13449 ACTA UNIVERSITATIS CARQLINAE — GEOLOGICA NO Y I'ag. 367--33"

RADIOCARBON DATING IN A KARSTIFIED LOASTAL
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Abstract; The intrusion of marine water into a coastal kavstified aquifer in wester:
Cuba results in oversaturation of the solution in respect to calcite, in low HC activit.
amt. conseguently, in o apparent high radiocarbon ages ol ground water  The '
activity of ground water in limestones is affected by diffusivity in the fissured m
divm with a porous matrix, )

INTRODUCTION

During the study of groundwater in the Pinar dei Rio Southern Coast: |
Plain, Cuba, radiocarbon dating was used together with measurement«
of tritium in wells and with determination of stable isot topes concen
ration [(7C, "0, HY de caintall, springs and wells, The oren investigate i
imocharacterized by a karstified aquifer of Miocene age and by o seq
witter intrusion to the aquifer; it is an open groundwater hasin,

The purpose of the present investigation has heen to explain how
diocarbon dating may be influenced by the kinetics of the water e ¢
systenn, This is the first Wwork of this kind which has been done in o
Republic of Cuba,

RPIVHW(H*" HE NATURAL CONDITIONS OF THE ARE ACSTUDIED

The investigated area s Iocated in the Pinar del Rio province sonth
west of Havana., s southeastern part belongs to the Sounthery Cogstal
Plain; in the northwest it extends into a mountainous area. s easter
boundary is the San Juan River, its northern limit is located within ti
Cordillera de Guaniguanico mountain range, its western houndary is ti:
Guama River, and the southern limit the coast of the Caribbean sea. The
surface area is approximately 4 600 km” {see fig 1].

The prevailing relief is plain-shaped and vertically little dissected. It
rovers the whole southern part of the investigated area. ,
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The Cordiltera de Guaniguanico consists of the Sierra de los rear:
veothe west and of the Sierva del Rosario in the east The Swerea de Do
Orgavos consists of twoo pacallel mountain ranges [ Alturas de Pivarroe
fet Norte and Alturas Jdo Pizarras del Suri with o Kavsified sone, thre
Cattia de los Mogotes i beiween. The Tate: s Tormed of cupula s
farst hills {mogotes] o mountaios the surface area ol which v g o

xmc. Therr slopes ave s eep, even vertical, Between the Karsi 1ilis o
stotiitalns there are Kavst valleys [poljes) the surlace of which is com

cosed ol unconsolidated recks. They form aguifors it

e

rginating i the Karstilied Hmesione. The altitude of the hiche o oo
Sonetween 400 moand 700w above sea level

Fhe vainfall in the monaiain range 18 subject to haeinations dinoto.
Steothe phvsical and geographical conditions, Although 1wo seisor
tisunguished, namely the wet season (from May 1o Derober i ano

seasan (from November 1o April], two maxinium rainfails o Jtee
september and one minunum rainfall in December are observed in o lone
wservation period [more than 20 years ).

FRUSOV, TZQUIERDO. DIAYZ [1883) have politted out that the ramtald
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amount to 25 % of probability reaches 1600 mm to 1800 mm i he
mountain range and 1004 to 1500 mm in the plain. 17.7 percent of he
rainfall is falling during the dry season and 82.1 percent in the wet s
son [BATISTA 1973}, In the depressions and valleys, rainfall s oo
frequent. s amount increases with altitude (100 nun/100 m of altin co
on the averagel. Higher vertical gradients {122 nun/ 00 ) are ohser
ved in the lower part ol the mountaing to 400 m of altitude, Qver 406 o
FAUO--525 m ), the mean gradient is 39 /100 mo In general, the vgus
fall distibution is different during the year. kxtreme raintalls may oceny
during a tropical cyclone {3--5 days).

Phie air temperature in the Southern Coastal Plain is typical tor tropis i
sones. The average daiiky air temperature in the coldest month {Januan
is 20°0 and in the hottest month, August, and 1o some days ol Jaly it
reaches 30010 In the Pinar del Rio Southern Coastal Plain there i oo
evidence ot groundwater of deep orging A Teast it o nob hegon
fownd o wells and hydrogentogieal tnvestipatitnn boveholes which g
300 to 400 i desp,

KARST PROCESSES : TROPICAL KARST

According to LEHMANN {1960, tropical karst is @ particutar kar it
evolution caused by the tropical climate. Qrganic components fornin g
CO.and organic acids apparently play an fmportant role nnder trop
ical conditions. In Cuba, karst is developed in surface and subsnrie: o
forms. Jn a relatively small and quasi homogeneous area, trom the
climatological point of view, there is a set of different types and subtyp¢s
ol karst. :

According to NUNEZ JIMENEZ et al. {1963, the fnUmeg types and

subtypes occur:

L. Coastal plain karst:
~ coastal plain karst below the sea level
-~ coastal plain karst recently emerged;

coastal plain karst with overburden of swamps in which saline a1 1
fresh waters are present;

-— coastal plain karst with overburden of continuous and thick alluvi i

deltaic or mixed sediments {Pinar del Rio Southern Plainj.

2. Highland karst,

3. Uizxpiri(:-strui:ture karst.

4. Coastal karst of the so-called _seboruco” type which is due to bis
chemical, chemical and mechanical processes which are typical
tropical seas.

All types and subtypes mentioned ad 1 and ad 2 oceur in the area studie’

v

1
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GEOLOGICAL CONDITIONS

A schematic geological section [A—A] of the Pinar del Rio province
i¢ shown In fig, 2. From the geological point of view the mountainous
zone coensists of Jurassic limestones which are highly kavstified. Frac
fures, grikes, sinkholes, labyrinths, underground rivers and mogotes oo
cur frequently. In the mountainous zone {Sierra del Rosario, Sierra de
los Organos and Alturas de Pizarras) abandoned dry riverbeds and long
large caves occur in karstified limestone massifs.

In the front-range zone the Sap Cayetano formation {the oldest geo
logical formation in Cuba} extends. It is composed of an aleurolitic ter
rigerious shale —- carbonate sequence of Lower jurassic to Upper Jurassic
d4Ee

Metamorphic rocks {of the Faja Cangre series] are represented by
ditartzose shales and tervigencus rocks of the Lower jurassic to Fucene
These rocks oceur along the Pinar Fault. The Pinar Fault s o0e of (e
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Fig 2 Schematd geological section of the Pinar del Rio Province {A—A' in the map,
tig 1}
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deepest structures in Cuba. It is of Jurassic age and it strikes NE forming
a long arc bending a little towards E. The Pinar Fault has a length of
160 km. The plane of the fault is steeply inclined towards SE. The s3r-
tical amplitude of the fault is considered to be about 3000 -m. The w cth
of the fault zone is 4 ki and it constitutes a toredeep fault forning
a fan-shaped fold. In the Paleogene deposits which crop cut in the tooat-
range zone, parallel to the Pinar Fault, various groundwater outflyas
vceur. These deposits are composed of terrigenous carbunate facies w th
a low permeability,

The Pinar del Rio Southern Coastal Plain is of Miocene age ltis cone
posed of carbonate and terrigenous-carbonate layers. In the Lower 11d
Middle Miocene limestone deposits occur which are very karstified. Tanir
maximum thickness is 160 m. According to the data collected dwiag
drilling operations, the thickness of these terrigenous-carbonate depos (s
i5 higher than 600 m.

Quaternary and contemporary lake and swamp depasits are compesead
of alluvial and protuvial deposits [sandstone, sandy clay, gravel} Thoeir
thickness can reach up to 80 m in isolated areas (e.g. in the easteon
part of the Southern Coastal Plainj.

HYDROGEOLOGICAL AND HYDROCHEMICAL DATA

The Pinar del Rio Southern Coastal Plain has heen studied during tae
last years (KALASNIK e «al. 1981; ARELLANO 1986 and others).

The piezometric levels of groundwater depend on the lithological com
pusition of the sedimentary rocks which form the aquifer. Accovding
to the position of the piezometric level, this coastal plain has been di
vided inte three hydreogeological zones  pwestern, central, eastern .
Table Nou. 1 shows the main hydrogecliogical parameters which gloe
itorough characterization of each hydrogeological zone. The averaae
value of the infiltration coefficient is 0.09 and the mean yearly vecha: e
is 120 mm oyear': the coeffictent of storage has a wide range ficm
L1000 1o 11077 The hydraulic gradients of the groundwater flow e
fow, in the order of 11077 1o 11077, although In. the zone near the

sea they may reach 4,10 % ;

Table No 1 Main perameters of the hydrogeological zones

Zong Discharge of wells ‘I'ransmlqs;‘v! ]
{ts 1} {m?2d-1)
A
Eastern 2752300 - 10.105-20 103
Central 200-=250 2.103—-10.1C%

western 200250 ' 2.10%-20.10°
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Fig 1 Tocaton of the wells where hydrochemical analvses were made

Besides the geological and hydrogeological data, hydrochemical date
are very significant for the interpretation of radiocarbon dating. Vig,
shows the location of wells where hydrochemical analyses were made
Fig. 4 shows a representative hydrochemical profile in the esteru hydeo
geological zone. The sea water intrusion is evident, In the eastern zone
the situation is similar.

During the geochemical zouning of the whole area [ARELLANO, ¥A-
GUNDO 1985}, geochemical parameters such as the total dissolved solids
{TDS, ppmj, ,CO, {atm}, calcite saturation ratio {CSR}, specific con
ductivity [SPC, amhos. cm ™! at 25°C), dolomite saturation ratio [DSR),
and hardness {as ppm of CaCO3) were calculated in sixteen wells distri
buted within the three hydrogeological zones. The ionic concentration
[HCOs -, Cl™, S04, Nat, Ca®*
well in two to five depths.

In addition to the above mentioned parameters, pH values were re-
ported. The ionic concentrations, SPC, TDS and pH were measured

, Mgt} values were determined in each

- «C(”\?”FW

Vi




PADIOCARBON DATING IN A KARSTIFIED CUASTAL AQU'FRR R
W
PS 9-3A
- RC-113
REX
i -;AL’Q_ = pSQ'S
a g R tntrusion of Sea Wata:
1604503 4204;
1601639 —— T
70{ 592 130
18042169 ~._]79m06 | 0.
190 18071845 14516604
fioolaze3 19079292 m |
m m
6.7 30 km

The groups of four numbers in the Table correspend to four sampling depths, respective-

vondicated in the figure

THS 139.00

Tppm A72.00 184.00 447.00
1305.00 550.00 1088.00
e 516.00 1102.060
) 2308.00 3416.00
PH 7.40 7.40
7.60 7.40
7.70 7.50
7.70 7.50
Mg Ca .30 .49
0.36 0.5%
0.36 (.52
112 1.28
1.01 Lbe
Na Ca 1.34 .84
1.2% 191
4.62 382

HEOs'Ca 106

0.87

0.93

0.65
1L HCOs 117 1.32
2.05 451
1.79 344
007 10 61

Figoo 4 Hydrochenneal profile i the woestern zone,

Uipper part: wells with indicated  specific conductivity (SPCY

sotids {TDS)

Lovwer part: TDs, pHoand touic ratios at diflerent dopths

prezometiie leved

and  total  disselves
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{able No 2 Chemical composition of sea water near the area studied

T toeality: Jla Coloma” [Date of samphiog: 29 Jan, 1984
Distance from

o eashore lanic voncentrations [ppm)
Lier 8eas £ - . N .

tkmi pH SPC (DS COsH C1 S0 Ca?r Mg Na - A
0 750 24820000 313030 1340 177500 (8000 3800 10080 98906 410
06 720 425080 326100 1200 177500 32560 3800 14560 103500 3041

The analyses were made in the water-chemistry and biological laboratory of the Lo
tuty de Hidroeconomia, Repubhic of Cuba [A Santos, 1984 personal conimuicaiio

i the sed, in two distances from the seashore, Table No. 2 shows itu
chemical composition of these waters. It should be noted that i both
points the Mg/Ca ratio is 2.8 and 3.8, i. e, higher than one, as could
ne expected. Figs. 5 and 6 show the dependency between the SR and
DSR with depth, respectively. In both cases oversaturation occurs in

the zone of fresh water — seda water mixing. This oversaturation was
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Fig. 6 Dolomite Saturation [DSR) with depth in seven selected wells
Well studied:

b PS 9—3A 5 = P8 (B3
2. — RC—113 6. — PS 19—+
3, - P8 §—5 7.~ PS 198
4. = P8 114

also found by HANSHAW, BACK and DEIKE (1971 during their invest
gations in the Tertiary limestone aquifers of the Florida and Yucaian
Peninsulas. Such saturation with respect to the lwo carbonates increases
in the direction of the flow until the solution apparently becomes over
saturated.

ISOTOPIC INFORMATION ANALYZED

The Pinar del Rio Southern Coastal Plain has been studied using
isotopic techniques. The aim of this investigation is to clear up the local
conditions of groundwater circulation. Measurements of 0, “H and *H
in rainfall, springs and wells were made for this purpose at selected
sampling points and intervals.

The preliminary results indicate that:

I. There is a stratification of groundwater.

2. The area studied consists of three hydrogeological zones. The main
particular facts which distinguish each of these zones, besides the
lithological [actors and tectonics, ave:

a) in the eastern zone possible contribution of rivers to the ground-

walter circulation
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b) in the central zome the contribution of water from the neighbouring

zones and from the mountainous zone in the NW
c] in the western zone the local infiltration of rainfall.

3. The rompouent of groundwater due to the recent rainfall has a resi

dence time close to 18 years, according to the 'H ounits found,
In 22 wells the values of *H concentration measured in two differen!
depths range from 9.2 to 0.9 T.U. In all cases if TU-3 the groundwater
is affected by intrusion of sca water. This fact has been proved by
means of chemical analysis of these waters.

4. According to the results of the isotopic composition of water measued
in springs, rainfall and wells (ARELLANO, SEILER in preparaliony,
there is o connection between the groundwater in plain and the water
in mountainous and premountainous zoues.

FACTORS AFFLECTING GROUNDWATTER DATING IN THE NATURATL
CONDITIONS OF THE AREA UNDER STUDY

in the karstilied aquifers in tropical climatic conditions where, mo
reover, sea water intrusion is present, complex physico chemical and
mechanical processes have developed which influence the radiocarbon
dating, amonyg them:

1. Saturation of water withrespecttocaleite

If fresh water is not saturated with calcite, it will dissolve calcile
until equilibrivm betwesn calcite and the dissolved species is achievidd
Accovding to VERNON [1969]), the karstification along the coast mnav
" be caused by dissolving of limestone due Lo mixing of {resh and saline
water. That is, mixing of saline and fresh water in the interfave zone

Table No. 3 Hydrogeochemical and hvdrogeological parameters of water in the wells
s studied ”

Well No Depth Static level CSR DSR MR Hardneas
() () {atm) {ppmt)
CUB-—% 570 8.2 .37 0.71 1y 2t RRR IS
CUR 8 TR 330 (L3 — {104 AR RANII
CUB-—7 10.0 Ly —1.01 —2.47 10 1.66 2006 4
CUR-8 43.0 295 (027 -—(3.08 g 200 19853
CHB--9 40.0 235 (.20 (1.8 g G
CUB—10 34.0 i4.4 .24 RULTH R AN A0K. 1

CUB—11 an.o 104 0.19 0.24 1y -t aor e

N

The pH values were measured in the field. The CSEODSR and ,CO values werve cal
culated by means of a computer program [AGMAR Program, FAGUNDO, VALDES, 1084}
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Table No. 4 Results of the chemical analysis of water in the wells studied

7

fonic concentrations {ppm )

27
1
9

21

16

33

(71
21
61

230
1)
-}

SPe -
T ™HS  amhos 1HCOs
Well [°C) pH ppm em=1 (ppm]) (mol! ') Ct- SO42- Cal* MgZ+ N
- ar2s°e .
CUR--5 26.5 7.8 895 1376.0 204 KRSl R 354 41 A1
CUR—B 27.0 7.3 398 H568.0 211 RES I EE] gy 7 80
U7 240 8.7 461 G660 IS8 2.10-% 107 54 £
CUB—8 25.0 7.3 1431 2000.0 270 4103 405 278 2249
-4 25.0 7.5 552 752.0 228 4108 122 36 94
CUB-— 10 25.0 7.5 803 1000.0 281 5103 187 H7 109
Bt 250 7.2 774 H36.0 368 103 e 68 140

syee

15

may cause limestone dissolution. In this process the concentration «f

hoth Ca*t and CO4%
cause gversaluration.

would increase in the solution phase which could

It seems that the indication of NORDSTROM er il {1985} concerniazg
the (GO and pll valnes may be applied to the karetified limestone wit
satine intrusion: in groundwater which has pH values near 6 and .0C,
about 100 bars (107 "atin, approx.), calcite is unstable and fends to d.s
solve under parvtially closed conditions until witer reaches pH values 1 [
about B at saturation. Then if caleite hegins to be precipitated, pt shor 1
be maintained cluse to'8 fsee fig. 7). Acvcording to the table No. 3. this

fact may be considered,

— 0ty
F- ?
(E, !
£ |
- -3 |
’E 10 .
= o
-~ .
v s
s Deep $
b -q Groundwaters .
fem 104 ] .
: peoy16®).
x= .
10 °.
)
‘0 - 1 I
7 8 9

Q':*‘"“‘"’""‘

pH

Fig. 7 Schematic evolutionary diagram ol bicarhonate, pH oand (C0O7 during calcite

dissolution {after NORDSTROM et al. 1985)
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2. Ton exchange reactions

Regardless that satuvation with respect to calclie is reached, ton ex
change reactions may be expected:

HMCO, + Ca "“COy ——» Ca *CO: + H "CO"
3. Salting out effect

Another mechanism through which the M activity may decrease is
the "salting out effect”™, In this case the quantity of non biogenic carbon
ren C0° 0 may increase as a result of @ higher solubility when atkaline
ions oceur.

That 1s:
K, == {Ca’*) (CO% )

where K. is the (:aléite solubility product.
4. Dif rusive loss of radiocarbon into the rocks

The diffusive loss of radiocarbon into the cavernous zone may become
very significant, depending on spacing, width, and commumcation he
'ween the conducts. The residence time of the individual carbonate 1ons
is longer than the residence time of water flowing through narrow fis
sures because of their lavger sive compared to the molecules of water
Roth residence times depend on the porosity values,

All these physico-mechanical processes in rocks have a great influence
an the MC activity. The geochemical models formulated to estimate the
Jinitial® activity of the total dissolved carbon do not seem to be suf
ficient to explain the values obtained.

MATERIAL AND METHODS

Fig. 8 shows the wells where samples for determining C and "'C were
taken. The samples were collected in the field following the method
reported by the IAEA [1983). MC activity of the samples was measured
in the 'C laboratory at the Charles University in Prague. The 3" values
of carbonates In the water samples were determined in the laboratory of
the Central Geological Survey in Prague by BUZEK and HLADIKOVA
{ personal communication 1985).

All the samples were taken from water-supply wells. The water co
mes directly from the aquifer by continuous pumping, with the ex
ception of CUB—7 which is a shallow farm well [“criollo well” |
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For this reason the YC values obtained in the latter were used oniv as
additional and qualitative information. The samples from the welis
CURB—1 and CUB-2 were taken in 1981 {ARELLANU, SANTOS 14843
The well CUB-—{ is located in the recharge area. The '*C activity values
are 1t table No 5. [n all the samples the initial Y0 activity was estimated
to 70 % of 0.5 NBS activity.

- -

: - tustr
-7 ‘(Uﬁ'q /

Ceusd

UB-8 '\

Fig & location of points in which UC activity and CJ2C ratio were measured

Table No. 4 shows the results of the chemical analyses of water in the
wells where C activity and §C were determined. Additional hydiu
geochemical and hydrogeological parameters are shown in table No. s

The L0, values {atm) were determined in the recharge zone. They are
indicated in table No. 8.

Tabte No. 5 MC activities in wells

Well Activity with respect HC age
to 0.95 act. of NBS [P ) {years BP}
CUB—1 72.22+1.849 contemporary

JB -2 50.42+1.896 1300 160
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Table No. 6 pC0O: values in the recharge zone

; . Other

. . . i BAREESN
i)lgé':u%ment Locality (Ma(;ir){] pH sre ;f)a{!]m” ”{ktn
' {ppm] ' o
Surface water A. Pizarras 10 -2H 7.56 170 IAE) 0.8
streambed La Viuda 1020 764 370 s 07
in the cave
lave spring La Castana 1021 7.684 360 T 0y
Spring Las Yaguas 10—20 7.32 450 4.9 1.2
Dropping Sierra -2 7.90 210 10 n7
water Resolladero
Well (h=10 m} Caiguanabo 1047 7.10 437 VAL 10
Well (h=10m} La Guira 10 -8 7.6% 803 52 2.7
parameters:
{1} — Ca’Mg ratio: (2) — Ca’HCOs.. ratio
Tahie No 7 45C values in plants
Plant S0 Photosynthetic cycle

[ Yoo PR

Sugar cane —11.42 Hatch-Slack
Rice —28.494 Calvin-Benson
Toffee - 28 64 Calvin-Benson

The determination of 4V'C values in typical vegetatinn [sugar cane,
coffee, rice} was carried oul. The measurements were wade in the b=
‘opic Hvdrology and Geochemisty Laboratories, University Soutl Pavts,
France, by FONTES {1983, personal communication . The values obtained
are in table No. 7.

The sampies of carbonates extracted from water in the field o, et
were processed in the radiocarbon laboratory of the Charles Universi
in Prague in the following way: They were converted io CO» by aond
fication and punified to a high degree by repeated freezing in a vacuim
itne with liquid nitrogen traps and by adsorption in sodivm hydroxide.
During the processing a small amount of the CO, sample was separaied
by freezing in an ampoule for measuring §°C.

The purified carbon dioxide was filled into a propoviional counter
with an effective volume of 723 ml to a pressure of about 0.25 MPa, The
rackground of the counter is decreased by using a vacuum-silver piated
iube i pure quartz as a cathode in a copper lube purchased from an
old brewery pipeline. A molybdene wire 0.03 mm in diameter is used
as an anode. The proportional counter is shielded by a plastic-scmtillator
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mantie with two large-diameter photomultipliers, each at one front, and
is closed in a light-tight case. The whole counter with the anticoinreide: -
stuelding s inoa passive mechanical shielding box consisting o1 a double
tayer of old lead {150 mm thick in totalj with a weutron shieiding o
between {horic acid dispersed in polymers) and o iayer ot soft steel

Phe background in this arrangement is about 2.0 cpm, depending on
fhe barometric pressure. The sampies are measured {or about 1208 o
nutes, The measurements are registered antomaticatly and caiculated 1o
cadiocarbon ages on a computer. Corrections tor barometric pressave s
well as for room temperature, 47°C and dillution of the sawuie v
mactive carbon dioxide {if necessary] have been incorporated into ihe
programme  for evaluating the measucements. The radiocarbon ages
are rounded up only to whole years to facilitate statistical evaluaiion

and comparisons. The results ave in table No, 4.

RESULTS OBTAINED AND THEIR DISCUSSION

LoPartral pressure of CO» and its relation to ibe
radiococarbon dating in the area. o' values.

The geological and morphological complexity of the recharge zone
tdevelopment of Karst, caves, underground streams, surface sireams.
springs ) oresults in different flow patterns and difterent behaviour o)
GO I water.

The C0, content in Karst surface water and in the water {rom caves is
small, the escaping of CO. in these waters is high. The values of hardness.
mineralization and specific conductivity are generally low. In vontined
aguifers these values develop towards o higher 0. conteni, havdnes:
mineralization, specific conductivity, Ca/Mg rato, and towards 2 lows
ot (FAGUNDG, PAJON and SPASOV in press). The southern coasial
plain may be considered a closed system with regard to GO,

Lic all the hydrugeological zones the [, CO, values arve in the urder rrom
7 1o 1007 atm. This means that the dissolution of the rock occurs.
Theretoire a contribution of CO. of inorganic origin should be expecteu

“This is a hydrogeochemical point of view of the problem. Besides that

the difference between the 00, values depends on whether the ground-
water flows through fissured or porous media, This is a hydrodynamie
point of view of the problem.

The contribution of carbonates of inorganic origin has been tested by
the CSR values which, with the exception of the well CUB—7 {CSR

—1.01}, indicate oversaturation with respect to calcite,

In the well CUB—7 there is a major contribution of carbonates ot bio-
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genic origin, if we take into account that 3¢ = —12.9 Y%, is a highly
negative value among the values examined. It should be remarked that
this well is a shallow tarm well 3 m deep, in Quaternary sediments.

The values found in the well CUB—5 (81*°C = —7.2%) and in the well
CUB-—8 {8'3C = —8.7 Ui,) are due to the dissolution elfect of calcite. in
hoth wells the groundwater is oversaturated with respect to caleite due
1o the effect of sea water intrusion. In these wells the total dissolved
solids {TDS) at the sampling point are 895.0 and 1431.0 ppm, respectively,
with a corresponding specific conductivity of 1376 wmhos.om ' ol
2000 umhos . em™! at 25 °C.

The 8% values obtained in the wells CUB--9, CUB-~10 and CUL -]
indicate the contribution of carbounates of inorganic ovigin, The extreme
value found in the well CUB—6 {81°C - --15.20,)} is a particular case
This well is located in a part of the basin (25 km*, approx.] where the
unconfined aquifer conditions are evident. Thus, a major contribution
of 02 of bilogenic drigin can be expected.

2. Possibility of deeper origin of grouondwater

‘fable No. 8 shows the available information on the *H concentiation
t RAUERT, personal communication, (1985) measured in wells located
near those where "C activily was determined. 'The distances between the
wells vary between 1 and 10 km, approximately.

‘Table No. & 3H concentration values measured in wells located near those whepe 10
was determined

Depth Corresponding Depth 31 concentration

vell (m) M well (m) (TU)

CUB—3 22 PEY—5 20—230 | B Lt
CUB—3 36 PS9—3A 40—70 SR
CUB—7 3 PSI1—2A 60 —30 B |
CUB—u 33 P’S§13—5A 25—35 2618
CUB—9 27 PS17—3 60 —80 7,035
CUB— 10 18 PS19—0 40 —50 50—9.0
CUB—11 37 PS18—1A 80 37

The two different *H concentrations in the last column correspond to the
respective depths in the previous 'column. According to the ‘H con-
centration values in these wells, the occurrence of old groundwater of
deep origin does not seem to be realistic.

It should be remarked that in wells where trittum-concentration values
are lower than 3 TU, the sea water intrusion is present and these values
are caused by its effect.
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An important fact is that the mean oxygen 18 content [6136} measured
in these wells, where *H concentration was determined, is in the same
range as 1t is in the mountainous recharge zone. The variations found are
due to the local infiltration of rainfall in zones where the aquifer s
unconfined or where the infiltration from rivers into the aquifer occurs

3 Interpretation of the C activity measurements

For calculating the 'C activities to groundwater “C ages (t) the
cunventional Libby half life of YC Ty = 5568x30 years was used a¢
rording (o

L - (AgA)
In2
whoere A s the measured YO activity of the sample and A, is Uls assumed
initial M0 activity,

For comparison three different empirically found values of the initial
COoactivity A, were used for the calculation as found in sedimentary
cocks {MUONNICH and VOGEL, 1859; VOGEL, 1470; GEYH. 1972}, .. o
G0 Uy 70 % and 85 % of modern standard activity {0.85 activity of NBS
oxatic acid}. The fourth value of A, was calculated according to Gon
fiantini’s model {as reported hy SALEM er al. 1980} according to the
following equation:

1008 = 5

. (1 4 2¢/1000)
Oyt 00 s

The values adopted for the calculation were

T s value in the solid carbunate, equal zero

A ... oM value in the bicarbonate of the water sample

A &40 value in the soil CO4, equal ~ 25 %, < 1 %.. {PDB}
Ed

fractionation factor between bicarbonate of the water sample
and soil GO, equal - 8 %,

The mdicated value of 4, is generally found tor dicotyledonous plams
(FONTES 1983, This type of vegetation is very common in the ares
wiere the investigated wells are located. The resulting BC o groundwates
ages are given in table No. 9.

CONCLUSIONS

The "0 activity values of 1151 Yy, 42.42 Yy, 43.79 Y, 49.32 % obtained
in the wells CUB—5, CUB—8, CUB--9 and CUB—10, respectively, sug-
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woested the presence of “old” groundwaters in the karst aréa, where the
existence of such waters had not been evidenced. However, the ol
lowing coneclusions should be considered:

Con karst conditions with intrusion of sea water the low B0 gciivity
values seem te be due to chemical processes, which are similar to
thuse explained by NORDSTROM er af. {19851, i. e. due 10 the ncreasad
dissolution of caleite. The intrusion of water {rom the sea promotes
the oversaturation of groundwater; the dissolution of calcite decreases
the YO activity and it affects the calculation of the YC age. Moreover.
it this case the salting out effect should be expected, oo

2. In karst conditions the diffusive loss of radiocarbon into the rock seems
tu have a great indluence oun the radiocarbon concentration. This loss
is a physico-mechanical process which has not been considered in the
existing geochemical models, but it is significant.

- 3.The first investigations using isotopic techniques in Cuba should ¢on
tinue i tuture on a larger scale, It is desirable.to perform comparative
measurements in other laboratories,

Bothi the physico-chemical and geochemical processes which owccur
in the karstified medium where the YC activity is measured should
be taken into account during the detailed interpretation of the results.
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‘ RADIOUHLIKOVE DATOVANI VODY V KRASUVYCH
IYDROGEOLOGICKYCH KOLEKTORECH V TROPICKYCH
- KLIMATICKYCH PODMINKACH

DM ARELLANG ACOSTA, | R, PAGUNDO, . [TLEK, [ SILAFR

Vosednir vrteh v oprovineh: Pinar del Rio na zapadno bhube v padzemnm vode
sobreznibo  krasoveho hydrogeoiogickeho  kolektoru byly meceny: nasyceni vzhiedeo
ke kalcita, 0O @ radiouhlikova aktivita, z niz byio s pouZitim riznyeh maodelt oy
pocteno radiouhlikove stari podzemni vody.

Fomoci  nefeni specifickeé  vodivosti, celkuve mineralizace  a  lontovych  pomeéra
[Mg?4 Ca®s Ol HCOs -, Na+*/Ca’  a dal$ich) byla zkowmdna intruse mofské vody do
pohrezniho kolektoru. Tato intruse urdéuje kineticke faktory hydrogeologickeno systéme

Intruse mobskeé vody do vapencl ma za nasledek presyceni roztoku a nizkou radiu
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uhlikovou aktivitu, z ¢ehoz vyplyvaji radiouhlikova stari vody od 1000 do 15000 coki
Tato staFl nejsou v souladu s dostupnymi predbgZingnn ddaji o koncentraci stabilnich
s0toph 14180 & §YH) méfenych ve srazkach, pramenech a vetech, a s merenim fiilia
Které nasveéddéuje prrtomposti soutasne vody

Krasové dutiny a pukliny oviivhuji nizkou radiouhbiikovou aktivitu, Difusivite b
nindch ovliviiuje meéPFenou aktvitng, jak plyne 2 teoretickych predpokiadic @ 2 pokind
v vezpukanem porovitem prostredf

V humidaim tropickém klimatu je biologicka aktivita velmi intenzivai a vypodtene
hodnoty CO; jsou 10-3 a2 10--° MPa. .

V napiatém krasovém hydrogeologickém kolektoru jsou hodnoty pritodpost v roz
mezi 5000 a2 20000 m¥den (0,06 mis-t az U023 mis4) a vydatnost studni dosabuje
pehem cerpacfch zkousek az 390 |.s—'

DATACION POR RADIOCARBONO DEL AGUA SUBTERRANEA
EN ACUIFEROS KARSTICOS COSTEROS EN CUBA

. M. ARELLANO ACOSTA. | R FAGUNDO, P {ILEK, | SILAK

)

Bn siete pozos de la provincia de Pinar del Rio, en Cuba, en un scutfers Karstieo
costero, se midio la sataracién a caicita, CO., y la actividad de radiocarbono v oa par
tir de eésta por medio de varios modelos, se caloulo la edad del agua sublervines

A través de ja medicion de la conductividad especifica, de la minecalhizacion total
v de proporciones idicas (Mg Ca’ o Ct 'HCOy Nat Ca’ vy otros) s investsoe
@ intrusion de agua maring en el acutfero costeru. lista imtrusion determing los L
tores vineticos del sistema hidrogeologico.
fa oarusinn de agua marinag provoca la sobresaturacion de la solucion, disminicion

3 Py

de o la actividad de radiocarbone v opor ello la edad del agna desde 0B basin 10008
anes  Kstas adades no corresponden con datoy preliminares disponibiss sobte o
conrentraciones de isotopos estables (410 421} medidas en precipitaciones, manantiales
v opuzos y con las mediciones de it gue indican 1o presencia del agua sonten
poranes moderna.

Las cavidades Karsticas y {racturas afluyven en la baja actividad de radiovarions
difugividad en las rocas afecta la actividad medida como se deriva de considera

K
wanes eoricas y de experimentos en ambiente poroso fracturado

Frooclanas hamedos tropieales la actividad biologics o8 muy mtense v o los valuios
Leicalados de oGO, son de 10--° hasta 107 MPa.

a acutferos karsticos confinados fos valores de trasnusividad son entre 5000 0t
20000 m?'d (006 m? . s~F hasta 0.23 w2, s~ 1) v el gasto de los pozos aleanza duranic
aforos hasta 390 1.s—! '
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