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ISOTOPIC SIGNATURES OF THE KALLANKURIC HCHI FORM ATION  
(LOW ER M AESTRICHTIAN) ARIYALUR G ROUP, TIRUCHV DISTRICT, 

SOUTH INDIA -  INSIGHTES FROM  O AND C D ATA

by
* * * *

M . R am k u m ar , V . A . C h an d ra sek a ran  and  S. V . N ev ad a

The use of stable isotopes in the studies of carbonates is in ever increasing trend inview of their 
sensitivity with reference to the depositional and diagenetic agents acted. Keeping this in raind, an attempt 
had been made to understand the isotopic signals expressed by the rocks and rock components of the 
Kallankurichchi Formation. The analysed samples give negative values for O and C isotopes except the 
very low positive values for C isotope. The 5 O values vary from -7 .23  % c  to -2 .0  % o .  The 8 C values 
vary from -15 .2  % c  to 0.43 % c.  Presence of positive values of carbon isotope in shells even after conside- 
rable fresh water alteration indirectly imply the prevalence of high organic content of their original phases. 
The higher S13C values indicate increased productivity caused either by increased precipitation and runoff 
to the depositional basin from land or upwelling. Generally these values indicate reequilibration of rock 
components with isotopically light waters (fresh water) although there are some marine signals (unaltered 
or less altered). The variable trend of the carbonates indicate the variable diagenetic zones and their re- 
spective intensity of alteration. Plotting of these results in a diagram and interpreting them led to interpret 
the prevalence of three types of diagenetic waters. Further, the salinity and temperature values of diage- 
netic waters have also been interpreted and presented in this paper.
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INTRODUCTION

Upper Cretaceous rocks of the southeast coast of Peninsular India form one of the 
most interesting sedimentary sequences of India. They are a relict of the great marine 
transgression of the Cenomanian age whose records are seen in many parts of the World 
(K rish n an  1972). The Upper Cretaceous rocks of Tiruchy district, Tamil Nadu are well 
known for their variety and abundance of fossils. The larger invertebrate fossils have re- 
ceived much attention (S astry  et a l . ,  1966), but the area lacks detailed study on its 
lithological, petrographic and geochemical characteristics (R am k u m ar, 1995). With the
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present study, an attempt had been made to understand the isotopic signatures of the 
limestone of Kallankurichchi formation. The information dravvn in this study are presented 
in this paper.

LOCATION AND STRATIGRAPHIC SETTING

The Kallankurichchi Formation (Fig. 1) is a prominent carbonate horizon of the Ari- 
yalurs and is exposed as patches (G uha and S e n th iln a th a n , 1990). The name had 
been proposed by S as try  et a l. (1966) and it was named after the village Kallankurich- 
chi -  a famous pilgrimage where in the Kaliyuga Varadharajaperumal Koil is situated. 
Rao (1957) had assigned Maestrichtian age on the basis of micro fossils and later S as- 
try  et a l. (1966) confirmed by their biostratigraphic and lithostratigraphic studies. The 
general stratigraphic position of this formation is as follows (after S a s try  et a l., 1968; 
C h an d ra sek a ran  and R am k u m ar, 1995).

AGE

Ariyalur
Group

Maestrichtian

Campanian

FORMATION

Kallamedu Formation 
Ottakoil Formation 
Kallankurichchi Formation
-----------  U.C -----------------
Sillakudi Formation
-----------  U.C ------
Trichinopoly Group

LITHOLOGY

Sandstone
Sandstone
Limestone

Sandstone

STABLE ISOTOPIC STUDY

The use of stable isotopes in the studies of carbonates is in ever increasing trend 
inview of their sensitivity with reference to the depositional and diagenetic agents acted. 
The carbon and oxygen isotopic composition of ancient limestone may change during epi- 
genesis or may continue to reflect the sedimentary environment in which it was formed 
(M ag aritz , 1975). K e ith  and W eber (1964) stated from a study of 500 limestone 
samples. that marine limestones exhibit a progressive increase in 5 180  from the Carabrian 
to Pleistocene and concluded that "post-depositional recrystallisation and oxygen exchan- 
ge in the presence of water different from those of the original environment" caused the 
low S180  values. The high water/rock ratio is also an important factor making the iso- 
topic compositions of the mineral phases to be shifted towards that of water phase 
(Jen sen u is et a l., 1988). High water/rock ratio, ion exchange and recrystallisation are 
the factors which play role in isotopic reequilibration of carbonates with pore fluid 
(Jo rg en sen , 1987). Upon equilibration during fluid-rock interaction, the solid and fluid 
phases will have oxygen isotopic compositions dependent on the isotopic composition of 
tiie total system, the fractionation factor for the solid and fluid and the proportion of solid 
and fluid in the system (B anner and H an so n , 1990). Oxygen isotope ratio of minerals 
is mainly controlled by temperatures, extent and nature of fractionation between fluids 
and minerals and origin of the fluids. Carbon isotopes may reflect various sources of
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Fig. 1. Distribution of formations of Ariyalur Group (after C h a n d ra s e k a ra n  an d  R a m k u m a r , 1995). 
G ji. 1. Pacnopen cJjopMaipja apajanap rpyne (npeMa C h a n d ra s e k a ra n  an d  R a m k u m a r. 1995)
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carbon including bacterial sulphate reduction, fermentation, dissolution of carbonate mine- 
rals etc., (M orad et a l., 1990). The interaction of carbonates with meteoric waters or 
meteoric-derived burial waters can produce depletion of S180  values (L aw ren ce , 1991). 
Hence, attempt had been made to understand the isotopic signals expressed by the rocks 
and rock components of the study area. This section describes the inferences drawn from 
isotopic studies.

SAMPLING AND ANALYTICAL METHODS

The isotopic analyses have been carried out for the samples are listed below.
a. 17 whole rock powder samples
b. powder samples of shells of gryphea and inoceramus. Care was taken with the help of 

binocular microscope to select shells that have not undergone abrasion and borings.
c. powder sample prepared from void filling blocky ealcite crystals. Care was taken 

in separation of crystals keeping in mind the suggestion of E m ery  et a l. (1987).
It is believed that isotopic study of these above mentioned samples may provide the 

collective informations on the environmental factors that have played role in the genesis 
and diagenesis of carbonates of the study area.

The selected samples have been analysed for O and C isotopes in micromass spec- 
trometer erected at Bhabha Atomic Research Centre, India. The analyses ware carried out 
with reference to PDB standard and the results are expressed with per mil 8 notation. 
They are listed in the Table 1. The analytical results show maximum tolerance limit of 
+0.03 % on the scale for both ratios (Navada Personal Communication. 1993).

INTERPRETATION OF ISOTOPIC DATA

The analysed samples give negative values for O and C isotopes except the very 
low positive values for C isotope. The 5 180  values vary from -7.23 %o to -2 .0  %c 

(modem carbonate contain 8 lsO values from +1 to -2  %0 PDB) The 8 13C values vary 
Irom -15.2 %o to +0.43 % c (Modem carbonate sediments contain 8 13C values from +4 to 
0 %c PDB). Presence of positive values of carbon isotope in shells even after consiđe- 
rable fresh water alteration indirectly imply the prevalence of high organic content of 
their original phases. The higher 8 13C values indicate increased productivity caused either 
by increased precipitation and runoff to the depositional basin from land or upwelling 
(G rossm an  and K u. 1986). G o o d frien d  and M ag a ritz  (1987) observed strong dep- 
letion of S13C in shell calcites in areas of high rain fall. Generally these values indicate 
reequilibration of rock components with isotopically light waters (fresh water) although 
there are some marine signals (unaltered or less altered). Isotopically light carbon is deri-
ved from decay of organic material in soils and is incorporated in to soil gas as C 0 2 in

18the vadose zone. Meteoric water depleted in O results from rain water distillation pro- 
cesses and the isotopic composition is a function of lattitude. elevation and distance from 
the coast (H urley  and  L o h m an n , 1989). Light S180  values indicate either (light) me- 
teoric waters at low temperatures or heavy (formation) waters at high temperatures 
(Em ery et a l . ,  1988). The variable trend of the carbonates indicate the variable diage-
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netic zones and their respective intensity of alteration (H urley  and  L o h m an , 1989). 
Plotting of these results in a diagram (Fig. 2) given by K um ar et a l. (1992) with a dis- 
criminant line suggested in K eith  and  W eb er (1964) places most of the samples in the 
field of fresh water carbonates. This strongly indicate that dominant diagenetic imprint 
present in these rocks belong to the fresh water diagenesis category. In addition, three 
clusters of sample points are observed in this diagram and there by indicating the role of 
atleast three types of diagenetic waters.

-4 -f

6 130
Fig. 1. Scater diagram of carbon and oxygen isotopes (discriminant line is after K e ith  and  W e b e r, 

1964; as given in K u m ar e t a l., 1992).
Cji. 2. JHnjarpaM pacnnaita H30T0na yrn>eHHKa h KHceoHHKa OiHCKpHMHiianHOHa npaBa je npeMa K e ith  and  

W eb e r, 1964;H 3K um ar e t a l., 1992)

They are:
a. marine
b. fresh water (having relatively near the marine isotopic values which must have 

been derived from extensive reaction with host carbonates and got enrichment).
c. fresh water (relatively lightest isotopic values).
These are indicated by the samples fall just below the discriminant line, just above 

the line and extreme north of the diagram spectively.
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With the oxygen isotopic values, palaeo salinity (following the method given in 
F au re , 1986; p. 439) and Palaeo temperature (following the method given in F a u re , 
1986; p. 442 and T u ck e r and W rig h t, 1990; p. 310) have been calculated. As the pa- 
laeo salinity calculation employs SMOW values, conversion of PDB values to SMOW 
standard had been attempted with the formula given in T u ck e r and  W rig h t (1990, p. 
310). Following are the formulae employed for above all calculations.

. . . . .  ^ 18° s m o w + 2L2 n nSalimty = ---------------------------  (1.1)
0.61

Temperature = t°C = 16.9-4.2 (5CPDB-5WPDB) + 0.13 (5CPDB-5WPDB)2 (1.2)
PDB to SMOW - 5 180 SMOW= l.03086 5 18Opdb + 30.86 (1.3)

The calculated values are listed in the Table 1. From the table it follows that the di- 
agenetic waters had salinity from 73.3 % o  to 81.96 % o  and the temperature from 25.82 to 
54.07°C. Average salinity being 76.69 % o  and temperature 42.058°C. The salinity and 
temperature values of three such clusters have been averaged separately. They give the 
following results.

Table 1. Isotopic values, calculated smow, palaeo salinity and temperature.
TaoeJia 1. H 3oioncKe [spe/uiocTH npopa'ivHa SMOW, najicoca.nHHmeTa h  TeMnepaType

Sl. Sample PDB SMOW Salinity Temperature
No. Number 5,80 S18C (%o) °C

1 93B -2.00 -3.60 28.80 81.97 25.82
2 93 C -5.75 -2.18 24.93 75.62 45.35
3 227 -4.88 -2.18 25.83 77.10 40.49
4 228A -6.71 -3.34 23.94 74.00 50.94
5 228B -6.26 -3.40 24.41 74.77 48.29
6 232 -5.10 -5.30 25.60 76.72 41.70
7 244B -4.09 -1.29 26.64 78.43 36.25
8 244C -4.89 -1.00 25.82 77.08 40.55
9 244D2 -4.90 -0.97 25.81 77.07 40.60

10 244E2 -3.93 -0.68 26.81 78.70 35.41
11 245A -6.00 -2.10 24.67 75.20 46.78
12 246A2 -5.98 -1.94 24.70 75.25 46.66
13 247 -6.29 -2.22 24.38 74.72 48.46
14 320A1 -5.90 -11.50 24.78 75.38 46.21
15 320A2 -4.04 -13.22 26.70 78.52 35.99
16 320A3 -7.23 -10.86 23.41 73.13 54.06
17 320B -3.14 -15.20 27.62 80.03 31.37
18 A -5.60 0.14 25.09 75.89 44.50
19 B -6.71 -4.64 23.94 74.00 50.94
20 C -3.02 0.43 27.75 80.25 30.77

A -  Gryphean shell; B Vug filling calcite; C -  Inoceramus shell (Analyst Dr. S. V. Navada).
A -  rpHtjDejcKa niKOJbKa; B -  KaJiqHT y HcnyHaMa inynJt,Hiia; D, -  jtyuiType HiionepaMVca (aHajiH3a: ftp 
C. B. HaBajia)

The average O and C isotopic values for the samples fall in the field of marine carbon- 
ates are being -4.41 and -0.56 respectively. Their salinity and temperature values are 77.9 % o
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and 38.01°C. Similarly the samples fall in the field of fresh water carbonates just near the dis- 
criminant line give -5.57 and -3.09 as O and C isotopes and 75.94 %c and 44.54°C for salini- 
ty and temperature values. The samples fall extreme north of the field fresh water carbonates 
show 0 and C isotopes values as -5.1 and -12.7 and 76.77 %o and 41.91°C for salinity and 
temperature. from these values it is infered that.

a. in general, all the oxygen isotopic values, temperature and salinity values had not 
given much variation although small variations are observed.

b. the carbon isotopic values give wide variation from near positive values to highly 
depleted nature.

c. the absence of much variations is considered to be the result of presence of meteoric 
alteration and reduction of marine signals in all the samples studied. Hence, only wide varia- 
tions are not present. Although marine signatures are present, they are not prominant. In view 
of this, their nature had been suppressed when compared with average values.

d. the salinity values are generally higher than normal freshwater though the rocks 
show signs of fresh water diageneses as dominant process. This indicate the altered na- 
ture of diagenetic water by reaction with marine carbonate phases.

e. the average salinity value is near equal for all the three separate clusters average. 
This could be explained by:

I) generally it is evident from the preceeding sections that dominant diagenetic im- 
prints made on these rocks is by meteoric phreatic zone of diagenesis. The waters that 
reach phreatic zone might have been derived from overlying vadose zone where in also 
the limestone is present. Hence, the rain water which penetrated upper portions and 
reached phreatic zone might have dissolved unstable carbonate phases and got enriched 
with reference to them (T h o rs ten so n  et a l . ,  1972). By this way, salinity of diagenetic 
fluids could have reached higher levels even with in small distance of travel as the di- 
agenetic waters adjust themselves with in short period with the host rocks in which they 
move (G iesk es et a l . ,  1986).

II) if the dislal and drained water source had been considered, as the area is com- 
paratively gently sloping: having major drainages with small catchment areas which also 
fall on the same limestone terrain. In this way also, same process could have acted (as 
explained in the process direct penetration of rain water with out drainages) and produced 
higher salinity levels inview of prolonged interaction with carbonates on which they 
moved.

III) extensive leaching of top layers of limestone of this region and formation of 
thick sequences of kankar add supportive evidences for the above mentioned processes. 
The study of surface and ground waters of this area by C h a n d ra se k a ra n  and R am - 
kum ar (1991) and hard layers of Sillakkudi formation by R am k u m ar et a l. (1996) are 
also support the same inference. Z hong  and  M u cc i (1989) stated that salinity of the 
diagenetic fluid plays important role in the precipitation or dissolution of carbonates.

IV) in addition, evaporation dominated nature of the waters in meteoric conditions in 
view of the region being tropic area would have produced higher temperatures to mete- 
oric waters and thus light oxygen values exist.

f. as observed in the case of salinity values, the temperature values also do not give 
much variation. The samples that give marine signals give the average value of 38.01°C
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which could not be accounted as prevalent marine temperature. Generally, these indicate 
that major diagenesis of these rocks have been taken as the result of partial reequilibra- 
tion of carbonates in meteoric conditions (Rao and G reen , 1982).

g. vvhen considered the carbon isotopic signatures, they give prominant signals. The valu- 
es show (positive values in isolation) near positive, normal depleted and highly depleted nature 
and can be considered as differentiating marine water near marine fresh water and fresh water 
as three types of diagenetic fluids. It may also be taken as the result of the degree of alteration 
of original carbonate components. This wide variation of 513C could also be explained as the 
result of wide variations in 5 13C values of fresh water systems (G eary et a l . ,  1989). The 
positive 513C values of shells may be explained by the nature of increased susceptibility of 
enclosing matrix of those fossils than their shell calcite. Similar observations were made by 
B rand  (1989) while studying molluscs.

h. the very low C isotopic values in all the cases indicate the very low organics 
content in the diagenetic fluid. Though there was dominantly acted reducing conditions of 
diagenesis, the loss of organics could have taken place well before during marine di- 
agenesis and vadose (meteoric) zone of alteration. Decomposition of organics under shal- 
low burial by the entry of oxygenated sea water is suggested by S an so n e  et a l., 
(1990). As is explained by R am k u m ar (1995), these carbonates have been deposited un- 
der well oxygenated region and hence the interpretation of S an so n e  et a l. (op. cit) fits 
well for these carbonates also. In addition, prevalent varied environments of diagenesis 
also could have affected organics inview of their very low stability in oxygenated regions. 
Thus collective action of these processes might have made the C isotopic values to be in 
very deplated canditions.

CONCLUSION

From the foregoing interpretations and discussion. the following are drawn.
a. The Kallankurichchi Formation limestone had been deposited in waters rich in or- 

ganics and is reflected in the carbonates precipitated.
b. The carbonates experienced diagenesis in at least three types of waters.
c. As both the diagenetic components were reactive, the later diagenetic waters have 

got enriched with solid phase ingredients and the calcite spars precipitated from enriched 
vvaters which intum give high salinity values.
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H30T0IICKH 3HAHH KAJ1AHKYPHHH OOPMAH.HJE (AOH,H
m a c t p h x t ) a p h ja ji^ p  ip v iu :  y  o b jia c t h  t h p v 'ih  h a  j y r y

HHflHJE -  CA3HAH>A HA OCHOBy nO/JATAKA O H C
o«

M. PaM KyM apa*, B. A . H aH flpace itapaH a*  h C. B. H eBane**

KopnwheH,e cra6nnHHx H3orona 3a npoyqaBan,e Kap6oHaTa Hamia3H Ha cBe Behy npiMeHy 36or h ,h x o b c  

oceTJiHBocTH npeMa cejiHMeHTauHOHHM h  jiMjai encTCKHM areHCHMa k o j h  cy CBojeBpeMeHo aejmBajiH. HMajyhH t o  y 
BHfly. noKymajiH c m o  na cxBaTHMo H3oroncKe cnnrajic H 3pa*cne y creHaMa H h .h x o b h m  KOMnoHeHTaMa Koje H 3 ip a t> y jy  

KajiaiiKvpirin (JiopMaiiHjy. HcnHTHBaHH y3opqn najy HeraTHBHe B p e ;m o c T H  H3crrona O h  C  o c h m  cacBHM MaJiHX 
no3HTHBHHX BpejiHocrH H30T0na C . BpejjHocTH S 180  ce Kpehy ofl - 7 , 2 3  %c r o  - 2 , 0  %c BpejiHocrn S 13C  ce Kpehy o ji 

—1 5 2  %o j io  0 ,4 3 % c . r ip H c y c r B o  no3HTHBHHX BpejiHocrH H30T0na yrjbeHHKa y jbyurrypaMa qaK h  n o c n e  3HaTHe npoMeHe 
cJiaTKOM b o j io m  nocpejjHO yKa3yje jja je  npeoBJiat)HBao b h c o k h  opraHCKH cajip>Kaj y h .h x o b h m  npBo6HTHHM (})a3aMa. 
BncoKe BpejiHocrH 5  C  yKa3yjy Ha noBehaHy npoflyKTHBHOcr H3a3BaHy h j i h  noBehaiteM najjaBHHa h  o n m a ita  c a  Koima 
y cejiHMeHTaiiHOHH 6aceH h j i h  H 3 jjH 3 a ite M  xJiajjHHx nojinoBpmHHCKHX B o fla . OBe BpejiHocrH yrjiaB H O M  y K a 3 y jy  Ha 

n 0 H 0 B H 0  ycnocraBJbaH>e paBHore>Ke H3Met)y c a c r o j a K a  creHa h  H3oroncKH jiaKOM b o j io m  (cjiaTKe Bojje), Majia HMa 
HeKHX MapHHCKHX 3HaKOBa (HeH3MeH.eHHX h j ih  MaH,e H3MeibeHHx). I Ip o M e H Jb H B a  TcnjiennHja Kap6oHaTa yKa3yje Ha 
npoMeHJbHBe flHjai eneTC K C  3 0 H e  H HHTeH3HTeT h > h x o b h x  npoMeHa. YHOineibeM o b h x  pe3yjiTaTa H a jiH ja rp a M  h  

HaHXOBOM HHTepnpeTaipijoM 3aK Ji.V "ie]io  je j ia  npeoBJiat)ajy T p n  THna flHjareHeTCKHX isojia. 3 aT H M . BpejiHocrH caJiH- 
mrreTa h  TeMnepaType jiHjaieHeTCKHX nojia HHTepnpeTHpaHe cy h  npHKa3aHe y 0B0Me pajiy.

K jb y i* e  pe>iH cTa6HJiHH H30T0nH, Kap6oHaTH. jinjareHeTCKa 30Ha, cejiHMCiiTannoiiH 6aceH.

y B o j i

OreHe ropu>eKpej(iie cTapocTH Ha jyroHCTOHHoj o6aJiH nnjutjcKor nojiyocTpBa 06- 
pa3yjy jejiny oj( HajitHTepecairniHjnx cepnja y MHj(Hjn. One npejtc-raiui,ajy ocTaTKe 
BejiHKe MopcKe Tpancrpecnje a,eH0MaHCK0r  BeKa 'ihjh ce TparoBH nnjte y MHorHM jieJio- 
BHMa CBeTa (K rish n an , 1972). I'opiheKpejtHe TBopeBHHe y o6jiacTH Tnpy>iH, TaMHJi 
Hajry, no3HaTe ey no pa3H0BpcH0eTH h o6HJby c|)ocitJia. HajKpynHHjiiM rj)ocHJiiiMa 
6ecKH’iMeifcaKa nocBeheHo je j^ocTa na>Kibe (S astry  et a l., 1966), ajin je H30CTaJi0 
fleTajbiio npoyqaBaiL>e o6jiacTH 3a viiosnaiiaiiie H>eHHX jihtojiohikhx, neTporpacJ)CKHX h 
reoxeMHjcKHX KapaKTepncTHKa (R am kum ar, 1995). Y  oKBHpy obhx npoyHaBaH>a, noKy- 
rnajiH cmo j(a o6jaciiHMO H30T0ncKe 3HaKe Kpe'in>aKa KaJianKvpii'in c})opMaii;nje. Pe3yji- 
TaTH npoy'iaBan,a npHK33aHH cy y OBOMe pajty.

^FeojioniKH t}iaKyjiTeT BapaTHflacaH yHHBep3HTeTa y THpyHHpanajiHjy, 620 023 HHjiHja 
A tomckh HCTpa>KHBa'iKH ueiiTap BaBa, BoM6aj, HHflHja
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JIOKAHHJA H CTPATHrPAOCKH II().I(»K A J

OopMai^Hja KajiaHKypHHH npejjcTaBJba H3pa>KeHH X0pH30HT apnjajiypcKHX Kap6o- 
HaTa OTKpHBeHHX Ha M3H.HM noBpuiHHaMa (G uha i S en th iln a th a n , 1990). Mmc (Jjop- 
Maunje cy Jiajrn S as try  et a l. (1966) no HMeHy cejia KajiaHKypHHH -  n oiiiaT or MecTa 
xoflOHauiha y Kajinjyra BapajiapaqanepyM aji Kohji. R ao (1957) je  yTBpflHo MacTpHXT- 
CKy cTapocT Ha 0C H 0B y MHKpoc^ocHJia, Kojy cy KacHHje noTBpjiHJiH S astry  et al.(1966) 
Ha 0CH 0By f)H oc'q iaT H i paff)CKHX h  jiHTOCTpaTHrpar{)CKHX n p o v ' ia B a n .a .  OnuiTH CTpaTH- 
rpacJjcKH nojioacaj OBe (JiopMaiiHje je cjiejiehH (npeMa S astry  et al . ,  1968; C h an d ra - 
sek a ran  and R am k u m ar, 1995):

CTAPOCT <t>OPMAD,HJA JMTOJIOIIIKH CACTAB

rpyna
ApHjanyp

M 3CTpHXT
KajiaMejiy 4»pMaiiHja 
OraKOHJi cpopMaiiHja 
kajiaiiKvpn'in ({tapM.'imija

CiiJiaKyjra cJjopMapHja

n e u iH a p
nennap
Kpci&aK

neinnap

rpyna TpHHHHono™

HPOyHABAH»E CTABH.riHHX H 3 0 T 0 H A

YnoTpe6a CTa6njiHHX H30T0na 3a npoyMaBaH>a Kap6oHaTa cBe BHiue je y nopacTy 
3 6 o r  h>hxobc oceTJbHBocTH y  n o r j ie j iy  cejiHMeHTanHOHiix h j(njarcHeTCKHX areHaca Kojn 
cy CBojeBpeMeHO jienoBajiH. H sotoiickh cacTaB yrjteHHKa h KiiceoHHKa jipeBHor Kpe'i- 
H>aKa Morao je jia c e  npoMeHH y  TOKy eiinreiiese hjih je M o r a o  jia HacTaBH Jia ojjpa>KaBa 
cejiHMeHTaiiHOHy cpejiHiiy y Kojoj je cjiopMiipaH (M ag aric , 1975). H a 0CH0By npoyna- 
Baita 500 y3opaKa KpenitaKa, K e ith  and W eber (1964) HaBojie jia MapHHCKH KpeHH>a- 
HH iic iio ji> a B a jy  nporpecHBHH nopacT 5 lsO oji KaM6pnjyMa jio iiJ ieH C T O nena h 3aKJi>y'iyjy 
Jia je "nocT-cejiHMeHTanHOHa peKpHCTaJiH3aiiHja h pa3MeHa KHceoHHKa y  n p n c y c T B y  

BOjie jipyraHHja ojj OHe y  npBo6HTHoj cpejiH H H " H3a3BaHa MaJiHM BpejfHocTHMa § 180 .  

Bhcokh ojuioc caj(p>K aja Bojie h CTeHe TaKo^e je siia'iajan cJiaKTop, 3 6 o r  Kojer c y  ce 
H 30T 0ncK H  caj(p>KajH MHHepajiHHX cfiasa n o M e p iu iH  Ka cfiasn Bojie (Je n se n iu s  et a l.,
1988). Bhcokh ojiiioc cajipacaja Bojie h CTeHe, joHCKa pa3MeHa h p eKphcrrajih3aii;hj a c y  

cfiaKTopn K o jn  nrpajy yjiory y noHOBHOM ycnocTaBJbaH>y paBiiorre>KC Kap6oHaTa ca 
nopHHM cJ)jiyHjiOM (Jo rg en sen , 1987). IIo  ycnocTaBJbaH>y paBHOTeace 3a BpeMe Me^y- 
co6Hor j i e j io B a it a  c}>nyHjia h C T en a , TiBpcTa h cJ)JiyHjiHa c|)a3a he HMaTii h30toiickh cacraB 
3aBHCTaH oji H30T0ncK0r cacTaBa y K y n H o r  cncTeMa, cfiaKTopa H3jiBajaiba 3a 'iBpciy h 
c})jiyHjiHy koMnoHeHTy h cpa3MepHH jieo HBpcTe h cf)jiyHjiHe 4)a3e y cHCTeMy (B anner 
and H an so n , 1990). Ojihoc H30T0na KHceoHHKa MHHepajia yraaBHOM je ycjioBJbeH 
TeMnepaTypaMa, paniHpenomhy h npnpojioM H3jiBajaH>a Me^y cJ)JiynjiHMa h MHHepaJiHMa 
h nopeKJioM c})jiynjia. H 30tohh yrjbeHHKa Mory ‘ j(a o j ip a * a B a j y  pa3jiH’iHTO nopeKJio 
yrjbeiiHKa yKJi>yTiyjyhH h pej(yKnnjy 6aKTepnjcKor cyjic})aTa, c})epMeHTau;Hjy, pacTBa- 
paibe Kap6oHaTHHX MHHepajia htji. (M orad  et a l . ,  1990). Me^yco6no jiejioBaibe 
Kap6oHaTa ca MeTeopcKHM BojiaMa hjih BOjiaMa MeTeopcKor nopeKJia MO»ce jja H3a30Be
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CMaH>eH.e BpeflHOCTH 5 180  (L o w r e n c e , 1991). IlpeM a TO M e, yHHH>eH je  noKymaj fla ce 
cxBaTe H30T0HCKH CHrHajiH H3pa>Kenn y cTeHaMa h KOMnoHeHTaMa CTeHa npoyHaBaHor 
noflpyHja. Y  obom flejiy ce onncyjy 3aKJj>y'mH H3BejjeHH H3 H30T0ncKHx npoyqaBaH>a.

METOflE y30PK0BABbA H AHAJIH3E

H3BpmeHe cy cjiejjehe H30T0ncKe aHajiH3e:
a. 17 npenapaTa ojj cnpameHe cTeHe
6. npenapaTH ojj cnpameHHX rpnc})eja h HiionepaMyca. B ojjhjio ce paTiyna j(a ce y3 no- 

Moh 6HH0KyjiapH0r MHKpocKona ojja6epy jfcyurrype HeomreheHe a6pa3HjoM h 6pymeH>eM
b. npenapaTH  on cnpameHHX KpncTajia KajiHHTa Kojn cy HcnyH>aBaJiH mynjbHHe. 

IIpHJiHKOM H3HBajan>a KpncTajia HMajia ce  y BHjjy npenopyKa Emery et a l . (1987).
CMaTpaMo jja H30T0ncK0 npoyHaBaite HaBejieiiHX y3opaKa MO»ce jja o6e36ejjn  no- 

jiaTKe o c|)aKTopHMa cpejjnne KojH cy y TiecTBOuajih y reHe3H h jjHjarenesH Kap6oHaTa y 
npoyqaBaHoj o6jiacTH.

Ojta6paHH y3opHH cy aHaJiH3HpaiiH na H30T0ne O h C y VS MHKpoMacH cneKTpo- 
MeTpa nocTaBJbeHor y BaBa 3Tomckom HCTpaiKHBa'iKOM ueii'rpy y HiijtHjn. AHaJiH3e cy 
BpmeHe y ojjHocy Ha CTanjjapjj PDB a pe3yjiTani cy H3pa>KCHH y 5%o h npHKa3aiiH Ha 
Ta6ejiH 1. Pe3yjiTaTH aHajiH3a noKa3yjy MaKCHMajiHe rpaHHHe TOJiepaHijHje ojj ±0,03% 
no cKaJiH 3a o6a ojtHoca (Navada, JiH'iHo caonniTeibe, 1993).

HHTEPnPETAHHJA M 3()T()IICKM X nO flATAK A

AHajiH3HpaHH ysopnH HMajy HeraTHBHe lipejjHOCTH H30T0na O h C. BpejtHocTH 5 180  
ce Kpehy oji -7,23 % c jjo -2 ,0  %o (caBpeMeHH Kap6oHaT HMa BpejjnocTH 5 180  H3Met)y +1 h 
-2  %o PDB). BpejtiiocTH 5 13C ce  Kpehy ojt -15,2 %o jio +0,43 %o (caBpeMeHH Kap6oHaTHH 
cejjHMeHTH cajjpace 5 C ojj +4 jio 0 %o PDB). npncycTBO h o3hthbhhx BpejjnocTH 
H30T0na yrJbeHHKa y JbyuiTypaMa 'iaK h nocjie 3HaTHe npoMeHe cJiaTKOM bojjom noc- 
pejjHO yKa3yje jja npeoiuiat)yje opraHCKH cajtp*aj h>hxobhx npBo6HTHHX f{ia3a. B huic  
BpejtHOCTH 5 C yKa3yjy Ha noBehaHy npojjyKTHBiiocT H3a3Baiiy hjih nopacTOM najiaBHiia 
h OTHH,aH>a ca KOHHa y cejjHMeirranHOHH 6aceH hjih H3jjH3aH>eM xjiajjiiHX nojjnoBpmHH- 
ckhx BOĵ a (G rossm an and Ku, 1986). G oodfriend and M agaric (1987) cy upHMe- 
th jih  BejiHKo cMan>eH>e 5 13C y KajmHTy uiKOJbKe y nojjpyTijy b h cok ot Bojjenor Tajiora. 
Te BpejtHOCTH yrjiaBHOM yKa3yjy Ha noHOBHO ycnocTaBJbaH>e paBHOTOKc KOMnoHeHaTa 
cTeHa ca H30T0ncKH JiaKiiiHM BojtaMa (cjiaTKa Bojja) Majta nocToje h HeKH MapHHCKH 
CHTHaJIH (HeH3MeH>eHH HJIH MaH>e H3MeH>eHH). H30T0nCKH JiaKH yrJbeHHK IIOTHTie OJJ 
pacnajjaiba opraHCKor MaTepnjajia y TJiy rjje ce  Hajia3e Kao rac C 0 2 y Bajjosnoj 3ohh. 
MeTeopcKa Bojia ocHpoMameiia 5 180  pe3yjiTaT je n pon eca  jjecTiuiaijHje iiajjaBHiia a 
H30T0HCKH cacTaB je  ({)yHKijHja reorpacficKe iiiHpnne, HajjMopcKe BHCHHe h yjjaji,enocTH 
ojt o6ajie (H urley and Lohm ann, 1989). BpejmocTH JiaKor 5 lsO yKa3yjy hjih Ha 
(ncnapjbHBe) MeTeopcKe Bojte npn hhckhm TeMnepaTypaMa hjih Ha Teirace (cj)opMaii;H- 
OHe) Bojte npn bhcokhm TeMnepaTypaMa (Emery et al., 1988). npoMeHJbHBa TenjjeH- 
Hiija Kap6oHaTa yKa3yje Ha npoMeHJbHBe jjnjareHeTCKe 30He h HHTeH3HTeT h>hxobhx 
npoMeHa (H urley and Lohm ann, 1989). HaHoiueibeM th x  pe3yjiTaTa Ha jjHjarpaM 
Kumar et al. (1992) ca jtHCKpHMHHaipioHOM npaBOM no K eith  and W eber (1964) 
jjo6)Hja ce  jja ce  BehHHa y3opaKa Hajia3H y o6jiacTH Kap6oHaTa cjiaTKe Bojje. riopeji Tora,
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Ha f ln ja r p a M y  ce s a n a » c a j y  'rpn r p y n e  T a ’ia K a , ' ih m c  ce y K a 3 y je  na yjiory 6 a p  'ipn T H na  

HHjareHeTCKHX Bojja.

6 . cjiaTKa B ojia  (ca BpeflHOCTHMa H 3 0 T 0 n a  pejiaTH BH O  S jih c k h m  M o p cK o j BOflH Koja 
Mopa jja noTHHe o^ pacnpocTpaifceHe peaKU,Hje ca Kap6oHaTHMa y KojHMa ce Hajia3H h 
o 6 o r a h e H .e M  ojj h .h x ) ,

b. cjiaTKa BOfla (pejiaTHBHO HajjiaKiua no BpejjHocTHMa H 3 0 T0 na).
Ha t o  yKa3yjy y3opun Henocpejuio Hcnojj jjHCKpnMHiianHoiie npaBe (a), nenocpeji- 

h o  iisiiaji Te npaBe (6), h Ha cacBHM ropn»eM j(ejiy jinjarpaMa (b).
H3 BpeflHocTH H30T0na KHceoHHKa H3panyHaT je najieocajiHHHTeT (na 0CH0By Me- 

Tojia Kojn je npHKa3ao F au re , 1986; CTp. 439) h najieoTeMnepaTypa (Ha 0CH0By MeTojja 
npHKa3aHor koji F a u re -a , 1986; cTp. 442 n T u c k e r  and W rig h t, 1990; cTp. 310). KaKO 
cy 3a npopa'iVH naJieocaJiHHHTeTa no'rpefme BpejjiiocTH SMOW' , 3a npeTBapaii>e PDB y 
CTaH^apnHe SMOW BpeflHocTH npHMeibeHa je (J)opMyjia T u ek e r and  W rig h t (1990, 
CTp. 310).

<J>opMyjie iipnMeibene 3a cBe naBejiene npopa'iyne cy cjiej(ehe:

Pa'iyncKe BpejniocTH cy jjaTe y Ta6ejiH 1. Kao i h t o  ce  bhj(h H3 Ta6ejie, caJiHHHTeT 
;iHjareHeTCKHx Bojia ce  Kpehe oji 73,3 jio 81,96 %o a TeMnepaTypa oj( 25,82 Jto 54,07 °C. 
npocenaH  cajiHHHTeT je 76,69 %o a npocenHa TeMiiepaTypa je  42,058 °C. IlpoceHHe 
Bpej(HOCTH cajiHHHTeTa h TeMnepaType TpH TaKBe rpyne j(arre cy noce6HO.

rip o c c in e  BpejiiiocTH H30T0na O h  C y y3opu,HMa Kojn ce Hajia3e y o6jiacTH MapHHCKHX 

Kap6oHaTa H3Hoce: O = -4 ,41  h C = -0 ,56 . II>nxoBa BpejtHOCT eajiH HH TeTa je 77,9 % o, a 
TeMnepaType 38,01 °C. Y3opnH y o6jiacTH cjiaTK()BojniHX Kap6oHaTa y3 jiHCKpnMHiiannjcKV 
npaBy HMajy BpeflHOCTH H30T0na O -5 ,57  h C -3 ,09; cajiHHHTeTa 75,94 %o h TeMnepaType 
44,54 °C. Y3opu,H Ha ropiteM  jiejiy jtnjaipaMa cjiarrKOBOj(Hiix Kap6oHaTa noKa3yjy Bpejuioc'ni 
H30T0na O oji -5 ,1  h C ojj -12 ,7 , cajiHHHTeTa 76,77 %o h TeMnepaType 41,91 °C. 3aKJi.yinii 
Kojn ce Mory H3BecTH Ha 0CH0By j(a'nix Bpejjnoc'ni cy cjiejiehn:

a. y  H,eJiHHH y3eB, CBe Bpejinoc'ni H30T0na KHceoHHKa, TeMnepaType h cajiHHHTeTa 
He pa3JiHKyjy ce MHoro, Maj(a ce  3an a*ajy  Man,e pa3JiHKe.

6. EipejjnocTH H30T0na yrjbeHHKa 3HaTHO ce pa3JiHKyje o jj cKopo h o 3 h t h b h h x  Bpej(- 
HOCTH J(0 BejIHKe OCHpOMaiHeHOCTH.

b . OjicycTBO Behnx pa3JiHKa ce CMaTpa nocJiejinnoM npncycTBa MeTeopcKe npoMeHe 
h pejivKijHjc MapHHCKHX CHrHaJia y cbhm HcnHTHBaHHM y3opn;HMa; 3aTo HHcy npHcyTiie 
BejiHKe pa3jiHKe. Majja nocToje, MapHHCKH 3HaKOBH HHcy iispa>KeHH. y  tom norjiejjv, y 
nopeheii,y ca iipoce'iHHM BpejuiocTHMa, H>HXOBa npnpojja je  noTHCHyTa.

r. BpejinocTii caJiHHHTeTa cy yrJiaBHOM BHine Hero koj( HopMajiHe cjian ce Bojje, 
Majia cTeHe noKa3yjy 3HaKe cJiaTKOBOj^HHX j(HjareHC3a Kao jjoMHiiairniH nponec. To noT- 
KpenJbyje h npnpojja jjHjareneTCKe bojjc H3Meii,ene peaKH,njoM ca MapHHCKHM Kap6o- 
HaTHHM c})a3aMa.

IlocToje:
a. MopcKa,

(1 -1)

(1.2)
(1.3)

0.61
TeMnepaTypa = t°C = 16.9-4.2 (5CPDB-5WPDB) + 0.13 (5CPDB-8WPDB)2 
H3 PDB y SMOW -  5 18Osmow=1.03086 5 18Opdb + 30.86

1 SMOW = standard mean oceanic water -  CTanjjapjuia cpejnta OKeaHCKa nojia.
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IlpoceHHa BpejinocT caJiHHHTeTa je cKopo jejmaKa 3a npoceKe CBe Tpn rpyne. To 
6 h ce Morjio o6jacHHTH:

I) YrjiaBHOM je o'iHrjiejmo H3 iipeTXoj(iior H3JiaraH.a jja je  AOMHiiairnie /(njareneT- 
CKe OTHCKe Ha obhm cTeHaMa HanpaBHJia jmjareHe3a MeTeopcKe (JjpeaTCKe 30He. Bojie 
Koje cy flocnejie y cjipeaTCKV 30Hy Mory jia noTHHy H3 KpoBHHCKe Bafl03He 30He y Kojoj je 
npncyTaH h Kpe'iitaK. IlpeMa TOMe, aTMoccjjepcKa Boj(a Koja je  npouuia Kpo3 r o p ite  
jjejioBe h jjonpjia jjo (JipeaTCKe 30He Moraa je  jia pacTBopn cjiase Kap6oHaTa h o6oraTH  
ce  y oj<Hocy Ha h.hx (T h o rs ten so n  et al . ,  1972). H a Taj HaHHH, cajiHHHTeT jjnjareHeT- 
ckhx cjiJiyHj(a je Morao jja jtocTnm e BHine HHBoe TiaK h Ha Majioj yj(aJhenocTH, nooiTo ce 
jjHjareneTCKe Bojje 6p30 iipnjiaro^aBajy CTeHaMa Kpo3 Koje ce Kpehy (G iesk es et a l . ,  
1986).

II) A ko ce nocMaTpa Kao H3Bop o'nmajiii« Boj(a, nom ro je nojipy'ije pejiaTHBHO 6jiaro 
HaniyTo: rjiaBHH bojiotoiih ca m^jihm cjihbhhm noBpuiHHaMa j(pennpajy h cth  Kpe'iiba'iKH 
TepeH. Ha Taj na'imi 6h MorjiH jia jjejiyjy h cth  npoijecH (Kao h noMeHyTH nponecH jtnpeKTiior 
HHc|)HJiTpHpaifca iiajjaBHiia 6e3 OTHu;aH»a BojiOTOijHMa) h jia j^oBejty jjo  Behe 3acojbeHocTH 
36or jiyroTpajnor Me^yco6Hor jiejiouaiba ca Kap6oHaTHMa no KojHMa ce Kpehy.

III) EKCTeH3HBHO H3Jiy«HBaibe ropibHX cjiojeBa Kpe’iH.aKa y OBoj o6jiacTH h cTBapaibe 
flc6ejiiix ceKBeHU,H KaHKapa2 Hĵ y y npHJior oBaKBHX nponeca. ripoy'iaBaH.a noBpuiHHCKHX h 
nojpeMHiK Bojja y 0B0j o6jiacTH ojj CTpaHe C h a n d ra se k a ra n  and  R am k u m ar (1991) h 
TBpjtnx cJiojeBa CHJiaKyjiH 4>opMaHHje ojt cTpaHe R am k u m ar et a l. (1996) TaKolje Hjty 
y npnjior HCTor saKJb^HKa. Z hong  and M ucc i (1989) KOHCTaTyjy jia caJiHHHTeT jpija- 
reHeTCKor c})JiyHjia nrpa 3iia'iajny yjiory y rrajio>Keiby hjih pacTBapaiby Kap6oHaTa.

IV) Ilop eji Tora, Boj^e ca KapaKTepncTH'mo bhcokom eBanopau;HjoM y MeTeopcKHM 
ycjioBHMa o 6 jia cn i Koja ce  HaJia3H y TponcKOM noj(py'ijy ycJioBHJia 6h  BHCOKy TeMnepa- 
Typy MeTeopcKHX Bojja, na oTyjia Bpejpioc'rn HcnapjbHBor KHceoHHKa.

f). Kao h y cjiyiajy ona>KeHHX BpejjnocTH cajiHHHTeTa, Bpe/inocTH TeMnepaType cy 
TaKo^e jjoc'ra yjejmaTieHe. Ysopnn Kojn ;;ajy MapHHCKe CHrnajie HMajy cpejiibe Bpejinoc- 
th  ojt 38,01 °C Koja ce He 6h Morjia y3eTH 3a yo6Hxiajeiiy TeMnepaTypy Mopa. yonuiTe, 
TeMnepaType yKa3yjy j(a je ocHOBHa jjHjarenesa obhx cTeHa iiocjiejinua jiejiiiMH'iiio yc- 
nocTaBJbeHe paBHOTe>Ke Kap6oHaTa y MeTeopcKHM ycjioBHMa (R ao and  G reen , 1982).

3. npiuiHKOM HcnHTHBaiba 3HaKOBa H30T0na yrJbeHHKa, ohh Jiajy H3pa>Keiie curnajie. 
H)HxoBe BpejiiiocTH noKa3yjy (no3HTHBHe BpejjnocTH y H30JiaunjH), cKopo no3HTHBHe, 
HopMaJiHo h 3HaTHO ocHpoMameHe BpejjHocTH h Mory ce  CMaTpaTH jiHcjjcpeHHHpanoM 
MOpCKOM BOJJOM, MOpCKOM BOJJOM 6jIHCKOj CJiaTKOj BOJ(H H CJiaTKOM BOflOM, KaO TpH THna 
jjHjarciieTCKHX cfwiynjia. H cto TaKo, Mory ce CMaTpaTH H0CJiejiHU,0M cTeneHa npoMeHe npBO- 
6hthhx KOMnoHeHaTa Kap6oHaTa. BejiHKe pa3JiHKe y S13C Morjie 6h ce o6jacHHTH h Kao 
nocjiejjHiia BejiHKHX pa3JiHKa BpejuiocTH 8 C y CHCTeMHMa cjianaK  Bojja (G eary  et a l . ,
1989). no3HTHBHe BpejpiocTH 8 13C JbyiiiTypa Mory ce  o6jacHHTH KapaKTepoM noBehaHe 
nojiJio>KHocTH CTeHe y Kojoj cy cj>ocHJiH y 0flH0cy Ha KaJiHHT h.hxobhx Jbyurrypa. f lo  
cjihmhhx oiicepBannja je  jjomao h B rand (1989) npHJiHKOM upoy'iaBaH.a MeKymau;a.

h. Bpjio MaJie BpejiiiocTH H 3 0 T0 n a  yrjbeHHKa y cbhm cjiy'iajeBHMa yKa3yjy Ha Bpjio 
MajiH opraHCKH cajjp>Kaj juijareHeTCKoi cjijiyHj^a. Majja cy npeoBJiahHBajiH pejiyKHHoiin 
ycjioBH jiHjareHe3e, jio ry6HTKa opraHCKor cajjp*aja  moijio je  jta jjo^e jjocTa npe 
MapHHCKe jinjareiie^e h Bajio3He (MeTeopcKe) 30He npoMeHe. S an so n e  et al. (1990)

2
KaHKap je  H3pa3 KojH ce k o p h c th  y MnaHjH 3 a  Mace hjih cJiojeBe KOHKpeiiHOHor KajmnjvM K a p 6 o H a T a .  

O G h'iho ce jaB Jta y MyraaMa y cTapHjeM a jiy B H O H y  hjih  KpyToj i jihhh aJiy B H jan H H X  paBHH Hnjia h fa iira , h j i h  K a o  
Hcrajio*eHH KajiijHjyM Kap6oHaT y (JiopM H  Be3HBa nopo3HHX creHa hjih  cKpaMa H a  o6jiyTHHMa (n p H M . n p e B . )
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n a B o j ie  MoryhHocT p a 3 j ia r a H .a  opraHCKHX M a T ep n ja  y  h j ih t k o j  h o j j j io s h  o j i  n p o j in p a H .a  

a e p n p a n e  M o p cK e Boj^e. Kao i h t o  j e  o6 jacH H O  R am kum ar (1995), t h  K a p 6 o H a T H  c y  

TaJiosceH H  y 30HH j j o 6 p e  a e p a i in j e ,  n a  T y M a H e s .e  S an so n e  et a l .  (on. i i h t . )  cacB H M  

o j ir o B a p a  h  o b h m  K ap 6oH aT H M a. F lo p e j j  T o r a ,  r ip e rre>KHO p a s j iH 'iiiT e  c p e jiH H e jjrr ja rer rese  

cy M o rjie  jja VTHny Ha opraH CK H  cajip>K aj y  n o r j ie j iy  H>HXOBe rrecTa6H JirrocTrr y  a e p a i iH -  

o h h m  30H aM a. E Ip eM a TOM e, KOM^HHOBaHO j ie j io B a ib e  t h x  f lp o i j e c a  M o r a o  j e  jja  j jo B e jie  

jio  jaKO C M a iteH e BpejiHOCTH H30T0na yrJbeH H K a.

3AK.IbYHAK

Ha 0C H 0B y npeT X O jiH H X  T y M a 'ieH > a  h  j in c K y c H ja  f lo rr iJ io  c e  jio  c j i e j i e h e r  3 a K J i.y ’iK a:

a . K p eH H .aK  K ajiaH K ypH TiH c |)o p M a itH je  j e  ojjJiaraH y b o jjh  6 o r a T o j  opraH CK H M  c a j ip -  

>KajeM, u it o  c e  ojjpa>K aB a Ha HCTaJio>KeHHM K ap6oH aT H M a.
6. Kap6oHaTH cy npeTpneJiH jjnjareHe3y y 6ap TpH Tmia Bojie.
b . IlomTO cy o 6 e  jjHjarerreTCKe KOMnoHeHTe 6rure peaKTHBHe, KacHHje jjHjarerreT- 

CKe B o jie  cy o 6 o r a h e H e  cacTojijHMa 'iBpcre cjjase a KajiiiHT ce Tajio>Kiio h s o6oraheHHX 
Bojja Koje cy ca cBoje CTpaHe jiajie BHCoKe BpejjnocTir cajiHHHTeTa.
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