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Abstract: This paper represents the results of isotopic investigation conducted on ground water (mineral) in
the area of the village of Mrezic¢ko (Kozuf Mountain). A measurement has been made on the water from the spring
source of the ground water “Kozuf¢anka” and on the water from the spring source of the ground water “Izvorska” re-
garding the presence of tritium (*H), isotopes of oxygen (8'%0) and hydrogen (8°H), and the radioisotopes of carbon
(**C). The obtained values regarding the presence of isotopes of oxygen and hydrogen indicate that the ground water
originates from precipitation. The obtained values regarding the presence of tritium indicate that the water is more
than 63 years old, and the obtained values regarding the isotopes of carbon indicate that the spring sources of the

ground water date back to the Paleolithic age.
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INTRODUCTION

In the investigation regarding the origin and
the age of two ground waters as well as their spring
sources, radioisotopes of hydrogen, tritium *H, sta-
ble isotopes of oxygen and hydrogen §'*0 and §°H
and radioisotopes of carbon '*C were used.

Tritium (H) is a radioactive isotope of hy-
drogen, produced by the interaction of cosmic rays
and nitrogen in the layers of the atmosphere. It de-
cays by beta decay reaction releasing low energy
E..x = 18.6 keV (Theodorson P., 1996). Tritium
has a half-life of 4500 + 8 days (Lucas and Unter-
weger, 2000). It forms chemical bonds with other
elements the same way as hydrogen does. Water as
a form of tritium is called tritiated water, symbol
'H’HO or HTO. The tritium measured today does
not fully have cosmic origin. Great amount of this
isotope is produced as a result of human impact,
during nuclear weapon testing, thus releasing triti-
um. Nowadays, it is not possible to determine the
age of ground water due to the increased amount of
tritium. However, this method of dating the age is
good for determining the age of ground water. If
the ground water does not contain tritium, it is
younger than 100 years. If it does not recharge,
therefore the spring source is likely to dry up

quickly. However, if the water contains certain
amount of tritium, that water tank is old and re-
charging.

Nowadays, tritium is used as tracer for deter-
mination of ground water origin and for determina-
tion of the mean residence time (MRT) in the un-
derground up to 40 years.

Methods based on the study of this isotope
are used in hydrogeology for determination of:

— the mean residence time of water in the un-
derground in the last 40 years, using isotopic-
geological models;

— the recharge intensity of the ground water
through the zone of aeration;

— ground water recharge by surface accumu-
lation;

— studying the storing and draining of the aq-
uiclude;

— the direction and speed of ground water.

It is very important to know the data for time
allocation of tritium in the atmosphere for certain
area, as well as the hydrological data (amount of
rain, yield of spring sources, effective infiltration,
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and rate of evaporation). International Atomic En-
ergy Agency (IAEA) in Vienna regularly publishes
data regarding the activity of tritium in pre-
cipitation in all the regions world-wide where they
have monitoring stations.

Stable isotopes of oxygen and hydrogen
60 and ¥H

Stable isotopes of oxygen and hydrogen §'°0
and 8”H are often used to determine the origin of
water. The content of these isotopes is variable due
to the processes of fractioning (isotopic separation)
caused by the change of their aggregate state (wa-
ter — condensation or evaporation). The value of
380 and &°H in precipitation depends on:

— altitude (by increasing the altitude it incre-
ases the impact of the light isotopes in precipitation
— temperature and pressure effect);

— latitude (by increasing the latitude it incre-
ases the impact of the light isotopes in precipitati-
on);

— distance from the sea (so called continental
effect), by increasing the distance from the sea it
increases the impact of the light isotopes in pre-
cipitation;

—season (summer rains are enriched with
heavy isotopes compared to the light rains);

— the amount of precipitation (the greater the
amount of precipitation, the greater the amount of
light isotopes in precipitation);

— evaporation (it increases the amount of
heavy isotopes in precipitation).

The ratio of isotopes in water is expressed in
correlation to the standard isotopic composition of

ocean water at >40 m (SMOW — Standard Mean
Ocean Water) of depth.

There is a linear line between 6°H and "0 in
precipitation world-wide called Global Meteoric
(GMWL - Global Meteoric Water Line).

Radioactive isotopes of carbon '*C
(radiocarbon)

There are three isotopes of carbon in nature,
2C (common and stable), °C (rare and stable) and
"C (very rare and radioactive), which decays into
"“N with the p-particle emission. The half-life of
the decay is 5.370 years. Isotopes of carbon '*C are
formed in higher parts of the atmosphere under the
influence of thermal neutrons on the atoms of ni-
trogen.

Atoms of "C oxidize to carbon dioxide
(CO,), which is mixed with the existing atmosphe-
ric CO, afterwards. It is incorporated into living
organisms by assimilation. '*C appears in waters as
diluted carbon dioxide in hydrocarbonates
(HCOy") and in waters with pH > 9 as diluted ion
(COy") in TIC (total inorganic carbon). The carbon
in TIC may be determined up to 40.000 years of
age. Also, although rainwater contains diluted at-
mospheric CO,, thus contains ¢ as well, the radi-
oactive carbon in ground water does not originate
from atmospheric carbon only. Infiltrated rainwater
passing through the layers of the earth dilutes the
CO, which has biogenic origin and which is
formed by organic substances decay in the soil or
by assimilation of the roots of plants and microor-
ganisms. Theoretically, the specific activity of the
diluted biogenic carbon is 100%, as well as the
carbon of the other living things and the atmo-
sphere.

GEOGRAPHICAL AND GEOLOGICAL SETTING

The spring sources of ground water that are
subject of this investigation are located near the
village of Mrezicko in the volcanic area of Kozuf
Mountain. Kozuf area is a big volcanic complex in
the southern part of the Republic of Macedonia on
the area of the mountain range of Kozuf. Accord-
ing to the geotectonic regionalization of this part of
the Balkan Peninsula this complex is in the area of
the Vardar zone (Arsovski, 1962).

The Kozuf area, roughly speaking, in the east
is divided by the fault zone, which is also the west-
ern border of the gabbro-diabase ophiolite complex

Demir Kapija—Gevgelija, and in the west is divided
by faults structure dividing the Pelagonian massif
from the Vardar zone (Jankovié, et al., 1997) (Fig-
ure 1).

The location of this volcanic complex at the
transversal zone Kozuf-Kuku$ (Arsovski et al.,
1984) with the intersection of the Vardar zone in-
dicates central type of volcanism, activated on the
tectonic knot, and formed by the reactivated fault
structures from the Vardar direction (NW-SI, N—
S) and the newly formed fault zone Kozuf-Kukus
(I-W) during the neotectonic period (Figure 1).

Geologica Macedonica, 30 (1), 55-63 (2016)
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Fig. 1. Morphostructural map of Kozuf Mountain (Boev, 1988; modified Boev and Jelenkovi¢, 2012)

The ring structures typical for the area of this
complex also point to this type of volcanism (Boev
et al., 1990) (Figure 1).

Geologically speaking, Kozuf area was built
by several geological formations represented in
several stratigraphic complexes, namely (Figure 2):

— complex of Precambrian metamorphic rocks;
— complex of Paleozoic metamorphic rocks;

—complex of Triassic-Jurassic sedimentary
rocks;

—complex of Upper Cretaceous sedimentary
rocks;

—complex of Upper Eocene sedimentary
rocks;

—complex of Pliocene sediments and pyro-
clastics;
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— complex of Quarter sediments.

Also, the geological structure includes the
complexes of magmatic rocks represented in:

— complex of metamorphic rhyolites and py-
roclastites;

— complex of serpentinized ultrabasic rocks;
— complex of basic magmatic rocks;
— complex of volcanic rocks.

All the above mentioned stratigraphic com-
plexes add to the complexity of the geological
structure of Kozuf Mountain, with the Tertiary
volcanic activity (6.5 to 1.8 MA, Boev, 1988) as
the most dominant position of all, to which the
numerous mineralization and ground water appear-
ances are connected.
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Fig. 2. Geological map of a part of Kozuf Mountain

APPLIED METHODOLOGY

Samples of ground water have been collected
in Nalgene bottles and were sent to the laboratory
for isotopic investigation in ANCASTER, Ontario,
Canada, in order to determine the presence of iso-
topes of oxygen, hydrogen, tritium and isotopes of

carbon. The lab tests were done according to the
requirements of the standard ISO, and the determi-
nation of the isotopes of carbon was done using the
MAC techniques.

RESULTS AND DISCUSSION

The obtained data on the presence of isotopes
of oxygen and hydrogen is presented in Table 1,
and the graphical interpretation is presented in
Figure 3.

The results from the investigation regarding
the presence of isotopes 8'°0 and 8D shown in

Figure 1 point to the fact that the position of the
analyzed ground water in the area of the village of
Mrezi¢ko (Kozuf Mountain) is near the rainwater
direction, which is confirmed by the fact that there
is a great recharge of the ground water by current
precipitation (IAEA, 1981; IAEA, 1983; TIAEA,
1995).

Geologica Macedonica, 30 (1), 55-63 (2016)
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Table 1

Results from the investigation on the presence

of isotopes 6'°0 and 6D

Analyte symbol

580"

oD

The data obtained for 'O and 8D in water
samples from formerly mentioned localities, were
plotted on a summary diagram of isotope composi-
tions of waters of different origins (see Taylor

Unit symbol VSMOW  VSMOW 1967; Brownlow, 1996; Misra, 2000) with a prima-
Analysis method ISO ISO ry goal to determine the exact origin of waters of
K/1-1 —9,64 —62,6 interest (Figures 3 and 4).
R/1-1 -9.7 —62,4 o
T/1-1 953 60,9 The plots have shown th.at majprlty of data
MR/1-1 2932 595 plots are on or near the MWL indicating the mete-
TD/1-1 -8,38 -53,5 oric origin of waters for most of the samples. This
MA/1-1 -9,46 -58,6 is very similar to some other findings for mineral-
K/2-2 -9.85 —62,6 ized ground water in the Republic of Macedonia
R/2-2 9,76 —624 (Serafimovski et al., 2012).
T/2-2 -9,54 -59,9 . ) o
K/3-3 974 628 The obtamesi 'Values from the 1gvest1gat10n of
R/3-3 -9.78 62,5 the presence of tritium are presented in Table 2.
T/3-3 -9,54 —60,7 The obtained values shown in Table 2 ('H <8)
K/4-4 —9.82 —03,2 point to the fact that the waters which are subject
R/4-4 =9,75 —62,6 to the research ware formed 63 years.
T/4-4 -9,52 —-60,7
-10 45 £ 45 / 3
TD/1-1; -8.38; 535 —- MR/
11
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Fig. 3. Position of the obtained values of the isotopes 8'30 and 8D regarding the global trend of the rainwater

Geologica Macedonica, 30 (1), 55-63 (2016)



60

1. Boev, M. Jancev

0l— | | | | | —
Seawater ————= Seawater—hydrothermal waters ——K/11
——R/11
Equatorial, ) 300-600°C T
Primary Metamorphic 4 ——MR/1-1
—40 — magmahc ~ H.O / —
H,O T 2 —=TD/1-1
- AT |'_ _____ a - 1 M1
B = - / : ——Kf2-2
g Eladl Sediments |
& _gob s ./... I / = —Rf22
a Meteoric- i ——T/22
= . hydrothermal Igrggggs IR, S— ]
waters ] @ 7/ —a—K/3-3
{g? / ——R[33
- o~ -
-120 é@rp / —T/33
e S 3 /
Poleward, & ¥ I e L
inland é‘?\ Y, ——R[4-4
—160 — {9‘}\ / = /-4
| i | | A | | |
—20 -10 0 10 20 30
5780, %o

Table 2

Presence of Hin ground water
in the area of the village of Mrezicko

Fig. 4. Summary diagram of isotope composition of waters of different origins.
Trends of 8'%0 shift due to water—rock interaction and exchange are shown for seawater and meteoric waters (Taylor 1967, 1974)

The obtained values from the research on the
isotopes of carbon in ground water in the area of
the village of MreZi¢ko are shown in Figure 5 and
Table 3 (spring source Kozuf¢anka) and in Figure

Analyte symbol H, 6 and Table 4 (spring source [zvorska).
Unit symbol TU The total obtained values in the isotopic in-
, vestigation in ground water in the area of the vil-
Analysis method ISO i . s
T lage of Mrezicko (spring source Kozufcanka and
KOZUVCANKA <8 spring source Izvorska) are presented in Table 5.
IZVORSKA <8
16800
fe,
I-‘b-v
.
16625 “-._
o %o
a To
3
< 'u‘..‘
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o -8,
5 “ovee,
o e,
@ b
[ o e,
16275 o,
u“
‘li
16100
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2of4
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Fig. 5. Graphic interpretation of the obtained values of isotopes of carbon in ground water

of the spring source Kozufcanka
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Table 3

Values of isotope of carbon in water in the area of the village of MrezZicko (spring source Kozufcéanka)

Date received 10.9.2015 Material type Water
Date reported 4.11.2015 Pre-treatment DIC-precipitate
ICA ID 15W/0907 ch/ct? 0.4/,
Submitter ID KOZUFCANKA Conventional age 16480 + 80 BP
Calibrated age Cal 18146 — 17688 BC

12600

12500

12400

Radiocarbon Age (BP)

12300

12200 1
-13000 -12820 -12640 -12460 -12280 -12100

Calendar Years (AD) 3of4

Fig. 6. Graphic interpretation of the obtained values of isotopes of carbon in ground water of the spring source Izvorska

Table 4

Values of isotopes of carbon in water in the area of the village of Mrezicko (spring source Izvorska)

Date received 10.9.2015 Material type Water
Date reported 04.11.2015 Pre-treatment DIC-precipitate
ICA ID 15W/0908 clict? —14.2°,
Submitter ID IZVORSKA Conventional age 12380 + 70 BP
Calibrated age Cal 12949 — 12156 BC
Table 5
Values of the calibrated age of spring sources in the area of the village of Mrezicko (Kozuf Mountain)
ICAID Submitter ID Material type Pretreatment Conventional age Calibrated age
15W/0907 KOZUFCANKA Water DIC-precipitate 16480 + 70 BP Cal 18146 — 17688 BC
15W/0908 IZVORSKA Water Dic-precipitate 12380 + 80 BP Cal 12949 — 12156 BC
Date submitted 10.9.2015 Date reported 04.11.2015
QC 1 sample ID IAEA C7 QC 2 sample ID NIST
QC expected value 49.35+ 0.50 pMC QC expected value 134.09 £ 0.70 pMC
QC measured value 49.0 £0.20 pMC QC measured value 134.15 £ 0.40 pMC
Pass? YES Pass? YES

— pMC = Percent Modern Carbon.

— IAEA = International Atomic Energy Agency.

— Calibrated ages are attained using INTCALI13: Int Call3 and Marine13 Radiocarbon
Age calibration curves 0 — 50,000 years cal BP (Reimer et al,)

Geologica Macedonica, 30 (1), 55-63 (2016)
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The results from the isotopic investigation of
carbon in ground waters in the area of the village
of Mrezicko (spring source Kozuf€anka and spring

source Izvorska) point to the fact that these spring
sources were formed during the Paleolithic age.

CONCLUSION

The investigations conducted on water from
the spring source of the ground water “Kozuf-
Canka” and water from the spring source of the
ground water “Izvorska” regarding the presence of
tritium (*H), isotopes of oxygen (3'°0) and hydro-
gen (8°H), as well as the radioactive isotopes of

carbon ("*C), indicate that the water in the ground
water originates from precipitaion. The values of
tritium point to the fact that waters are more than
63 years old, and the values of the isotopes of car-
bon point to the fact that the spring sources of the
ground water date back from the Paleolithic age.
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Peszume

MN30TOIICKH UCTPAXKYBAIBA HA TIOJ3EMHUTE BOAU
O/ OKOJIMHATA HA CEJOTO MPEXKHYKO, KOXKY® IIJTAHUHA (PEITYBJIMUKA MAKEJIOHHUJA)

HUBan BoeBI, Murtko Janyes’

IYHueepsumem “I'oye Jleaues” bo Illinuii,
Ezy/t. Kpcitie Mucupkos 104, i. ¢pax 210. 2000 LLiuui, Peiiyb6auxa Maxkegonuja
Koorcypuanka /1.0.0., ya. Hluwxa 37, Kasagapyu, Peiiybauxa Maxegonuja
ivan.boev@ugd.edu.mk

KityyHu 360poBH: M30TONH; BOAOPOA; KUCIOPOA: TPULIYM; jaraepos

Bo Tpyznot ce npukaxaHu pe3yJNTaTUTe O] U30TONCKHTE
UCIUTYBamka Ha IOJ3EMHHTE BOAYU (MHHEPAIHH) Of OKOJIUHA-
Ta Ha cenoro Mpexuuko (Koxyd Ilnanuna). HanpaBenu ce
HCINTYBaka Ha BOJaTa OJf M3BOPOT Ha IOJA3EMHATa BOJA
“KoxxyduaHka” ¥ Ha BoJara o U3BOPOT Ha MOA3EMHATa BOJA
“UsBopcka” 3a m3oromure Ha Tpuumymor (CH), Kucmopomor
(5"%0) u Bomopozor (8°H), KaKo U 3a pajgHOAKTHBHHTE H30TO-
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mu Ha jarapozxot (*C). JobueHnTe BpeIHOCTH 33 M30TOIHTE
Ha KHUCJIOPOJIOT ¥ BOJOPOJOT yKa)yBaar AeKa BOJarta oJ MoJ-
3eMHHTE U3BOPH BOAH TOTEKIIO O AOKAOBHULKTE. BpemHoc-
TUTE Ha U30TOIIMTE HA TPULMYMOT YKaXKyBaat JieKa BOJIHUTE ce
mocTapy ox 63 roJuHH, a BPSIHOCTUTE Ha U30TIIMTE HA jariie-
POIOT yKakyBaaT Ha (DAaKTOT JAeKa M3BOPUTE HA MOI3EMHHTE
BOJH JATUPAAT O BpEMETO Ha MaJCOHTOT.



