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Highlights 

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

• Vertical repetition of SSDS horizons (sandwich-like layers)

• Horizontal extent of SSDS horizons in sediments depend on horizontal extent of river sediments

Study area

The Kumečiai outcrop is located on the relatively steep artificial slope (unexploited quarry wall) 
within a small valley of the Nemunas River left tributary (Figs 1 and 2). The geological and geomor-
fological situation of the Kumečiai surroundings is similar to the area close to Slinkis outcrop (this 
volume); the current relief and sediment cover were formed at the very end of the Last Glaciation 
(Upper Weichselian) and during the Holocene (Jusienė, 2004). 

At the lowermost and uppermost part of succession in Kumečiai outcrop two glacial diamictons 
(tills) have been detected. The till laying at the bottom of slope was most probably deposited during 
Saalian, while the till at the top was formed during Late Weichselian by ice that advanced from 
NNE-NE (the same direction, according to till fabric data, characterised the uppermost till in the 
Slinkis outcrop (see previous chapter). Inter-morainic sediments, occurred between these two tills, 
are composed by fine and very-fine sand or silty sand and are interpreted by Jusienė (2004) as glaci-
olacustrine. Some layers of these inter-morainic sediments contain SSDS (most of layers with SSDS 
occur at an altitude about 43-47 metres a.s.l.).

Several OSL ages received from inter-morainic sediments during the current investigations shows 
that sediments were formed during time span before 50.7±4.0 and 70.3±5.7 ka (Fig. 2), but this time, 
according to Guobytė and Satkūnas (2011) was free of ice during this time. The OSL ages are conse-
quently a subject for debate, but this is out of the scope of the present contribution.
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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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Fig. 2. Geological cross-section I–I’. For location and legend see Fig. 1

Sedimentological description and interpretation

The fine-grained sand and silty sand sedimentary succession of inter-morainic sediments was ob-
served in 20 metres height and 60 metres wide Kumečiai outcrop (from SSE to the N). Two sections, 
named – section I (SE part), and section II (N part), almost 3.5 metres height and 2–4 metres width, 
were investigated (Fig. 3A). Distance between sections I and II is ca. 40 m (Fig. 3A). The sedimen-
tary succession of inter-morainic sediments in its lower part contains sand, silty sand and sandy silt 
with low-angle cross-lamination, ripple cross-lamination as well as wavy lamination. Going upwards 
the sedimentary succession, the number of horizontally-laminated fine-grained sediments increases. 
Furthermore, over 46% of all sandy silt, and 55% of all silty sand is internally deformed (see details 
in the chapter below).

The sedimentary succession of inter-morainic sediments derived from fluvial meandering system. 
Probably the lower part of succession represents laterally accreted point-bar deposition. The occur-
rence of low-angle cross-stratified lithofacies especially in the section I can indicate the occurrence 
of high-energy, shallow flow near the transition from subcritical to supercritical (see Miall, 1996). 
The remaining, upper part of inter-morainic sediments was deposited most probably on meander-
ing-river floodplain or in shallow lake. The ripple cross-laminated fine-grained sediments in the up-
per part could have been deposited from slow-moving, small-volume inflows, that interrupted phases 
of stagnant water and suspension fallout. 

SSDS features and development

At least eighteen layers with SSDS (called horizons) were recognised in two excavated sections 
in Kumečiai outcrop (Fig. 3A): in section I – eighteen horizons with SSDS and in section II – five 
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Fig. 3. The study site in Kumečiai 
A: Two sections I and II in Kumečiai outcrop. B: Deformed layers (white arrows) sandwiched between undeformed layers in 

the section I. C: Deformed layers (white arrows) sandwiched between undeformed layers in the section II. D-E: Different types 

of injection structures occurred within deformed layers in the section II. F: Enigmatic deformation structures in the section I. G: 
Deformed layer with load casts that inclined into the same direction (from section I).

horizons with SSDS. The thickness of horizons with SSDS vary from 1 to 30 cm. Strongly deformed 
horizons have well-defined boundaries (lower and upper), and occur between undeformed sediments 
which show similar grain size. Although granulometry within deformed sediments is almost identical 
(sediments classified as sandy silt and silty sand), several styles of deformation were identified; there 
are horizons dominated by (1) load casts and flame structures, (2) ball-and-pillow structures, (3) 
injection structures, (4) load casts that sank into previously formed load casts, (5) load casts which 
inclined into the same direction and accompanying amorphous involutions (Fig. 3C), (6) fragments 
of a broken-up layers and load casts (Fig. 3).
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Soft-sediment deformation structures, ‘trapped’ within layers, were developed, when alluvially de-
posited sediments were fluidized and afterwards probably affected by liquefaction processes. The 
liquefaction caused sudden change in the sediments state; injection structures were developed and 
loading or multi-loading process happed. All described deformed sediments – both host sediments 
and injected/loaded structures – belongs to sandy silt and silty sand. Nevertheless, in the specific 
conditions, even the slight differences in grain size, and hence – porosity, permeability, density and 
water-saturation can be enough for SSDS formation in different ways.

Section I and II are almost at the same height, however only three of recognised horizons continue 
between both sections. The question arises why not all horizons are continuous? The answer lies in 
the depositional conditions of lithofacies recognized in the analyzed sedimentary succession. In the 
meandering fluvial system periodically-occured floods causing channel migration are common. The 
lithofacies often changed laterally, e.g. horizontally-laminated sands can change into ripple-cross 
laminated sands (lithofacies Sh into Sr) etc. In meandering river system lateral extent of some litho-
facies can start from a few metres. This is the reason why extent of lithofacies with SSDS is also 
limited up to a few metres. 

Possible trigger mechanisms

• Overloading 

• Groundwater level fluctuations

• Palaeoseismic event
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