
rHI GEOCHI•:l\HSTlIY OF GROUND\VATER FROM. 
· SOUTHEASTERN DC)Bl--!C)(;EA, ROlVlANIA 

CONS'L\NTIN i\1;\HIN m11l TfIDOlL\ ?\lCOLESCl' 

':fllis i'H\Jl'l' is an apprond1 lo delïnc tlw uwin chnrndt·rislics and origil1 cf su\ 
phidir llwrmal wn\ers rrom soutlleaslPl'll l)ohrngea region, whicl1 inl']Uded OH,. 
cave,, l'es\ern dt> la :\loYik", Tlw rnodel !illlirnitkd is ln1sed on our water mrnly" 
,.;es atliiev'ed during the period l\HW··l\Hll, ns \Wll as on daln repnrtcd by Ca JJ o 
L: a (ltî80). Computes progrnms Wei'(,. used lo enlrnlal.e n,nl elit'mirnl eomposi" 
t: ions:<ml mi:dng proportions of nalurnl waters frorn the an•,1, The results shnvv 
tllat 11·aler !'rom shallow aquifor mixt•s willl water from Ille deep :l<Jllifcrs in th(, 
grou11rh1,1ter tlisclrnrge an'n, yiel<lillp; n rnnge or intermedinle composil ions. 

1. J;\THO])UCl>JON 

T1H· sontheastc>ru :Dohrogea rcg'ion was shown to be the 8it.P. ol' Sollie 
ur 1,h,e lll()St int01·esting }111'1 c;,mpkx Hmfütnütn hy(h'ogeologieal foatun·H. 
'Uw discov<'l'Y of the cave ,,J\,0h'l'a de la Movik" (U o 11 s ta, nt in(\ s ('. 11 1 

1!l8fl), with its exm'ptiona,l troglobitic commnuity, has ('llta,iled a,ga,iB th<• 
att,1·rüi011 oi' i,he specialists to tllis mea. 

On the ground of miernbiologîcal <•.onsüll-ratious (S }t r bu, rnno) 
opiJ1i 011 that this oa,ve eontains 1Jw first known snbtc,rnuiean ecosystem 
based on clwmm1,utotrophic production of the mit1•obiota, which ust~K 1lll 
a8 it sourc·e of energy wn,t; po;;tulalA' out; (S :1, l' h u t"t nl. HHH; Pop a and 
8 n, r b n, 1991). 'l'his supposition is thw lin ;:;evernl JW,leogeogra,phieaJ and 
hyürogeological cousiüerations (L a, s o u, 1D8!l), anü cornes to th<' rnm­
clnsi ons that there is not obvious input of feeding from the :mrface ami 110 

]oeai mixing lwtw<'Pll snrfaee arnl subten·am'im water (S ,L r bu iLrnl Po­
Jl a, 1\)\)2). 

St~\·cral i1rnliîtutions 1111(1 :-;rn1w inüivi<lu:tl rcsl·arelwrn havv é\tudie<l 
Lhc hydrngPolo12:y of thi;-; i'U'(\a !for a, ües,iription ::we, among othC!l'S 'l'e n u 
et al., (1n87), n :1 v i il c s c u et al. (19Hl), Fern anü Ca}) o ta (l!J!H) j. 
Uespite th("i-\l\ extuusivP stuüictl thcr(' n•main several unkno'xn foatm<';-; of 
tlw carbom1teü aquifers of sonthea8t<>nt Dohru~·Pa. Sorne aut1rnri,; Y11rnish 
<·(•l't;ain chemie:1,l lhkt, iu dii'forcnt eon1Yxts, ahmit this mHkrgroun<l w1Ltcr:-;, 
huL entt>r into no detail. 

The })rimary goal of our pa1wr is to characterize ëmd i11tP1,rn·d, llH1 
clwmistr,v of groundw~iter fron1 the :-;tuüie<l are:1,. Baseü on all :1.,vailabh1 
:,;omc::~ oi' information reg,wding the chemical co1npositio11, a,:-; well as 
on our owu analytical ÜPternliuations wn rnaJ,::e f1, prelimilu1ry aUPmpt, 
in this Bense. T1w authon;' Plll'lHJS,' is not to üeü~rn1.ine finP-Reale cbcmi<·nl 
variations, but lio üisœrn broa.l regional trends that might shed light oil 
wat<'l' migration an,l fuwlmncutiü hyd1·ochmnieal proces:-;cs. 

2. STUUY AllEA 

rrhe Soutlt-:Oobrogmm platform, which embnH:.eü the exami1w(l te1 i i­
tory, is from morphological point of view a region in the stage. of pe,H'­
plain with a ver,v poor hydrographical 1wtwork. rrlw geological ::;tn1c1Jun .. of 
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The J'r()m sou lli1•asl !'l'll 

thiK iu:.·eai fa quite ,vell ]rnown tha,nks to the nunwrous üi·illiug wllich lHWl' 
brn\JJ llug lwre begim1ing· on 1HG2 down to Hl7H (U' el' n a,nd Ca, p ( i L 11,, 
1080). 'l'hn crystia,llüw ba,sement;, a+,sig'lH~d al') age to Urn Proterozoiu, not 
rm\.(•.lw,d i11 this rcgîon, is coveœd by iwtlimentary depmiits. 

J,1·0111 boU,om to top the s<-dinwntary fornuüions consists of tlw 
following. (1) Sedümmta,ry deposits of Paleozoic ag(ô int,e1·ceptf•<l by tlw 
pro1'o1:xnde:;t ,vell dug in Mangalia, zmie (\Vell No. 5082) betW('<'n t>ri!l 
120A rn d(!,J)tl1. (2) ,Jura,ssic deposits of 850-•4J>Ü n1 thick, eo1rnistiuµ; or 
Jimnst,one~ and compact dolomite. U~) Op to 100 rn thick intf•.rnH•<liatt· 
h1,y1)l'N of (~retîweous a,ge n,presn1ted by ma.rl limestones miéldle b:i,ndK, 
üla,yPy sall(ls and calca,reous sandstoiws. ( 4) 1Docene deposits of rLbouij 1 oo m 
i,hick11.ess cmnsisting of safülstones, Ka,nds and lirnestones. ( 5) Sf11'HUîifa,n 
depoKits di:v('loped hetwecn O and 120 m depth a,nd represented by Jossi,, 
lifo.rotis li111.estones with rare a,nd t,hin ma,rl ha,nds. '.l'hese sediments, wlth 
a, 1,hielrnes~ of a,hout 2ü m in the J\ila,nga,lia, city territory, gradually h<'<·omP, 
thi11 a,nd <lisa,ppea,r in th(' sect01· of Ma,ngalia, swamp (Fig. 1). (6) Qnatel.'~ 
na,ry rocl,s with a, thickness of 0----80 n1 a,nd consisting of sandstolH'S, 
cla,yey rnad a,nd elay soilR. 

:rt could be assumed (11' e r u a,nd O a p o t a,, 1991) that sedimer1tn,ry 
deposits of JuraRsic, Orefaiceous and 1:ilocene age form ,1, unified k:;usU•­
fü1hh, complex, \Vherca,8 sa,nirniiifHL limestones another one. Between thesc 
two units there is ~1 thicker layer of impermea,ble clays more striking in 
southwanl l\fangalia locality. U'rom the hydrological point of view i;hoso 
tmifo iue considered a,s two diKi,inct :iquifern. 

By interpreting of r1 la,rge nmnber of experimenta,l data consisting 
of envirornnental isotope analyses, 'r en u et al. (1987) and D avides<•, u 
et :il. (19\H) delimited the rec1mrge zones for both aquifers and establi­
shed the 1rnlii11 flow directionR H,nd draina,ge areas in the following wa,y: 

1- ]'or t;he Jumssic a,quifor the recha,rge territory is determined. in 
prc-Balka.11 :Platea,n (Bulgarü.1), having two flowing directions, a main 
Pa,tîh towaJrd the :nea, of major dmilrnge in the NID oi' Consta.n1;a eit.v, 
a, secondary Howing direction iîomHdK .l\hinga,lia; 

- l1'or the S:nmatian aqnifer, whieh aceording to the n,bove-HH'D­
tioned authors is dra,stieally inümmeecl by precipita.tion waters, a, reeha.rge 
a,ren, with recent wa,ter in the Plopeni-Oredinta zone, wlwre iffigation 

Fig. :L Localion of samplcs ulilizP<l in stuü.y. l{ry: \Vell with ovc11 inh'rval in Uw levels: 1, 
Palcozoic, 2. Jurassic, ,3; Crelaceous, •l. Eocene SHrrnatian, fi. Sunnatian. Springs: (l, 

Sarrnatian roeks, 7. Eocenc + Sarm:,lian rnchs, Il. wi lhoul 112 S. U. Cnw. Hl. Hail way. 11. 
HQu\.e. Sampling sites, in !Jrackels firn,I depth ur the clrillin;.(, in rneters: 1 - Vfrll No. ,j(J'7:J, 
hcrghelic (8:,); 2 - Wdl No 010713, ]\l,n1galia lJtacll (:ll); :l ·--· \Vell No. 1 lBF, Neplm1 (1 illl); 
4 -- \Vell No. 2 IBF, l\fang:llia (C«\J,.\ is) (1 S'..2); :, Well ?-(o, ,l L!fr~ I\langnlia (2:l2); G--- \i'ell 
No. 4 IBF, Mangalia (I krcnl,'s) ('.Z::O); 7 · · \Vl"l l :<o. fi(,/,~!, ;\inngal ia (1:204); 8 - \Vell No. 
4074, Venus (1\l); D --· \Vell '"o. 1 lSLV:, i'<eJJ\1111 (;l'.îU); lü --· Well l\o. 2 ISLCiC, Vl'llllS 
(200); 11 -- \Vell No. 3 ISLGC, l\laugalia s\;um11 (20'.,); U ··-- \Vell No. •l lSL(îC, Manr.,;:dia 

(lOO); 1:l ·-- Well No. fi lSLGC, Olimp (:lUl); J.1 Wdl ,\n. li ISLGC, 2':eplun 11 
(2~l); - Well J\Jo. 7 lSLGC, Neptun (:lO:J); 18 --· in Limanu village; :20 ·-· Weil C/ü' 
Lilnanu (95); 21 ~-- Venus spring: :J.:J :--;priug; --·- .. ô.uront sprîng; 2:4 --- s~u1:.~loriu 
J\Iangalia spring; :2b Jupilcr \\'('ll ('ïO); 2H -~- 'fnpitoria de in \Vell; :H) 
l{ara ()ban undvrwaler StH'iHg; :lCl --··- Pirin1 suHlJros springs; W? --- Bnnun· \Yc11; 10-1 
"Pe~ten1 de la 1\lovile" cave. 



w ~1\1.'r Jle1wtrat1•s down is mcntioned, with flowing dir(•cU011 n pprnxirn:1,, 
1,i,-,Jy NW SR 

Aecm·ding to Peru. and C n, pot a, (..UHH) all hydro/ .. W!ll ogl1,al tll'îl•·· 
Uit1g frou.1 the studied arca present, al'tesian disehargcs range h1•.Lw1•N1 O,;j 
a.n<I 55 1/s, lrnriug 11ydrostatic levels betwcen +ü.l> mHl \ lU.::, rn. 

:l. :\IETHOHH 

Two sn'ies of ÜfLta wm·e uLîlize.cl in this study. 'l'he fit·st ii'I 1·11prüSCll·· 
(jf~.d h)· the n;nalyses reported hy C rL pot a, (1080). 'l'lüs a,u1,hor· wa;,; <mm 
pi.fol in her Siiudy more thmi. one hnndreil of chemical data ohh1illlNi tnHJ<w 
se:.wral research programs in several lahon1l,ories <luring iïlie JH1rio,1 JHl.i!J 
1080. Unfortunately, the analyt.ieal method8 used were 1101, 11w11f,loncd. 
Ji'rŒ1 this papnr we .luwe seleeted 8ti a,11alyses of sa,mplc•s eoll<•cl,<•d from 
'.30 1vell8, 15 11ah1rnl springs, and fnnn the I3h1ck Sea. 

'J'he secorn] series of da,t,1 con8ist;:; of our Wt1ter analyBe8. On Uw 
whol<', G8 samplcs of <liffonq1t typo8 of w,1tern have beon colleci,(Hl durîn,e; 
Uleperiod 1!)8G--Hî87 (4 s11mplos) and ;Jmll~-Deeember lû!î1 (1JO fmmpleK). 
For i;he geogmphical distribution of the s~unpling sites sec E'ig. l. 

In lihe field, at the lïinw of the sa,mpling, we have rccorclnd t;he b.1m­
P•"'ratme ( ± O.l°C), the pH (potentimnetrimtlly, ± O.Oi5 pH unit), tot:al 
a,lJrnl.inity mHl total sulphide. In the hJcboratory, we havP. anal_yr,(•d tlw 
l'ollowing eontentiS: sodium, poiï}tssium, mr1ignesium, m1ileiu1n, i10Lal iroH, 
tïotal horon, di8M01 ved silie:1, ainnwnia,, nitrite, nitmte, totrtl J)hosphonrn, 
srt111lrnte and chloride. 

F'or in sUn total sulphide (H2S + HS- + s~-) determi1rn,i;ion Lhe 
sa,:n1rües were ~1dded over lrnown volumes of sta,nda,rd iodine solution a,ud. 
the n•.sidual iodine was titimted with standard füiosulfate solution in 1nv­
se11cn of sLiu·ch indie;:,1tor. Totail alka,linitv wa,s a1mlvzed by titrn,tion with 
a, sta,nrlanl a,cid solution ,1gainst; of joint'. indicator 'rormecl ol' l)rrnnct·e8nl 
green :111d met;hyl n•.d. :E'or both (1f,termi1rntion two or three rcplieates were 
neces:mry to reeord a gooll eoncorthtnce. 

For most samples the sodium and potassium were mrnlyzed by ;-;La,n­
<hnd flarne photometrie method;-;. For the other sa,mples sodium wa:, do1;er­
mifü.d photonwtrie11lly with ura.nyl aeetate ( G hi m c e s c u and ll i n c u, 
:rn74) and pota,ssium by a, tnrbidimetrie procedure with wdium Letra­
phe1Jylboron (0 os tache, l!îG6). rl'he ea.leium and the tota,l l1.1r<luess 
were detcrmined by compfoxometrie micro titration with photome1;ric 
end-point determination. 'rlie 1m1g11csium coneentration w11s obtr1ine<l 
hy nrnking the difforenee between the resnlts of the two a.1n:1lyses. 
'J'otal iron wa,s }1nalyzed photometrim1lly with 1.10-phenanthroline 
(M 11J ne s c u et :ü., 1H78). 

'L'o nèmove hyllrogen Rnlphide interferenee in sulplrnk and itmmonilt 
determirrntions, the s:11nples colleeted in separate bottle:-; wen, immedia­
t<•ly treated ,vith e:ulmium }teetat<:>. Lo preeipfü1te dissnl ved sulfüle speeies 
,1s eadmium suHide. Suhseqm·ntl,v, sulphate was determine<l tnrbidime-
trieally (Amin o t, lDJ:1) ,1nd arnmonü1 (:NH 3 + :NH;) by irnlophm1ol 
blue methud (M tt e k c'. r eth et al., 1B78). In 01·<ler to n1easur<~ liotacl 
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photiphonrn ,4 clige81ii011 procfi1lure 1'oll1Jm;d br th1, J)hotometric molyl>dMl 
hlue m.etho1l (Mac k e r e 1; h et ail., U)78) was n::md. N itrnte Wflti aJ!HtlyM 
zed hy clmnnotropie a,cid method (\Ve s t n!rul It a, mach a, n dl' H, n, 
10tHl). '];he tota,l boron wa::; detenniJw(l by carmine nwlil10ü ( B n 11 ei, id, 1 
1H7fî) t1,nd <li.ssolved silica wa::; r1fü1lried photomotrically wiU1. rnolyh<h1te 
(Pt\kaln~ and J1'lynn, lHG7). 'l'he eone1•.ntra,tfons of nitrite, arnl 
chlorld,e Wl•t·e de1jermineü hy Rtitndard .methodR (P a t r o e 8 c u a.ml 
Ga 1i 1~ s c 11 1 1980). 

A corntmter J)l'ogi·:1m ba8Nl on a modd pnwiou8ly outlined (M a, 1· in 
and ·P a t r o es c u, .U.H}2) wa8 USPd to e:deulate 1jhe elements ;-;pecii:1,tion 
in aqueous f::lolui;ion;,;. 'l'he inJmt, reqnired COJH,ists ol' total amount8 01' 1;he 
ch('.rnieal equilibria of 8peeies eoncerneü with thcir eqnihbrium e.ons1,a,ntf\. 
By this proeedure were detcrmincd not only the i1ctivitics of tlw conrpo~ 
ncnts involved but also the cqnilibriurn Jmrtial pref\Slffe of tlisRolwtl gHf\es. 
'.l'he ntodel proposed by us yields rnsults eomp,n-n.bk to the 1wogrn,ms Uf\Nl 
hy olîlier ,wrkcrs. 

'['he (•om1mter model NE'l'PA'l11I (P 1 u m rn e 1' et nl., HHH.) was 
employed tu calculat!~ mixing proportions oi' groundwater from slu:ülow 
aquîi\•r with groundwaü•.r from profound aqnifers. 1rhe v11rious BtatiBtical 
ealenlations were conductccl using the S YS'l'Nl: vrogram. 

4. HESlJL'l'S 

'.fable 1 presents a, st~üisliic,tl treatnrnnt of the üata ,vhich has been 
carrie<l both on our rmalytieal rcsults and 011 tho::;e rc•po1tec1 by (' a p o ta, 
(1!➔80). It fa vm-y difüeult to compa,re water afütlysc::, :tclüeved by dif1'eren1j 
labora,torie1,,, within 11 long pei·iod of tim<'. On tho whole, there arP no major 
discreJ)ancies between our results fünd those compilecl by Ca11okl, except 
H 2S a,nd SO4 determina,tions. 

In the ca,se of H 2S om· results an1 broader than the otliern, wlüch 
reve:ü the existence of :wstrnrrntic :ln:üvtical errors. The nwthod which 
i8 based upon the reacti<)ll of snlphidc ·with iodine follo\n>cl by lii1ek-ti­
trntion with thio;,;ulfate is mtwh uscd. by oLU' lnlH>l'lttories. ]?rom thjs pro­
cedure ,ve rcpla,eed the i'ix:a,tion of H 2S a,,; a insoluble ;,;ulphide, by perfor­
ming the <lctcrmina,tion in the füJld . .Iii this w:1y, we avoidecl a ;,;011rce of 
losses of dissolved H 2S but, in the :-;a,mc time, our arn1lyse;; bccomcs pro­
bable nrnch lcss specii'ic. 

As regard;,; sol (fotcrmination, the vaJnes reporte.cl by Capota are 
obviously overestimated. 'l'he enor i::; proha,bly due t,o the fact that H 2S 
has not been from the samples, and a pmt or it was oxidiz.ed at the 
sulphate 1mtil ~111alyses were achieved in the, hiboratories. 

The wellR were sortml into cla:,;ses dependiilg· on age of the 'scJimcn­
tnry forniationfl exiflting in the üpen intorvals. Tl1e elrn,racterifltiC'S of the 
drilling WNc ta,kcn off by Ca J_) o ta (U)80) and :F cru and Capot i, 
(Hl91). 

Of course, most of the drilling C{tpture w:,ter arisen from dûl)Osits 
with üifforent ages. Beca,nsn of tllifl, the names assigned to the classes 
frmn Table 1 lrn.ve only a gcncric nwaning. Thus, the \Vell No. D082, which 
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1·e111·esents the Paleozoic Zevel dntins both dcpositr,; of Pafooz oie u-~1." n,rnl 
Lowm.· Jurassic. The ,hirassic levez is the only case w1wn tlrn 1•pspN.:tlv11 
wells am exclusively opened in formations of' t,his age. '1:lrn w(•ll s 1nchHlt'tl 
in Oretaceous leoel a,re prioritarily supplied by Oretaceous a,p:B tl{'flOBit1<, 
b11!, 1Jrnre are frequent cases when the Upper Jun1ssic or the Lower Jûüü<i1113 
i s 1·cached. In Eocene + Sanncitian leoel wel'C ini;1·oduced iî l.m drilllngu 
wl1ich have open intervals in both deposits. The Sm"matian l<ivel iHehtd.<•s 
110\ only the wells which exclusively capture ,va.ter arisen from this atrulft,r 
but ailso all the sulphidic natural springs being in zone. Alt!lrnuglt 1-h<i 
, ,:Pe~tera de fa J\ilovile" cave is dug in Sanna tian age rnclrn, it i R :,,;epa,mtely 
pnAented in Ol'<ler to distinguish iii8 a,quifer ohemical characterit1Ucs. 

In SJ.)ite of' the fa.et tlrnt undergroundwaü'r from southeH,HL<·rn l)o.o 
bl'ogea is sheltered in mtrhonated rock, it IJlainly has diffrn,.nt, <•.hemicH,l 
feat,n1·es towards the other karstic area,s gr0tm(lwater. F'o1· inNü.11w<', in 
tïh<1 Padurea Craiului Mountains, which shelter one of the mos t i mportfi,nt, 
J3ioma,nian ka-n,tic zone, also developed in Cretaceous and ;Jurn,ssie liliw~ 
stones, the values of total dissolved solids ('J:DS) never exee<'d 0.6 ~/1, 
w11ile Ca and HC03 a.l'e the main components of these wat<'l'H (l\J ,Hl n, 
:L98l). Instead of' this fact, in the studied area from Dobrogea,, r.11DB e<m~ 
t,e11t,s are extencled between 0.8-3 g/1 lrnving an avera,ge :1bont l.2 g/1, 
·wllile -sodium and chlorüw a,re preva,iled. At the same tinw, h('I'<', W<' e~ui 
finil in ma,in concentrM,ions unusual components of ,,elassic" lrnrNL watern, 
sud1 as hydrogen sulJülide, ammonia, bromine, iodine, a.s.o .. 

Tobie 1 

Chemicnl composiUon of grounclwa1cr, sou1hcaskrn Dobrogca (Tola! roncentraUon ill solution 
exprcsscd in rng/1) 

'I No. of 1· 
cases 

rcriod · 1973- HW1 

Tcmp. (cC) 13 
pH 6 
H 2 S (j 

TDS 13 
Na 5 
K 5 
Mg 6 
Ca (l 

Fe Il 
13 5 
HC03 6 
Si02 l\ 
NH4 5 
N02 5 
N03 4 
P04 2 
so. 6 
Cl (j 

:Br 4 
l 4 

]\Jean 
1 

J\iinimumj. J\Iaxil.m1m j Sl::rn(la!'à 
Dcviation 

PALEOZOIC LEVEL 

22.3 18.7 2,1.0 2.71 
7.5'1 6.[)0 8.61 0.H2 
5.0 0.1 13.7 5.48 

2629 2318 2H72 280.02 
821.2 6!)4 .0 !J42.3 lH.37 

2.1,:3 21 .0 27.0 2.3,3 
22.8 (Ll 37.4 12.43 
24.3 12.5 ,J8.1 12.ô2 
0.325 0.012 0.ü00 0.345 
4.H8 3.01 6.00 1..16 

635;5 561.2 744.3 70.91 
16.8 4. !) 25.!l 7.58 
1.37 0.10 2.00 0.73 
0.017 0.000 0.070 0.028 
0.78 0.05 4.00 1.58 
0.051 0.04!3 0.055 0.007 

31.5 20.0 88.4 6.95 
!J7(j. 5 8!l3.G 1070. 9 82.21 

5.0 2.0 10.0 3.44 
1.15 0.5 2.:3 0.79 



7 .,--. Tlrn. geocllemisl.J•yof. groundwa Ier from southeastcrn Dobrogca 

1 
No. of 
cases 

l'l'XÎOd: 197()-1980 
,.,,,,~ 

Tt~mp. ('"C) 
,11 
Jl2S 
TDS 
Na 
H 
:M g 
Ca 
Fe 
B 
!C03 
Si02 

N 
N 
N 

Ht 
Oz 
03 

so. 
Cl 
Br 
] 

8 
8 
8 
8 
8 
7 
8 
8 
6 
4 
8 
8 
6 
5 
5 
8 
8 
3 
2 

Pcriod: 1!J76-Hi91 

Temp. (OC) 35 
pH 35 
H 2S ,35 
TDS 3.5 
Na 35 
1{. 35 
Mg :!5 
Ca :35 
Fe 35 
:B 21 
HC00 35 
Si02 34 

NH, 26 
N02 29 
N03 29 
P04 10 
so. 35 
Cl 35 
Br 15 
I 12 

Period: 1969-1977 

Terni>. (°C) 22 
pH 22 
H2S 22 
11)S 22 
Na 22 

Table 1 (conlinued) [Pag, 2] 

Mean 
1 

. I Standal'(l 
Minimum l\faxmmm Deviation 

,J\JHASSIC LEVEL 

22.0 18.0 24.5 3.31 
7.88 (l.:30 8.00 0.57 

15.'1 0.5 29.2 11.01) 
1100 822 1921 34fi.02 
210.8 77.7 MHl. 7 130.fi4 

7.5 5.0 9.3 1.()8 
42.2 27.5 7().0 15. 71 
(î:l.8 33,ô 100.0 24.20 
o.:rn 0.1 0.8 0,30 
0.51 0,15 o. 71) 0.27 

:3()7. 7 '305.0 439.2 48.fiO 
13 .:! 8.6 2fl.2 5.77 
2.21 1.00 4.50 1.32 
0.03() 0, 00.5 0.0()0 0.023 
0.34 0.05 0.8 0.32 

rn.59 1 •) ... 42.2 13.5(\ 
:3,l8.2 2:H.O 819.7 1\)6 . .5 

1.fl7 0.1 4. () 2.18 
0.55 0.3 0.8 (). :3fi 

CHETACEOUS Ll...:VEL 

23.fl 2LO 26.3 1.31 
7.30 6.00 8.01 o.,rn 

11.3 0.5 :32.3 8.09 
1208 916 1440 116.47 
267.9 165.2 :rno.1 ,!4. 0:3 
13.1 5.4 23.lî :1.!H 
37.5 23.0 63.0 8.25 
57.3 36.1 133.0 18. 7G 
0.284 0.015 1.900 0.3f:t8 
1.9G 0.03 2.50 0.80 

:342,:1 195.2 47:'t.8 51.26 
17.5 8 .(\ :35. 7 7.82 
2.H 0.22 5.00 1.0G 
0.031 0.000 0.240 0.044 
0.:33 0.003 2.20 0.50 
0.069 0.0:33 0.089 0.016 

24.2 1.0 51.0 16.2 
420.3 314.0 512.5 52.08 

1.77 0.8 5.0 1 .07 
0.77 0.01 1.8 0.4(i 

EOCENE+ SAHMATIAN LEVEL 

22.7 20.0 25.0 l.75 
7.11 6.5 8.00 0.47 
9.(i2 0.2 17.6 ·4.7:3 

1206 903 2274 2G1.2 
263.7 177.5 691.6 102.84 
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K 
Mg 
Ca 
Fe 
11 
HCO,, 
SiO., 
NJ( 
N02 

NO:i 
so,, 
Cl 
Br 
l 

remp. 
)li 
LS 
rüs 
Ta N 

I 
]\ 

( 

F 
J 
l 

,;:, 
In-
" :a 

•e 
1 
ICO:, 
Si 0, 

N 
N 
N 
l 
s 
( 

l 

·n,-
'O., . o; 
'0,, 
·o, 
:i 
3r 

l 
·---. 

l'erind: 

Temp. 
pli 
H.,S 
TÏ)S 
Na 
K 
l\-lg 
Ca 
Fe 
13 
I-IC<\ 
SiO, 

(''C) 

.No of 
cases 

10 

11 

·11 
,jj 

:J7 
•ll 
·11 
:io 
•ll 
•11 
41 
25 
41 
40 
37 
40 
,JO 
21 
41 
,11 
" ,) 

l 

1!18fl--1\I\J1 

("C) 8 
8 
8 
8 
8 
7 
8 
8 
7 
Il 
8 
7 

• 

Table 1 (tonlînuc!l) 1 Pa;;, :!J 

l\foan M.inlnrn111 J\fal,Îlll!llll 

11. il ~L7 lf>.fi :l.8!l 
:35.ll i5.2 ·1/l.6 :, . •Hl 
57A ,1,J .1 80.2 0. !Ill 

O.fi24 0.10 r,.no l . 2:)7 
:i .44 () .\)\} 12.:rn •J .01 

,l7fl.4 iH 7 .2 /J88.1 i)f). 

17.5 !J.2 ,IJ '(i 6.!i1 
2 .1ù 0.10 5. Ol) t .:!!i 
0.0:l1 0.00.l 0.080 ◄). ()~\2 
o.rn (l.00 0.50 Il. ll\ 

42.l ff. :s \l:l.,J 2:2. LI 
:378 .5 21:.l.il HH0.7 rn:l.ü 

1.Hl (U ;l, :J 0.\)2 
0.\12 0.7 1.2 o .. 10 

SAHMATIAN LEVEL 

22.:) 18 .0 2:i.4 :2 .'.20 
7.4D fl.50 8.20 0.:1:i 

20.8 2.2 4:l.8 12.71l 
11,18 s:rn 225!) 221i. (l,t 

242.ü rno .o GH0.6 85.l :J 
1:3.::; !).2 rn.6 2.17 
83.G 1!).0 117 .2 l>.'12 
5:LJ :JO.fi 72 .1 \). 7li 

0.81)8 0.001 O.(ill5 · 1.0:io 
l.8\J 0.84. 10;0 l.7H 

874 _(l '.2'11.0 488.0 47 .02 
23.2 !).4 :;:i.,1 2::1.2 · 
2.00 0.01 r,:50 1 ..11 
0.028 0.000 0.170 O.O:Jt 
0.,34 0.01 •) <_) -.,) O. l-l 1 

Ü.108 0.052 0.18·1 o.o:HJ 
:l2.1 0.5 , sg ::3 2ûA8 

8,J8 .4 202.0 1007 .0 1:J:, .:rn 
0.()8 0.05 1.5 0.74 
0.44 0.05 0.9tî 0.4fl, 

MOVILE CA.VE 

21.0 20.ll 1 21.8 0.42 
7.58 7. :rn- 8.ir, 0.29 

:31.4 28.1 :JJ .3 1.85 
1001 H:rn 105\l :J2.G4 

18\J,{î 160:0 212.:; 15.11\ 
11.\1 7.0 1G .3 2.!)f, 
:H.û 20.fl 48.ü 7.81 
4f,.8 3ti.5 r:;:r:: t) 5.64 ~1~ .,,) 

0.240 0.010 ·,. 0:.485 0.2JÙ 
1.:lo 1.20 ·' 1.60 (). 1 :i 

8H8.3 ~l?(J .5 41'1.,8 1:l. :n 
2G.8· H.ll'. ,. 33 .. 2 8. O,i 

Il 
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NlI.1 
NO., 
No; 
l'o, 
~;0,1 
Cl 

No. of 
easl~S 

7 
7 
7 
7 
8 
8 

Mean Mininrnrn 

1.73 1.00 
0.008 0.000 
0.83 o.or, 
0.104 O.O:l4 
0.8 4,,J 

23P.5 21G.O 

5. :ms,:ussrn~s 

Table 1 (1:cmlinuecl) [Png. 5] 

l\!aximmn 
Standard 
Dcvia\ion 

2.GO 0. f1l 
(l.022 u. 00(5 
11.:3 1.•12 
0.207 0.057 

:i2.o \) .48 
2fJ1. 7 11.7'2 

li,1. CHEMICAL CHAHACTElUSTJCS OF THE 'WATER OF THE AQClFEH 

The groundwa,tn' of Cl:lil'Îiona,tetl aquifer from soutlwastern Dobro­
gc•it i:,; ty1iicaJly Na,-ehlorîde a,ndits totaJ dissolv<>d solid (TDS) contt>nL8 
are q11ite homogenous. In the fra,mework of this aquifor several sulvunits, 
cmt he dlstinguislw<l ca,eh of thcm individualized Ly Rpecific hydrochP~ 
mic:tl ])ernüia,rit;ies. Generally, each sulidivision oi' the sedimentary de:poshs 
hm; the sa,mc agt·, but at the same t.ime c01Tes1)onds to certain de11ths. 01' 
com·r;;e, the vitrions tectonfo distur1Ja,nces em})hasize(l in the area, freq1wn­
tly place tihe forma,ti011R of the same age a,t different de1)ths. The dia,gn1,u1 
J)l'<'flented in :Fig. 2 c01Tebtes '.rDS c011iients both with age of the cle:vm:itJfl 
n,nd with deJ)th of the open intervah; of the wells. It pointR out in a, renrnr­
ka,hle wa,v the constant va,ria,tion of these contents, in the sense of t,heir 
d.iminish from Pa1eozoic to Sa,rmatian a,nd from clepth to the surfacP. 

'l'he wa,ter of :Pa,lcozoi.c lcvel different.ia,tes itseH 1üainly from all the 
othm· horizons from a,bove, not ouly by a higher 'l'DS content, hui; also 
by the very Teduee(l ·weigb.t of cakium a,lhl nrngnesium <·ontents e01npn,n1.-• 
tive to S(}dium. '.l'he sit;trntion is e::qllaine{l hy the lithology of' these sedi­
m<•11t,ary deposits, consist,ingnrn,inly by :,;arnly chy::; and cla,y slates aai<l to 
it srnalh'r degree by carbom1,ted rotks (T' e ru and Ca, pot a, :tnnl). 
li'r01n this point oi' view, the Sarmatia,n kvd is placed on t1ie opJ)osiü; 
:,ide. Its chemiea1 eompmütion reflcets influence:,; g<'n<'rated hy the n1etPo­
ric water ('!'en u et al., 1987 a,nd Da, vides c u et al., 1991). 

'l'h(~ parcel of rocks pfaced lwtween the two opposite levels, conRi­
dcred as a, 1.mii'ied kH,rntifia,ble eornplcx (Fer u and C Pu p o ta, lfüll) 
a,nd whit:h sh,,Jters iè unita,1y hydrng-0ologieal aquifer (1' en u et a.l., 1!l~7), 
Î.C\ 1 from a, hydrochemical point of view, qui te heterogeneous. '.l'he eon·es­
ponding lz0vel of the Jnrassi<5 foxrnatüms posseNse8 the smallest TDS 
contents, and the Mg a,rnl Ca, Bhiue is thl' lüghest in the area. '.l'he Creta­
ceous and Eocene kvels ::1pJ)Ntr with very simibr hydrochemical proJle1·­
ti<>s. 'J'his fa<:t rna,y also he a conscquenee oi'. the way the reRpective dcposits 
are opened hy drilling. Both leveli'\ lrnve an excel:>s of TDS contents, both 
in .Jura,ssic and in Sanna,tian leveh1. 

5.2. TEMPEHATUHE AND HYDl{OGEN SULPHIDE CONTENT 

The origin of the thermali::,,m ancl of the high concentrations of H 2S 
in the groundwater from southern Dùhrogea, is one of the prohlems argued, 
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f"ûr ,li long tinn in the sp3:;if1lize:1 litcra,tm·e, but still not clc11ro1f up. 0(111t\­

rally, is accredited the opinion that the water fron:1 a certain d<Ypt,h whlch 
ilLSC(füd towa,rd the surface are w,i,rmer arnl rich in H2S (Fer 11 am1 0 a-

Fig. 2. - Evolution of the total dissolvccl solid content as a funciion 
of hydrogeologic sulmnits and the dcpth of the open inlervals of the 

drilling. 

p o ta, 1991; Sar bu et al., 1992). 'l'hc sta,tistic interpretation of the 
registered data in 12 years (C a p o ta, 1980) a,nd of the proceedJngs ca,r­
ried out afterwards as well, own counter to this assertion. 

'.rhe Cretaceous level apper1rs to be the wannest and starting from 
i1i, the temperature decreases bo th towards the surface and in depth. If, 
in the first place:;; the declcnsion of tlrn tmnperature can be ca,used by the 
contribution of cold waters from the :mrfacc, in the second one we cannot 
offer a satisfying explanation. 

'rotal H 3S contents pt1rsue qnite vaguely the temperature distribu­
tir)ll. 'l'lrn ;rura,ssic levai appesi,rs to be rich in such component, the con­
c1mtrntions dee-resi,se hoth t:Hva,rds Paleozoic and tow:.trds Eocene, bnt 
increase aga,in in t1n S1rma,tia,n level. Afl we lmve :1lready shown, there 
existed an am,lytical incongruity betwcen tke results reported by C1apoü1 
and those we have obtained. The representation of the concentrations of 
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::tqncous J(2S citleula,ted a,t cqnilibrinm ver8u8 the depth from which Lho11n 
Rample8 c1)JIH\ from (Fig. 3), :,;how:,; tha,t; u;,;ing a1mlytica,l 1nethod, the t,wo 
seriJ1R of n 10::tsm·es grwe resnlts in good ttgrcement. 

Ex:mlining the corrcla,tion bet,veen 1îot,i11 H 2S contents a,nil t,oLa,l 
S01 ( Fig. 4), it can be noticed tluvt to srmtll concen1,mtion8 of H 2S l'rom 
Crd,neeous ::tnd Bocene correspond high concentraUons of S04 • 'l1hen~l\m•, 
it is 1n::issible, that hydrogen sulphid(\comingfrom .Jurassic deposits spre:tdl'l 
to ï4uperior levels, but here it can be oxidized to 11nl))ha,te. 'I'lüs oxid aLion 
mrn !)c g1~nerate<l by the infiltration a,t the Tespective levcl of impoa·tanl; 
sml'a,ce wa,ter qua,1üities. 

'l'h(~ fact iïhat in the Sannatîan level tota,1 H 2S concentration H n,ro 
llig·h(~T comparative to inforior levels, suggests tlrn existence of a locf1.,l 1ml, 
fidN\ so1ll'ce, independent of that i'rom the Jurassic levcl. In this Cllrt><'., 
tion i t is worth mentioning .the observation of n'1 u t i h ac and I o n e s i 
(1074,), ·who nssign to the OligocellO from the southern sicle of :lYiangali~H:ity 
a seq_uence of clays a,nd bi.tnminous slates. Th<~ authors assume that t,hPsc 
:m' the H2S sources existent in the naturaLsrn•ings of this territory. 

'l'J1e hydrogen sulphide of the ground·water is implied in a, grN1,t; 
v:u·i<.~ty of reclox processes, ,vhich genel'.ate intermediary sulfur compon1Hls 
(l\l o rel, 1983), being largcly under biological control (Bou 1 ü p; u e 
and Mi ch n, r ü, 1979). It is evident that only a quantitative evahrn,1iion 
of U1ese processes cai11 confirm the suJlJ)ositions from nhove. 

5.:J. ORlGIN OF GHOlTND\:VATEH CO\lPOSITION 

'l'he Black Sea, being in the immedia,te rrnighborhood of the aquifcr 
ean be considered r1 major source of H 2S a,nd high TDS content. rl'lüs 
JJossi.bilii,y is not yet confirmed by the values of the mole ratios from 
eomputed moh11ity of free ions (1\vble 2). Al;-;o, the 01/Nu, ratio for Pa,leo­
zoic level is neitlrnr tlrnt of ha,lite nor tha,t of seawa,ter (Fig. 5). 'l'lrn va,lue 
of this ra,tio infüca,tes, a,s in other cases ( I1 a 11 ü n,nd Pl' e z b in do w­
s k i, 1\)82), that t1k common sourc:~. l'en' thes,~ two components are eln,y,;, 
existent at this leYel. 

Table 2 

\lcan mille ratios from compuled molalily 

THE LEVELS OF TllE AQUIFEH. 
Ion BLACK 

1 1 1 

' 
1 

n.alios SEA Pùleozoic Jurasic Crelaccous Eoccnc 7- Sarinalian Sarmat. 

Cl/Na 1 .2 0.8 1.1 1 1.0 0.9 0.9 
Cl/K 48.8 45 .•1 50.2 38.0 43.2 28.9 
C1/I\Ig 10.8 r,:l .5 ti.6 8.4 7.8 7 .:l 
Cl/Ca 55. ;) lîi.9 6.5 9.2 7 .\l 7.8 
Cl/IlC03 

11,1.7 3.5 1.7 2.4 1.9 1.8 
CJ/SO, :36.8 ll1. \l 17H.:i 1870 .:J 57.0 1278.0 
Br/I 30.38 8.65 4.2 :0, .7 1.9 2.8 
Nn/K :,rn .3 57.2 45.l 36.6 44.4 31.9 
Ca/Illg 0.2 1.2 1.0 0.9 1.0 1.0 
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1ll 8pite of 1ihe i'act füa,t füe va,l w\ or N a,/Cl nttio d<'vl'l op:,; for tlll\ 

r•thM.' levels t<nvards the value ot' 1,hc ha,lit,e, the prcsefü•P of Llw ov:qiot•llp 
Jin lhis }1rea scerns to be of lcss importa,11ee. rrhis afürnrn,tiou is suHl,iti1wd 
bolh by the level, gencmlly low of: th<i sulphate eoncentiratio11s, and. of Uw 
1,;ina,U vn1ue of Dr/I ratio. 'l'lw existenc<1 ol' the eva,pori.lïe is eo1rnid1w(\il Lo 
e.orrespond lïo values for this raUo botwePH 75 and 800 (Sa, r 1· o lrlt 1• y• 
n au 1 d et, al., H)82). 

'l'he bol'On ca,n have a,8 Ro111·ce eithfü' evaporite, or the volcnnlc 11nm· 
11-ations or the magmatie 1nanifesta,tions (Sonne ni' cl d, l 084 ; Sa, l'•· 

.1· o t.-H, e y na u l d et 111., 1982). BeeauBc the first poBRi.bility iH not; too 
probt1ble ·we nrny ta,lk of f1 profound origin oi' this eomponeut. lt;s rn1rn•c11· 
t1·ations eonela,te very well with partiial ])rcssures of the mnbon dioxhlt> 
(Pig·. H) in füe ca,sc of 1n·ofound lovels of the aquifor. 'l:he :wera,gü VH,lm•s 
of lihese pressures are in agreemcn1i wifü values considered t,o jn1linn,l,o 
a, 1)J'ofouml origin of 002 ('V a 11 i e k, 1982). Oomparing the valtrnK oh" 
tained for the Sarmafüm lüvel wiLh measures reported by ot,her a,ul,hors, 
it is <>vident that lwre the source for 002 is likely to be the soil at;mosphere 
(Thrailkill andHohl, H.)82;Hcardon ctal.,197!)). 

5.4, MJXING OF GHOUNDWATEH 

'l1hc unitary variation on the vcrtiea.l of the TDS content, Lhc dist,ri­
b ution of the partial 1)ressurcs ol' 002 and of the boron eoncen1;ra1;îon s, 
the v::1lues of ion ratios, the oxidization of H 2S, all these arc facts a,t1ïH,ining 
the cxistenec of i1 mixture of waters in the framework of the ea,rbonaLPd 
aquifor frorn southcastern Dobrogea. The shifting of the groun<lwa,ter in 
a direction oriented a,pproximately NW ~SE, both for the Sa.rma,lfan 
lovel a,nd for the other levels, reaching to Jurassie, lrns been demonstrn,­
tod ('l'en u et al., 1987 and David c s c u et al., 1991). In the sout­
heastern Dobrogea this wa,te.rmass acquires two more new eompouents 
with 'I'DS contents clearly different. The first one, with high '.l:DS con­
tent cornes from the :Paleozoic level, the second one, with low 'PDS eo11-
tent, belongs to the Sarnrntian. 

'l'hc underground water of the Sarrnatian level has no chemi<(a,l 
homogeneous eom])osition, neither on the vertieal, nor on the shiJting 
direction NvV -SE ('l\1ble :3). Essentially, there is a ])rogression of ground­
wa,ter chemical fa,eies notieed along the ::;hifting direction. 'rln1s, in the 
sector of J?lopeni well (some é10 km WNW from Movile Cave) the gromHJ­
water is of Oi1-Mg-H003 type; in Albe~ti arca (about 10 km W from 
1\fovile Cave) is of Na-HC03 type, whereas in the stndied territory, 
including the 1\fovile (hwe, is of Na-Cl type. 

This variability cannot be explained, but by a big surfa,ee ·water 
amount with Vfl'Y low TDS eontent, eoming from the irrigation syst<•m, 
whieh penetrates in the underground in the :Plopeni region. On onr opi­
nion, this water with ehemical faeies of earbonated type, onee pe11etrn,­
ted in the underground, affects sueccRsively all the levels of the 11quifor 
beginning ,vifü the Sarmatian and ending with the Jurassic, mingliug wilih 
the groundwat<·r a,nd moving on to the East. It is less probable that it 
would influence the :Paleozoic level, heing known that this is ch,1ractrri­
zed by a redueed penneability füld an ascend flow path (Fer u and 
Capota, 1991). 
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î\folal coneentrations and saturation indexes nf somc Sarrnalinn groundwalersl· 

Sl'H:IES 
l'lopcni Allwsli Movile Oban ]Z:fft1 Olwn 
Wc.11 *) Well Cave Wdl SJH"illf{'''') 

Tcmp. (°C) 1G.8 14.8 21.•1 21.2 :2:1. (l 

1111 7 .40* 1 7Afl 7.42 7.G:l 7 .1:1 
TJ>S (mgil) 718 !J7(i \)7,.j 1058 101 :/. 
PCO:,(atmJ 1.374E-2 1.20:m ,,o•:2 1.218E--2 (l.015E-:l 1.rnm.1-: :z 

~----------~~·-· -~-"-~ 

Nni, 1.543E-:S 8.420E--:l 9.21fJE-:l 9.B26E-:3 8A:JOJ•: :i 
JÇl 1.5,3BE--5 2.7:llE---1 2.BiGE--•1 4.147E-4 3. lHŒ ,j 

2.108E-'.l !l.:l18E--4 8.0!fiE--4 1.185E-3 1. 1 •t:iE :1 
1 .749E-:l 1 .020E-:l H.1:HE--4 1.180E-:i 1.10(\li: :1 

Fe:~i, :JA7:m-7 1.709E--7 J .71.\7E--7 2.400E-!i 1.1/HE 1 
H,,llD, U(j fi.477E--5 1\ .55'.lE- 5 1 .'158E--•1 1.5,34E-4 1.1s:m •l 
11cn;· G.5()5E-:l 7 .:300E<l f) . 7:18.E-··- :~ 4.Hi5E-3 5. l !)BJ,; " ., 
toj- !l.(l49E--!i 1.9,HE-f, \J.'.l07E-G 1.2•15E-5 9.121E li 

l!/,lO, fü} 2.144E-·4 '.l. (l(H E- 11 r,. :rnGE-- 4 •1.975E-4 4. 2811•: 4 
H.S aq 8. 421E--7 1.51\lE-·!\ 2.21\lE--4 2.033E-4 1. rnX.lE 4 
l l '.s;··-·· 2 .0\)4E-6 4.355E--(i 15.85llE--4 1.007E--'.l 5. :lùOE -1 
so1·- 4.ll21E--4 s.os:n~-1 l.276E-,1 8.788E-7 4. 500E .4 

cr 1 .ll01E-:l 3.5941'>-:l 6.0HHE--<l 8.fl85E--:l 7. l87E :l 

l'III\SE Log IAP/K 

Anhidrilc -2. Hl5 -2.22(\ -,UH7 -5.076 2.:rno 
Calcite 0.21:1 0.10:i -().()(,(\ 0.195 (). {)(l(j 

Dolomite 0.589 0.1[)8 --O.M9 0.478 0.2:l:l 
Gypsmn -1,884 -1 ,81)() ··2. 790 -4.81H 2.111 
Hematile 0 .5\)6 () .O\l1 .. (). 282 2.141 5. (i()\J 
Magnes ile 0.002 -0.281 -0.:lH -0.07(i 0.1!l8 
NJagT1etite 0,847 0.10n ·· 0. 0(i0 :l. HH2 8.7!11 
J>~TilC 8 .02-1 8.4,l3 11 . (i(j\J 12 .4\ll 1-1.2\l!) 
Qllal'lZ 0.4G7 0.7:l2 0.7\)2 0.7G3 O.G70 

NOTES:* Analylical data supplied hy l. ünl~e:rnu: "*) l 'nderwaler spring, snmple l'Ol· 

kdcd by C. Las eu; ··) Caleulatcd value hy A Q code (Marin and Palrnescu, 1\l\l2). 

With the computer program NB'l'PA'l'H (Plu mm cr et a.,J., 19!)1) 
,w achicvcd an evitluation of Uw mixing proportions of underground 
w,ttPr. ThiR code is used to interpret net geochcmical mass-ba,lance reae­
lions between an initütl and final witter ailong a hydrologie flow patl1. 'l'he 
following constraints wcre considered : C, Ca, Mg, Cl, Si and S, 1111d the 
following })hase : calcite, dolomite, C02 gas, Si02 , MgSi03 and gn)suni. 
Chloride is significa,nt a:c; a ,,ma,rlrnr" component. :Besides, its concentr}t­
liions present ~111 itlmost unitary distribution in the profoundness 01' the 
aquifr•r (Fig. 7), so no ehloride phases wero included, and the mixing 
ratio ,Yas auton1atieally based on CL 

]'or J}l'oposed set' of phases, one model was found which satisfied 
the 8electeü constraints. Sorrn~ 01' the mixing fractions calculated from 
the chloride are presented in '.l'able 4. H,eplaeing the Plopeni well with 
the Albe~ti well and repea,ting the calculation ba,sed on the same model, 
there can be noticed that this is not satisfying the constra.ints in the case 
of the Movilc Cave, when the second initia,l source is the Oban well. Thus, 



rn 

lt1 isvery prnbabk tlrnt exef>pt the Plopeni a,rea, where 1,hel'(' a1·1• 110 ,it.hi.,r 
lo,eal,ions, great amom1ts of surface ,vatPr would JH'ne1irate Ln U w 111111!'1', 
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Fig. 7. -· Box plot of cll!oricl<' (frce ion) for: - l'aleozoie lewl, 2 -·­
Jurassic Jevd, ;3 -· Cretaceons knèl, ,! -· Eoccnc + Sarmatian level, 

[i -·· Sarmat ian levl'l, () "l'e~lcra de la l\Jo\•ile" cave. 

Table 4 

Mixing proportions of groundwalcr in sonthcast of Dobrngea, calculaled with NETPATJl solll··· 
lion-minera! cquilibriurn n1odd (Plnrnmer cl al., 1991) 

~,-·---~"-~ 

JNITJAL 
1 

WELLS Alhc$li 1 
Wcll 

1 --· 

l'lopeni 76.8% 
Ohm, \Vell IS<trmatianJ 23 .2 (~<) 
Plopcni 8:3. H ~;) 
No 107:l rsamwtian+ 1 u .1 (X1 

lfocmeJ 
---- --~-··----·-
l'lopcni 8:3.fl(X) 
No. 4 IBF [Eoccne+ 16.1 % 

Crc/accousJ 

Plopeni 92. 4 S{1 
No. 5082 [Jurassic + 7 .6~~ 

Paleozoic] 

FINAL WELLS 

Mo[;;;,1r1vc/ j 
Ohan \Vell 

[27] 
1 

Bü.7~.~ 
60.3 ';/, ----

1 45. H (,:;, 10.2% 
51.1 '\, SH.8 (~;~ 

1 

02.f:) ~,;) :.17. 7 (;':) 
87 .5 (~{) 62.3% 

8') ') 0/ ) ..... ,,., /0 70.-1 % 
17.8% 29.6}'0 

1 

1 
\\'cil .-10-;:3 

l [1 J 

:H).?(\, 
6\J.:3 ');, 

67.0% 

1 
33.0% 

""-" ~ 

W\'lJ,J JBF 
j(l] 

52.G 
47.5 

'¼, 
O.' 
/O 



".l'he (•hmnîeal 1•vohüion ol' ,1.;'rou11dwa,ter wlthin Uie ea,rbonatod füp1l­
for frnm soutlrnas1ït'l'll l)ohrogen, wa:,; mqilainell hy eon;;,idl~ring: Uu-, geolo 4 

gl!' hi storJ of the region :,;iuee U11! Pnko7'oic, t;lw geochemicr~l som·r•,P.;4 ol' 
<.U;.;solveù to11stib1enlis, rmd the J>roüt'st-les of gronmlw:1ter How and nüxiug. 
The ,~.llarm•tel'îza,tion from Uie hydro1·]H,mie:1l ))oint of vimY of tihi1"' xouo 
lias liceu maliu·d on the lms!K of two serit•K of dat,a,, Lhe first heing a, oomM 
pilinµ: of mrnl,vtîcal re1:mHs in the JH\l'îod l fHW 1!)80 (C a, p o ta, l!H:10), 
mHl t;lw SP<:on<l sm·ieA of tinta eorrnJ;;,t,s ni' our water a,rmlyH<>8 whieh lrn,v1; 
h<•((Jl achi1•v<'d dm'iHg the JWl'iotl l!l8G •UHH. M:m,t of thf\ samplc~ corne 
frmn the ,w•Us dug; of t-ai,·(•ra1 re,•wnr<·h progran1s, aehieved by VtHi1ms 
insUtuti0118 in the nrc:1:. 

Altliough the 8out.hNt8Lern l)ohrogoa l11Jni1'er iA hetcrogcneouH in 
ii,8 lJthology and hyürogcologieal p:u·arrwtem iti can ho cons1dcre<l HK a 
n•giu.nalls conU 11uon;:; aqnii'er b1,cauHe its grcat thicknes:-, n,nd Pxtmmion 
facili tntcs hydrologie interconneetion bctwccn the dJl'fol'ent ln,yers, On 
accnunt ol' thi.'-l, tlw fact t1rn1., nrnn.v of the ürilling atknrpts a,re 01w11cd 
in :-,(•dimenüu·y <h,po1:,its oi' difforen!i agcH iK a difl'iculty hn,rd to oY<•Tnome 
in order to ]H'eüi8l1ly üetem1ilw the hydroclrnmicnl 1n·opert,ios of th<\ st,rnr 
t,igtn,1)hic horizon::;. In spitl' ol' 1;his, based. on t.he processing 01' the daü,, 
both from the point of Yiew oi' th1: clrnmiüal equilihrimn and s1,MisUm\ll.r 
we ean put J\n'Lh a K('l'ie8 of eon<>Ju;:,io11;:i a,hont i;l1é drairnige existent; lll the 
al'ea. 

The groundwatit'l' oi' thî8 aqnHer is 1iypimtlly N a-chloride, lrnl; weight 
of tire Ua, .M:g nnd 1IC0a uu1 l.wcomc imp1.)l'tanl,. \Ve consi.der 1·ock Rource;:, 
of major eomp01w1l1;;-, to be for Na! a,nd Cl sa,ndy clays and clay Klates which 
:1:ppcar a,hundantly nt the PalN)Wi.e lcvel, m1d for Ca, Mg and IIC08 lime­
::;1iolles and dolomite which Mt~ the main eo1rntitucnts of sedimenta.ry for­
mnti.ons from the other levels ol' the l11Jnifor. 

Thé wnnm or H 2S ca,n't hc prec•,i;-;cly detcrrnined. 'l'he only certain 
aH1wct in tht;-; Rensc is the fac1; that H h, not supplied by tlle Black Sen,. 
'l'lrn stati:-,tica,1 interpretation of the (la,ta, sngge:,;ts the existence of' two 
;;onrecs ol' hydrogcn :-,ulphi<lP, the firnL placcd at the ,Turi1s8iC level, front 
whN'e ü spre;ulA hoth towa,rdH the snrfaec and <fopth, ~tnd the second pla­
<'.ed at the Boeene m1d/or Sarnrnt,ian kvd. Anv wav, 1)oth the :1llll,lvtieal 
n•s11HH, 1·eporte(l by (~a}) obi (1H80), that '1.iave\,:xpo;c;eêl the exi1:,1,e11lj 
Hituation during and inunediately aft,(,nnmls the drilling, as wPll as the 
d:1ta we obtaincd, indic•,atc the Sannntian a:-, bciug the riche8t love! in 
H2f.i., and the Paleozoic the poorcHL 

The unitary dcerea,se of 'l'DS conlimltis from depth tow}tnls the sur­
face, as wcll m, Uie Yaria,tion on the verUcal of the concentrations of smne 
eomponenti'l, indicates the }W.hievementB in the framework of this aquifer 
of a mixture ol' W}:ùters havcn't diffonmt properties. Thus, the ,Jm·ftS,'lic:, 
Cretaceous rmd Eocene levels are influcnced by water with high TDS 
content bclonging to Pakozoie kvel, m1d on the othcr side by tlie Mdier 
"•ith low 'l'DS content coming from the Siunrntian lcvel. 

In its turn, the Sa.rmatiàn level does not l11'escnt a homogeneous 
eheuliull compoHition, neithcr in depth, nor on the clrainage direction 
:N\V--SE. ffp ma,y assert thl'l'Pfon', that it :,;uHers under the influences 
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of le.vels from t,he <'fopth of the atplifor, lnlt neccssa,rily alRo frorn Uw JHt,rl, 
of a water contribution with vcrv low '1:DS content. Probi1hly, U1lR 1•.urn,, 
:r>ol'.lent of the mixture is represci1ted hy the wa,tcr corne from tlw î!Tiga, 
bio:u system, whieh penctra,tes in 1ihe urnl<>rground in the Plop<•nj a,l'«'a, 
(s<,.111<~ 40 km WNW from Tufa11ga.lü1 city). 

A mixing-model approach rnüng the computer prognnn N Wl'P ATH 
wa,s employed to est,hnate tJrn mixing proportion of UlHlergronnd wnt,(•.r. 
13y llipplying this model to cave water from ,,Pe~ten1 de la, lVlovil<·" cn,vn 
ii, !:lil'ises tha,t here the mixture is forrnecl of 17 .8% ,vMer belonging t,o th<~ 
I'aleozoic level and 82.2% Wftt,er of the Sannatia,n levPl fro1n l'lopeni 
nei ghhod10od. 

A.cluww/edgements. We are gmteful to ~erhnn Siirhu Jor his esscnlinl input into tllls îuve:;Jj. 
gnti ûns, nnd for his nssistnJH:e in smnpling. We nlso lhanks J. Ornscanu, C. Lnscu, 'L Con~l,111,, 
Um~scu , and V. Deeu who pl'Ovi<led lwlpful criticism during tht, prepnrnlion of lllis \\'<Il'!<, 
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