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A bstrac t: One exploration borehole of 500 meters in depth was carried near the Kezovica spa in 1975/76
in order to find out the possibility for the utilization of the lhcrmominerul water. Granites in which the thermomineral
waters are located are intensely fractured by tectonic movements 450 meters in depth. In the parts lying deeper than

150 meters the fractures are filled with calcite precipit

ated by warm waters. The \hermomineral water near the Ke-

Fovica spa is not self-potential and it is subartesian. The temperature of the water in the boreholes ranges from 23 to

50°C and the capacity amounts from 0.165 10 0.200 I/s.
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INTRODUCTION

The Kezovica thermomineral spa is situated
in the eastern part of the Republic of Macedonia
some 2 km southwest of the town of Stip (Fig. 1).
The water of the spa was utilized as early as the
period of Turkish domination. Today, the water is
obtained from exploitation wells. Only in the LdZi
locality, which is close to the Bregalnica River it
rises to the surface.

Munoesuk (1953) carried out the first de-
tailed investigations of the water with 6 boreholes
of 10 to 43.2 meters to depth. Muxonuk (1953)
carried out the first chemical analysis of the ther-
momineral water. Bauxk et al. (1954) gives detailed
data about the water capacity and its utilization.
Lado (1955) reported on data of test pumping with
3 boreholes. Data about geological and hydro-
geological characteristics of the water of the
Kezovica and the Ldzi localities are given by Hac-
K (1968). Hy3eIKOBCKH et al. (1973) point out
that the structural-tectonic patterns in the area
round the spa provided good conditions for the
occurrences of thermomineral waters. A synthe-
sized data from all early investigations about the
mineral waters in the vicinity of the town of Stip
can be found in the paper of KoTeBckH (1974).

Kexuk (1973-1978) gives data about the geologi-
cal-structural-tectonic characteristics of the terrain
including also data about the hydrological, chemi-
cal, temperature characteristics, the water capacity,
as well as the system and the origin of these ther-

mal waters.
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Fig.1. Geographic position of the KezZovica spa
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GEOLOGICAL COMPOSITION OF THE SUROUNDING

Based on the tectonic setting of Macedonia
the area around KeZovica belongs to the Vardar
zone (ApcoBckd, 1997). The geological composition
of the immediate surrounding of KeZovica is
shown using the data of PakuueBuK et al. (1969).
It consists of

— Quaternary sediments,

— Pliocene sediments,

— Upper Eocene sediments,
— Jurassic granites.

Quaternary sediments occur along the Bre-
galnica River valley present as old river terraces
made up of andesite round pebble and rarely of
quartz and gneisses as well as of alluvial sediments
made up of gravel and sand.

Pliocene sediments are present west of Stip
and in the Lakavica graben. They are made up of
sandstones, loams and gravels.

Upper Eocene sediments are present as a
basal series made up of conglomerates, marls and
sandstones and flysch sediments as sandstones,
marls, conglomerates and limestones that make up
the upper parts of the Upper Eocene sediments.

Jurassic granites are known as Stip granites.
They are heterogeneous in composition and are
made up of biotite adamellite, as well as biotite and
aplite granites. The thermomineral water occurs in
a fault zone extending along the contact between
Jurassic granites and Upper Eocene sediments. The
Ldzi spring that is located close to the spa occurs
in a fault zone of the granites.

EXPLORATIONS

In 1975/76 one borehole was carried out 500
meters to depth in order to investigate the possible
use of the thermomineral water. The borehole was
made 60 meters from the building between the spa

and the Bregalnica River. The top part of the bore-
hole consists of riverbank silt (sand and rockfall) 5
meters in depth. The lower part of the borehole
was in granites.

DATA OBTAINED

Petrographic types of granites

Based on the mineralogic-petrological charac-
teristics of the samples taken from the drill-core at
various depths rocks distinguished were as follows:

— biotite-monzonite granites of pink and brown
colour were distinguished 33 m in depth;

— leucocratic monzonite granites grey to dark
grey in colour are present 55 m in depth;

— grey-brown granite porphyry can be found
144 and 278 m in depth;

— biotite dark grey monzonite-granite 378 m
in depth;

— biotite-amphibole (cordierite) granite of
dark grey and green colour can be found in the
depth of 434 meters.

Data show that, in terms of its lithology, the
Stip granitoid massif near Kezovica is a very het-
erogeneous magmatic body made up of several
types of granites.

The core showed that the granites were in-
tensely fractured 450 meters in depth by tectonic
movements. It was also determined that most of

the fractures are filled with calcite precipitated by
warm water.

Water temperature

Measurements of water temperatures are
shown in the diagram of Fig. 2. It shows that water
temperature increases at the depth of 160 meters
and decrease with depth. This is due to filling of
fractures with calcite, due also to the smaller num-
ber of fractures compared with the parts near the
surface. Water temperature at 3 to 24 meters in
depth varies from 23 to 30 °C. The largest increase
of temperature was registered from 112 to 125 me-
ters in depth where it increases by 1 °C every 1.5
meters. Water temperature 112 meters in depth
amounts to 45 °C and that of 125 meters in depth
amounts to 54 °C. This data indicates that the drill-
ing was carried out across a fracture zone with
warm waters of greater depth. The broken core
showed that 120 to 150 meters in depth the gran-
ites are very fractured. The borehole deeper than
160 meters did not cut any fracture zone with
warm water. In this manner mixing of warm and
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cold waters took place in the upper parts and
reached a uniform value of 50 °C at 25 to 470 me-
ters in depth.

200
S (m)

Fig. 2. Diagram of water temperature 160 meters in depth

Water temperature was also measured during
test drawdown of water. The results obtained are
given in the diagram (Fig. 3). Prior to measure-
ments of water yield in the drill-hole, water tem-
perature at .07 meters in depth was 28 °C, but 15
minutes later when water level was at 7.20 meters
temperature increased to 39 °C. After one hour and
ten minutes (at 7 38 meters) temperature increased
to 40 °C, and to 43.5 °C after 17.38 hours. Data
show that geothermal degree in test drawdown of
water 7.38 meters in depth is 0.33 meters or a me-
ter decrease in the level results in a decrease of
water temperature of 3 °C.

0

t(h)

Fig. 3. Diagram of water temperature in the exploration
borehole measured during test drawdown from 2.07 to 7.38
meters in depth

The above mentioned indicates that the tem-
perature increase of water is influenced by water
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circulation caused by test drawdown to depth
where drawdown conducted washing of fractures —
a process that activated warm waters at depth. This
means that temperatures would increase if washing
of borehole was done.

Hydrostatic pressures

Hydrostatic pressures on thermomineral wa-
ters during drilling were insignificant. In the be-
ginning of drilling water level amounted t0 2.65
meter in depth. During the drilling water level var-
ied. At depth of 120 meters it went up to 1.40 me-
ters and at 125 meters fell down to 2 meters. These
were the highest variations during the drilling and,
as said earlier, at 120 to 125 meters the highest
increase of temperature of 49.5 to 54 °C was regis-
tered. This shows that rocks here are intensely
fractured and warm water is transported through
the fractures from depth. Taking in consideration
the rise of water at this depth it follows that the
real pressures of thermomineral waters in the local-
ity are fairly higher than those registered at 140
meters in depth. Nevertheless, the thermomineral
water in the spa is not self-potential as it is above
the level of the Bregalnica riverbed and it is sub-
artesian mineral water.

Water capacity of the exploration borehole

The capacity of water was determined by the
use of Pa—80 pump. Test drawdown was done over
a time period of 80 hours. Results obtained are
shown in the diagram in Fig. 4. Test drawdowns
yielded two decreases of the capacity consisting of:

Q,-0.165 /s, as first decrease, 7.16 min depth,

Q - 0.200 Vs, as second decrease, 7.60 m in
depth.

g S(m)

0 1 2 3 4 5 7

Fig. 4. Water capacity in drill-hole obtained
by test water draw
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The first water steadiness was reached after
15 hours and the second 18 hours later. Replenish
occurred within 9 minutes, which means that there
was a very good water recharge and there is good
porosity of rocks to the depth.

Chemical composition of thermomineral waters

Chemical composition was studied at various
depths during and after drilling and washing of the
borehole. Results obtained in both cases indicate
that the water is first degree chlorite-sodic type
after the Alekin classification. Water differs with
depth with regard to the total mineralization, hard-
ness, and the decrease of Ca and absence of Mg in
the analyses carried out on samples taken after
washing the borehole. Homogenized residues with
these analyses can not be determined because of
melting which is contrary to the samples taken dur-
ing the drilling. The poorer mineralization deter-
mined during drilling is due to mixing of thermo-
mineral warm water and cold water of the Bregal-
nica River. Nevertheless, analyses performed after
drilling and washing the borehole with warm water
from the spa showed greater mineralization. Chlo-
rite-sodic waters in the borehole are produced by
dissolving products of decomposition of magmatic
rock during replacement of calcium to sodium. The

thermomineral water of this borehole is most simi-
lar to the thermomineral water of the LdZi spring in
which magnesium is not found.

Origin of water

Taking in consideration the very complex tec-
tonic fracture system of the granites, their decom-
position and radioactivity of the waters of KeZovi-
ca and LdZi and based on the studies of the radio-
activity of the waters performed by AbaToBcku
(1973) it can be inferred that they are the second
category radioactive waters. They are underground
waters in deep tectonic fractures taking place under
pressure in distortion zones of granite rocks and
areas of late Orogene distortions (of Alpine age).

Rainfalls that penetrate deep along faults re-
charge the waters and circulating through fractures
increase their temperature and the specific chemi-
cal and gaseous composition. The higher radioac-
tivity of the thermomineral water in the spa com-
pared with that in the LdZi spring is probably due
to the large fault that extends through Strumica,
near the spa, towards Sveti Nikole and Kumanovo
known as one of the major dislocations in Mace-
donia.

CONCLUSION

The exploration borehole carried out near the
KeZovica spa determined that the granites are frac-
tured 450 meters in depth. Fractures 150 meters in
depth are filled with calcite that precipitated from
warm waters. Thus, during further drillings bore-
holes should be carried out 150 to 200 in depth. As
pressures of thermomineral waters are low (do not
ascend to the surface except for that at the Ldzi

spring) future explorations should consist of drill-
ing wells and drawdowns with pumps that can be
used at temperatures of up to 60 °C. Drilling of
such wells should be done using clean water, par-
ticularly near the capture well in order to avoid
closing of fractures that drain the warm water from
depth.
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Pesume

HCTPAXYBAIA 3A 3A®AKAILE HA TEPMOMUHEPAJIHA BOJA
BO BAIbATA KEXOBHULIA KAJ WITUIT O TIOTOJEMA NTABOYNHA

Anexcannap Kekuk', Bojo Mupuoscku®

eoxudpoiipojexiti, MK-1000 Ckoiije, Peiiybauxa Makedoruja
2Pydapcko-zeonownu gakyaiiedi, Yuusepauiiei ,Ce. Kupua u Meitioduj“,
ya. Toye Heaues 89, MK-2000 Ui, Peily6auka Makedonuja

Kiyunu 360poBH: TEDMOMUHEPAIHA BOJIa; MCTPaXKHa AyNHATHHA; Gatba KexoBuua; FpaHuTH;
FOPHOEOLEHCKH CEMIMMEHTH; TEMNEpaTypa Ha BofiaTa

Bo TtexoT Ha 1975/76 ropuHa, 3apanu 3adakamwe Ha
TepPMOMUHEpATHM BOJH Of MOronema AnabouuHa, BO He-
nocpenHa 61u3uHa Ha GaraTta KexoBulia ce U3BEACHU UC-
TpaXyBarma cO efHa UCTPaXKHa JyNHaTHHA 33 AabuHa off
500 meTpu.

['paHuTHTE BO KOH CE jaByBaaT TEPMOMMHEpAHUTE
BOMM ¥ BO KOM € U3BEAEHA [yNHAaTHHATa, IOl BIKjaHHE Ha
TEKTOHCKHTE JIBHXKEHa C& HHTEH3UBHO HCIyKaHM J10 npe-
Ky 450 m gnaGo4uHa, a BO IEJIOBUTE noana6oku ox 150 m
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[yKHATHHWUTE CE MCIONHETH MMIABHO CO KANLMT, KOj € Ha-
TajloXyBaH Of TOTIUTE BOMIH.
TepMmomuHepanHaTa Bojia Kaj Gaara KexoBulia He
€ CaMOM3JIMBHA, Taa MMa Cy6apTecKu KapakTep.
TemnepaTypaTa Ha TePMOMHHEpanHaTa BOAa Of
MCTpaXKHaTa AynHaTMHa ce ABHXHU off 23 o 50 °C, a kana-
yurerot e on 0,165 go 0,200 I/s.



