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Abstract

Georgia is home to multiple, widespread limestone massifs with well-devel-
oped karst areas and their associated landscape features found throughout the
country. Due to geological, geomorphological, and speleological characteris-
tics of the limestone massifs in Georgia, there are developments in classical
karst processes and landforms, which contain very impressive karst features,
such as dolines, caves, calcite depositions and others. For example, in Georgia,
the world’s deepest caves are found, such as: Krubera-2197 m; Sarma-1830 m;
Pantyukhina-1508; Ilyukhina-1275 m; Kuibyshev-1110 m, and others. Of
these, Krubera Cave is currently the deepest in the world. The goal of this
work is to present speleological investigation of Muradi Cave, which is devel-
oped in Racha limestone massif. Muradi Cave is unique as the fact that it con-
tains almost all types and subtypes of speleothems and sediments recorded
nowadays in the caves of the Caucasus region, and the mineral aggregates
found in Muradi Cave are rare for the caves of the Caucasus region. Unlike
many of the hypogene caves in the region, Murdai Cave is formed from a
more traditional mechanism of speleogenesis, but the influence of tectonic ac-
tivity and complex hydrologic regimes led to the development of speleothems
and passage morphology less common in the region and likely from hypogen-
ic overprinting. The primary objectives of this study of Muradi Cave included
undertaking important investigation in this country, to better understand the
speleogenetic processes.
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1. Introduction

Georgia is a classical karst country in the world, where diverse surface and sub-
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surface karst landforms are developed. The limestone massifs (limestone rocks)
occupy more than 6% of the entire territory of Georgia [1] [2], which includes
over 1500 known caves [3] [4]. Karst line along the southern slope of the Cau-
casus mountain range extends 325 in length [5]. Given the tectonic influences,
nature of the bedrock structure, and hydrological complexity of the area, the de-
velopment of different types of karst features, including both hypogenic and ep-
igenic caves, is possible over time [6] [7] [8] [9].

Geographically, the Muradi Cave is developed in Racha limestone massif,
which is located in the Oni and Ambrolauri regions (western Georgia), the total
area of which exceeds 590 km? [10]. The highest elevation of the Racha limes-
tone massif is 2402 m above sea level (a.s.l.), while the estimated thickness of the
massif is 1100 - 1300 m [11] [12]. Within the karst zone of Georgia, the Racha
limestone massif has the largest areal extent, but lacks relief compared to others
in the country [13].

In this work, we present a new study of Muradi Cave, and the relevant spe-
leogenetic processes, in an effort to improve the understanding of cave forma-
tion in the Caucasus region. The Caucasus region may well serve as an example
of this and Muradi Cave provides important clues to the possible origin and

evolution of karst processes in the area.

2. Geology and Climatic Aspects of the Study Area

The Racha limestone massif is a classic geomorphic region throughout the Cau-
casus in terms of the development of karst processes and landforms. The Bajo-
cian porphyritic suite is the basis of the massif and Cretaceous carbonate rocks
also influence the structure of the stratigraphy [14] [15]. Rocks from almost
every part of the Early and Late Cretaceous exist in the region (Figure 1).

The massif consists mainly of Upper and Lower Cretaceous and Paleogene li-
mestones, which have an important influence on the origin and development of
the surface and underground karst features and on the water table and its fluctu-
ations due to their geologic characteristics [14] [17].

In the area, where Muradi Cave is allocated the Cretaceous massive limestone
rocks are especially widely represented. Their capacity in the vertical section
(from top to bottom) is about from 50 to 700 meters. For example, on the Nake-
rala Pass, in the Muradi Cave allocation area Lower Cretaceous limestones
thickness is 750 m (Figure 2).

The prominence of karst processes in the region is considerably high, due to
the rapid movement of water along the structural weaknesses in the limestones.
The fault dislocations provide locations for cave’s inception and groundwater
infiltration; there is a rapid infiltration and inflow of surface water and almost
no surface flow on the surface of the massif. Some small surface streams are
mostly associated with the rainy and snowmelt periods.

In the Racha limestone massif area the mean annual temperature is 11.2°C;

the mean air temperature of the coldest month (January) is —0.3°C, while the
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Figure 1. General map of the Racha limestone massif with geological settings [16], Loca-
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and Lower Miocene; 4: Upper Cretaceous; 5: Aptian and Albian; 6: Berriasian, Valangi-
nian, Hauterivian and Barremian; 7: Upper Jurassic; 8: Basalts.
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Figure 2. Geological cross section of the Nakerala Range. 1: Barremian stage. 2:
Valanginian and Hauterivian stage. 3: Valanginian and Hauterivian stage. 4:
Kimmeridgian stage. 5: Bathonian stage.

mean air temperature of the warmest month (August) is 22.1°C [18]. Humid air
masses blown from the Black Sea (~120 km away from the study area) signifi-
cantly influence the climate of the Racha limestone massif and its karstification
due to the amount of precipitation it receives. A major obstacle is the Nakerala
Range with its steep slopes, blocking humid air masses arriving from the west. In
these areas, updrafts of air masses develop due to the orographic influence and
produce a mean annual precipitation total of 2760 mm, according to the Nake-

rala weather station [18].
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3. General Description of the Cave

Muradi Cave is located in the southwestern part of the Racha limestone massif
(See Figure 1). The elevation is 1498 m a. s. 1. Muradi Cave which contains two
levels (upper and lower Level) was discovered 15 years ago, by a local resident,
who passed only lower level. Upon discovery, a complex scientific study, super-
vised by the author, was carried out in the cave by the speleological expedition of
the Vakhushti Bagrationi Institute of Geography of Tbilisi State University
(TSU).

Lower level of the Muradi Cave is dry and easy to pass through. Here, at some
parts limestone rocks are collapsed from the ceiling. Calcite deposits almost do
not exist in this section of the cave. The upper level of the cave is significantly
interesting, which is connected to the lower level with 10 meters’ vertical passage
and totally is 489 meters in length. The upper level of the cave is also very inter-
esting, because here exist almost all every types and subtype of calcite deposits,

which are documented in the caves of the Caucasus region.

4. Methods

During this investigation, we have used basic methods for studying of Muradi
Cave to characterize the cave’s origin, morphology and mineralogical deposits.
The morphological parameters and tectonic directions of Muradi Cave were
identified by using the compass-clinometer and laser distance meter. We also
used the XRD analysis method for determination of minerals in speleothems.
Speleothems mineralogy was analyzed at the Western Kentucky University, KY,
USA.

5. Results and Discussions

In this study, it was important to make basic survey of the Muradi Cave and
collect the information from speleological point of view.

During several expeditions in the Racha limestone massif, the cave was sur-
veyed using a compass-clinometer and laser distance meter. The survey of Mu-
radi Cave revealed that it has one main passage with three shorter branches. The
171-meter long horizontal section of the main, lower cave level connects with
the upper level through a 10-m vertical passage (Figure 3).

The total length of Muradi Cave is 660 m with an average passage width of 5
m, average passage height of 8 m and the floor’s mean area of 3500 m?, contri-
buting to a total cave volume of 29,000 m’ (Table 1).

A narrow corridor descending westward by 60° from the entrance is filled
with large amount of breakdown. In the right corner of the passage (azimuth
95°), a wide (5 m) and long (34 m) tunnel-shaped passage is formed in the Ur-
gonian limestones.

Intense movement of cold air is observed in the terminal section of the cave,
evidencing the possible extension of the cave. In the last section of the upper lev-
el of the cave 11, 42, 35, and 37 meters’ depth karst shafts are represented (See
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Figure 3. Schematic map and cross-section of Muradi Cave (by Zaza Lezhava and Lasha
Asanidze). The red asterisk indicates the places, where the air temperature was measured;
green asterisk indicates the place, where the water temperature was measured.

Table 1. Morphometric features of Muradi Cave.

Morphometric characteristics of Muradi Cave Measurement unit
1 General main length 600 m
2 Total length 660 m
3 Average width 5 m
4 Average height 8 m
5 Floor’s mean area 3500 m?
6 Total volume 29,000 m?

Figure 3), which are connected to each other through the narrow holes. The
cold air mass movement is palpable in the karst shafts section, which, according
to the author’s opinion, is related to the unknown holes, existed in the cave.

The air temperature was measured in the two sections of the cave, one—at the
entrance (slightly above 7°C), and the second—at the end of the cave, near
where the speleothems formed in a pool of water. Near this pool, the water tem-
perature are also measured to be 7°C.

Muradi Cave, which may become a very popular speleo object in this region,
is a very rich in calcite speleothems, which contains almost all types and
subtypes of speleothems documented nowadays in the caves of the Caucasus
region [13] [19]. Beautiful examples of spherical formations (pool speleothems)
formed by calcite mineral aggregates give the cave a particular uniqueness and

there is no known analog in caves in the whole Caucasus region (Figure 4).
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Figure 4. Beautiful examples of pool speleothems in Muradi Cave, which could be
formed from water level fluctuations over time (photographs by Lasha Asanidze).

They are mostly subaqueous, lithified calcite balls of different sizes (the smal-
lest is 16 cm and the largest is 180 cm in circumference) at one level in a shallow
pool in Muradi Cave in the upper level [20]. They seem to have been formed at
the same level in the water, perhaps as formations similar to phreatic overgrowth
from supersaturated waters existed at higher water levels during times of tecton-
ic change, flooding, or base level shifts and thus indicating a period of higher
water table and stability in between tectonic shifts. X-ray diffraction (XRD)
analysis confirmed that are 100% calcite deposits [21].

One of the interesting formations found in Muradi Cave is moonmilk, which
is not very common in the caves of the Caucasus region [6] [20] [22]. This for-
mation is mostly found in the wet passages and occupies pools of water. Moon-
milk is actively formed under the aggressive influence of condensation waters.
The aggressive waters, by dissolving the limestone walls, lead to the formation of
the moonmilk [23] [24] [25] and, often, infiltration waters also participate in this
process. A study by Geze [26] suggests that microorganisms play an active role
in their formation (biochemical weathering) as well, but more work is needed in
Muradi Cave to better determine that possibility. However, other authors, such
as Shumenko and Olimpiev [27], did not find microorganisms in the moonmilk
they studied. It appears, then, that microorganisms are a possible, but not essen-

tial, factor in the formation of moonmilk [23].

6. Conclusion

An analysis of the Muradi Cave’s morphology indicates, it was formed initially
under phreatic conditions, and then developed additional levels of vadose can-
yons and shafts during tectonic uplift, which caused rapid incision and a lower-
ing of the water table in stages over time [28]. During these periods, when stable,
epigenic overprinting continued to evolve the cave’s passages and connect them,
while simultaneously forming speleothems in vadose passages and calcite raft
deposits in pools, where the water table remained for long enough periods of
time. Unlike many of the hypogene caves in the region, Murdai Cave is formed

from a more traditional mechanism of speleogenesis, but the influence of tec-
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tonic activity and complex hydrologic regimes led to the development of speleo-

thems and passage morphology less common in the region and likely from hy-

pogenic overprinting, which is in reverse temporally compared to most cave

systems exhibiting both epigenic and hypogenic characteristics.
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