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Lhis aper ;s an appma(h Lo f'lel‘jm, l'nv ny :in (hdld(l(}ifsl,i(?s and origin of sula
1idi on, which dincluded the
Ve, I’esiuu de l.\ \lm ile” ;lmnllo(l is lm  on our waler analys
es adii jeved during the per m(l 1‘) aswell as ondata reported by Capoe
Lha (1980). Computer programs swere: used 1o calenlale real chemical  composise
Lionsand mixing proportions of naturalwaters from the area. The resulls show
Fhatwater-from shallow aguifer mixes with water from the deep aquifers in the
S mroundwater “discharge “arvea, <vielding a range cof “intermediale compositions:

1 AANTRODUCTION

; The southeaste:
Of the mest .intm
The (liscove

as showun to be the site.of son
' Romanian hydrog ,0109,1(“11 {e '
1 Movile? (i,‘ onstantin

8,

19893, with ity exc eptum Ll UU obitic community, has entailed again {he
ation of the specialists to e,
On the ground of 1’111()1‘(’)’1)101<)w1(' vl considerations (5 a b, 1990)

injon that this cave contains the first known subterranean ecos
scl on-chemoautotrophic production of the microbiota, which uses
sosource of energy was postulate oub (S ar bu etal wu Popa
Sar bua, 1991). Thb\ supposition is due to several palec )g),@()grap.hwa and
hyvdrogeological considerations (Lias cu, 1989), and comes to the con-
clusions that there is not obvious input of feeding from the surface and no
Al mixing between surface and subterranean water (Sarbu andP o-
Pa, 1992).

Several institutions and some individual researchers have studied
the hydrogeology of this area [for a desceription see, among others Tenu
et al. (1‘}84), Davidescu efal.b (1991}, Feru andCapota (1991)]
l)osgme these extensive studies there remain several unknown features of
the carbonated aguifers of southeastern Dobrogea. Some authors fornish
certain chemical data, in different contexts, about this underground waters,
but enter into no detadil,

The primary goal of our paper is to characterize and interpret the
chemistry of oroundx rater from the studied arvea. Based on all available
sourees of information regarding the chemical composition, as well as
on our own analytical determinations. we make a preliminary attempt
in this sense. The authorg” purpoese is not to determine fine-scale chemical

variations, but to discern broad regional trends that might shed light on
water migration and fundament al hydrochemical processes.

~

2. STUDY AREA

The South-Dobrogean platform, which embraced the examined teiii-
tory, is from morphological point of view a region in the stage of pene-
plain with a very poor hydrographical network. The geological strueture of
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3 : The geochemisiry of groundwaler from soutlicastern. Dobrogea a4

,,,Ziuo 1 ere beommno on 1‘)(2 dov\ n to 1979 (l* e 1' w dll(l ( Q 'p ‘

The erystalline bawmem, assigned as age to the Proterozoi
head i1 this region, is covered hv sedimentary. depogits. ‘
Erom hottom 1;0 top the sedimentary formations consists of
following. (1) Sedimentary deposits of Paleozoic age inter 1
otndest well dug in Mangalia zone (W ell No, o()b") between
) %11 d(f])th (.«;) Jumwv do])( ,11,,& of ¢ 50»« 450 m ﬂmk cot

( )l&ocene ‘ )
( ,,iw‘,ss ¢ on,si%inw ol sqnd%on( ; ~sands and lime ones. (b) Sarmati
its developed betwven 0 and 120 m depth and represented by Fossi
15 limestones with rare and thin marl bands. These sediments, ~with
Kkness of about 26 m in the Mangalia city territory, gradually b
1hm and disappear in the sector of M a,ngaha. swamp (FPig. 1)..(0) Qu ;
nary -roels. withoa thickness of ()m 30.10 and. consisting . of sandstones
clayey marl and clay soils.

It could be assumed (Fe ruand Ca p ota, 1991) that sedimeni i
d(*pmlts of Jurassic, Cretaceous and Hocene age form a unified karst
fiable complex, wherv‘ as sarmatian limestones another one. Between these
two units there is a thicker layer of impermeable clays more striking in
southward Mangalia locality. From the hydrological point of view th
units are considered as two distinet aquifers.

By interpreting of o large number of experimental date consisting
of environmental isotope mmlyses, Tenu etal, (198T)andDavidesoy
eb-al, (1991) delimited the recharge zones for hoth. aquifers and establi-
shed the main flow directions and drauwm areas in the following way :

i— For the ‘Jurassic aquifer:the recharge territory is: determined in
Pre-Balkan Plateau (Bulgaria), having two flowing directions, a main
Path - toward the area of major drmndm' in- the \L of Constanta. city,
a-secondary flowing direction: towards: 1\Lmsr alia ;. ~

— For the Sarmatian aquifer; which aceording to the ahove-men-
tioned authors is drastically miluonced by preupmmon W itel,s, a recharge
area, . with: recent water in the Plopeni—~Credinta zone, where n‘rmatmu

Fig. 1. Location of samples utilized in study. Ney: "Well with open interval in the levels: 1.
Paleozoic, 2. Jurassic, 3. Cretacecus; 4. Focene 4 Sarmatian, 5. Sarmatian. “Springs: 6.
Sarmatian rocks, 7. Hocene - Sarmatian rocks, 8. without H,8. ¢ Cave: 10. Rail way. 11.
Rouxe ;Sumplznq szm, in 1)mckus inn«l demh of the (hulmrr in meters; 1 — Well No. 4073,

- Well Ng, 1 IBEF, Neptlun (160);

4 — \"\Ul I\o ‘) IBE, ta (C 8) (152 . 3 1BE, ,s}ane,:)ha (232); 6~ "Wwell
No. 4 1BE, M“ngdm (Hc]ullm) (220); 7 g No. z' N dhd (1204); 8 — Well-No.
4074, Venus (49); ¢ ‘el ) s 10 Ne, 2 ISLGC, Venus
(200); 11—~ Well No. SLG ) 2 \\ ell \0 4 ISLGC, Mangalia
swamp (100); 13 — Well No. b 1814(;(‘3 ()I)mp )m), f4 — Well Ne. 6 ISLGC, \01 ttn 1Y

(29); 156 — Well Mo, 7' ISLGC, Neptun (%() 118 — %; ing'in menu vitlage; 20 - Well CAP
Limanu (85); 21 — Venus spring - s £ n',, 24 — Sanatoriu
Mangalia spring; 25 Jupiter s spiioria de in \w‘] 30 —
Kara Oban und \naLu spring; 8 101
“Pegtera de la Movile’” cave.
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th nml' tical methods uged were noft
"om this paper v > ham sel 1 86 analyses of samples col
20 wells; 5 natural %prnw,,s, (m( fz um Lho Bla;ck &m o
‘ The s'ﬂmd seri

rature (:1:‘() ‘1°(') th,e pﬂ (p()tmmox‘notu( dlv j: 0. O i) j)I §
W kalinity and fotal sulphide. In the laboratory, we hay
()110\\1110 conbents : sodium, potassium, magnesium; ealeiuin, ’
total bor on, dissolved: silic L, Anuu(mm, nitrite, mt ate; total ])il()b!ﬂlnl‘llb
sulphate d:]ld chloride. v :

CFor in siu total sulphide (HLS - HS” ‘~‘>"*)‘ determination the

samples were add .d owr known Vuhunu of S‘Ld:ndd;ld wdmv \0111,1,1()11 anid
the residual 1od ne ;

a standard-acid s 011‘11;101'1 ugainx‘u (’)f ‘;oim‘ indi Lt()l fomnvd M’ 1)1 ome wwi
green and methyl red. For both determination two or three replicates were
necessary to record a good concordance,

or most samples the sodium and potassinm were analyzed by stan-
dardflame photometric methods. Forthe other samples-sodimm: was deter-
mined photometrically with uranylacetate(Ghimeescu and Hineu,
1974) and potagsium by a turbidimetric procedure with sodivm tetra-
phenylboron (Costache, 1966). The calcinm and the total hardness
were: determined by complexometric micro titration with photometric
end-point - determination. The magnesium concenfration was obtained
by making the différence between the results of the two analyses.
Total iron was. analyzed photometrically  with = 1.10-phenanthroline
(Maneseu eb al, 1978). i

To remove uydmgen sulphide interference in sulphate and ammonia
determinations, the samples collected in separate bottles were iumwdia—
tely treated with cadmium acetate to precipitate dissolved sulfide species
as eadmium sulfide. Subsequently, sulphate was deteimmed turt ndmw—
trically (Aminot, 1974) and ammonia (NH,; 4+ NHT) by indophenol
blue method (Mackereth et al,, 1973). In 01‘(191 to measure total
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, aqneous solutions, ’L‘ho‘lmm; wquw
chemical eqwhbma ol ¢ om&s (éon(’orned \mh 111011‘ vth‘hr
By this procedure ‘

nents involved but %1\0 thv eqL ili};)rimn "pm l&l‘])l" 55
T n»odel proposed by us ywldx mhuus mm]mr
by other workers.

Whe compiuter modd ‘\
employed o caleulate mix ic
aqmivr with groundwi ter from ploimmd aqmim%. ’J?ho :

Li( ulrﬂl()lls were: 0011(111(, od using the SYSTAT progre un

A RUSULTS

Table 1 presents a statistical treatment of the data which has been
carried both on our analytical results and on those reported by € a 3 ota
(1980). It is very difficult to compare water analyses achieved by « rent
laboratories, within along period of time. On the whole, there are no imajor
digserepancies between our results and those compiled by Capota, except
H,S and S0, determinations. =

In the case of H,S our results ave broader than the others, which
reveal the existence of systematic analytical errors. The method which
is based-upon the reaction of sulphide with-iodine followed by back-ti-
tration with thiosulfate is much used by our laboratories. Trom this bro-
cedure we replaced the fixation of F,S as a insoluble sulphide, by
ming the determination in the field, I this way, we avoided a sour
10%%5 of dissolved H,S but, in the same time, our an(»lvwx become
bable much less specific. , ‘

As regards SO, determination, the '&h’l@% 1‘ep0rt( d b\* Japota are
obviously ovorestmmud The ervor is probably due to the fact that F,S
has not been from the samples, and a part of it was oxidized at the
sulphate until analyses were achieved in the, laboratories.

The wells were sorted into classes dependl ng on age of the wdunen-
tary formations existing in Lho open intervals. The (*har acteristies-of the
drilling were taken oﬂ by Capota (1980) and Feru and Capota
(1991). ' G
Of course, most of the drilling capture water arisen from deposits
with different ages. Because of Lh]\ the names ‘assigned to the classes
from Table 1 have only a generic meaning. Thus, the Well No. 5082, which

L

—
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represents the Paleozoic level drains both deposits of Paleoz oi
er Jurassic. The Jurassic level is the onl case w h
3 are exclusively opened in formations of th
elaceous level are priorvitarily supplied: by
bul there ave frequent cases when the Upper Jurassic or 1 e L
is reached. In Hocene - Sarmatian level were introduced

wlhich have open intervals in both deposits. The Sarmation le
1ol only the wells which exclusively capture water arisen from
but wl.so all 111({_ sulphldlc natural %plm 'S bemo m /,0110:: :

ye h

In splto of the f‘u,t th(xt undor(uound\xfmwr hom souihv a8
e 15 sheltol’ed in uu’bmuted 1'ock, 113 plamlv has (h

Rom anian kamtuc /A)Il(‘ aJl\o dovoloped in (‘l'etd,ooous and Juras
stones, . the values of 101&1 dissolved:solids (TDS) never.

while Ca and HCO, are Lhe main components f these
198 _lnstead of this faet, in the studied area from.
tents are extended. betwe‘n 0.8—3. g/l having an ay ,
while sodium and chlorine are prevailed. At th( same time, here,
find in main concentrations unusual components of ,,c'laﬂxw” kar at/ wa,
such as hydrogen sulphide, ammonia, bromine, iodine, a.s.0..

Table 1,

Chellll(‘all con)posmon oI gxound\\dic . ,souiheastem Dohmgvd (10\41 Lon(enhaimn 111 w]mmu
; ; ; o\pussul m my /1) i .

(I:\lz)bof o Mean, o Minimum, - ;A'Iaximum, ]S;(i]la“(m —
2 PALEQZOIC LEVEL:
7 period: 19731991 ' SRR
CTemp. (0 e e 22,83 U 18,7 ")4 0
SPEL L s 6Lk i et LT 6B0 ‘361
HL,S Cbei]ea 8 5.0:: 41 0 1847
TDS ;6 ‘)629 . )318_1 2972 .
Na e §21.2° 69400 942.3
K 5 24.3 21.0 27707
Mg Cabef 22,8 s Bl B7040
. Ca 6 24.3 125, 4 481
Fe 6 70825 ] 0.012 7| 0,900 | .
B “5 U498 ERRRRE: F{13 SR R 70 R
11(,03 (BTk 63515 RE (i PR AP E R S R
L SiI0, 6 16.8 . | .49 2.9
CNML 5 ,1.37 U010 2,00
NO, p 0.017 | 0000 | 0,070
N0, fq 078 1 ¢ 1005 40000
PO, 2 0.051 0.046 0.055
50, 6 31.5 20.0 . 38.4
T ‘ G 976.5 893.6° 1070.9
S 4 516 12,0 171020
SRR RN ‘4 GEAB e 0B 2.3
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Table 1 (continued) [Pag.-2)

Ji N N ny,
}:gs:sf Mean Minimum Maximum ]‘5)‘(‘11} g{\nl(?n
JURASSIC LEVEL
Period: 1976 —1980
Temp. (7C) 8 22:0 18.0 245 3.31
pLE o 8 7.88 6:30 8.00 0.57
14,5 8 15.4 0.5 29.2 11.09:
TS 8 1100 822 1921 346,02
Na 8 2108 77.7 499.7 130,64
3¢ 7 7.5 5.0 9.3 1.68:
Mgz 8 42.2 27.5 70.0 15.71
Ca 8 63.8 33.6 100.0 24.26
Ve 6 0:39 0.1 0.8 0.30
5] S 4 051 0.15 0.79 0.27
HCO, 8 367.7 305.0 439.2 48.60
510, 3 13.3 8.6 262 5,77
NH, 6 2.21 1.00 4.50 1.32
NO, 5 0.036 0.005 0.060 0,023
NO; 5 0.34 0.05 0.8 0,32
50, 3 16.59 1.2 42.2 13.56
¢l 8 338.2 234.0 819.7 196.5
Br 3 1:57 0:1 4:0 2.13
1 2 0.55: 0.3 0.8 0.35
CRETACEOUS LEVEL
Yeriod: 1976 —1991
Xemp, (°C) 35 23.6 21.0 26.3 1.31
pil 3b 7.30 6,00 §.01 0.49
1,5 35 11.3 0.5 32.3 8.09
TS 35 1208 916 1440 116.47
Na 35 267.9 165.2 360.1 44.03
j 3¢ .35 13.1 5.4 23.6 3.94
Mg 35 37.5 23.0 63.0 8.25
Ca kH) 57.3 36.1 133.0 18.76
¥e 35 0.284 0.015 1.900 0.358
B 21 1.96 0.03 2.50 0.80
HCO, 35 342.3 195.2 475.8 51,28
5i0, 34 17.5 3.6 35.7 7.82
NI, 26 2.14 0.22 5.00 1.08
NO, 29 0.031 0.000 0.240 0.044
NO, 29 0.33 0.003 2.20 0.50
ro, 10 0.069 0.033 0.089 0.016
S0, 35 24.2 1.0 51.0 16.2
Cl 35 420.3 314.0 512.5 52.08
Br 15 1.77 0.8 5.0 1.07
1 12 0.77 0.01 1.8 0.46
EOQOCENE - SABRMATIAN LEVEL

Period: 19691977
Temp. (°C) 22 22.7 20.0 25.0 1.75
pH 22 711 6.5 8.00 0.47
13,8 22 9.62 0.2 17.6 4.73
TDS 22 1206 903 2274 261.2
Na 22 263.7 177.5 691.6 102.84
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G Marin: and Tudora: Nicolosen e 8
Tahle 1 (c(mlmumi) ;]"w, .S]
Noof e T Standard
Chsos Mean Minimuwm Maximum Dexinlion
14 11.9 3.7 15:5
22 35.6 5.2 48.6
22 57.4 44.1 80.2
22 0.624 0,10 590
10 344 0.99 12.39
02 376,40 317220 488 1
22 17.5 9.2 0 EEEE )
12 2.16.0 ERREVE 500
14 0.03; 0001 0, {)‘ﬂ)
12 018 0.00.
22 w421 (R
02 3735 212.90
14 119 .1
4 ().‘V 0.7
b'\h’\IAlIAi\’ LIEVEL
Period; 19601991 ‘
Temp: - (°6) 41 22.3 15.0 1 esa
pH 41 7.49 650 Co8iR0
H,S 37 20.8 202 43.8
DS 41 1148 830 22569
Na 4 24206 ;16005 690.6
K 30 13.5 9.2 16.6.
Mg 41 33.6 ~19.0 AT
Ca 4 53.1 30.5 721
Fe 41 0,308 0.001 C2 0695
B 25 . 1.89 0.34 0.0
HCO, 41 374.6 244,07 488.0
5i0, 40, 23.2 9.4 ‘5o 4
N]I,, 37 2.00 0.01 " 5.50 41
NC 40 0.028 0.060 » 0,170 D3
40 - 0.34 0.01 2.3 441
21 0.108 0.052 0.184 )36
41 32.1 0.5 88.3 20.48
41 358.4 202.0 1()()".{) 135.30
3 0.68 0.05 3 0747
4 0.44 (.05 © 0.96 0.46+
MOVILE CAVE
Peripd: 1986--1991 :
Temp, (°C) 8 21.0 20.6. - 21.8 0.42
pH 8 7.58 7.36 T 8.1H 0.29
H,S 8 31.4 28.1 33.38 1.85
TDS 8 1001 93¢ 1059 32.64
Na 8 189.6 160:0 ¢ 212.3 15.16
K 7 11.9 7.0 5.3 2,95
Mg 8 31.6 20.5 48.6 7.84
Ga 8 4‘3.8 34.5 .55.3 564
Ye 7 0.240 0.010 0485 C0.210°
B 6 1.30 1.20 T 1.60 0.15
HCO, 8 398.3 ‘37() 9 - 414.8 13.387
510, 7 26.8° 9.9 ©83.2; 8.65




9 “Fhe geochemistry ofsgroundwater Trom southeastern Dobrogea any

Table 1 (contimmed) {Pag. -0}

No. ol e PP N Standard
Cieus Mean Minimum Masinmm:: Doviation
7 173000 1.00 2.60 .51
7 . \().008 r 0 00 0 0.022 0:006
7 . D88 s 4:3 1.42
i 0,104 | 0,207 0,057
T R 32,0 . 9.48
8 loases o b 2160 11.”)1 7 11.72

s » SCus sm\s

b3, CHEMICAL LIIARA(,JLR]ST](“ or '1 HI; \\"\I’IZR OF THEAQUIFER

The groundwater of m}‘bonmea fzqu er from southeastern Dobig-
e il ’wpwallv Na-chloride and its total dissolved solid (TDS) contents
juite homogenous. In the framework of this aquifer several sub-t 5
\ be distinguished each of them individualized by specific hydroche-
1 pecuhantaoa\ Generally, each subdivision of the sodxmentajlv depogits
has the same age, but at the same time corresponds to certain depths. Of
conrse, the various tectonic disturbanees emphasized in the area, freq
tly place the formations of the same age at ditferent depths. The dia; il
presented in Fig. 2 correlates TDS cont(\n‘cs both with age of the deposits
and-with depth of the open intervals of the wells, 1t pomls outin a remal-
kable way the constant variation of these contents, in the sense of their
diminish from Paleozoic to Sarmatian and from depth to the surface.

The water of Paleozoic level differentiates itself pl(unlv from all the
other horizons from above, not only by a higher TDS content, but also
by the very reduced weight of ealeium and magnesium contents compara-
tive to sedium. The situationis explained by the lithology of these gedi-
mentary deposits, (3()11&3si’31’1g.;‘mainlv by sandy clays and clay slates and to
a smaller degree by, carbonated rocks (Feru and Ca pota, 1991).
From this point-of view, the Sarmatian level is placed on the opposite
side. Its chemical composition reflects influences generated by the meteo-
ric water (Penu et al, 1987 and Davidescu etal., 1991).

The parcel of 1001{% placed between the two oppo\ne levels, consi-

dered as a unified karstifiable complex (Feru and Capota, 1991)
and which sbelters a unitary hydrogeological aguifer (L enu et al.; 1987),

ig, from a hydrochemical point of view, quite heterogeneous. The corres-
ponding. level of the Jurassic formations possesses the smallest TS
contents, and the Mg and Ca share is the highest in the area. The Creta-
ceous and Kocene levels appear with very similar hydrochemical proper-
ties. This fact may alzo he a consequence (ﬁf the way the respective deposits
are opcnod by drilling. Both levels have an excess of TDS contents, both
in Jurassic and in Sarmatian levels.

5.2. TEMPERATURE AND HYDROGEN SULPHIDE CONTENT
The origin-of the thermalism and of the high concentrations of H,S
g g 2

in the groundwater from southern Dabrogea, is one of the problems argued,
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for a long tima in the spacialized literature, but still not clea
1rally, is aceredited the opinion that the water from a certain «
ascond toward the surface are-warmer and rich.in S8 (Fer

Fig. 2.~ Evolution ‘of the total dissolved solid content as a Tunction
of ‘hydrogeologic subunits -and-the depil’ of “the open‘intervals of the
drilling. .

pota, 1991; Sarbu et al,, 1992). The statistic interpretation of the
registered data in 12 years (Ca p o ta, 1980) and of the proceedings car-
ried out afterwards as well, own counter-to this assertion. ‘

~ The Cretaceous level appears to be the warmest and starting from
it, the temperature decreases both towards the swrface and in depth, If,
inthe first places the declension of the temperature can be caused by the
contribution of cold waters from the surface, in the second one we cannot
offer a satisfying explanation. ,

Total H,S contents pursue quite vaguely the temperature distribu-
tion. The Juarassic level appears to be rich in such component, the con-
centrations deerease both towards Paleozoic and towards Hocene, but
increase again in the Sairmatian level. As we have already shown, there
existed an analytical incongruity between the results reported by Capota
and those we have obtained. The representation of the concentrations of
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AqueoL1s ngb c:z»l( ulated a "“'ethbrl um versus the depth from which  hese
samples ome from (Fig: 3), shows that using analytical method, the two
series of neasures gave results in good agreement,
Examining the correlat L total HS-contents and 1l
1 (Big 4), it can be noticed Lh,a 121l coneentrations of HeS Ao
1Ce0u S and hocone corresy ' ‘noenmfatimls of S()_4. Ther(

m m};)un;r 1(,v01%, b
Al hc omleratml by
water guanti
Th(* fact that i
h)wlwl comparative t
% source, independs
tum it is Wmth memao

' Jed to ,sulplmte Thls omd
pective level of 1mpor AT

(‘\I 0 T (,1 1983) bemg 1&100137; undes kbmiomcql (Jontrol (Bo ul o gq u e
and M i c har d, 1979). Tt is evident that only a-guantitative evahmunn
of these processes can confirm t11g811ppos1t10ns from above.

Sl

53. ORIGIN OF GROUNDWATER COMPOSITION

The Black Sea, being in the immediate neighborhood of the aguifer
can be considered a major source of H,S and high TDS content. This
possibiliby iy not yet confirmed by the values of the mole ratiog from
computed molality of free ions (Table 2). Also, the Cl/Na ratio for Paleo-
zoic 1evel is neither that of halite nor that ol seawater (Fig. 5). The value
of this ratio indicates, as it other cases (Land and Prezbindo w-
s ki, 1982), that the common source for these two components are clays
existent at this level.

Table 2

Mean mole ratios from computed molality

SR THE LEVELS OF THE AQUIFER
ton | BLACK

Ratios SEA Pf{\leoz(k)icg Jurasic Cretaceous 10:‘:111]1?&;_ Sarmatian
Cl/Na 1.2 0.8 R L1, 0.9 0.9
CK © 48.8 4504 50,2 38.0 43.2 28.9
CYMg | 10.8 53.5 . 6.6 8.4 7.8 7.5
CHCa -~ BB.D G 6.5 LR 7.9 7.8
CYHCO, 114.7 7 04 © 1.9, 1.8
€180, t36.8 31.¢ 179.5 1870.3 57.0 1278.0
Br/l © 30.38 8.65 4.2 - 3.7 - 1.9 - 2.8
Na/K - 138.3 57.2 45.1 36.6 44.4 =31.9
Ca/Mg T 0.2 1.2 1.0 0.9 1.0 . 1.0
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Fig. 3. — Dissolved H,S vs.-depth of the open interval ol the avells.

The regression curves are of power type calculated-on the base of the

analytical data: 1. (circles) — this study: 2 ‘(stars) — reporled by
Capota (1980) ’ . .
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Figodo— (',korr,elzi!,ioi‘. setween: total H,S and total SO, as a function
of the hydrogeologic subunits, ' '
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1 and circles depict samples from Paleozoic level :(r = 0.995); 2 and
triangles depict samples: from Jurassic level {r = 0.940); 3~and filled
squares-depict samples drom Cretaceous. Jevel r = 0.620): 4 and plig
depict samples from Eocene and Sarmatian levels (r== 0:479);

U
emply sguares depict-samples Trom’““Pestera de 1a Movile”
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Fig. 6. Plot of mean molality of total boron vs: partial mean par-

tal pressures of carbon dioxide for: 1-— Paleozoiclevel, 27« Jurassic

ievel; 3 = Cretaceous level, 4 — Hocene - Sarmatian level; 5 — Sar-
matian devel, 6= “Peslera de Ja Movile! cave.
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, , the presence of U
¢, This affirmation i
p &ulpha,w soncentration
of the evaporite is ¢
veen 75 aaild 300 (Sar

i)oix LW 1]1(/ evel
small value of ,]31‘/1 mtio. The e
conespond to values for this ratio be:
mauld efial., 1984

The boron cau ha,ve as ,souu,o (*"1 h OrCV a;pomto, or Um vole
, ns (Sonnenfeld, 19¢
i otu» R o yna ul d et al 1983) B(*vam\se the first po%lbx]]t /s
probable we may talk of a, profound origin of this component.
trations correlate very well with partial pressures of the carbon dic
(Fig. 6) in the case of prc ofound levels of the aquifer. The a
of these pressures are in agreement with values considered {¢
@ 1)1'01 ound origin of €O, (W alliek, 1982), Comparing the vali
tained for the S‘u‘ma,lmn level with meaﬁ;ur s reported by other a
it is evident that here the source for (0, is likely to be the soil atmospl
(hr ‘Mlk ill and Robl, 1982; Reardon et al., 1979).

5.4. MIXING ”0"13‘ GROUNDWATER

The unitary variation on the vertical of the TDS content, the distri-
bation,_of the partial pressures:of -CO; and:-of: the-boron concentral
the ve Llue% of 1011 ramos, the 0%(1(114%1011 of I:L)S all these are f aJcm atbai

;1(1111 er irom southeastern. Dobrogea; The sluftmg of the oroundw m*r in
a - direction oriented  approximately NW-—SHE, both for Lhe Sarmad mn
level and for the other levels, reaching to Jurassic, has been demonsir:
ted (Tenu et aJI 1987 and Davidescu et al., 1991). In the S()\]t/“
heastern D()blOO‘C“l; this watermass acquires two more new componenis
with TDS contcnts clearly different. The first one, with high TDS con-
tent comes from the Paleozoic level, the secon(l one; with low TDS con-
tent, belongs to the Sarmatian.

The underground water of the Salmatla,n level has no chemical
homogeneous compon‘mon, neither on the vertical, nor on the shifting
dlrectmn NW--SE (Table 3). Essentially, there is a progression of g,mund—

water chemical facies noticed along the shifting direction. Thus, in the
wcb()r of Plopeni well (some 40 km WNW from Movile Cave) the groun(h
water is of Ca—Mg—HCO, type; in Albesti area (about 10 km W from
Movile Cave) is of Na— H(JO3 type, whereas in the studied 1;(?1‘1‘1(/01)’
including the Movile Cave, is of Na—Cl type.

This - variability C‘Llln()t be explained, but by a big surface ‘water
(unount with very low TDS content, coming from the 11'11gat10n system,
which penetrates in the undcrground in Lhe Plopeni region. On our opi-
nion, this water with chiemical facies of carbonated type, once penetra-
ted in the underground, affects successively all the levels of the aquifer
beginning with the Sa,nnaman and ending with the Jurassic, mingling with
Lhc Oloundwator and moving on to the Kast. It is less prob%blo tlmt it
wmﬂ,d influence the P a,leomnc level, being known that this is characteri-
zed by a reduced permeability Ml(l an ascund flow path (Ferwu and
Capota, 1991).
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Aol concentrations and saturation indexocs

Table-3

of some "Sarmatian “groundwat

[PRENS: Mnee Plopeni-- =Adbesti AMovile Oban
SPICIES well®) Wwell Cave Well
Temp. €O ‘ 16.8 14.8 914 21,2 D30
Bl 7.40% 7.49 T.A2 7.63 T:43
718 976 974 1058 -+ ¢ 1043
1.8374E—2 ] 1.203FE--2 | 1:21BlE—2 6.018E~3 |- 1,000k %
1.543E—3 8.42015--3 1 9.5 5= 9.3261—~3
1,933 ?_,""3111 ~ 4 231615 —4 41471854
2 Q.: 8. 0151~ 148531
1 ; 1.¢€ 8. 1.180E~—3
3473157 13 i B 2,400 6
5477155 4.7 1, 1.5341—4
G:560L—3 7.5 3 4.64515 -3
90485 — 6 1.8 9.7 1 .24:137—.5 4
2. 1445 —4 1 3,661 4 6. 4.975E—4 )
8§.4211 -7 151006 2. 2.033E—4
2.094E 671 4.35h15=6 | 6. 1.007E—3
4.62115--4 8.08315—41 1. 8.788E—7
17601 E—53"1"8.504E~3 | 6.009E~3 | 8.983E-3
PHASE Log 1AP/KK
Anhidrite —2.195 —2.226 —3.047 —5.076 =12 350
{alcite 0.243 0.103 —0.066 . 0:195 0.066
Dolomile 075890158 00049 0.478 0,233
(ypsuin -=1.884 —1.890 —~2.700 —4.816 - 2411
Tematite 0.596 0,094 —0.282 2.141 H.669
Magnesile 0.002 ~~0.281 —0.344 —0.076 - (). 198
Magnetite 0.847 01086 == 0,060 3.892 8.794
Pyrite 8:024 8433 31,669 12.491 14.299
Quartz :0.467 0.732 0.792 0.763 0.670

NOTES :* Analytical data supplied by 1, Ordseanu; **) Underwater spriug
) (ui,culdud \aluc Dv AQ (odg (Mari in and Pdli()LSLu

lected by G,

With the computer program N

Lascu;

g, sample col-
1992).

NETPATH (Plummer et (Ll., 1‘)‘)1)

we achieved an evaluation: of :the mixing proportions of underground

water.

This code is used to interpret net (ru)chemu,al nm;ss-bala,m/u reac-

ticns between an initial and final water mh)no a hydrologic flow path. The

following constraints were considered
dolomite,

following

phase ;

caleite,

CO,

. C, Ca, Mg,

o1, 81 and B3, and the
gas, S5i0,, MgSiO; and gypsum.

Chloride is significant as a ,,;marker” component. Besides, its concentra-
tions present an almost unitary distribution in the profoundness of the

aquifer (IMig.

the

7), s0 no chloride phases were included, and the Hil)&lnllg.,
auo was automatwallv based on Cl.

For proposed set of phases, one model wag found which s(mshed
selected constraints. Some of the mixing fractions calculated from

the chloride are presented in Table 4. Replacing the Plopeni well with
the Albesti well and repeating the caleulation based on the same model,
there can be notmod that Mn\ is not satisfying the constraints in: the case
of the Movile Cave, when the second initial source is the Oban well. Thus,
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Table 4

tion-mineral - equilibrinm: model. (Plummer et al., 1991)

sarmatian level,

calculated with NETPATH solu-

FINAL WELLS

INITIAL ] 7 ] T B
WELLS Albesti ] Movile Cavel Oban Well [ Well 4073 | Well 4 1B
Well ] {101} {27 {1} [6}
Plopeni 76.8.9 39.79
Oban Well [Sarmatian] 23.29 60.3 9,
Plopeni 83.99, 45.99, 10.29
No 4073 [Sarmatian+- 16.19 54.19 84.89%
Eocene)
Plopeni 83.99, 62.59 37.7¢9 30,79
No. 4 IBF gEocenc—}— 16.19% 37.59 62.39% 69.38 9,
Creleceous
Plopeni 92.49, 8929, 70,49, 67.09 52.5 9,
No. -B082 [Jurassic - 7.69, 17:89 29.6% ©33.0% 47.59
Paleozoic] '
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! 8, Lho fact ﬂmi ¥
‘ Iy (191)051% of differ
11; m de1 to ])1 cisely determine
igraphic horizons. In spite of
) fromthe point of view of th
rth a el ‘l(’h of (om]u

*hmmml othbmum and statis
fons a,bout tim dmmab existen

area:

‘ Th@ mmmdxs ater of ‘titx,is‘zixqu.
ol the Ca, Mg ar Oy can t
of major mmpunont,s to befor Naa 1( 1 ,ndv 01‘ es whieh
appearabundantly at the 1 1100/01(' level, and for Ca, Mg (1 Il( ‘0, lime
stones and dolomite which are the main constituents oi ke(hmmmn v for-
mations from the other levels of the aquifer.

The source of H,S can’t be precisely determined. The only wrtmn
aspect in this sense i 1110 fact that it is not supphed by the Black Sea.
The Stdtl\tltal interpretation oi the data suggests the existence of two
sources of hvdrogen sulphide, the fivst pla,ve(l at the Jurassic level; from
where it spreads both towards the surface and depth, and the seoond pla-
ced atb the Bocene andjor Sarmatian level, Any way, both the analyvtical
results, reported by C a p ota (1%()), that have mpo,\ed the existent
situation duving and immediately afterwards the: drilling; as: well as the
data we obtained; indicate the Hmmfm(m a8 being the 1‘1@110% 10\(\1 in
H,9, and the Paloo/mo the poorest.

The unitary decrease of TDS ¢ ontents from depth towmds ﬂl(‘ wur-
face, as well as the variation on the vertical of the concentrations of some
components, indicates the achievements in the framework of this aquifer
of o mixture of waters haven’t different properties. Thus, the Jurassie,
Cretaceous and Eocene levels ave influenced by water with high Tl)b
content belonging to Paleozoic level, and on the other side by ﬂle Wi ﬁ;(‘l‘
with low TDS coutem coming from-the Sarmatian level:

In its turn, the Sarmatian level does not present a 11()1110“@11(,Ollb
chemical (:~o111p0$1b10n, neither in depth, nor on the drainage {uwtwn
NW-8E. We may assert therefore, that it suffers under the influences

’()Ul‘(’l‘\
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of levels from the depth of the aguifer, but necessarily also from th
of a water contribution with very low DS content. Probably, thig
poxent of the mixture is represented by the water come fr
tiomn system, which penetrates in the undervground 111 1l

(%mn e 40 km WNW from Mangalia city). -

- A mixing-model approach using the computer p‘r O
Wa s omployed to estimate the mixing proportion of underg
By applying this model to cave water from ,Pestera de la M
it arises that here the mixture is formed of 17.89, water belong
Paleozoic level and 82 ‘?% W x,tor 01 thv Salmdimn lovol Ium :
nei g,hborhood , ~
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