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     In this paper we are presenting the results that we have so far 

achieved during our Paleo-climate research work carried out in 

Slovak Academy of Sciences, Earth Science Institute in the High 

Tatra Mts in the highest mountain massif of the Carpathian chain 

in Slovakian region. The first acoustic sonar survey was 

instrumentalised in the High Tatra Mts lakes from 2016 to 2019 

with aim to identify and study the bottom topography, thickness, 

structure, and origin of the lacustrine sediments using sub-

bottom sonar (SBS) and Autonomous Underwater Vehicle 

EcoMapper (AUVEM), later this data were correlated and verified 

by field research and coring in terms of sediment type and 

sediment in-fill thickness for interpretation of the defined 

acoustic units (AU). The acoustic data obtained from Batizovské 

pleso, Popradské pleso, Nižné Temnosmrečinské pleso and 

Zelené pleso Kežmarské shows the post-glacial limnic in-fill 

consisting of clay/silt and organic rich gyttja with a sediment 

thickness between 0.7m to 11m are identified from the coring. 

Micro-structures were studied using Micro-CT and micro-facies 

analysis of thin-sections from 3 major lakes under a petrographic 

microscope for studying the seasonal sub-layers. Series of 

micrographs from Batizovské pleso, Popradské pleso and Zelené 

pleso Kežmarské show a detailed anatomy of laminae, believed to 

be varves. These records are necessary to further extend the 

sedimentological and geochemical database through comparison 

of precise combinations with biological proxies to assess the delay 

in the timing of deglaciation in the High Tatra Mts. 

Introduction

Litho-Facies Diagram of Cores from Tatra Mts Lakes: 
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Acoustic profile of lake bottom sediments acquired by sonar (EdgeTech, USA), 19 km of high-resolution sub-bottom profile data 
were acquired from all lakes. Data were logged digitally using the Discover SBS software. The vertical scale on the sub-bottom 

−1profiles are recorded in metres and are based on a sound velocity of 1500 m s . 

AU 1.1 - Gyttja, fine laminated clay and silt.
AU 1.2 - Gyttja; gyttja mixed with silt and sand.

AU 2    - Mixture of fine sediment and cobles / boulders
AU 3.1 - Cobles, boulders.

AU 3.2 - Isolated large boulders on the bottom.
AU 4    - Bedrock; sandy and silty bottom of thickness > 6m
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Autonomous Underwater Vehicle EcoMapper (AUVEM) was 
used for collecting the bathymetric and topographic data about 
the lake bottom. Post processing and data analysis ae 
accomplished using Esri's ArcGIS software. Additionally DEM 
data is processed into LIDAR for correlating with the lake 
bottom geomorphological structures.

Data surveyed and processed by: Sočuvka Valentín, Institute 
of Hydrology, Slovak Academy of Sciences, Dúbravská cesta 9, 
SK-84005 Bratislava, Slovakia.
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ź The glaciers in the High Tatra Mts advanced considerably during LGM, but the LGM I maximum advance happened during 26 ka but the southern slopes of Tatra 
Mountains tool place in the end of LGM ~18 ka. 

ź Our study indicates that the glacial retreat and lake formation in the High Tatra Mts at elevations 1600 m a.s.l to 1700 m a.s.l may have began at the end of Oldest 
Dryas or during the Bølling–Allerød warming.

ź While at the early stages of the lake development, clastic input to the lakes were high and variable, where as the surrounding landscape ware geomorphically 
ambiguous and moderately vegetated, and later due to gradual increase in vegetation it decreased in each catchment.

ź Batizovské Pleso paleo-ecological data shows the organic matter concentration and diatom productivity were inversely related to erosion in the catchment at the 
early stages of lake development and later increased as temperatures warmed and nutrient concentration in the lake increased too.
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Geological Map 
of the Tatra Mountains

1. Batizovské pleso

2. Nižné Temnosmrečinské pleso

3. Popradské pleso

4. Zelené pleso Kežmarské

List of Tatra Mountains
lakes

Gregor 

and 

Pacl 

Acoustic 

depth 

Batizovské pleso
Batizovská 

dolina
1884 10.5 10.4 0.035

Cirque 

overdeepening
Bedrock

Avalanches, 

rock fall

fine laminated 

silt, gyttja      

3.2

SSE

Nižné 

Temnosmrečinské 

pleso 

Kôprova 

dolina
1677 38.1 35 0.12

Cirque 

overdeepening

Bedrock, 

glacigene 

deposits

Fluvial 

transport, 

avalanches, 

rock fall

silt, gyttja        

7
WWN

Popradské pleso
Mengusovská 

dolina
1494 17.6 15.9 0.069 Morainic

Glacigene 

deposits

Fluvial 

transport

fine laminated 

silt, gyttja, 

massive sand       

10

S

Zelené pleso 

Kežmarské

Dolina 

Zeleného 

plesa

1546 4.5 4.9 0.018
Trough head 

overdeeping

Glacigene 

deposits

Fluvial 

transport, 

avalanches, 

debris flow

silt, sand      

12.15
NE

Lake Valley
Altitude         

asl m 

Depth [m]
Water 

area 

[km2]

Dam 

material

Geodynamic 

factors

Orientati

on of the 

valley

Drilled 

sedimentary 

infill and 

thickness [m]

Geomorpholog

ical site type

Description of Lakes

light brown-gray homogenous mud
with a rare occurrence of laminae
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with rare laminae
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Paleo-Environmental interpretation from 
Batizovské Pleso 

93 cm

CHIRONOMIDS
The chironomid assemblages are characterized by an abundance of cold and ultraoligotrophic species 
(Pseudodiamesa nivosa, Micropsectra radialis-type) in the lower sequence with a gradual decrease 
towards the top indicating warmer climate.

BIOMARKERS

The biomarker analysis 
also showing an average 
chain length of alkanes 
forming longer 
chains upwards indicative 
of a shift to higher air 
temperature along with 
seasonal stratification.

DIATOMS
Diatom assemblages indicate an initial low pH and low nutrient-oligotrophic conditions to a very gradual shift to 
oligomesotrophic state in the limnic record of early gyttja deposits of Batizovske lake.

XRD QUANTITY
Quantitative bulk rock XRD analyses of selected samples from studied profile. 
Postglacial sediment (gyttja) and glacial laminated sediment are separated by 
red line. 

Lithological profile of Batizovské pleso and 
C14 age of studied sub-core

Microscopic thin-section showing micro-facies. 
Detrital layers indicated by light and dark facies 
exhibiting different micro-facies in each lake. The 
laminated sediment consists of very thin lamina with 
thickness <3 mm and grain size coarse silt to medium 
silt. The structure of the sediments have normal grading 
(long to short) and the sorting is moderately sorted and 
also it is observed that the upper contact between the 
lamination show sharp contact. At some extent there 
are drop grains found.

μCT and Microscopic analysis of laminated 
sediments

Microscopic Thin-Section analysis

Popradské plesoBatizovské Pleso

Zelené pleso Kežmarské

In the Zelené pleso Kežmarské, 
L a m i n a t i o n s  w e r e  i d e n t i fi e d 
b u t  t h i s  l a m i n a t i o n  t y p e
is a result of permanent mixing 
of the water by bottom springs 
and laminae occur along entire 
core. Laminae have thickness 
above 2 cm, they are composed 
of silt or sand and mixed with 
decomposed organic material.

Optical image showing 
transition between 
Laminated clay and 
organic rich gyttja.

Organic rich Gyttja 
deposit

Clear plastic silt with 
organic deposit

Popradské pleso

Optical and μ-CT images

Mineralogical composition of Tatra 
Mts lake glacial sediment seen 
under microscope.

Popradské pleso

Micro-CT image of
Batizovské pleso

FeSiZr

Left: composite column of X-ray CT sections of 
laminated part of sedimentary core, with two 
bright vivianite concretions at depth of  292 - 
295 cm.

Optical image of laminites with two voids after 
vivianite concretions. Micro-XRF elemental 
maps show phosphorus and iron enrichment in 
the layer hosting the concretions, as well as 
covariations of some elements in laminated 
sequence.
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Series of micrographs showing detailed 
anatomy of laminae:
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