone 
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Interpretation: 

Facies 9: Sandstone with deformation structures 

Interpretation: 

Facies 10: Large scale cross-stratified sandstone 
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Interpretation: 

Facies 11: Compound cross-stratified sandstone 
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Interpretation: 

Facies 12: Sigmoidal cross-stratified sandstone 
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Interpretation: 

Facies 23: Plane-parallel laminated and structureless dolostone 

Interpretation: 
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5.1.2 Facies Associations 

Facies Association 1: Fluvial deposits 
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Psilophytites Hostinella

see also

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


Interpetation:
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Dune height (m), Water depth (m), Water depth (m)Cross-set 
thickness (m
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Facies Association 2: Tide-influenced fluvial and tidal channel deposits 
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Interpetation:
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Dune height (m) Water depth (m) Water depth (m)Cross-set 
thickness (m) 

Facies Association 3: Tidal bar deposits 
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Interpetation:
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Dune height (m Water depth (m) Water depth (m)Cross-set 
thickness (m) 
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Facies Association 4: Marginal tidal flat deposits 
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Interpretation: 
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5.1.3 Depositional model and estuary evolution 

a seaward 
portion of the drowned incised valley system, which receives sediments from both fluvial 
and marine sources and which contains facies influenced by tide, wave and fluvial 
processes”
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5.1.4. Tidal signatures in coarse-grained sediments and tidal influence to the 
deposition

Tidal bundles and neap-spring cyclicity 
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Mud and mica drapes 
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Reactivation surfaces 
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Tidal current reversals 
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Grain size decrease on cross-strata scale 
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Rhythmical variations of the shape of climbing ripple lamination 
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dm dl 

dm
dl
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Interpretation: 

.

)
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Interpretation: 

in situ
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dm dl 

dm dl

Interpretation: 
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Interpretation: 

Interpretation: 
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Interpretation: 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


Interpretation: 
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Interpretation: 

flaser bedding 
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Interpretation: 
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Conclusions
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