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Abstract. The study is focused on the provenance and transport environment of autochthonous fluvial sediments 
from the bottom parts of the Kolkina Dupka Cave (Ponor Mountain). The transport depends on the fluctuation and 
dynamics of underground water flow. There is evidence for different sources according to the diversity of lithic 
grains and fossil fragments. The fluvial sediments originate from erosion and redeposition of Triassic sedimentary 
rocks.
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Introduction

The Ponor Mountain (part of the Western Stara 
Planina) is one of the largest karst areas in Bul-
garia. The plateau-like terrain and negative karst 
forms are responsible for the lack of surface runoff 
and rapid drainage of precipitation. These condi-
tions are conducive to the formation of large un-
derground cavities. The Kolkina Dupka Cave is the 
longest (25.354 km) and deepest (561.00 m) cave in 
the country and is located in the eastern part of the 
Ponor Mountain. The aim of this study is to analyze 
the autochthonous fluvial sediments, their prov-
enance and transport environments.

Material and methods

Thirteen samples were collected from nine rivers 
(Table  1): Kiro’s River, Iglenata River, S River, 
Getsa’s River, Prashnata River, Zhaltoto ezero Riv-
er, Lagera River, Novata River, Kostenurkata rRver 
and Zapadnata River. The location of the collected 
samples is shown in Fig. 1a.

Grain-size analysis of all samples was conducted 
by using the automatic sieving system FRITSCH 
ANALYSETTE PRO 3 for fractions >0.063  mm 
and pipette analysis for fractions <0.063 mm. The 
Udden-Wentworth scale (Wentworth, 1922) was 
applied for separation of four fractions: gravel 
>2  mm, sand 2–0.063 mm, silt 0.063–0.004 mm, 
and clay <0.004 mm. The following grain-size sta-
tistical parameters were calculated by graphic meth-
ods (Folk, Ward, 1957): mean size (Mz), standard 
deviation (σ) and skewness (Sk). Mineralogical 
analysis of all fractions was carried out. The frac-
tion 0.063–0.125 mm was studied with transmitting 
light-microscope using immersion liquid Eugenol 
with ne=1.541. The coarser fractions were observed 
under binocular microscope.

Research area

The Kolkina Dupka Cave occurs in Triassic rocks 
which are ~600 m thick and consist mainly of lime-
stones and dolostones. The lower aquiferous layer 
of the complex is bounded by Lower Triassic sand-
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stones (Benderev et al., 2022). The cave has a den-
dritic structure formed by more than fifty tributar-
ies converging into a common river. The latter has 
length of about 5 km and coincides with the main 
gallery of the cave. The orientation of the gallery 
is NW–SE. It is divided into western and eastern 
sections by a semi-syphon. This semi-syphon slows 
the water flow and acts as a natural barrier for trans-
ported fluvial sediments. In the deepest parts of the 
cave (–500 m), the galleries resemble freely flowing 
rivers that actively transport and deposit clastic sed-
iments. There is some difference between the length 
and outflow water of the rivers in the western and 
eastern parts of the cave. The rivers in the western 
part are more than 600 m long while those in the 
eastern part are much shorter (about 150 m). These 
conditions predetermine differences in the transport 
environment and depositional processes.

The research was supported by members of the 
Speleo club Pod RB, Tserovo during exploratory 
expeditions in 2018, 2020, 2021, 2022, 2023 and 
2024.

Results

The structural parameters of the fluvial sediments 
are presented in Table  1. According to the calcu-
lated standard deviation (σ), the sediments are 
grouped into three categories: very poorly sorted, 
poorly sorted and relatively sorted. The gener-
ally poor sorting suggests that the sediments are 

transported over short distances and deposited in a 
non-dynamic environment. On the basis of the cal-
culated skewness (Sk), the sediments are grouped 
into three categories: asymmetrical for the fine 
fractions, asymmetrical for the coarse fractions and 
symmetrical (or nearly symmetrical). The generally 
asymmetric distribution of the fractions indicates 
dominance of fine or coarse sediments. This is a 
consequence of mixing of materials from different 
sources and/or redeposition of breakdown deposits, 
as well as varying dynamics of water outflow. This 
transport environment is controlled by significantly 
variable flow rates during the spring months. There 
are direct observations of the rising flow rates of 
>50 cm per day in the Zapadnata River. The sedi-
ments with symmetrical (or nearly symmetrical) 
distribution are deposited in a calm environment 
with small variations in the water flow.

The compositions of the fine sand fraction 
0.063–0.125 mm are similar. The shape of the min-
eral grains is subrounded to rounded. Predominant 
minerals are quartz, carbonates, feldspar and micas. 
Subordinate minerals are zircon, titanite, amphi-
bole, rutile and plagioclase while accessory miner-
als are tourmaline, garnet, epidote and apatite. Ore 
minerals are represented by magnetite, hematite, py-
rite, siderite and iron oxides. The quartz grains are 
monocrystalline, cracked and polished. Fresh quartz 
is very rare. The feldspars are mainly potassium-
sodium (alkaline) and less sodium-calcium (plagio-
clase). The alkaline feldspar grains are cracked and 
altered (by clay minerals). The carbonates make up 

Table 1. Structural parameters

Samples River name Mz σ1 Sk Description

1 Kiro’s river 1.585 2.431 0.103 very poorly sorted, asymmetrically for fine fractions
2 Iglenata river 1.127 2.700 –0.006 very poorly sorted, symmetrical or nearly symmetrical
3 S river 4.268 1.677 –0.116 poorly sorted, asymmetrical for coarse fractions

4 Zapadnata 
river (a) 0.461 1.029 –0.024 poorly sorted, symmetrical or nearly symmetrical

5 Getsa’s river 0.448 1.287 0.266 poorly sorted, asymmetrical for fine fractions
6 Prashnata river 1.251 2.904 –0.095 very poorly sorted, symmetrical or nearly symmetrical

7 Zapadnata 
river (b) 0.502 2.337 –0.234 very poorly sorted, asymmetrical for coarse fractions

8 Zhaltoto ezero 
river 3.113 1.855 0.111 poorly sorted, asymmetrical for fine fractions

9 Lagera river 1.134 1.933 –0.006 poorly sorted, symmetrical or nearly symmetrical

10 Zapadnata 
river (c) 1.961 1.835 0.259 poorly sorted, asymmetrical for fine fractions

11 Zapadnata 
river (d) 2.662 2.294 0.006 very poorly sorted, symmetrical or nearly symmetrical

12 Novata river 0.271 0.816 1.758 relatively sorted, asymmetrically for fine fractions

13 Kostenurkata 
river –0.667 1.116 –4.737 poorly sorted, highly asymmetrical for coarse fractions
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a significant part of the fluvial sediments includ-
ing mostly cracked and altered grains but also fresh 
grains in the meanders with active speleothems. The 
micas are represented by strongly altered biotite and 
to a lesser extent muscovite. The subordinate min-
erals are cracked and polished, without preserved 
crystal forms. The ore minerals are relatively fresh 
except pyrite and iron oxides (Fig. 1b). The carbon-
ate minerals increase in the meanders with active 
speleothem formation. The mineral composition is 
more diverse in the galleries with advanced erosion 
which is due to the re-sedimentation of breakdown 
deposits. The fluvial sediments originate from erod-
ed and redeposited Triassic sedimentary rocks.

The fluvial sediments with size of 2–0.063 mm 
consist of angular to subrounded grains. Their com-

position is dominant by quartz, less feldspars, ore 
minerals and iron oxides, plus scarce mica flakes, 
concretions, and lithic fragments. The fluvial sedi-
ments with size >2 mm are composed of subangular 
to well rounded rock fragments. The latter comprise 
limestones, dolostones, calcareous sandstones, 
quartzose sandstones, calcareous siltstones, shales, 
marls, concretions (of various sizes), fossil frag-
ments and redeposited speleothems.

The rock fragments of shales and marls increase 
in the eastern part of the cave (samples 12 and 13) 
while those of sandstones, siltstones and concre-
tions dominate in the central parts (samples 5, 6 
and 7). Fossil fragments are common in the western 
part of the cave. From the four samples collected 
along the Zapadnata River, it can be concluded that 

Fig. 1. a, Sample location in the Kolkina Dupka Cave contour: 1 – Kiro’s River, 2 – Iglenata River, 3 – S River, 4 – Zapadnata River 
(a), 5 – Getsa’s River, 6 – Prashnata River, 7 – Zapadnata River (b), 8 – Zhaltoto ezero River, 9 – Lagera River, 10 – Zapadnata 
River (c), 11 – Zapadnata River (d), 12 – Novata River, 13 – Kostenurkata River; the map source: https://map.bgmountains.org;  
b, mineral compositions of the fraction 0.063–0.125 mm.

https://map.bgmountains.org
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the grain size of transported fluvial sediments and 
the diversity of rock fragments increase with en-
hancing river flow.

Conclusions

The performed mineralogical analysis of fluvial 
sediments from the Kolkina Dupka Cave shows that 
they originate from eroded and redeposited Triassic 
sedimentary rocks. Different sources can be distin-
guished on the basis of diverse lithic fragments and 
presence of fossils fragments.

The transport environment depends on the fluc-
tuation and dynamics of the water outflow. The flu-
vial sediments are transported over a short distance 
and deposited in a non-dynamic environment. The 
calculated asymmetry coefficient (Sk) suggests that 
the fluvial sediments are formed by mixing from 
different sources and/or redeposited sediments. 
When the debit and outflow of the underground wa-

ter increase the grain size of the transported sedi-
ments also increases.
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