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CONTRIBUTII LA CUNOASTEREA RITMICITATII
DIOXIDULTUI DE CARBON LIBER DIN APELE CARBO-
GAZOASE DIN PARTEA INTERNA A CURBURII
CARPATILOR ORIENTALI!

DE
STEFAN AIRINEI 2, ARTEMIU PRICAJAN,® MARTA FACO4

Mineral walers. Emergence. Corbon dioxide emaneation. Hydiochemisiry. Springs. Time
vartations. Annual variations. Oscillations. East Carpalhians — Inner flysch area — Bara-
olt Mounlaeins — Oulter flysch crea — Oituz Mounteins.

Ahstraet

Coniribulions to (lie hnowledge of Rlylhmicily of Frec Carbon Dioxide in Caibogascous
Waters in the Inner Parl of the Easl Carpalhians Bend. Two rhythmicity levels of the quanti-
tative content of the daily dosings of free CO, are presenled, levels determined on yearly and
monthly average values (Pl. 1), as differences marked by a plus or a minus sign (+=ACO,),
compared with the average of the studied interval, as well as the day variation cempared
with the menthly average or that of the interval (Pl. 1I). The drawn graphics were mediated
(the thick curves interrupted) in order to point cut the oscillations of 20 months and ten
days long average periods. The segments of these oscillations bear others, which are closely
suberdinated, maximum and minimum, 2 to 4 montls long, 2 to 4 days respectively. Future
researches regarding this phenhamenon take into account the knowledge of internal and exter-
nal causes that generatle ils complexity, the same in any point of emergency (in fact, in the
Earth crust).

Reésumeé

Centribulions ¢ la connaissance de le rylhmicité du dioxide de carbon libre contenu dans
les ecur carbogaseuses de la partie inlerne de la courbure des Carpalies Orienleles. On présenle
deux classes de rythmiecité du contenu cantilatif de CO, libre dosé journellement, qui sont

1 Depusa la 16 aprilic 1987, acceplatd pentru comunicare §i publicare la 22 aprilie
1987. '

? Facullalea de Geologie si Geogratie, Bd. N. Biilceseu, 1, R. 70111, Bucuresti.

3 Centrala — Deparlament a Geologiel, Intpec}ia Geologica de Stat, str. Mendeleev
ar. 34-—36, Bucurcsti.

4 Inireprinderea de Ape Minerale Biboijeni (judelul Covasna).
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déterminées a base des valeures moyennes annuelles et mensuelles (Pl. 1), comme des difié-
rences 4 signe plus et minus (-ACO,), par rapport a la moyenne de l'intervalle (P1. 1I).
Les graphiques redigés ont été médiés (les courbes grosses interrompues) pour metire en
évidence les oscillations & périodes moyennes de 20 mois et de 10 jours. Les segmenis de ces
oscillations supportent d’autres oscillations imédiatement subordonnées, de maximum et
de minimum, & perviodes de deux-quatre mois, respectivement deux-quatre jours. Les recher-
ches ultérieures concernant ce phénoméne prennent en considération la connaissauce des
causes internes et externes qui provoquent sa complexité, la méme daus tous les points
d’émergence (en fait, dans l’écorce terrestre).

1. Introducere

Cuprinsul lucririi de fatid se incadreazi in cimpul unor preocupiri
initiate cu putin timp inainte de unii dintre autori, privind pe de o parte,
legdturile intre distributia manifestirilor postvuleanice §i structura geo-
logicd adinc# a Carpatilor Orientali (Airinei, Pricdjan 1970, 1975), iar
pe de altd parte, evidentierea, urmirirea si studierea ritmicitéitii dioxidu-
lui de carbon liber §i uscat (Airinei et al. 1975) sau din apele minerale carbo-
gazoase (Airinei et al., 1978, 1979). In esenti, rezultatele obtinute pin
in prezent dezviluie caracterul complex al misecérii de tip ritmic al dioxi-
dului de carbon din scoarta terestrd, sub forma mnrei succesiuni ciclice
suprapuse, cu perioade de mai mul{i ani, de mai multe luni, de mai multe
zile, de mal multe ore. Cauzele care le produc si intrefin nu sint identi-
ficate, dar apartin, dup# toate indiciile, lanturilor de misciri interne si
externe ale maselor terestre, actionate sau cel putin initiate si manevrate
de forte extraterestre. Simultaneitatea sau cvasi-simultaneitatea pro-
ducerii si derulérii lor pe teritorii de intinderi mari poate constitul unul
dintre argumente.

In cele ce urmeazi sint redate rezultatele obtinute, intr-o prims
etap#, pe baza dozirilor de dioxid de carbon liber in apele carbogazoase
de la cinci statii de imbuteliere din judetul Covasna : Biborteni (4 foraje),
Vilcele (sursa principals), Covasna (2 foraje), Varghis (2 foraje) si Poian-
Nemere (sursd). Toate cele cinci zéiciminte cu ape minerale carbogazoase
in exploatare se gisesc in zona interni a curburii Carpatilor Orientali.

s A

2. Date experimentale, prelucriiri si intelesuri

¥

3

Intervalul de timp investigat este de patru ani §i cinei luni (1978 —
—1982). Dozdrile dioxidului de carbon liber s-au ficut zilnic, in prinecipiu
la aceeasi ord in cursul diminetii. Numéirul de doziri este variabil de la
an la an §i de la statie la statie de imbuteliere; in medie circa 5 000
de dozéri de CO, liber la fiecare sursd cercetat#. Prelucririle se referi la
calcularea de valori medii lunare gi anuale; pe baza acestor valori s-au
calculat : variatia diurnd fatd de media lunari, variatia lunari fa{i de
media anuald, precum si variatia anualid fatdi de media intervalului.
Deci, trei tipuri de ritmieitdti ale gazului CO, liber in apele carbogazoase
cercetate.

In tabelul 1 sint inregistrate, pentru fiecare sursi selectaty (in prin-
cipiu, sursa principald), urmitoarele date: numirul de doziri pe sursy,
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TABELUL 1

Dale experimentale privind varialiile dioxidului de carbon liber din apele
minerale carbogazoase exploalale prin sursele prineipale din slafiunile

meniionale
s e AMedia Media ‘ I
Anul Numi ‘ anuali intervalului ACO,
dozdri N (g/h
K2 (/)
Biborteni (F1B)
1978 292 1,945 1,988 — 0,043
1979 227 1,938 - 0,007
1980 296 2,069 -+ 0,081
1981 270 2,001 0,013
Covasna (I pr.)
1978 190 1,192 1,208 +0,016
1979 186 1,170 — 0,038
1980 239 1,215 0,007
1081 178 1,255 --0,043
Vialcele (sursa principald)
1978 234 2,723 2,784 — 0,061
1979 230 2,760 —0,024
1980 291 2,765 — 1,019
1981 258 2,884 +0,100
Varghis (F2)
1978 285 1,923 1,940 ~ 0,017
1079 234 1,926 — 0,014
1980 303 1,954 0,014 %
1981 240 1,054 0,014
Poian-Nemere (sursa)
1478 238 2,638 2,508 -+0,130
1979 163 2,613 40,105
1480 362 2,400 -+0,108
1981 298 2,390 — 0,118

mediz anuald a gazului CO, liber (in 2/1), media intervalului (1dem) si aba-
teri (variatia ca 1‘111111('1tate) ale g<17ulm C0O, ca medii anuale fatd de nedia
intervalulul (notate ACQO,). Din analiza cifrelor ultimei coloane din acest
tabel rezultd cid se poate vorbi de o simultaneitate a variatiei gazului CO,
1a nivelul niediilor anuale (ritimicitatea cu o perioadd de mai multi ani,
evidentiati doar). Exceptie de la aceastd comportare o fac mediile anuale
de la sursa Polan-Nemere, care prezintd un decalaj 5i o inversare aparenti
a maximului st minimulnl variatiei gazului CO, fatd de valoarea medie a
intervalului considerat.

In tabelul 2 sint inregistrate valorile medii lunare ale gazului CO,,
liber din apele czu'bogazoaae ale surselor selectate (pentru Biborteni,



s ST. AIRINEI ¢t al. -4

TABELUIL 2
Date experimentale privind variafiile dioxidului de carbon liber din apele minerale carboga-
zoase cxploalate prin sursele principale menfionale : cu varialii lunare fald de mediile anude,

precum si faf@ de media intervalului

Media Media l . Media .
N ar - ; 3 0,
Anul Luna Eou,r;,lf Iunard anualid ‘x((:,l)- interval L(\(E/g-
’ (811 (s/) = (g1 >
(1) () (3) (4) (M) (6 ) (8
Biborteni (I¥ pr.)

1978 I 8 1,617 1,667 0,010 1.470 | 4-0,147
11 24 1,588 — 0,010 0,118

111 27 1,635 L0, 128 0,150

v 23 1,572 — 10,083 -0,106

AY 26 1,589 — 0,018 40,117

Vi 27 1,571 — 0,036 40,191

VII 26 1,787 — 0,020 40,117

VIIT 26 1,619 =+0,012 — 0,129

X 25 1,591 — 0,016 --0,121

N 24 1,716 -20,100 40,248

N1 28 1,745 0,158 0,275

N1 20 1,260 — 0,307 — 0,21

1979 1 27 1,602 —0,232 —0,108
11 25 — 0,224 —1,100

111 27 — 0,027 0,105

v 25 -~ 0,098 --0),228

AY 21 —0,252 S0, 384

\'2! 26 --0,375 --0,507

VIII 25 — 0,028 0,158

VIII 25 -—0,041 “-0,173

IN 26 — 0,085 = 0,067

N 26 — 0,118 4.0,014

NI 27 —0,110 0,022

X1t 21 - — 0,002 +0,134

1980 I 24 1,564 = 1,033 -0, 147
It 25 —0,017 0,077

11 26 — 0,028 -0, 068

IV 27 =0,138 (), 232

v 23 40,203 0,200

VI 26 -0,085 -L0,129

VI 26 — 0,054 0,040

VIII 24 — 13,028 -+0,068

X 19 1,520 —0.044 --0,030

X 27 1,300 — 9,064 0,089

NI 24 1,485 —90,07%9 40,015

NIi 25 1.448 — 0,118 — 0,012

1981 1 24 1,487 1,100 = 0,277 — 0,003
IT 24 1,381 0,101 — 0,089

111 27 1,232 40,042 —~ 0,238

v 26 1,308 —0,113 —0,162

AY 16 1,177 — 08 — 0,205

VI 25 1,056 — 3,124 - 0,404
VIl 24 0,584 0,205 — 0,488 °
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(Continuare tab. 2)
m | @ (3) (4) (5) ® | @ | ®
1981 YV IIT 16 1,145 1,190 — 0,045 1,470 — 0,325
INX 26 1,150 — 0,040 - 0,320
N 7 1.116 — 0,076 — 0,354
NI 25 1,133 —0,057 —0,347
NIT 26 1,093 — 0,097 — 0,387
1982 I g 1,222 1,380 —0,178 —0,248
. 11 — — — —
111 — — — -
v 26 1,380 0,000 — 0,090
Y 24 1,417 40,037 — 0,057
Vi 25 1,395 40,015 - 0,075
Valcele (sursa)
1978 i - — 0,723 - 2,800 -
11 21 2,902 40,179 40,102
1% 27 2,656 —0,067 —0,144
v 26 2,747 0,044 — 0,053
v 25 2,626 -+ 0,002 — 0,174
A 16 2,680 —0,043 —0,120
VI 26 2,933 +0,111 +0,133
VIIT 23 2,920 +0,106 ~ 0,129
X 26 2,654 —0,065 —0,146
b 18 2,599 —0,324 — 0,201
XTI 26 2,702 — 0,021 — 0,098
NXT11 — - — —
1979 1 — — 2,760 — —
11 24 2,855 +0,095 +0,055
1 27 2,793 -+0,033 — 0,007
v 25 2,496 —0,264 — 0,304
v 25 2,803 + 0,048 <+ 0,003
Vi 26 2,815 +0,035 40,015
V1I 25 2,880 +0,120 -+ 0,080
VIIL 25 2,718 -+ 0,042 — 0,092
IX 25 2,720 — 0,040 — 0,090
X 27 2,666 — 0,096 —0,134
XI 26 2,626 —0,134 —0,174
X1 — - -~ —
1980 1 10 2,726 2,765 —0,039 —0,074
1 25 2,557 —0,208 - 0,283
11X 26 2,714 — 0,051 — 0,088
v 24 2,729 —0,036 —0,071
N 24 2,821 +0,056 +0,021
VI 25 2,821 0,056 + 0,021
VII 27 2,809 -+0,045 -+ 0,009
VI 25 2,748 —0,017 — 0,052
IX 26 2,839 +0,074 +4- 0,039
X 27 2,798 --0,033 — 0,002
NI 25 2,785 -+0,019 — 0,015
X11 27 2,840 --0,075 +0,045
1981 1 — - 2,884 — _
11 10 2,938 -+0,054 +0,138
111 26 2,868 - 0,016 10,068
v 26 2,881 — 0,003 40,081
AY 24 2,886 --(G,002 ~-0,086
V1 24 2,885 —~0,001 20,083
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(Continuare tab. 2)
() @) 5 (4) B (8) M | e
1981 VII 27 2,887 2,884 +0,003 2,800 40,087
VIII 25 2,848 — 0,036 0,048
™~ 26 2,872 —0,012 +0,072
X 25 2,848 —0,036 --0,048
XI 25 2,940 40,044 +0,140
1982 I — — 2,869 — —
11 12 2,840 —0,029 0,040
111 27 2,867 —0,002 +0,067
v 26 2,838 —0,031 +0,038
v 25 2,924 40,055 +0,124
Vi 25 2,875 +0,006 40,075
Covasna (F3)
1978 I — — 1,698 . 1,960 -
I 7 1,794 40,104 —0,166
111 27 1,900 +0,202 —0,060
Y 19 1,507 —0,191 —0,453
v 28 1,503 —0,195 — 0,255
VI 26 1,835 0,209 —0,053
VII 23 1,907 40,158 ~0,104
VIII 25 1,856 40,109 —0,153
X 13 1,807 +0,158 —0,106
N 27 1,836 0,164 —0,104
XI 2 1,914 40,216 —0,046
NII — — - -
1979 I - - 1,863 — —
11 8 2,051 +0,188 40,091
111 27 1,929 40,036 —0,031
v 25 1,842 0,013 —0,118
v 235 1,848 —0,009 —0,112
VI 26 1,818 —0,041 —0,138
VII 25 1,822 —0,031 —0,134
VIII 25 1,832 —0,033 —0,122
X 25 1,809 —0,058 —0,15%
N 27 1,803 —0,064 —0,152
NI 3 1,848 —0,015 —0,112
NII 23 1,886 -+0,023 —0,056
1980 I — — 1,777 — -
11 9 1,828 +0,031 —0,132
111 27 1,776 — 0,001 ~0,184
IV 27 1,782 --0,005 —0,178
v 23 1,776 —0,001 —0,184
Vi 25 1,781 40,004 —0,179
VII 27 1,712 — 0,065 —0,248
VIII 26 1,770 0,008 —0,190
X 26 1,785 40,012 —0,165
b\ 27 1,782 0,005 —0,168
N1 20 1,773 ~— 0,004 —1,159
XII - ol _ _
1981 I - — 2,270 _ — _
11 - — — —
111 2 231 0,051 —0,361
v 15 2,186 —0,164 +0,226
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(Conlinuare {ab. 2

m | e | e 4) () ©) )
1981 v 24 2,271 2,270 40,001 1,960 +0,346
V1 17 2,306 40,036 +0,372
V11 26 2,338 +0,068 +0,287
VIII 25 2,147 —0,123 +0,187
X 22 2,313 40,043 +0,353
X 16 2,223 —0,047 -+0,263
X1 15 2,378 +0,108 40,418
XII — — - —
|
1982 I - — 2,173 — — f
11 — — — —
111 14 1,940 —0,243 —0,020
v 26 2,122 —0,051 +0,162
v 25 2,316 0,183 40,356
V1 20 2,316 +0,184 +0,356
Varghis (F2 vechi)
Leafiberigpiy N
1978 | 1 il I 1,923 - 1,880 -
11 24 1,800 —0,123 —0,080
111 28 1,870 —0,053 —0,010
v 26 1,944 +0,021 +0,064
v 23 1,940 +0,017 +0,060
V1 24 1,955 +0,032 +0,075
Vil 27 1,975 0,052 +0,095
VIl | 27 1,940 +0,017 +0,060
IX 27 1,924 -+0,001 +0,044
X I o2g 1,987 —0,030 +0,017
X1 26 1,924 +0,010 +0,044
XII 25 1,987 +0,054 +0,107
1979 I 25 1,907 1,933 0,024 +0,0 27
11 24 1,926 —0,009 +0,046
111 28 1,945 40,012 +0,065
v 28 1,953 40,020 +0,073
v 26 1,960 +0,027 +0,080
Vi 26 1,916 —0,019 40,034
Vi1 25 1,937 40,004 +0,057
VIII 26 1,848 —0,095 —0,032
IX 26 1,942 —0,009 40,062
X 26 1,943 40,010 40,063
XI 25 1,951 +0,018 40,071
XI11 16 1,983 +0,050 +0,103
1980 I 17 1,762 1,705 —0,033 —0,175
11 26 1,535 —0,160 —0,325
11 26 1,621 —0,084 —0,249
v 29 1,724 40,019 —0,156
v 27 1,693 0,012 —0,187
VI 26 1,716 40,009 —0,164
VII 27 1,709 +0,004 —0,171
Vi |} 25 1,720 +0,015 —0,016
IX l 26 1,876 40,171 —0,004
X 27 1,986 0,191 40,016
NI 25 1,934 +0,229 +0,054
XII 24 1,841 +0,136 —0,039
1081 1 25 1,925 1,495 —0,024 +0,045

!
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(Continuare lab. 2)

W] e e | o | o | o | ®
1981 11 25 1,926 1.954 —0,036 1,880 40,038
111 21 1,998 +-0,044 0,118
v 20 1,950 -+0,004 -0,070
v 16 1,984 +0,030 5-0,104
VI 26 1,947 —0,007 -4-0,064
VII 1,945 —0,009 --0,065
VIII 1,960 +0,004 -+0,080
X 1,955 -+0,001 40,085
N 1,945 —(,009 40,065
XI 1,951 —0,003 40,0592
XI1I 1,984 0,030 1 4-0,104
1982 1 10 1,848 1,800 0,037 —0,032
11 — - — —
111 17 1,902 40,007 40,022
v 26 1,897 -+0,002 40,017
Y 25 1,909 +{},014 0,029
VI 26 1,919 -—0,024 40,039
Poian-Nemere (sursi)
|
1978 I - — 2,638 - 2,490 -
11 22 2,694 40,056 0,204
II1 26 2,516 —0,178 0,026
v 23 2,523 —0,171 40,033
v 21 2,678 0,038 +0,186
VI 22 2,646 40,008 0,158
VII 23 2,607 —0,031 +0,117
VIt 24 2,690 +0,052 —=-0,200
X 25 2,597 —0,059 +0,107
X 25 2,731 +-9,093 0,241
X1 27 2,695 +-0,028 +0,205
X1 — — — _
1979 I - — 2,600 — — —
11 2,312 —0,088 . 0,022
111 2,526 —0,074 --0,032
v 26 2,548 —0,052 --0,038
v 26 2,497 —0,107 -+0,007
VI 26 2,667 +0,067 +0,157
Vil 26 2,680 +0,080 +0,170
VIII 24 2,797 +0,197 40,307
IX 25 2,678 -+-0,068 40,168
X 27 2,600 0,000 +0,101
XI 25 2,642 0,042 40,152
XI1I 21 2,370 —0,230 —0,120
1980 I 24 2,398 2,400 —0,012 —0,092
11 25 2,455 -+0,035 —0,035
111 23 2,452 0,052 —0,038
v 24 2,438 +0,038 —0,052
v 25 2,356 —0,044 —0,134
Vi 25 2,390 —0,010 —0,100
VII 27 2,431 40,031 —0,059
VIII 25 2,393 —0,007 —0,097
X 26 2,333 —0,0867 —-—0,157
X 26 2,384 —0,016 —0,106
X1 25 2,393 —0,007 —0,097
X11 27 2,384 —0,016 ; —0,106

o«
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(Conlinuare tab. 2)

@ s 5 T I T B ) SR B )
1981 1 24 2,368 2,390 —0,022 2,490 —0,122

11 24 2,421 +0,921 —0,089

111 26 2,399 +0,009 —0,109

v 26 2,379 —0,011 —0,120

v 24§ 2,376 —0,014 —0,132

V1 260 ] 2,423 40,023 —0,043
‘; VII 23 2,407 +0,017 —0,083
! VI 24 2,403 --0,013 —0,086
! IX 27 2,404 40,014 —0,083
;‘ hN 21 2,361 —0,029 —0,129
; X1 96 2,404 0,014 —0,086
L NIt 25 | 2372 —0,018 —0.118
{1982 I 23 2,370 2,421 —0,033 —0,120
‘ i1 23 2,391 —0,030 —0,099
1 25 2,640 0,219 40,150

1 v 23 2,390 0,031 —0,100
1 v 25 2,368 | —0,033 —0,122
i VI 26 2,370 —0,001 . —0,120

Covasna 81 Varghis an fost considerate alte surse deeit in situatia prece-
dentd), diferentele relative ale dioxidului de carbon (ACO,) fati de fie-
care medie anuald, dar si fagd de media intervalului (1973 —1932).

Pe baza datelor din tabelul 2 s:tan intocmit graficele reproduse
in plansa I, cu scopul punerii in evidents a variatiei dioxidului de carbon
in medil hmfue fatd de valoarea medie a acelmaSl interval. Medierea va-
riatici gazulul CO._ {eurba groasi intreruptid) a dus 1a ev identierea nnel
oseilatil (armonice) cu perioadi medie de 20 de luni, cu amplitudini dife-
rite de Ia sursi la sursidt si eu aspect de cvasi-simultaneitate intre maxi-
mele si minimele de la graticul unei surse la altul ete. Se disting doud grupe
de surse in care sint aproape simultane ciclurile de pe graficele de variatie
o gazului CO, liber : Biborteni si Poian-Nemere pe de o parte, si Valcele,
Covasna i Varghis, pe de ‘alth parte. Observim cil perioada considerati
este mult prea scurtd pentru argumentares unel explicatii satisficitoare
a sttuatiel relevate. Este foarte probabil ¢& un rol important il joacd
conditiile fizico-hidrogeologice ale fiecdrei surse, care pot constitui cauze
locale de frinare sau accelerare in propagarea dioxidului de carbon in
scoarta terestrd, cu producere de cvasi-simultaneitd{i in ritnicitatea sa.

‘Abaterile cu plus san eu minus fati de Umhcele nmediatoare din
plansa I, reprezintd osecilapil (armonice) subordonare, cu lungimi de undsd
de 2—4 luni. Ele insele suportd oscilatii (armonice) \ubordonate, cu lun-
gimi de undd de ordinul mai multor zile. Un asemenea exemplu este redat
in plansa II, in care sunt reproduse grafice cu variatia gazulni CO,
pentru aceleasx surse, corespunzitor- intervalului martle—apmhe 1975.
Graficele an fost mediate sl in acest caz (curba 1ntre1upta groasi). An-
samblul diagramelor din plansa IT ne ingiduie si formulim urmitoarele
observapil :

— in succesiunea valorilor obtinute prin dozarea gazului CO, liber
se distinge insiruirea alternantii de maxime §i minime cu perioade intre
8 si 13 zile (in medie 10 zile);
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— amplitudinea maximelor §i minimelor este diferitd in timp pen-
tru aceeasi sursd de apid carbogazoasi, dar §i de la sursd la surséi; sint
inregistrate amplitudini mai mari pentru sursele Biborteni, Varghis si
Poian-Nemere, amplitudini mai mici pentru cele de la Vilcele si Covasna
(caz ce sugereazd tendinta de constantd a dioxidului de carbon la surs#);

— pe intervalul fiecirui maxim §i minim mediat (linia groas# in-
treruptd) sunt prezente 2-—4 maxime subordonate, separate de minime,
cu perioade de la 2 1a 4 zile, ca efecte ale unei ritmicitdti subordonate celei
cu perioadd medie de 10 zile;

— procesul de derulare a suitelor de maxime §i minime la sursele
studiate, situate unele fatd de altele pind la distante de 50 km, nu este
riguros simultan: pentru cele cu perioadd medie de 10 zile diferenta
de timp este de pind la 5 zile, fapt ce sugereazd importanta factorilor
locali ai structurii geologice, specifici fiecdrei surse, precum si natura
sursei de apd carbogazoasid (emergentd naturald sau foraj), adincimea
forajului, si

— ¢4 maximele si minimele cu perioade medii de 10 zile sint, la
rindul lor, suprapuse pe maxime i minime cu perioade mai lungi de
timp, determinate pe medii lunare, acestea, la rindul lor suprapuse pe
maxime §i minime determinate pe medii anuale $.a.m.d.

La fel ca in lucririle precedente (Airinei et al., 1970, 1975, 1978),
nu detinem suficiente argumente pentrn a sustine care anume cauze
stau la baza ritmieitdtili cu perioade de mai multi ani, de mai multe luni,
de mai multe zile, de mai multe ore, precum st a subordonatelor lor ime-
diate. Calea de a le obtine este acumularea de date experimentale eit mal
multe, care s& acopere perioade eit mai lungi de timp.

3. In loe de eoncluzii

Lucrarea deplaseazd cercetarea variapiei in timp a dioxidului de
carbon liber din apele carbogazoase studiate anterior (Borsec, Sincriieni,
Boholt, Buzias), la alte surse de pe teritorinl tirii, in cazul de fatd la
cinci surse din judetul Covasna, toate situate in zona intern# a curburii
Carpatilor Orientali (Biborteni, Valcele, Covasna, Varghig si Poian-
Nemere). Rezultatul fundamental obtinut este ci fenomenul investigat
se prezints la fel, oriunde. Constatim astfel ¢ prezenta cantitativi a
gazului CO, la oricare surs#, manifestd o variatie continud care, observats
pe intervale lungi de timp, se inscrie pe o curbi complexd formatd din
oscilatii succesive de maxime §i minime cu perioade de mai multi ani,
de mai multe luni, de mai multe zile, de mai multe ore. Toate acestea se
suprapun ; eele cu perloade mai scurte pe cele cu perioade mai lungi s.a.m.d.

Rezultatele considerate demne de a fi prezentate spema,hstllor chiar -

in acest stadiu preliminar, se referd la ritmicitatea gazului CO, determinati
pe valori medii anuale gi lunare (pl. I), ca dlferenpe (ACO,) cu semn plus
sau cu semn minus, fatd de media intervalului studiat, precum §i variatia
diurnd fatd de media lunard sau a intervalului (pl. II). Graflcele intocmite
au fost mediate (curbele groase intrerupte) in vederea evidentierii oscila-
tiilor (armonicelor) cu perioade medii de 20 de luni si de 10 zile. Pe in-
tervalele acestor oscilatii se supra,pun altele imediat subordonate, de
maxim §i de minim, cu perioade de 2—4 luni, respectiv de 2—4 z11e

v
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atentia cercetdrilor viitoare ale fenomenului, se afli problema cunoas-
terii cauzelor interne gi externe care provoacd complexitatea prezentei
cantitative variabile a gazului CO, in oricare punct de emergents (de fapt,
in secoarta terestri).
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CONTRIBUTIONS TO THE KNOWLEDGE OF FREE CARBON ’
DIOXIDE IN CARBOGASEOUS WATERS IN THE INNER PART
OF THE EAST CARPATHIANS BEND

(Suminary)

Preliminary results obtained regarding the quantity variation of
free carbon dioxide in mineral carbogaseous waters from five sources in
the inner part of the East Carpathians bend (Covasna county) are pre-
sented. Dosings of free CO, have been made once a day, in the morning
for almost 4.5 years (1978 —1982). The revealed fundamental phenome-
non is the same one with any other source of moffetic or free CO, in car-
bogaseous waters on Romanian territory, studied up to now. This pheno-
menon occurs in the following way : the daily dosing of quantity (prefe-
rably for as long as possible) is inscribed on a complex curve made up of
successive oscillations of maximums and minimums having periods of
many years, many months, many days, many hours (in the case of interval
having dosings at least once at every hour). All those oscillations overlap
one aunother: shorter periods ones on longer periods ones, and so on.

The presented results refer to the CO, rhythmicity determined
on annual and monthly average values (Pl. I), as differences with a plus
or & minus sign (- A002), as aoalnst the average of the studied interval,
as well as the da,y variation as a-gainst the monthly average or that of the
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interval (Pl. II). The drawn graphics were mediated (the thick curves
interrupted) in order to point out the oscillations (in harmonic mean)
having average periods of 20 months or 10 days. The segments of these
oscillations are overlapped on others which are closely subordinated,
maximum and minimum, having 2—4 months periods, or 2—4 days
respectively. Future researches of this phenomenon concentrate on the
problem of knowing the internal and external causes that generate the
complexity of the presence of 0O, quantitative variable in any point of
emergency (in fact in the Earth erust). o

EXPLANATION OF PLATES
Plate I -

Graphies of monthly average variation of free CQ, content, daily dssing the carbogaseous

mineral waters extracted irom one of the sources of five hydromineral deposits in the Co-

vasna county, as against averages of the interval covered with observations (1978— 1982).

Mediating graphics (the interrupted thick curves) point put maximum and minimum oscil-

]atioris, 20 months long as an average, on whose segments closely subordinated 2—4 months
long oscillations overlap.

Plate II

Dai.ly variation graphics of free CO, content, determined on the basis of the same daily dosings,
at sources of the same hydromineral deposits, as against monthly averages of ihe interval
(March— April 1978). Meydiating graphics (the interrupted thick curves) point out maximum
and minimum oscillations which are 10 days long as an average, on whose segments closely
subordinated 2—4 days Jong oscillations overlap. Vertical hatches mark the days when dosings
were not performed while curves pointed by the minimum apexes from the first diagram
(Biborteni) to the last (Poian— Nemere) defined the simultaneity degree of the rhythmicity
: with a 10 days period as an average.

B . . A -
_i: L Institutul Geologic al Romaniei

an
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STABLE ISOTOPES IN HYDROGEOTHERMAL
STRUCTURES IN ROMAXNIA!
BY '
PETRE CRACIUN2, VAN BARNES?, TODERITA BANDRABUR?

Geolthermel systems. Aquifers. Siable isolopes. CV3: D GIS,
Theimal welers. Groundwaler, Rein feil. Frovenance. lgmania.

Ahstraet

On the basis of the analysis of dala on stable isotopes (D). O and C1%) determined
on fluids in Romanian geothermal struetures, the melcoric provenance of walers accumulated
in them is established. Carbon isotopes, both from bicarbonates dissolved in ground waters

and from free €Oy, indicate some C!¥ values close to those in carbonate rocks, and cothers to
ithose in the mantle.

Késumé

Isotopes stables dens des struciures hydiothermeles de le Roumanic. A base de Ianalyse
des données d’isotopes stables (D, O et C8%) dgéterminés dans des fluides des structures
géothermales de la Roumanie on établit I'origine météorique des eaux y accumulées. Les iso-
topes de charbon, tant des bicarbonates disolvés dans les caux souterraines que du CO? libre

indiquent certaines valeurs pour C 12 proches des celles de r1oches carbonatiques et d’autres
proches de celles du manteau. '

Introduetion

While studying geothermal structures, the problem of differen
hydrogeochemical types origin and forming conditions has been & main
concern for a long time.

Among the present successfully used methods in this matter, the
eriterion of stable icotopes has known a wide development, being applied
to a series of aqueous systems.

1 Received May 3, 1984, accepted for communication and publication May 5, 1984.
? Institutul de Geglogie si Geofizicd, Str. Caransebes 1, R— 78678 Bucuresti 32.
¢ US Geological, Menlo Survey Park, California, USA.
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In order to reach the goal we pursue in this paper we mention that
by the isotopic method, problems of genesis have been touched, arnong
others, for deep aquifers in sedimentary basins (Hitchon and Friedman,
1969 ; Gutsalo et al., 1974 ; White et al., 1973 ; Maliuk and Artemchuk,
1974), in orogenic systems to which voleanic formations are associated
or not (Barnes, 1974 ; White et al., 1973 ; Dowgiallo, 1974, 1978, Bua-
chidze and Buachidze, 1974, etc.) as well as in active geothermal systems
(Gutsalo and Vetshtein, 1974 ; Panichi et al., 1974 ; Craig, 1963 ; Clayton,
Steiner, 1974, etc.).

In Romania, during the last two decades drilling investigations
were developed for the identification and the outlining of geothermal areas,
which discovered many thermal and mineral water sources. (Ghenea et
al., 1981; Bandrabur et al., 1984),

The wells that produce waters or gas water mixture present fa-
vourable conditions for performing hydrochemical and isotopic analyses
carried out during the last years. Thus determinations have been made,
especially for Deuterlum, in mineral or thermal waters in local structures
(Blaga et al., 1981, 1984).

As a result of a collaboration between I.I1.R. — Italy and I.B. H.
Bucharest measurements on O have been extended, which referred to
thermal waters in Oradea — Satu Mare and Arad areas and, partially,
on CB¥ in waters coming from the last mentioned area (Tenu et al., 1981).

In order to obtain certain indicatory genetic elements regarding
fluid accumulations, a first set of samples from the main geothermal
systems in Romania have been collected, which have been a.nalvsed iso-
toplcally by one of the authors in the la,boratones of U.S.G.S. — Menlo
Park, California — USA.

In this paper we present the results of the isotopic analyses of
water samples and some CO, samples, preceded by some hy drotreologlcal
characteristics.

Spatial Distribution and H)drogeologwal Ch‘uaeterlzatlou of the
-.Analysed Sourees

The drilling, investigations, performed almost to the last by an
exploration enterprise pointed out important thermal waters accumula-
tions in four major structural units of the Romanian terrltorv, namely :
the Pannonian Depression, the Getic Depression, the Orogenic Carpathian
System and the Moesic Platform.

Large geothermal areas were outlined only in the Pannonic De-
pression, while in the rest the sources of thermal waters have a local
distribution.

The o'eogremphlc dlstnbutlon of the Wa,tel samples is the followmv
(Fig. 1, Tab. 1): the Pannonian Depression — the Oradea — Saculenl
area — 12 thermal water samples and one CO, sample (free gas) in water;
the Getic Depression — Cidciulata — Céliminesti area — 4 water sam-
ples; 12 water samples were collected from the Carpathian system and
the intra-mountain region, of which 7 from the East Carpathians area,
3 from the Southern Carpathians and 2 from the Apuseni Mountains.
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Two CO, samples were collected from the East Carpathians. Finally,
5 single water sample was taken off from the Moesic Platform.

In the Pannonian Depression the main geothermal reservoirs belong
to the Triassic, the Cretaceous and the Pannonian formations.

The Triassic and the Cretaccous are characterized by a carbonatic
facies (limestones and dolomites), spreading in the Felix—Oradea—
Bors area.

The Triassic thermal waters have been identified at depths below
2000 m, have an artesian character and have temperatures between 30
and 130°C; the Cretaccous (Barremian) ones are coming from the depths
varying between 100 and 1280 m, are artesian and have temperatures
between 29 and 49.50°C.

The Pannonian thermal waters are accumulated in granular deposits
at a depth below 1200 m and are spread in the West Plain; the waters
are under pressure owing to both the structural conditions and the pre-
sence of the gases (especially methane) and have temperatures between
5G anc 93°C.

From a chemical point of view, the waters in mesozoic carbonatic
rocks usually have reduced mineralizations, varying between 0.5 and
2.0 gr/l, excepting the waters in the Bors (Triassic) area, where owing
to the structural conditions, these are metamorphosed, and present imi-
neralizations up to 15 gr/l, the Triassic waters belong to two hydrochemical
facies : calcic sulphated (Oradea area) and sodic chloride (the Bors
area), and the Crefaceous ones take part in the calcium — hicarlxnate,
caleinm — sulphate — bicarbonate or sodimm — bicarbonate types.

The thermal waters in the Pannonian sands present mineraliza-
tions of 0.24—5.71 gr/l, mainly belonging to the sodinum — bicarbonate
type and, more rarely, in the sodium —.chlorine — bicarbonate type.

In the Getic Depression the collecting formations of thermal waters
belong to the Upper Cretaceous (Senonian) and to the Miocene (the Bur-
digalian, the Helvetian and the Badenian).

The Senonian is represented by sandstones and microconglomerates,
making up the northern wing of the depression, which comes into tectonic
contact with the crystalline of the Southern Carpathians. The Senonian
has been explored at Ciciulata a 3250 m thickness, the crystalline base-
ment being situated at even a larger depth.

The Senonian thermal waters are artesian, circulated by methane,
its superior homologouses, sulphidle hydrogen and have temperatures
varying between 25 and 90°C.

The water mineralization varies between 2.5—20 gr/l, being iden-
tified with the sulphur — chlorine — sodium — bromine-iodine type.

In the Carpathian Orogen, the analysed thermal waters are accu-
mulated, to the greatest extent, in the volcano — sedimentary coraplex,
exceptionally in Triassic limestones (the Toplita area). The volcano —
— sedimentary complex mainly develops in intramontane depressions
and is made up of agglomerates, microagglomerates, andesitic tuffs and
lavas, and these are underlain by cretaceous marlstones.

Thermal waters come from dephts varying between several tens
meters and 800 m; they are artesian, usually accompanied by carbon
dioxide, with temperatures between 20—-64°C .
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Generally their mineralization is low varying between 0.9 and 6 gr/l,
asx for the hydrochemical type, the bicarbonate-sodium and calcium
ones prevail, which turn into the bicarbonate — chlorine — sodinm type
and the chlorine — sodium one as the depth increases. Almost all sour-
ces that appear in the moffete aureola have a relatively high CO, gas
content. ' o

Among isotopically analysed waters there are some cold waters
too (8—10°C), coming out from ecrystalline limestones outcropping at
Barsee and the ones at Poiana Cognei accumulated in Paleogene sand-
stemes belonging to the trans-Carpathian flysh. They usually have a low
mineralization, rarely reaching 5.5 gr/l. and are rich in bicarbonate,
calcinm and  CO,,.

The ramples from the South Carpathians that are available come
from tne Herculane Spa; Here thermal waters are accuniulated either
in limestones and Neojurassic dolomites, or in the Cerna granite, both
atfected hy systems of directional and transversal faults. Some of these
waters are from springs (7 warm springs), while others are collected in
flowing boreholes which produce from depths varyiug between 200 and
600 m. The water tetnperature varies between 40° and 61°C, and are
artesian, containing CH, and SH,. In their chemical composttion ¢hlorine
and sodium jons prevail, while mineralization varies between 0.5 —3.5 gi/l.

In the Apuseni Mountains 2 water samples were collected : a ther-
mal one, at Geoaginu — Bii and a cold one, at Bielia, where also a-free
CO, sample was taken oft (Fig. 1).

At Geoagiu — BiAi thermal waters are accumulated in Karstified
and faulted crystalline limestones, in sandstones and Cretaceous limesto-
nes, and in Quaternary travertines : these waters come from the 15—
—150 m interval. The measured water temperature values are between
23 and 32°C, while from a chemical point of view it belongs to the bicar-
honate type being rich in calcium and sodiumn; sometimes with carbon
dioxide and sulphur hydrogen, the mineralization exceeding 1 gr/l.

The second sample is from the Biiciia zone and is zituated north
of Geoagin Bii; the water comes from Jurassic limestones, at a depth
below 40 m and has a +—4.7 gr/l mineralization, being rich in bicarbonate
and caleium with a 1—3 gr/l free CO, content.

The Moesian Platform is a large structural unit, where a series of
important geothermal anomalies were outlined, while only one was veri-
fied by drillings, situated in the eastern part of it, on the Hirsova —

Mg, 1 — Sketch of emplacements of isotopically analysed samples on Romanin territory.
A) Pliocene 4+ Quaternary; B) Miocene; C) Paleogene ;D) Mesozoic: E) Paleozoic; )
Upper Proterozoic: G) Crystalline formations; H) Ncogene volcanic rocks;t) Old alpine
volcanic rocks: J) Ilercynian alpine intrusions; IX) fault: 1) drifting; M) sample
emplacement (No). 1, Biiciia; 2, Poiana Cosnei; 3, Borsec; 4—5, Ciuc Mis.; 6, Midiras;
7, Foplita; 8—10, Herculane Spa; 11, Geoagiu Spa; 12—15, Ciciulata; 16, Caliminesti;
17. Piua Petrii; 18 Bors; 19—22, Sicuieni; 23—25. Oradea; 26— 27, Ciumeghiu; 28—29

Marghita ;30 Tasnad; 31—32, Tusnad.
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e
&t

Insuritei line, in the continuation of the Ovidin — Capidava fault. The
water sample was taken off from a flowing borehole at Piua Petrii, out of
Jurassic limestones situated at depth between 544 and 812 m. The water
temperature is 40.5°C and the aquifer is artesian, having a 2.2—2.8 gr/i
mineralization, helonging to the sulphur and bodlum chlo1 ide type (HyS =

= 44.2 mgrr/l)

&

Results of Isotopic Analyses and Their Significance

The determinations of stable isotopes upon fluid samples took into
account Deuterinm and O of the water molecule composition and €3
vainly in disolved bicarbonates, while in the case of three samples also
(8 of free ('O, in water was analysed.

The isotopic values for 1) and O are given ax deviations in  parts
per thousand of the D/H reports and the OO0 ones respectively os
coompured with the standard average occan water (SMOW), thus:

5D — (_(D]U) sample

> 1000
(D/I) SMOW )

sOis — ((OOT) swwple 4} . 450
(015/018) SMOW

The €13 contents are expressed in coMmpu rison with PDB standard.

The D and O isotopic (mnponltlon in walers can reflect the nature
of primary sources or of the resources which supplied the aquifer forma-
tieon as well as certain processes of mixture between various genetic water
types.

Important variations in the D and O*® content of waters rather
lontg residing in the aquifer formation can appear under the influence of
isotopic exchange between water and rock processes.

From the point of view of the origin of subterranean waters, one’s
attention is frequently focussed upon three main categroies of »om‘oea:
seeanic (marine), meteovic and magmatic water. Each of the mentioned
primary types is characterized by a special ratio between average contents
of Deuteritun and O 8. Moreover, for the same water main types (oceanie,
maeteoric or to a smaller exteut maginatic) variations of the 3D/30 8
ratio compared with the geographical position of the respective source
weye noticed. Anyway,in a global graphic representation of the 81 —
— 308 correlation a separation between three distinet areas of isotopic
cortents 18 obvious (Fig. 23.

In Figure 2 the median line of meteoric waters ix drawn, having
the equation 3D = 8 30 18 - 10 (Craig, 1961), (AB line) as well as the
lir.e of meteoric waters characteristic of SE Europe regions, with the
3T = 3308 —+ 22). (Nix, 1967). At the sae tinie we have to point
out the wide domain of 3D spatial variation for surface flowing waters,
on Romania’s territory (3D = 37--101%,,) (Blaga, 1934).

If the median point of the local meteoric waters (A) iy linked to
the point of the central area of the magmatic waters point (C) the mixing
line of the two genetic types (AC) is obtained. Similarly, one can confi-
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11 STABLE ISOTOPES IN HYDROGEOTHERMAL STRUCTURES 27

eurate the mixing line between subterranean waters of oceanic origin,
with waters of magmatic origin (BC line), (Gutsalo and Vetstein, 1974).

Although in nature there appear such categories of subterranean
waters, as a direct result of two genetic tvpes mixture, we have to point
out the fact that in great sedimentary basins or orogenic svstems also
aqueous accumulations with metamorphosed waters are found. In explai-
ning the forming conditions of those we take into account geochemical
processes, while mixing phenomena may lack.

Barnes and O'Neil (1974) analyvsed such metamorphism processes
of some subterranean waters located in Northern California and in oroge-
nic regions in Chekoslovakia.

In the case of geothermal svstems, genesis problems of aquifer
accumulations become more complex, as in those, besides some of the
mentioned phenomena, also specific processes can take place, the most
frequent being the isotopic exchange between water and rock (Barnes,
and O'Neil, 1974, fide Craig, 1956). As a consequence of this fact, in some
samples, an enrichment in 0¥ appears, although they are of meteoric
origin. .

Some of the above described criteria will be applied to the expla-
nation of the origin of thermal waters from which isotopically analvsed
samples were taken off. For thermal waters in the Pannonian Depres-
sierr, 3D — 30 18 corvelation presents different characters between repre-
sentative aquifer formations in different regions and even within the
serne formation (Fig. 3). The most part of water samples isx plotted in
the proximity of average meteoric water line and along a segnient parallei
to these, which suggests the meteoric origin of the respective thermal
waters. ,

In the mentioned category we include a part of the waters located
in the Upper Panmonian (samples 23,29, 30, Marghita — Tisnad area),
in Cretaceous sandstones (sample 26, Ciumeghiu area) and partially, in
the Triassic carbonate facies (sample 23, Oradea area). One remarks
the fact that the most of these samples are situated at the lower part of
the meteoric water line, having 30 content below 7%/,,. Unlike the dis-
cussed samples, a part of the waters located in the Cretaceous sandsto-
nes and carbonate Triassise rocsk present a relative enrichment in 30 %,

Fig—2 The SD—30 Y corrclation for sublerrancan walers in geothermal areas on Romanian
terzitory. 1, INarghita—Cdlimani area: 2, Ciciulata—Calimanesti area; 3, the lerculane Spa
area: 4, The Pannonian Depression area; 5. the Geoagiu Spa — Diciia area; 6, the Mce-
esic Platform area; 7, Borsec arca: The numbers of samples arc thosc in the table: 8, oceanic
water; 9, Tjuvenile” water; 10. Black Sea water (Veststein ct al.1974.): 11, AS Vuriation
doszain .of 1) in surface flowing waters on Romania's lerritory (Blaga, 1081): 12, m.w. ]
maeieoric waters line (SE Lurope) (Nir, 1967): 13. m.Lm.w. — median line of neteoric waters
{Crzig, 1961); 14, A.C. — water line coming [rom the meleoirc watcrs mo!zlmorpliosis or

miixiure- belween the "meteoric and “juvenile” types: 15. B.C. — water line coming from

the mixture between the occanic and juvenile 'y}
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13 STABLE ISOTOPES IN HYDROGEOTHERMAL STRUCTURES 29

(Borg and Ciumeghiu areas, with §0%® = — 5.5%/). A common chemical
characteristic of these waters is their belonging to the same type, namely
rich in C1 — Na. As it was remarked in the case of Northern Carpathians
(Dowgiallo, 1974) it seems that the increase in O 8 isotopic content with
marine component waters has a direct relationship with the mineraliza-
tion degree. This tendency seems to be observed also in the conditions
of the sunk tectonic blocks — Borg and Ciwmeghiu — an aspect which
can be seen in Figures 4,6. Above a certain degree of mineralization,
corresponding to a high Cl content (probably over 100 m.eq./l), the heavy
isotope content (0%) becomes richer. Not the same situation is suggested
by the 3D — HCOj; correlation, where an oscillation of the representative
line appears (Fig. 6). Instead, 3D-—Cl correlation can come in support
of this idea, if we take into account only thermal waters in the Bors and
Ciumeghin tectonic structures.

A similar aspect is presented by the correlation between 30 ¥ —
— aquifer temperature, where over the approximate reservoir tempera-
ture of 90°C, and 3019/, increase up to a 5.5 °/,, value is outlined. This
dependence can be noticed only in Borg — Ciumegiu thermal waters which
have temperatures higher than 90°C. For low-temperature aquifers, an
influence of temperature upon isotopic exchange is not obvious since on
the 8D — reservoir temperature plot, no clear correlation is found (Fig. 8).

In the 8D — O representation (Figs 2,3), a special case is presen-
ted by the Oradea fluid samples, characterized by a large deviation to-
wards positive 30 8 values. They are markedly separated from the rest
of the samples taken off on Romanian territory. This O enrichment
reaches for 80'® = - 3.59/,,, which corresponds to a -+ 99,, deviation
from linear regression of meteoric waters by this position, the respective
waters would be closer by origin to the magmatic water area. This fact
is hardly acceptable as we know that the aquifers are located in Triassic
limestones situated in an up-lifted block. Besides, it is known that these
formations are continued towards the East with the same deposits crop-
ping out in the Pidurea Craiului Mountains. The only explanation of this
isotopic anomaly that we suggest refers to the existence of an intense
process of isotopic exchange between waters and Triassic carbonatic
rocks. In support of this hypothesis there are also the analyses results
for the 8C' isotope that indicate the carbonate rocks as source of the
carbon in HCO, (3C® = — 0.64-29%,).

The O isotopic content in the aquifer generated in Pannonian,
sequence analysed in this paper generally belongs to the interval found
by Tenu et al. (1981). For the other aquifers in the Panncnian Depression
the isotopic analyses discussed here, show a greater enrichment in (O
than the ones published in the mentioned paper.

Regarding the carbon isotope (C%) we present comparatively in
Figure 9 the isotopic composition for some natural carbon sources and the
contents determined in certain thermal waters in Romania. For detai-
ling, in Figure 10 analytical data on individual C %, on geothermal struc-
tures, are plotted.

In Figure 9 it is pointed out the fact that carbonate deposits could
represent a possible carbon sourece for the thermal waters in the Panno-
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15 STABLE ISOTOPES IN HYDROGEOTHERMAL STRUCTURES 31

nian Depression. Within the geothermal system in Mesozoic formations,
such deposits are widely developed in the Oradea — Borg area. In the case
of thermal waters in Pannonian sands, calcite in these deposits could
constitute the carbon source.

On Figure 10 one can notice that thermal waters in the Sicuieni —
Marghita area have a wider variation for 3C!3, symmetrical as to the
zerg point of the value axis. However, the value frequency is higher in
the 0 -~ + 29/ . interval. For the water samples with a slighter C 13 con-
tent (8C3 < 59, PDB), the latter source is part in assigned to the orga-
nic matter proved by the presence of certain hydrocarbons in the Panno-
nian deposits.

The thermal water samples taken off in the Ciciulata — Calim3nesti
area are usually plotted close to the same segment mentioned in the case
of the Pannonian Depression, namely parallel to, and close to the median
line of meteoric waters (Fig. 2). As for the variation domain of isotopic
composition, it belongs to the interval corresponding to the Deuterium
content established for river waters on Romania’s territory (Blaga,
1984), an exception being sample 15. Consequently it can be supposed
that meteoric waters could respresent the origin source of thermal aqui-
fers located on the Northern slope of the Getic Depression, affected by a
0% enrichment as a result of isotopic exchange.

The isotopic content plotted against the depths (Fig. 4) shows
that up to an average depth of 1000 m a quasilinear increase of the
isotopic composition (D and O) is outlined, followed by the disappea-
rance of this dependence. The same aspect is reflected also in Figures
5, 7, where are plotted mineralizations — O, C1 — O and the same for
3D (Fig. 5—7), a fact explained if we take into account the positive de-
pendence between aquifer depths and the mineralization degree of ther-
mal waters.

The 3C! isotopic composition variation, in the dissolved Dbicar-
bonates, is placed on the — 10 = + 1,29 interval. For the samples with a
rich C'? content, we consider the calcite from sediments as a carbon source
or the cementation matrix of sandstones or conglomerates.

In the case of thermal waters with a slighter content (3C 12 <
< 5%, m a mixed origin is possible, carbonates and organic matter,
taking into consideration the existence of mmethane gas in the area.

The water samples taken off in the area of the volcanic system
Harghita — Cdlimani are plotted in the lower part of the meteoric water
line (Fig. 2). This position corresponds to slighter O 8 contents, for §0O18
respectively, lower than 109/, and similarly for Deuterium, 8D < —
— 70 %/4,- The isotopic contents plotted in the proximity of the meteoric
water line and in the lower part of the latter suggests the fact that the res-
pective thermal aquifers were formed as a result of water infiltrations of
rainfall in mountain areas, in close regions. Due to relatively small shifts
(~ 0.39%) of certain samples plots (No 4, 5,7) in the positive sense of

Fig. 4 — Correlation between the isolopic composition of D and O and the average depth
of aguifers. 1, Paunenian Depression; 2, Ciciulata—Céliménesti area; 3, Herculane Spa
area.
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Lt

the abscissa, it can be supposed that in the respective aquifer svatems
there took place some isotopic exchange between rock (carbonates) and
infiltration water, resnlting in a relative O enrichwment. This aspect
reflects uniform isotopie conditions as to the genesix of H(O; — Na*
and HCO; — Ca* 2 rich waters in the avea.

In the Borsec and Poiana Cosnel zones, the isotopic contents of
analysed cold water samples arc approximately plotted on the median
line of meteoric waters, which in fact coustitute the supplving source of
the respective aquifers.

As for the origin of the carbon in waters, the three performed analy-
ses show that Loth CB¥8in HCO; and €2 in free gas CO, (Tusnad area),
at least in part come from the (probably ‘Lhemml) ransformation of
gsome marine carbonates or of some carbonatic mineral associatiom (Fig.

, 10).

An alternative explanation for free CO, gas would be a mixed origin,
ramely of carbonatic and magmatic (in mantle) reactions, respectively.
But even in the latter hypothesis, an estimation of paltlupdll() 1 of the
two sources shows a 1:3 ratio in the favour of the metamorphic (of car-
bonatic rocks) component. As for the thermometamnorphic mechanism
itself, cuhlluon(ml studies are needed to provide new data.

In the case of the Herculane Spa geothermal structure, the isotopic
data are plotted in the proximity of the meteoric water line and the cen-
tral area river corresponding to water (Fig. 2). One can notice a relative
0¥ uniformity for the analysed samples. It is possible that analysed
waters in the Herenlane area would not have undergone important meta-
morphie processes in their way from the surface to the aquifer.

In the Southern part of the Apuseni Mouniaing the Geoagin Bii
and Biciia water samples have an isotopie composition similar to rain
waters, corresponding to some nedian points on the meteoric water line
(Fig. 2). Carbon isotope (H(C130,) presents @ value (3 (13 == - 2.2 )
that also suggests reactions in &ome marine limestones. Ct3 determlncd in
the gas CO,, could come from two sources : first, the caleite in some carbo-
natie rocks and out of organic matter decomposition, and second, froin the
first sourcs combined w1th a magmatic component (Fig. 10).

A thermal water sample in the Moesian Platform (Piua Petrii)
indicates a meteoric source, but with a relatively high degree of meta-
morphisim ; that is, since the plotted point shows an increase in 30,
with approximately - 3. 5% value.

Conclusions

The isotopic research on subterranean fluids included the main
geothermal structures on Romania’s territory lying both within the
Carpathian orogenic system and in sedimentary basins (depressions aud
platforms).

The general characteristic of the analysed thermal waters, pointed
out be the D and O isotopes indicate, with rare exceptions a meteoric
origin, 1o matter whether these fluids are aceumnlated in strucrures asso-
ciated with more recent voleanie formations or not.
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In deep thermal aquifers, located in sedimentary basins, like the

Pannonic Depression,.the Gctlc Depression and the Moesian l’lat1011n,

a differentiated O enrichment is found as a result of an isotopic exchange
between rock aind water.

As for the (13 isotope from the analysis of data obtained in this
paper, in comparison with the main natuwral sources, it is obvious that
great part of free gas CO, comes from some car.l)onatlc.ro(ks as a conse-
quence of a thermometamorphic process.

Taking into account that this isotopic research is developing ifor
the first time at the scale of the entire Romanian territory, we consider
that the obtained results have a preliminary value, necessitating detailed
researches.
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1ZOTOPI STABILI IN STRUCTURI HIDROGEOTERMALE
DIN ROMANIA

(Rezumat)

Cercetarea izotopicii pe probe de fluide geotermale de pe teritoriul
Romédniei se referi la determinarea deuteriului, 0 i C** in ape §i gaze
dizolvate. Probele de fluide analizate provin din stiucturi geotermale
situate in cadrul sistemului orogenic (Carpatii Orientali, Carpatii Meri-
dionali §i Munt{ii Apuseni), precum gi din bazine de sedimentare de la
exteriorul acestuia (depresiuena pannonicd, depresiunea geticd si plat-
forma moesici). _

Caracteristica principaldi a apelor termale analizate evidentiatii de
izotopii D si O, cu rare receptii, o reprezinti originea lor meteorica.
Pentru apele din bazinele sedimentare se remarcd o imbogéitire diferen-
tiatd in O fatd de apele meteorice.

Misuritorile izotopice de carbon indicd unele wvalori 3C® apro-
piate de cele ale rocilor carbonatice ; totodatd apar gi continuturi pentru
acest izotop, sinilare celor determinate in CO, provenit din manta.



_(\ Institutul Geologic al Roméniei
“_IGR./

8 %I ST



THE GEOTHERMAX CONDITIONS IN THE CENTRAL
PART OF THE OLT — ARGES INTERSTREAM!
BY
PETRE CRACIUN?, PAMFIL POLONIC?

Geothermel systems. Geothermal gradienl. Aquifers. Carbonale rocks. Neocomian. Malm.
Simulation. Mathemalical method. Water wells. Thermal eirculation. Hydrogeologic maps.
Getie Platecu— Colmeana Platform — Romaniar - Plain — Western. Romanian Plain —
— Area between Ol and  Arges.

Abstraet

The analysis of slructural geolegical characteristics of the Olt — Arges area led to
the identification of certain permeable ceomplexes lying at depths greater than 1500 m in
the Moessic Platform and between 1000 and 2000 m1 in the South of the Getic Depression.
in the platform, where thermal anomalies are more important (average geothermal gradients
being between 3.5° and 1.5°C), Malm — Neocomian carbonate eomplex is the main water-
bearing collector developed in a relalively large thermal field (85°—130°C). Three geothermal
areas are outlined, one of which, tl¢ Ciesti — Buzoesti — Vullurecanca in the northern part
of the platform being the most developed. On the basis of the numerical simulation of the
tliermal transfer in the geothermal wells a temperature approximation is obtained at ihe
surface for thermal water, in the case of the conventional discharge of 5 I/s. For the mentio-
ned geothermal struciure a surface temperature interval of 70°—90°C resulled. ‘

Résumeé

Les conditions géolhermeales de la fartie centrale de Uinicrflcuve Oll— Arges. L'analyse des
caractéristiques géologiques siructurales de la régicn cnire I’ Olt ¢l I Arges a mené a
Yidentification des complexes perméables situés a des profondeurs c¢e plus de 1500 m dans la
plate-forme Moesienne et entre 1000— 2000 m au sud de la dépression Gétique. Dans la plate-
forme, ot les anomalies thermiques sont plus impertantes (gradients géothermigues moyens
de 3,5—4,5°C) lec complexe calcaire malm-néocemien est le collecteur aquifére principal déve-
loppé en champ thermique élevé (85°—130°C). Sont délimitées trois zcnes gécthermales, des-
quelles 12 structure Ciesti—Buzoesti— Vultureanca, de la bordure nord de la plate-form

a

i

1 Reecived June 2, 1988, accepted for communication and publication June 15, 1988.
2 Institulul de Geologie si Geofizicd, Str. Caransebes, nr. 1, R 79678, Bucuresti 32.
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le plus grand développement. A base de la simulation numérique du iransfer thermique aux
puits géothermaux, on obtient 1’¢cart de lempérature 2 la surface pour Peau thermale, au
cas du débit nominal de 5 lys. Pour la slructure géothermale mentionnée a résulté un in-

tervalle thermique de 70°—90°C.

1. Introduetion

The study area is lying between the Olt and Arges rivers, throughout
an area that belongs to the Getic Depression and the Moessic Platform.

Researches started from finding hypothermal waters in the northern
sections of the Getic unit and fron recording positive anomalous tempera-
tures in a series of drilled wells on the depression and platform areas.

In order to determine some presumed geothermal structures that
probably develop to depth throughout this area it was necessary to provide
additional information about structural conditions, the thermal field
parameters, as well as that of the cxistence of some favourable water-bea-
ring formations.

Further on we are going to present a part of our results regarding the
location of geothermal anomalies. a contouring of their related area accor-
ding to the critericn of the thermal characteristics of the recoverable
energy source.

2. Geologieal Setting

The area is rather well known geologically due to the research of
Olteanu et al. (1953), Popescu (1954), Moldovan et al. (1961), Motag et al.
(1966) for the Getic Depression and those of Grigoras et al. (1963), Pitrug
et al. (1961), Popescu et al. (1967, Paraschiv (1966, 1979) and Visarion
et al., (1¢87) for the platform.

The Getic Depression appears as a premontaneous depression lying
between the crystalline nucleus of the Southern Carpathians and the Moessic
Platform, formed by the sinking of those areas belonging to the flysch and
molasse (sandstone) units of the Carpathian Orogen.

In the Getic Depression Cretaceous, Paleogene and Miocene formati-
ons folded and thrust southwaids over the plattorm are developed. These
are found covered by Neo-Sarmatian-Pliocene rocks common to the
depression and the platform.

Information aboul pre-Neogene formations was given by drilling.
Thus in the Stilpeni area the section crossed by some drillings indicated
the presence of the Valanginian — Hauterivian (Sinaia strata), the Aptian
sandstone, Vraco — Cenomanian (Dumbrdvioara strata) and of the
Senonian (red marls of gura Beliei).

On the northern part of the unit there are only final terms of the
Cretaceous, a conglomerate complex and an upper complex, made up of
alternations of marls and sandstones, both reaching a 2000 m thickness.

The Paleocene — Bocene is known under two facies: a carbonate
one, mostly reefal on the edge of the Fagiras crystalline and another one,
a flysch southern one — Sotrile facies.
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The Oligocene iz generally made up of a gritty conglomerate lower
zart that contaius conglomerates (Cheia conglomerates), marl clays and
the Corbi sandstone, and a marl-clayey upper part with intercalations of
sands and sandstones similar 1o the facies of the Pucioasa strata. East of
the Tirguui river, the Oligocene covers an c\cluswelv pelitic facies,
known as the Valea Caselor facies.

The Lower Miocene contains a series of conglomerates in the basis
that gradually passes to the sands towards the upper part. The succession
is continued by a marly complex that on the northern part contains gravel
intercalations. .

The Middle Miocene (Badenian) is disposed discordantly, on the flanks
of the depression. On the inner flank, the Badenian is characterized by the
presence of globigerine tuffx and maﬂs, tollowed by the upper salt- bearing -
formation (th Salt lenses), radiolarian schists and Sptrialis-bearing marls
On the outer flank, where the Badenian has directly fallen on the Creta-

ceous, the latter is represented by maials, sandstones, maily hmeqtonm,
anhvdrite and limy sandstones.

The Moessic Platform. Its basement is known in its area of maxi-
mum rising — Baly — Optasi, where it appears made up of epimetamorphic
schists pervaded by granitic, granodioritic intrusions, gabbroes and Her -
cynian diorites.

The sedimentary cover contains Paleozoic, Triassic, Jurassic, Cre-
taceous and Neogene rocks and have variable thicknesses, more reduced
on risings (about 3000 m), while in sinking areas reach 6000 m.

The Paleozoic is represented by predominatingly detrital and carbo-
nate, complexes, like the lower detrital series (Cambrian — Lower Devo-
nian), dolomitic limy (Middle Devonian — Dinantian) and the wupper
detrital one (Namurian — Lower Westphalian). These series continue
the sedimentation and a general exposure throughout the platform fol-
lows. :

The Permtian — Friassic. It includes three distinet lithofacial com-
plexes :
the lower red series represented by an alternation of marly clays,
sands and sandtones intercepted by drillings (Slatina) and which has a
basal part attributed to the Permian;

— the dolomitic series bearing cva,por ites at the upper part (Middle
Triassic);

— the upper red series predominatingly clavey marly bearing inter-
calations of anhydrite, gvpsnm and basic voleanie rocks.

An interruption of the sedimentation follows the Triassic, and it is
resumed in the Middle Jurassic — by a detrital section — followed in the
Upper Jurassic and the Lower Cretaceous by a carbonates sedimentaticn.
In the Upper Cretaceous a sandstone, limestone and maxl scries follows.

At the end of the Cretaceous, the area, asin the entire platform
undergoes an extended rising, entering into a long continental stage. As
the chlmentatlon is vontinued in the Badenian in deep areas and in the
Sarmatian in higher parts of the platform.
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Beginning with the Middle Sarmatian, the Ncogene cover that over-
laps a molasse facies, sandy to a great extent, becomes common to the
platform and to the Carpathian foredeep. The Upper Miocene and Pliocene
deposits present a southwards-northwards thickening, reaching a 3000 —
4000 m peak before contacting the Getie Depression.

Structural Considerations. In the platform, the structure of Mesozoic
and Neogene formations is dominated by the Bals — Optasi rising whose
flanks fall northwards {orming the Carpathian foredeep and towards ST
in order to be linked to the Alexandria Depression. Within the Neogene
there is a series of structural forms resulted form moulding the existent
relief at the surface of older Cretaceous formations. This structure is affec-
ted by many faults, differently orientated, but presenting two main directi-
ons ; an Bast — West one which seems to reflect an effect of the Carpathian
foldings and a NV — SE one which is probably linked to older tectonie
directions.

The E — W orientated fractures form nearly parallely disposed ali-
gnments that separate structural compartments descending in stages nor-
thwards.

The structural assemblage and the formations taking part in the
composition of the two close units are illustrated in two geological cross
sections (Pl. I).

3. Geothermal Considerations

Studies regarding the geothermal regime of different structural units
in our country began in 1970 when Negoitd presented the temperature
distribution at 2000 m deep on the basis of data concerning existent mea-
surements. Similarly, we mention thie papers of Cristian et al. (1971) and
Paraschiv and Cristian (1976 a). Interesting data for geothermic flux
appear in the papers of Veliciu (1977) and Veliciu and Demetrescu (1979),
Negut (1982). Different problems regarding geothermal aspects of depth
water-bearing systems are discussed by Criciun and Bandrabur (1976),
Ghenea et al. (1980) and Bandrabur et al. (1984).

In order to point out the characteristics of the geothermal field, in
this paper we have used mainly the thermal recordings3 in the hydrocarbon
wells taking into account also the observations regarding the indications
of thermal waters. The thermal recordings were carried out in produe-
tion wells, at reservoir depths, which in our opinion, reflects stationary
thermal conditions at the level of the reservoir.

The stratigraphic levels where the measurements have been made
arc generally variable north — southwards, given the diversity of reser-
voir formations in the two structural units. In this way, the great number
of thermal measurements belong to the Lower Miocene, the Sarmatian and
the Meotian stages in the area of the Getic Depression and to the Triassic,
the Jarassie, the Upper Cretaceous, the Sarmatian stages for the areas of
the Moessic Platform.

8 Temperature stage moasuremsnts have b2 recorded by ICPPG Cimpina
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As a consequence of the reservoir formations being varied, the depth
intervals of measurements appear diverse enough, namely starting from
several hundred meters corresponding to the fluid collectors in the Sarma-
tian, in the central south part of the Moessic Platform down to about
4000 m, corresponding to the Triassic collectors, in the north of the Plat-
form:.

In order to illustrate the extension of the geothermal field areas we
have drawn up a map showing the distribution of the vertical medium geo-
thermal gradient. Generally, only one measurement of the temperature in
the well has becn made ; the cases of more measurements were rare.

Knowing that generally in sedimentary basins the vertical gradient
decreases with the depth (Criciun and Bandrabur, 19735), it follows that
by the applied procedure of averaging certain systematic ecrrors are being
made. Due to the fact that the necessary physical data are lacking (ther-
mal conductivity, heat flow), it is difficult to quantify these errors of
method at the present stage. However, using this method of approxima-
ting the gradient one can point out the positive anomalies of the thermal
field in comparison with the subnormal or normal values of the latter.
However we notice that the use of the vertical medium gradient for extra-
polating the values of the thermal field to relatively great depth can lead
to errors that affect the interpretation of the geothermal regional charac-
teristics. According to our observations, the rule of the temperature decrea-
sing to the depth in sedimentary basins is not liniar, at least on a certain
depth interval from the surface, due to the thermoconductive nonhomo-
geneity of the deposits.

By examining the gradient maps (Pl. II) one can notice certain
positive abnormal areas as well as that of minimal values ones.

On the depression area, one can notice the tendency of the medium
gradients increase, starting from the north southwards, with a quasiuni-
formity of the values south of the unit. A similar aspect has been remarked
also west of Olt (Criciun and Bandrabur, 1976).

In most cases, on the depression area the values of gradients oscil-
late around an average of 3°C/100 m, its maximum deviation being about
0.3°C/100 m. The values lower than the average are generally met in the
northern part, while to the south also areas with 3.5° C/100 gradients appe-
ared. Among local maximum values we mention the following areas :
Leordeni — Golesti, Oarja — Silistea and Cocu — Poiana Lacului. The
first area has already been remarked by Negut (1982) as having a greater
extension southwards. These small anomalies have narrow areas and are
disposed NW — SE approximately. One can notice that their development
coincides mainly with the hydrocarbon structures extension (Criciun and
Bandrabur, 1976).

On the Moessic Platform, the values of average gradients in the
northern part are distributed on a large interval, between 3—5.5° C/100 m,
respectively.

Viewing it as a whole, this part of the platform appears erossed by a
thermal field having a higher intensity, in comparison with the areas
south ot the Getic Depression. This differenciation is possibly more marked
actually, if we take into account that in the northern parts of the platform,
the values of mediwm gradients have been calculated on the basis of cer-
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tain temperatures measured at great depths, often more than 2000 mn,
sometimes reaching 4000 m (the Mitrofani area).

Within the platform area one can emphasize the existence of three
main areas of positive thermial anomalies. From north to the south these
are : Ciesti — Buzoesti — Vultureanca, Ciuregti — Strimbeni — Tatd-
ristl and Silistea — Videle — Clejani.

The first anomaly on the platform appears under the form of a W—1
orientated bhand and it develops close to the Bibegti — Tinosu regional
fault. This anomaly presents a large extension in comparison with the
others and reaches such values of medium gradients like 4. 2— 4 ,4£°C/10011.
The second anomaly, although it contains in it some gradients that surpass
4.5°C/100 m maximwn, is of a narrower area, while the temperatures are
controlled onlyabove 2000 m deep (Triassic, Jurassic and Lower Cretaceous).

The anomaly i the southern part within the Silistea — Videle —
Clejani area, is characterized by gradient values higher than 4.5°C/100m
which reflects the variation of the therinal field in an upper section or de-
posits, above 1200 i respectively. Because up to the present day we do
not have temperature data available for much greater depths, as in the
northern part of the platform, the problem of the existence of a depth
geothermal anomaly in the third mentioned area remains unclear.

4. Water~-Bearing Complexes with Potential Geothermal Conditions

In analysing the conditions of existing certain geothermal structures,
besides geothermal and geological structural factors, a speecial role is given
to the hydrogeological aspects that make complete the main characteris-
ties of the thermal system.

The development of a geothermal structure in a basin area requires
the existence of the following conditions :

- there must be a source of heat or a high thermal field ;

— a water-bearing system must develop that should be under the influence
of the said field underlain by an impermeable bed ;

— there must be a relatively wide section of deposits practically imper-
meable, that should cover the thermal water-bearing system.

Both on the platform and in the depression itis not known the exis-
tence of relatively recent magnetic bodies, that could constitute potential
sources of heat.

By means of several deep boreholes in the northern part of the

platform basaltic and graniteid intrusions were however intercepted which
are several hundred meters wide and more than 2500 m deep (the Oporelu,
Gliganu, Mitrofani, Ciesti and Strimbeni structures). This magmatic mass
is unlikely to constitute significant sources of heat for adjacent rock volu-
mes, as they were emplaced in early stages. (Permo-Triassic).
" In cases when an instrusive body took place within a sedimentary
sequence including impermeable sections slightly thermeconductive
(marls, clays, ete.), magmatites can play an important role in the increase
of the heat flow density within the volumes occupied by them.

Another factor which has a good influence upon the thermal field
is represented by the major and regional tectonic elements that affect the
depth deposits from under the thermal water-bearing system. Such crustal
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fractures are possible in the northern part of the platform, an example
being given by the alignment of the Bibesti-Tinosu fault, controlled by
means of drillings at the level of the Mesozoic. Along such a fault hotter
tluids from great depths can circulat~ upwards.

The obvious Similarity between the fracture orientation aud the main
anonialy Ciesti Buzoesti — Vultureanca suggests the possibility of
dl\plavmg such a process (P1. 1I).

In the Getic Depression, among the drilled formations that include
aquifer horizons at depths where temperatures are over 50°C, we mention
the Sarmatian, the Lower Miocene and the Paleogene.

The Sarmatmn deposits, although include some water- be‘mno hori-
zons made up mainly of sandstones, irom a therinal peint of view on the
depression area the reservoir temperatures are probably hetween the inter-
valof 30—60°C. Due to the low temperature the Sarmatian aquifers do
uot present a geothermal interest.

Within the Paleogene formation there are potential permeable layers
wiiich colleet fluids (sandstones and conglomerates), but developed only in
the northern part of the depression, where the temiperature is low. In the
central southern part they are substituted by semi-permeable deposits.

In the basal Miocene sequence, there are permeable complexes with
the potential collectors in the northern sections of the forcdeep area (the
conglomerate series) of several hundred meters wide (Galicea, Tutaua, Dom-
nesti, Musetesti). Southwards where the Lower Miocene succession develo-
lops much more reaching 2000 m sometimes, although the water-bearing
complexes reduce their thicknesses, they become themselves again by dense
intercalations of sands, grit stones and limestones. These aquifers are
located in a slightly thermal field varying between 60 and 95° C.

On the Moessic Platform the most representative depth water-
hearing complex is located in the Malm-Neocomian carbonatic formations.
According to the well data this complex acquires a very large thickness
(more than 1000 m) in the southern »art of the platform (south of Rosiorii
de Vede — Videle) and diminishes northwards reaching 400 —350 m near
the Bibesti— Tinosu fault. Southwards these deposits rise near the surface
bearing an ever thinner cover of Neogene deposits (PL. I). As a consequence
of this structural configuration the thermal field in limestones increases
from the south to the north.

Further on we mention the existence of other two series of permea-
ble fissured rocks. One of them lies in the Middle Devonian — the Lower
Carboniferous, while the other in the Middle Triassie, about which we do
not have sufficient thermal data available. Besides, the said collectors were
met decp down (excepting risen areas, Slatina — Oporelu — Optasi),
which does not justify the opportunity of investigating them by bore-
holes in the present stage.

The accumulation capacity of heat in water-bearing collectors is
mainly determined by the heat flow that influences it and by the thermo-
physical properties of the permeable rock (specific heat and thermal
conductivity). At the same time the heat flow from the aquifer system to
the surface is influenced, in the sense of its reduction, by the thermoresis-
tive characteristics of the covering deposits. It can be associated with this
process an indicator of geothermal closing degree that is quantified as
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being the combination between the average thermal resistivity or the reci-
procal of thermal diffusivity, and the thicknesses of the said deposits. The
parametric expression of this property is thus: I = M/K, where :

I, = the geothermal closing degree of the thermal water-bearing
system,

K and M are the average thermal diffusivity and the total thick-
nesses of the covering deposits. If one applies this criterion to the situation
of thermal water-bearing complexes in the platform area one can obtain
some interesting results. As we at present do not have available physical
datanecessary for the quantitative evaluation of this indicator, we only
note that, on a N-S profile, the Malm-Neocomian water-bearing complex
appears to have a maximum closing degree in the northern boundary of
the platform and registers significant reductions to the south, where the
water-bearing complex is close to the surface. In conclusion, the Ciegti—
Buzoesti — Vultureanca geothermal structure has a relatively high geo-
thermal closing degree, when compared to an aquifer at the same depth
developed in the southern part towards the Danube.

We further on refer to the criterion of the temperature gradient in
order to characterize geothermal areas in sedimentary basins.

According to Reed (1982), a geostructure is of a low temperature if
it lies in the upper proximity of the rectilinear segment that represents the
temperature depending on the depth, for:an average geothermal gradient
of 2.5°C/100 m(Fig. 1). The respective line:starts from a surface point
corresponding to' a temperature.10°C higher than the air yearly averaget -
In the case of our area this minimal temperature on the graph is 4 20°C.
The water-bearing structures plotted under the mentioned straight line
represents normal temperature aquifers according to this criterion.

The upper limit of low temperature structures is conventionally
considered to be 90°C (Reed, 1982). In our country one could include in the
mentioned category those thermal systems with which the water produced
by surface sources does not exceed 100°C.

By plotting a set of data regarding the collector temperatures versus
their depths, one can obtain a clarifying image concerning their geothermal
character. On Figure 1 +here is a preferential group of the points represen-
ting the aquifers in the two structural units. Thus the Getic Depression
wells are lined up close to the median line, while the data concerning the
Malm-Neocomian carbonate complex are separated on a band lying at a
great distance from the former in the positive sense. Also within the same
structural unit, one can outline, by means of the mentioned graphic,
the areas where the identified permeable structures have a low tempera-
ture. Thus, for the Moessic Platform the outlining of the two deep geother-
mal structures located in Mesozoic formations (Fig. 1) is confirmed, because

Fig. 1 — Location of geothermal structures of low temperature (after Reed, 1982). Per-

meable structures ; Getic Depression : 1, Meotian ; 2, Sarmatian; 3, Lower Miocene ; 4, Paleo-

gene ; Moessic Platferm: 5, Sarmatian; 6, Jurassic — Lower Cretaceous; 7, Triassic; 8, Si-

listea — Videle — Clejani anomalous area; 9, Ciuresti — Strimbeni — Tatérdsti; 10, Ciesti—

Buzoesti — Vultureanca geothermal structure; 11, Geothermal structures of low temperature ;
12, Water-bearing structures of normal temperature.
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the plotted points are situated on the right side of the drawn geothermal
gradient line.

In order to point to what extent certain parameters defining the
geothermal structure determine the conditions of heat transfer from the
reservoir to the surface a numerical simulation of this hydrogeotliermal
process was carried out (Crieiun, 1987). In this way it was established that
the main physical factors directly influencing the heat losses are: the
depth of the geothermal aquifer, the fluid velocity in the wellbore and
the geothermal gracient in the surrounding rocks. In Figures 2—3 there
are the examples of the numerical simulation for wells of 1000 m depth.,
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gradient ; Q, water flow rate of the well (1/s) ; N_u, average heat transfer coefficient.
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for a conventional thermal aquifer in order to illustrate the correlation
between the losses of heat, expressed as A T (thedifference between
water temperature in the reservoir and that at the surface) and the men-
tioned factors.

The simulation method was applied to a series of Dhoreholes that
intercepted thermal permeable formations within the two major structural
units. The obtained results allowed & contouring of areas where low tem-
perature geothermal structures were identified. For the Getic Depression
this analyvsiz of the water temperature at the surface was extended also
to the areas without anomalies, in order to observe the very differences
that are obtained.
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Fig. 3 — Variation of the thermal transfer at geolhermal weils versus thermal gradient. VA,
average rate of waler in the well (in/s); AT, decrease of the waler iemperature from deposit
to surface (0.C); Nu, average coefficient of transversal thermal transfer.
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The geothermal zoning represented in Plate III for the Moessic
Platform is an attempt at characterizing the geothermal waters areas not
explored yet, taking into account both the geostructural and thermal
conditions and the loss of heat phenomenon taking place at some supposed
geothermal sources. In Figures 4—5 there are simulated thermal protiles
for areas in the two structural units.

According to the results of the heat transfer simulation, the surface
water temperature for the Lower Miocene formations (th» Getic Depres-
gion), in the case of the chosen flow rate, 5 1/s, present variations on the
40 —75°C interval. The higher temperatures areas are located in the sout-
hern part of the depression, for which we give as examples the Silistea —
Glimbocata — Nord Gaesti and the Cimpu Mare — Cioboti areas. On the
Moessic Platform area thereis a gradual increase, from the south to the
north of a surface temperature level for the thermal water, in accordance
with both the gradual sinking of the fissure water-bearing system and
the variation of the heat flow where it is located. In conclusion one can
consider that the Ciesti — Buzoesti — Vultureanca geothermal structure,
in the northern limit of the platform, is characterized by a structural posi-
tion of the water-bearing system cover between 2000 and 4000 m, placed
in g high thermal field, between 90 —135° C (P1. ITI) respectively. As a con-
sequence of the great depth of the Malm-Neocomian water-bearing system,
the heat losses by means of the vertical sources are higher in comparison
with the Getic Depression. Consequently, the surface water temperature
in the case of Malm — Neocomian aquifer for a well discharge of 5 1fs, is
approximated to range between 78 —90°C. '
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CONDITIILE GEOTERMALE DIN PARTEA CENTRALA
A INTERFLUVIULUI OLT-ARGES

(Rezumat)

Analizind caracteristicile geologice structurale ale regiunii a reiesit
existenta unor complexe pereabile situate la adineimi mai mari de 1500 m,
{atingind 4000 m) in platforma moesici i intre 1500—2000 m in sudul
depresiunii getice.

Prin prelucrarea datelor termice existente privind temperatura dife-
ritelor colectoare de fluide traversate de sondele de hidrocarburi s-au con-
turat citeva anomalii pozitive atil in partea nordicd a platformei moesice
cit «i in depresiunea geticd, in regiunea dintre Valea Oltului si Valea
Argesului. Anomaliile din platforma moesicd se caracterizeazi prin
oradienti geotermici medii intre 3,5°—4,5°C/100 m, estimati pe baza inre-
gigtrdrilor termice la adincimea intre 1600 —4000 m.

In depresiunea geticd gradientii medii s-au estimat pe baza inregis-
trirvilor termice la adincimi variind intre 1000 —2000 m. Din harta distribu-
piilor gradientilor reiese tendinta de crestere a valorilor de la nord citre
sud respectiv de la 2,5°—3,5°C/100 m. In sudul depresiunii se configureazs
citeva  zone pozitiv anomale cu arii restrinse dintre care mentionfim :
Leordeni-Golesti si Oarja-Silistea.

Datele hidrogeologice disponibile aratd cf existd conditii favorabile
pentru acumuliri acvifere in complexul carbonatic malm-neocomian care
are o extindere largd in arealul platformei. Corelind aspectele hidrogeolo-
gice cu particularitatile termice se ajunge la conturarea a trei structuri geo-
termale si anume : Ciesti-Buzoesti-Vultureanca, Ciluresti-Strimbeni- Taté-
wisti st Silistea-Clejani-Videle. Dintre acestea numal primele doud se
plaseazi in cimpuri termice potentiale la adincimi mari controlate.

Conform criteriului gradientului geotermic mediu, colectoarele acvi-
fere termale din platforma moesicd se reprezintd grafic in zona structurilor
geotermale de temperaturd joasd, sensibil distantate de linia mediand a
gradientului.



P. CRACIUN, P. POLONIC 16

en
&

Simulind transferul termic de la acvifer la suprafaté in vederea esti-
mirii treptei termice pentru apa termald la suprafatd, se obtine o zonare
geotermalt a colectorelor de adincime. In platforma moesicd rezulti un
ecart termic de 70°—90°C pentru zona din nord si 60°—70°C pentru cea
de a doua zoni.

In sudul depresiunii getice pentru colectorii acviferi termali localizati
in Miocenul inferior se estimeazi temperaturi de suprafatd pentru apéh
in intervalul 55°—68°C.
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