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Highlights 

• Liquefaction as the main process responsible for soft-sediment deformation structures (abbr. 
SSDS) development

• Sudden development of SSDS

Study area

The area of interests around the Slinkis outcrop – a confluence of the Nemunas and Dubysa River 
(Figs 1 and 2) is assigned to the Nevėžis Plain (Guobytė, 1990). The Slinkis outcrop is located in the 
Nemunas River’ right tributary – the lower course of the Dubysa River. The present morphology of 
this area was formed at the very end of the Last Glaciation – Upper Weichselian and during the Ho-
locene (Jusienė, 2004). The hummocky morainic plain (till plain; at the altitude about 60–65 metres 
a.s.l.) was formed during Last Glacial deglaciation. The meltwaters deposited in depressions of the 
hummocky morainic plain a few-metres-thick layers of very fine-grained sand, silt and clay or rarely, 
sand, sand with gravel. During the Holocene, the morainic plain was eroded by the Nemunas River 
and its tributaries.

Sedimentological description and interpretation

The fine-grained silty sand sedimentary succession was observed in 5 m height and 6.5 m width out-
crop located along the Dubysa River (Fig. 3A-B). The sedimentary succession consists of three units 
(lithofacies associations). The lower unit (Fig. 3B-C) consists of mainly sandy sediments: planar-, 
low angle-, trough-, and ripple-cross laminated sands with admixtures of silt (lithofacies Sp, Sl, St 
and Sr, accordingly). The excavated part of the lower unit has at least 3.5 m thickness, and the thick-
nesses of lithofacies within this unit vary from 20 to 30 cm. The grain size distribution in the whole 
unit shows decrease generally upwards. In the lower unit small reverse faults with a few centimetres 
offsets occur, and one ice wedge cast was recognised. The middle unit (Fig. 3C-F) is more fine-grained 
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Fig. 1. Geological map of the Nemunas and Dubysa River confluence area (Jusienė, 2004)

GENESIS AND AGE OF SEDIMENTS

HOLOCENE SEDIMENTS: 1–biogenic (peatbog), 2–lacustrine, 3–deluvium, 4–alluvium (floodplain terrace), 5–alluvium (Ist overbank 

terrace), 6–alluvium (IInd overbank terrace), 7–aeolian. 

PLEISTOCENE SEDIMENTS: 8–glaciolacustrine (Late Weichselian), 9–glaciolacustrine (inter morainic), 10–glaciofluvial (Late 

Weichselian), 11–glaciofluvial (inter morainic Late Weichselian – Saalian), 12–glaciofluvial (inter morainic Late Weichselian – 

Elsterian?), 13–glacial (Late Weichselian), 14–glacial (Saalian), 15–glacial (Elsterian?), 16–Upper Cretaceous rocks (probably not in 

situ). 

LITHOLOGY OF SEDIMENTS: 17–gravel, 18–mixture of gravel and sand, 19–unsorted sand, 20–medium-grained sand, 21–fine-

grained sand, 22–very fine-grained sand, 23–silty sand, 24–clayey sand, 25–silty-clayey sand, 26–silt, 27–sandy silt, 28–sandy-clayey 

silt, 29–clay, 30–silty clay, 31–slope sediment, 32–peat. OTHER SIGNS: 33–settlement, 34–number of boreholes (in cross-section), 

35–OSL age of sediments, 36–soft-sediment deformation structures, 37–glaciotectonic deformations, 38–line of geological cross-

section, number of boreholes.
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than the lower one, and contains: ripple cross-laminated silt, sandy silt and sand (lithofacies Fr, FSr, 
Sr, accordingly), planar cross-stratified sand (lithofacies Sp), and massive silty clay (lithofacies Fm). 
The thickness of the whole middle unit reaches 2 m, and each lithofacies thicknesses vary from 7 to 
ca. 20 cm. Some lithofacies of this unit are involved in plastic SSDS, and in reverse faults with a few 
centimetres offsets (see details in the chapter below).

The lower and middle units in Slinkis were deposited probably in meandering fluvial system. The 
lower unit represents laterally accreted point-bar deposition. The numerous low-angle cross-stratified 
lithofacies can indicate the common occurrence of high-energy, shallow flow near the transition from 
subcritical to supercritical (Miall, 1996). The occurrence of ice wedge cast on the top of the lower 
unit suggests periglacial climate conditions under which the river was functioning (Vandenberghe & 
Pissart, 1993). Moreover, it suggests that between lower and middle units there was a sedimentation 
break. Ice wedge casts were formed on the exposed parts of the point bars. The middle, fine-grained 
unit was deposited on meandering-river floodplain or in shallow lake. The ripple cross-laminated fine-
grained sediments of the middle unit were deposited from slow-moving, small-volume inflows, that 
interrupted phases of stagnant water and suspension fallout. The OSL ages of investigated sediments 
show 22.4±1.2 and 22.6±1.4 ka (Fig. 2). Thus, most probably, the valley of pra-Dubysa already existed 
before the Last Glacial. The commonly-occurring reverse faults, which deform also layers with plastic 
SSDS are connected with glaciotectonic processes, that acted during the Last Glacial advancing ice 
sheet (see next paragraphs).

The upper unit consists of sands and gravelly sands with glaciotectonic deformations (thrust faults, 
folds) developed in the contact zone with the overloading till (glacial diamictons). Structural measure-
ments allow to interpret that ice-flow direction during formation of the lowermost part of till was from 
the sector E-NE, whereas the in the uppermost part from the sector N-NE (Jusienė, 2004). 

Between middle and upper unit, thin layers (up to 0.5 cm) with organic matter were detected. Palyno-
logical analysis indicates that sediments contain pollens of Botrychium, Selaginella selaginoides, Lyco-
podium selago, Betula nana, what shows a cold climatic conditions of sedimentation (Jusienė, 2004). 

Fig. 2. Geological cross-section I–I’. For location and legend see Fig. 1

Excursion guidE of intErnational PalaEosEismological fiEld WorkshoP SEPTEMBER 17 – 21, 2018 • LITHUANIA – LATVIA

18



SSDS features and development

Two horizons with ‘trapped’ SSDS (Fig. 3C) were recognised in the middle unit of sedimentary suc-
cession in Slinkis outcrop. The both horizons with SSDS have extend of only 6.5 m because of vege-
tation coverage, a thick talus and Holocene-aged landslide covering the sediments (see Fig. 3A). Both 
strongly deformed horizons have well-defined boundaries (lower and upper), and occur between unde-
formed sediments which show similar grain size. The lower horizon with SSDS (Fig. 3E-F) contains 
detached and undetached sandy load casts, silty flame structures, and mostly injection structures like 
fluid-escape structures. In most of load casts the primary internal lamination is still visible. 

Soft-sediment deformation structures were evolved, when the sediments were fluidized and after-
wards affected by liquefaction process. The liquefaction caused sudden change in the sediments 
state, and in most of load casts that internal laminae aren’t curved and are perpendicular to the load 
cast forms suggesting that loading process didn’t happen. The top of layer involved in SSDS is trun-

Fig. 3. The study site in Slinkis
A: The study site neighbour to Holocene landslide. B: The sedimentary succession of meandering fluvial system in Slinkis. C-D: The 

horizons with SSDS (white arrows). E-F: Injection structures evolved from the lower silty sediments into horizontally-laminated sands 

above (black arrows).

19

Soft-sediment deformation structures and palaeoseismic phenomena in the South-eastern Baltic Region



cated and covered by sediments, pointing at erosion of the sedimentary surface. It’s possible that 
some of injection-like structures were originally silty volcanoes, which cones were eroded by water 
currents that deposited overlying sediments. In the upper horizon with SSDS mainly small-scale 
injection structures, developed probably during the initial phase of deformations, occur. All of these 
plastic deformations evolved in water-saturated sediment.

Possible trigger mechanisms

• Overloading 

• Groundwater level fluctuations

• Palaeoseismic event
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