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1. General characteristic of the thesis

1.1. Topicality of the research theme

Svetitskhoveli Cathedral — a great monument of Georgian
architecture among those, which have survived so far, the biggest
historical ecclesiastical building of Georgian Patriarchy was built in the
11% century. It is located in Mtskheta, in 20 km distance from Tbilisi.
During centuries it has been the religious center of Christian Georgia.

The cathedral is surrounded by a rampart built in 1787 by the order
of King Erekle II. The main porch is located at the southern wall,
whereas at the western part the bell-tower and the 11" century gate, a
magnificent example of Georgian civil architecture of that time are met.
In 1963-64 the archaeological excavations of the rampart under its south-
western part revealed the remains of Catholicos Melkisedek’s palace (XI

c.).

Svetitskhoveli has undergone numerous changes, the most frescoes
have disappeared and whitewashing of the walls has left the interior
without other organic elements necessary for its artistic integrity.
However, the cathedral leaves a strong impression even nowadays.

However, nowadays visitors can clearly see that some part of the
southern wall of the cathedral near the foundation is wet and the stone
panel is crushes when touched. Other parts of the rampart are also wet.
Dampness is observable not only at the southern part of the rampart but
also at its northern and western parts as well.

Two rivers — the Aragvi and the Mtkvari flow at ether sides of the
cathedral. However, it would not have been built in such environment,
where it could face any risks over time. Moreover, Christ’s tunic was
kept in the cathedral and later, when King Vakhtang Gorgasali built a
new church over the ruins of the previous one built by St. Nina,
seemingly, some part of the cathedral territory was supposed for graves of
Georgian kings.

Moreover, as it is known there was a quite secure shelter for the
population during enemy raids in the cathedral. Thus, we may suppose
that during centuries the cathedral was not prone to any risks in the
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viewpoint of weakening and disintegration of the walls regarding
dampness.

We have no information about the cathedral state in the previous
centuries. However, in the 50-ies of the 20™ century for the first time the
underground water on the territory of the cathedral yard was observable.

Nowadays this problem is quite vivid as wetness of the southern
wall of the cathedral and the rampart walls is growing more and more
and near the foundation the stone panel of the cathedral is crushing.

This thesis touches the current problems of Svetitskhoveli
Cathedral.

1.2. Research goals and accomplished tasks

The goal of the study is to determine the reason causing the
wetness of Svetitskhoveli Cathedral and its rampart; select necessary
geophysical investigation methods to sophisticate and use them for
detailed study of certain objects. During the study the following tasks
were fulfilled:

. Collection, study and critical analysis of the data about
Svetitskhoveli cathedral;
o Investigation of the study objects - the cathedral and the rampart

by complex geophysical methods: seismic prospecting method,
electrical prospecting method (electrical profiling and vertical
electrical sounding), radiolocation prospecting method;

. Determination of the reason for dampness of the southern wall of
the cathedral and the rampart on the basis of investigations carried
out;

. Organization of prospecting and archaeological works inside and

around the cathedral in order to make recommendations.
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1.3. Scientific novelty and major outcomes

On the basis of geophysical prospecting methods we defined the
reason of accumulation of the underground water under the territory of
Svetitskhoveli Cathedral, namely, of wetness of the southern wall of the

cathedral and certain parts of the rampart:

J The complex investigations at the western part of the cathedral
yard revealed two clay structures laying in 4 m to 11 m depth from
the earth surface. The common width of the structures is 8 m (each
is 4 m wide). The clay structures are a part of a man-maid system
arranged to drain water away from the cathedral;

o A channel along the northern wall of the cathedral nowadays
filled up with cultural layer and materials left after offering and
fire is a part of the man-maid system for water draining away from
the cathedral yard as well;

J The cathedral floor lays on a man-maid structure preventing it
from wetting;
o The water drainage system of the cathedral, its water resistant

structure, the clay structures under the yard and the channel
draining away the accumulated underground water from under
the yard are the water drainage system of the cathedral;

J The investigation carried out inside the cathedral and in the yard
revealed voids under the cathedral. The voids might be some
unknown graves.

1.4. Theoretical and methodological bases of the research

Applied (prospecting) Geophysics, i.e. geophysical prospecting
methods are methods for investigation of the earth crust, which are based
on the principles of physical and mathematical sciences, achievements of
modern techniques. It uses various natural fields of the Earth and
artificial physical fields for investigations.

Feasibility of using certain geophysical prospecting methods is
defined according to the fact that distribution of these fields on the earth
surface depends on the common structure of the Earth as well as on the
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physical features of the rocks and especially on the heterogeneity of their
distribution.

Heterogeneity of rocks and their physical features causes
anomalies in physical fields of the Earth — the geophysical anomalies,
according to which investigations reveal the geological structure of a
study area.

As Applied Physics uses study results of different sciences
(Physics, Mathematics, Computer Technologies, Geology, Geochemistry)
it with high precision solves tasks in geological works; prospecting of oil,
gas and other minerals; engineering geological, hydro-geological,
archaeological and ecological problems. Besides, it is quite cost effective
and quick. According to tasks the possible depths of working by these
prospecting methods vary from several dozens of centimeters (when
searching for archaeological monuments) to several dozens of kilometers
(when studying the structure of the crust and the upper mantle of the
Earth).

The advantage of geophysical methods compared to other ones is
that the environment does not change when investigated by these
methods.

1.5. Theoretical value of the thesis

The results of the study of the Svetitskhoveli Cathedral yard make
it obvious that the cathedral and its yard require to be investigated by
complex geophysical prospecting methods; electrical and radiolocation
methods are especially effective in the viewpoint of detailed study of the
cathedral and its surrounding territory; it is very important to carry out
archaeological excavations in order to date back the water drainage
system under the cathedral yard.

On the bases of the above mentioned investigations we may
suppose that the water drainage system has been so effective and perfect
that it protected the cathedral from destruction during centuries.
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The above mentioned facts make us suppose that such drainage
systems may exist under other Georgian temples built at river banks and
gorges, which require to be investigated.

The investigations are quite significant in the viewpoint of
determining the contribution of the Georgian architecture in the world
civilization as in the fifth century Georgian builders could construct not
only a system preventing temples from damping like the 12 century
Angkor Wat in Cambodia recognized nowadays as a miracle, but more
complex water drainage systems for the temples and areas surrounding
them.

1.6. Practical significance of the thesis

In the practical viewpoint the thesis is significant for determining
the possibilities of saving the southern wall of the cathedral, the wet
parts of its rampart and draining the underground waters away from the
cathedral yard.

In case such investigations are carried out for other Georgian
temples built in river gorges the History of Georgian Religious
Architecture may enrich by quite new facts unknown so far.

Carrying out above mentioned investigations makes it possible to
save other churches with similar problems as Svetitskhoveli.

1.7. Structure and Volume of the thesis

The work is presented on 100 printed pages and consists of a
preface, 3 chapters, a conclusion and a list of quotation literature (25

titles). 37 figures and 2 table.
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2. Main idea of the thesis

2.1. Introduction

The dissertation thesis is about the role and possibilities of
geophysical prospecting methods for investigations of temples and the
areas surrounding them; it reviews geophysical methods (resistance
method, electrical profiling, vertical electrical sounding (VES), geo-
radiolocation, seismic prospecting method), methods for carrying out
works and a short description and effectiveness of the equipments used
for investigation of Svetitskhoveli Cathedral and its adjacent territory.

2.2. Annotations of the Chapters

Study of Svetitskhoveli cathedral yard by geophysical methods
consists of the following parts: Paragraph 2.1 — Research goal ,describes
the current state of Svetitskhoveli Cathedral, namely, during visual
examination of the southern wall of Svetitskhoveli it becomes obvious
even for a naked eye that the wall is wet and in the bottom of the wall,
near the foundation some disintegration of the stone panel has begun.
The wetness is also seen on the walls of the rampart.

We may assume that there are some ground waters in the
foundation of the cathedral and they may be even continuously flowing
under it.

The dissertation undertakes the task to determine the reason for
wetting of the southern wall and rampart of Svetitskhoveli Cathedral.
Paragraph 2.2 — Some information on the object of the study — reviews
the short history of the cathedral, description of the cathedral, its yard
and rampart, data about the restoration of the cathedral,

Paragraph 2.3 -Short geographical-geological description of the region.
Paragraph 2.4- hydrological description of the local area.

Paragraph 3.1 — Conducted investigations. This sub-paragraph describes
the conducted investigation having logical links to the investigations
carried out earlier by other scientists; it solves the research task of the
dissertation and gives some recommendations.
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In 2010-2011 by the order of the National Agency for Cultural
Heritage Preservation some investigation works were carried out on the
territory of the yard in order to verify its engineering geological
conditions. Therefore, one-year-long continuous observations on the
underground water levels were conducted.

During the works carried out on the territory of the cathedral yard
4 boreholes were drilled in 10-13 m depth in the selected areas around
the cathedral and the geologic-lithologic columns of the boreholes and
the geological sections of the area were constructed.

The observations showed that only during frequent and intense
precipitation periods in two bore-holes in the western part of the
cathedral a maximum deviation in the average water level took place
(0.82-0.70 m). However, variation in the underground water level was
not observed and the average value was kept in the two bore-holes in the
southern part of the cathedral territory. This fact may be explained by
the nearness of the gorges of the rivers —Aragvi and Mtkvari, which
makes favourable conditions for draining underground waters in the
directions of the rivers.

The underground water on the territory of the cathedral yard
turned to be the result of precipitation infiltration. The variation in its
level depends on the intensity of the precipitations.

In the map it is obviously seen that the underground water flows
from the north and north-west and discharges in the southern and
eastern directions.

Besides, according to the investigations carried out by Prof. D.
Mshvenieradze in 1950 the existence of the Zahesi reservoir near the
cathedral, taking into account its water mirror level (448.0£0.5 m) is no
obstacle for the underground water discharge. The level of the water
resistant bottom (mainly clay) of the aquifer horizon is 450.30 - 452.70 m
and it is located 2-4 meters higher compared to the water level of the
reservoir.

However, nowadays the cathedral and its yard are in difficult
conditions.

Undoubtedly, a building of such significance as Svtitskhoveli would
not have been built in conditions that could be dangerous with regard to
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destruction of the building. It is also to be taken into account that the
Mtskheta earthquake in 1275 significantly damaged the cathedral, which
was restored later. It means that in case there were an aggressive medium
around the cathedral and in its yard the cathedral would not have been
restored on such a place.

We assume that either there was no such problem when the
cathedral was being built and later restored, or the problem of water
accumulation was completely solved by the builders and there must have
been no danger for the cathedral not only during the period of its
building but in the future as well. Moreover, Christ’s tunic was kept in
the cathedral and the part of its territory was supposed for graves of
Georgian kings. All these refer to the safety of the cathedral territory.

Thus, we may assume that in the cathedral yard and especially near
its foundation there could not be any underground waters.

In order to solve the problem and study the conditions of the
cathedral and its surrounding territory it became necessary to carry out
geophysical investigations.

From the beginning of the investigations our attention was
attracted by one of the notes of Prof. D. Mshvenieradze saying that the
cathedral was built on a hill. According to Prof. Mshvenieradze to the
east, north and north-west the cathedral was surrounded by a deep gully
(or a ditch), which was later filled up with cultural layer. In the cultural
layer wooden coal and materials proving offering and fire, are frequently
met. Considering the current situation we may suppose that the state of
the cathedral and its surrounding territory became dangerous only in the
recent years.

There are some assumptions that the abyss (or the ditch) might be
a specific man-maid drainage structure or its part for discharging the
underground water from the cathedral yard.

We carried out seismic and electrometric works by use of
geophysical prospecting methods. The works were conducted on 140 m
long territory from the east to the west, on 30 m long territory from the
north to the south, to the north of the cathedral between the rampart
and the cathedral.

The investigation results showed that in the northern part of the

yard there are arch-shape clay layers beginning from 4 m depth from the
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earth surface and extending in the depth. One of the clay layers extends
towards the river Mtkvari and the other — towards the Aragvi. The other
ends of the arches join each other approximately at 7-8 m depth from the
surface (Figure I).

Figure 1. The results of the VES investigations. Geoelectrical section
VES-1 alonside the VES-8 profile. 1- clay debris with building waste; 2-
dark brown clay; 3- stones filled up by clay; 4- the bed rocks —

1-3
argillaceous slate. apparent electrical resistivity (ohm);
ves 7

—4_ - VES point.

On the same territory the results obtained by VES method were

verified by seismic prospecting method using Seistronix RAS-24
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equipment with its 24 channel acquisition system. Two profiles were
made to the north of the cathedral and other two — to the east.

The seismic investigations also proved that in the northern part of
the cathedral yard there are two arch-shape (oval) clay layers in the 4 m
depth from the earth surface. This result coincides with the results
obtained by VES methods.

The territory of Svetitskhoveli Cathedral was also investigated by
resistance method. Four span (AB=3 m; 6 m; 9 m and 18 m) profiling
with the interval of 1.5 m was carried out.

Two main profiles were constructed to the north and one to the
east of the cathedral.

In the geo-electrical sections constructed on the bases of the data
of vertical electrical sounding on the study territory the following image
is obtained: the first layer is presented by debris with the resistance of
50-120 ohm. Its thickness varies as 1.2-2.9 m. Under this layer a low
resistivity (2-10 ohm) medium is found. It is presented with clay and its
thickness varies as 0.5-3.2 m. The resistivity of the third layer varies as
40-180 ohm and is presented with cobbles, small-size round stones with
the thickness of 1.0-2.5 m. The section is continued to the depth with the
bed rock — argillaceous slates.

On the basis of the conducted investigations we may assume that
even at the beginning of building of the cathedral, in the case of
maximum water flow from the mountain slope there was a risk of water
accumulation in the northern part of the yard as the cathedral was an
obstacle for the flow. Therefore, the two arches of clay layers were
constructed. The first arch would not let the main portion of the water
flown from the west pass to the east and would give it the direction
towards the western part of the gully joining the river Mtkvari. The rest
portion of the water flowing over the arch would drain into the joint of
the arches (so called suture); the water flown from the north would run
into the joint of the arches (so called suture) and through the gutter of
the second arch would pass towards the east and by another end flow in
the Aragvi (Figure 2).
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Figure 2. water drainage system

Undoubtedly, due to its location the ditch must have had some
declination towards the rivers. In such a case, on one hand due to the
declination of the underground horizon and on the other hand due to the
declination of the ditch towards the rivers the water velocity would
accelerate. This would prevent accumulation of the water in the yard and
in addition, the flowing water would constantly wash off the ditch.
However, the ditch was filled up with cultural layer and it caused
incorrect distribution of the underground waters in the cathedral yard
and led the cathedral territory to the current situation.

In the Figure 1 it is obviously seen that in case of disintegration of
the water drainage system in the yard the water flown into it might
accumulate straight in the south-eastern part of the cathedral and cause
the wetness of its southern wall. In its turn this fact does not exclude that
the foundation of the cathedral is turning wet as well. It also seems to be
a reason for the pollution of the well water in the southern part of the
cathedral, whereas it had been high quality drinkable water. The
investigations proved that in the cathedral well the potassium
concentration has exceeded its natural level that makes us suppose that
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the underground water level in the cathedral foundation has increased
and is washing out the graves in the cathedral and the yard.

There is no doubt that while building or restoration of the
cathedral such problem must not have been actual and the existence of
water near the foundation must also have been excluded. It means that
the problem of water accumulation was completely solved for that time.

The investigations conducted by us proved that a water drainage
system was really arranged in the cathedral yard for discharging the
underground waters from it.

Besides, the builders must have thought that the drainage system
was not sufficient for the whole complex security and made a
construction under the cathedral foundation to prevent it from damping.

According to Prof. D. Mshvenieradze:

o The clay structure under the cathedral lays from 1.5 m to 3 m
depth from the earth surface. At same time the building
foundation reaches 2 m depth from the surface. It means that the
clay structure lays one more meter deeper than the foundation;

. Under the 3 m clay layer there is a 0.8-2.2 m gravelly layer. We
suppose that lower surface (approximately 5.2 m) of the ditch
mentioned by D. Mshvenieradze coincides with the extreme end
of the pebbled soil;

o Weathered yellow sandstone shales under 5.2 m actually are a
water collector and in this viewpoint this layer also might have
served as a drainage mechanism;

. The fresh sandstones due to their porosity and high water
absorbability actually serve as a protective mechanism for the clay
layer of the cathedral foundation. As it seems from the above said
the layer under the cathedral is a clay soil and does not conduct
water. Therefore, for keeping the cathedral firm it was necessary
to have a whole system under the clay layer that would keep the
foundation dry.

In this viewpoint Prof. V. Tsintsadze’s information about so called
“first-made” floor of Svetitskhoveli Cathedral made by King Vakhtang
Gorgasali’s order is especially important. The investigations discovered
that “the fifth century floor is an 8-10 cm thickness fragmented
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sandstone material (remains of processed quadra) with a lime mix and 4-6
mm diameter pebbles. The floor was based on 5-6 cm thickness clay soil
and a cobble stone layer”.

In our opinion, the floor was not constructed with this material by
chance or for the reason of somehow using the remains of processed
quadra as a waste material. In fact the builders used the sandstone
material for the floor that in its turn lay on clay soil to arrange a whole
drainage system that would keep the cathedral foundation dry. As to the
weathered sandstone slates and fresh sandstone, both are known for
water filtering, collecting and conducting spring waters. Obviously, the
system would perfectly function in the cathedral yard since as it is
known and we mentioned above, the underground water horizon is fully
declined to the beds of the rivers Aragvi and Mtkvari. Thus, we may
assume that such arrangement of the rocks created the system preventing
the cathedral from wetting.

As Svetitskhoveli Cathedral has been built in an aggressive
medium regarding water flows towards it the builders must have
deliberately chosen this place for arrangement of water drainage system.
Moreover, the section here from the earth surface to the fresh sandstone
layer including the clay structure is the underground part of the well
arranged water drainage system.

Thus, as the investigations prove, during building Svetitskhoveli
Cathedral our ancestors created a water discharge system for the yard as
well as a perfect natural drainage system preventing the cathedral
foundation from damping. In addition, high effectiveness of the system
did not depend on time flow. The above mentioned investigations, apart
from that they enabled us determine the reason for damping of
Svetitskhoveli Cathedral and its rampart walls, are very important as they
made it possible to discover quite an unknown fact for the History of
Georgian Architecture: in Georgia for building of cathedrals on
territories intruded with water even in the fifth century underground
water drainage systems were used in order to save the territories and the
buildings from damping.

As to discovering graves (voids) in the cathedral and yard,
geophysical investigations were carried out at these sites by GEORADAR
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Zond-12 with 75 MHz, 150 MHz and 2 GHz antennas. The GEORADAR
was managed and the data were processed by means of software ,,Prism-
2.5.” For processing of the radiogram we used Ormsby digital filter,
Fourier quick transmission option and chose a special intensification
function, as a result of which it became possible to distinguish certain
anomalies. On the basis of the data interpretation we may assume that
these anomalies might have caused by the man-maid voids.
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2.3 Conclusions

The clays or cobbles characteristic of the geology of the area is
intruded with water;

Influence of the river Mtkvari and the river Aragvi with regard to
water accumulation cannot be considered as determining factor;
The underground water is the result of precipitation infiltration
and the degree of its variation depends on the intensity of
precipitations;

There is no active water drainage system in the yard;

The reason for wetting of the cathedral and rampart walls is the
inactivity of the water drainage system;

The water in the cathedral well is polluted. Namely, the potassium
concentration in it has significantly increased;

According to the situation the graves may be being washed out by
the underground water and this factor may be aggravating during
intense precipitations;

The investigations proved that in the yard at several meters depth
from the earth surface a water drainage system has been arranged.
Nowadays the system is out of order;

The Svetitskhoveli cathedral floor of King Vakhtang Gorgasali’s
time, the clay structure under it and the gravelly, pebble-stone
layers arranged according to depths, the weathered yellow
sandstone slates and fresh sandstones were a mechanism
protecting the cathedral from damping; the system preventing the
cathedral from damping together with the water discharge system
of the yard presented a whole drainage system for Svetitskhoveli
Cathedral and its surrounding area;

By the electrical profiling method has been revealed seven
interesting archeological districts close to the surface.

In the cathedral yard and its surrounding area at several m depth
from the earth surface and in deeper layers some voids were
discovered (according to their sizes they might by graves);
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Recommendations

The cathedral should be investigated by means of a complex of
geophysical prospecting methods (gravitational, radiolocation
methods);

Study of the surrounding area of the cathedral yard should be
continued by a complex of geophysical methods (electrical,
radiolocation, seismic prospecting methods);

The cathedral yard water drainage system discovered by us should
be studied by archaeological methods as well;

The water drainage system of the cathedral yard should be
restored;

The construction technology of the underground water drainage
system should be verified;

The issue of the existence of drainage systems in other temples
built near rivers and on watery territories of Georgia should be
studied;

International organizations should be informed about the ancient
Georgian method for building of temples by river-sides and
meadows.
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