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Im memory of Gabor Halasi
who knew and loved
these places so much.

HYDROGEOLOGICAL STUDY OF MONEASA AREA
(CODRU MOMA MOUNTAINS)

BY
I. ORASEANU

The complex hydrogeological research work conducted in the Moneasa
area 1ndicated the presence in the deposits of the Finis Nappe of a
strong hydrogeological karst system, which is partially thermalized at its
southern terminus, at its contact with the impermeable deposits of the
Moma Nappe.

Numerous tracer labeilings, pumping tfests and hydrogeological
balances outlined the hydrogeological features of this karst aquifer and
the relationships between cold and thermal karst waters.

The Moneasa area, situated in the Apuseni Mountains, in the wes-
tern-central part of the Codru-Moma massif, is well known for its ther-
mal waters (24 to 32.8°C), which are exploited through four springs and
three wells. Traversed by the same-name brook, a tributary of the
Crisul Alb in Sebis, the aforesaid area distinguishes itself owing to a
great morphological variety, which is an outcome of a complex geologi-
cal structure.

The terrains situated north of the Moneasa Valley, which geogra-
phically speaking, belong to the Codru Mountains, boast a varied relief,
with major features facing the North-South running parallel to the
direction of the geological structure. The morphology of this sector is
dominated by the Izoi summit, the altitude of which top 1,000 m
(1,097.7 m in the Izoi peak) wherefrom the relief collapses more than
400 m to the East to the lithologic contact depressions of Briatcoaia and
1zoi-Tinoasa, continuing its fall to the East down to the Meghes valley,
which is situated at an average altitude of roughly 350 m.

The left-hand slope of the Moneasa valley is exclusively made up
of the rough Permian deposits of the Moma Mountains and features a
rough terrain with deep torrential valleys and steep-walled slopes.
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The water in the area are collected by the Moneasa brook, which
run across a tectonic valley clasely folloing the overthrust plane of the
Moma Nappe over the Finis Nappe. The supply of the brook in the area
under discussion is assymetrical, with tributaries which mainly feature
karstifiable deposits (the Meghes, the Bailor, the Scarita and the Pietros
brook) on right side only.

The Moneasa’s meadow at the confluence with the Meghes and the
Bailor brooks, situated at an average altitude of 280 m, has a maximum
width of roughly 100 m and, partially, is the site of the balneal spa here.

The Meghes brook gathers its waters from under the Dimbul Zoca-
rului hill and the karstic depression of Izoi-Tinoasa. It boasts a norrow
valley with steep-walled slopes and tributaries which are supplied by
permanent karstic sources (the Viezuroiu, Rachitaru and Meghesul Sec
brooks).

Tlie Bailor brook has its major source in the Grota Ursulul resur-
gent cave ; its downstream valley is narow and highly erosive in cha-
racter. The valley upstream of the cave, known as the Feredeu valley,
1s dry and grassy, with stabilized slopes.

The morphology of the karstic terrains is dominated by the litho-
logic contact depressions Bratcoaia and Izoi-Tinoasa, adding to which

are numerous other exokarst (lapies, sinkholes) and endokarst (56 caves
and potholes) formations.

The lithologic contact depressions develop on Triassic limestones
and dolomites at the contact with the Werfenian quartzitic sandstones
partially featured by the Izoi crest. The runoff water from that crest
infiltrates into the underground through impenetrable ponors, with the
depressions lacking a main collector. They form an endorheic zone, that

has no epigene hydrologic relationship with the neighbouring hydrologic
network.

The endokarst is represented by numerous caves and potholes.
noteworthy among which are :

— Pestera cu Apa de la Moari, a resurgent cave which is 2,012 m
long, with a level difference of 35 m. It is through it that the waters
in the cave from Merazerie (which is 538 m long), situated 630 m to the

North-East, are drained ; at present there is no speleological connection
between the two caves :

— The Grota Ursului cave is 250 m long and was discovered by
G. Halasi in 1984 at the end of explorations in the 20 m long siphon
wherefrom the Grota Ursului spring emerges. The cave was subse-
quently intercepted through a mining drift to make it suitable for tou-
rist purposes.

The most remarkable karst feature in the Moneasa area is the po-
thole in the Tela valley. It is situated in the eastern part of the area,
nearby a marble quarri, and is made up of red breccious limestones. It
1s 1.337.9 m long, has a 90 m level difference and was discovered in 1982
after the bottom of a lake formed by the sterile excavated from the
quarry, which barred the course of the Teia brook, had caved in (Gop-
frich, 1986).
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- The climate of the Moneasa area is continental, rendered moderate
by median mountains, and Mediterranean influences are also felt. Over
1901—1960 a meteorological station operated in Moneasa and registered
an average annual value of precipitations of 1,122.63 mm and a tempe-
rature of 9.5°C. Hydrometeorological activities were resumed in the
summer of 1972, when the representative hydrologic basin of Moneasa
and the Izoi Meteorological station were created.

1. A HISTORY OF HYDROGEOLOGICAL RESEARCH

The village of Moneasa is attested for the first time in the year
1200 in a sketch at the Tara Crisurilor Museum in Oradea, and the ther-
mal springs here, which have been known ever since the times of the
Romans, are mentioned in 1597 in a letter sent to the commander of the
Dezna fortress, a stronghold belonging to the Transylvanian army of
Sigismund Bathori, who was a supported of Michael the Brave (Cotoi,
1974).

Nendtvich Karoly conducted the first chemical analysis of the ther-
mal springs at Moneasa in 1865 and a year later Kéry (Bittner) Imre
decribed them for the first time and made a number of recommendations
concerning their utilization.

The first well for thermal waters at Moneasa was drilled down to
316 m over the 1890—1895 interval ; its initial discharge was of 16.6 1's
of water with a temperature of 25°C. With the building of Ward No. 1
on the Bailor brook in 1891 treatments being given for stomach com-
plaints and rheumatism (Marki, 1895).

The first spring radioactivity measurements were conducted by
Athanasiu in 1927. In 1932, Teposu and Puscariu referred in their book
“Romania balneara si turistica” (Balneal and Tourist Romania) to the
existence of four springs with a temperature of 20—32°C and a dis-
charge of 14,000 to 15,000 hectolitres. The authors belive that the thera-
peutical value of the spa is due to the thermality of the waters there
which, from a chemical point of view, are “indifferent” waters, as well
as to. weather conditions.

In 1951 the Balneology and Physiotherapy Institute in Bucharest
rcleased the first complete chemical analysis of the waters and in 1958
Pauca published a synthesis study concerning the thermal springs West
of the Apuscni Mountains considering that the waters at Moneasa are
a mixture of “hundreds-of-metres-deep waters, which rise under vapour
pressure” and cold karst waters and pointing to the dlfflculty of deli-
niating the springs protection area.

As for the hydrogeological research work conducted in the past 20
years in the Moneasa area, noteworthy are the complete water radioac-
tivity measurements performed by Szabo and losif in 1967, the first
tracer labellings to establish the genesis of thermal waters, conducted
by Slavoacd, Oraseanu and Gaspar?! in 1970, the first detailed hydro-

L SLAVOACA D., ORASEANU 1. (1970), Hydrogeological report, 1.P.G.G. Bucu-
resti. o ._' ,_ o | |

12 — Theoretical
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geological study of the spa made by Oriseanu in 1973 2, the drilling of
five new hydrogeological boreboles in 1972-—1987 interval, a complete
geophysical investigation conducted by Apostol et al. (1975), and the
calculation of exploitable thermal-water reserves and the deliniation
of the hydrogeologic protection area around the geothermal reservoir,

accomplished by Oraseanu and Oraseanu in 1976 4.
In 1978 Halasi published two works on the Moneasa endokarst and

in 1985, together with Gisela Halasi and Birtalan, he described the
exploration and morphology of the Grota Ursului cave (the cave at Bai).

2. GEOLOGICAL DATA

Opinions on the geology of the Moneasa area are closely linked to
geologic knowledge of the Codru Moma Mountains. In 1936 Rozlozsnic
mentioned the cxistence of three tectonic units, which feature the parti-
cularities of nappes, and in 1941 Paucd published the first map and the
first complete geological study of the Codru Moma Mountains.

Subsequent geological research work provided for a detailed des-
cription of the structure of the Codru Moma Mountains, a structurc
within which authors Bleahu (1965) and Bleahu et al. (1968, 1979, 1981)
distinguish the Finis, Moma and Dieva nappes in the Moneasa area.

In 1983, as an outcome of research work conducted with a view to
printing the Dumbrivita sheet (1984), Stefanescu et al., refer to a new
tectonic unit in the Codru Mountains — the nappe of Seasa — and sepa-
rate, within the Finis Nappe in the Moneasa area, the chimeric nappes
of Armanu and Seasa and the mediterranean nappe of Finis.

From a geological point of view, the Moneasa area is situated In
the area where the Moma Nappe thrust over the Finis Nappe. The Finis
Nappe formations make up a homocline that faces the North-South,
approximately, and contains Permian Rhyolitic Formation and Werfe-
nian quartzitic sandstones in its bed. They support a thick stack of pre-
dominantly limy facies including black dolomites (Anisian), black limes-
tones with cherts —— the Rosia Formation (Ladinian), white dolomites
and violet breccious limestones (Carnian), marly, argillaceous shales and
silty marls interbedded with rare decimetric black limestones and
quartzitic sandstones — Codru Formation (Norian), argillaceous or silty
shales with rare decimetric interbeds of dolomites, limestones and quart-
zitic sandstones — the Carpathian Keuper (Rhaetian), massive nodular
and breccious red limestones — “Moneasa marble” (Lower Jurassic) fol-
lowed by a flysch-like formation consisting of interbeds of marls, shales
and sandstones (Tithonic and Neocomian).

- The S; (4666) well, drilled in the centre of the spa, indicates a rapid
disappearance of the limy formations of the Finis Nappe to the South,

under the Permian silty shales and basalts of the Moma Nappe. They
rise in steps to the South, under the Permian deposits, and the thickness

E ORASEANU 1. (1973), Hydrogeologzcal report 1.P.G. G Bucurestl
3 ORASEANU I, ORASEANU NICOLLE (1976), Hydrogeological report. 1.P. G G,

Bucuresti.
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of Triassic limestones declines gradually, reaching only 65 m 1n the
aforesaid well.

The formations of the Finis Nappe, nearby the area of contact with
the Moma Nappe, are highly tectonized and divided into a number of
blocks by two fault systems — an older one facing the north-north-
west — south-south-east, along the geological structure, and a newer one
facing the north-east — south-west, which is perpendicular on the former.

The seismic and geoelectrical research conducted by Apostol et al.
(1975) as well as the data supplied by hydrogeologic drillings show the
overthrust plane of the Moma Nappe to have different inclinations, the
avarage value of which is of 55 to the south. Close to the surface the
inclination of the contact is grater being intercepted by the S; (4€64)
well at an angle of 70°. The F, well, drilled in the camping site, traver-
sed only Permian deposits at a depth of 197 m to the bottom.

The second major tectonic element of the area is the Moneasa fault.
It follows an cast-west direction, perpendicular to the direction of thc
Finis homocline which is cut, thus placing the Triassic limestones in
the southern compartment, which was moved to the west, and the Wer-
fenian sandstones in the northern compartment in direct contact. The
fault continues under the deposits of the Moma Nappe, being respon-

sible for the southern rise of sandstones and limestones, a rise highli-
ghted by well S;.

3. HYDROGEOLOGICAL CHARACTERIZATION
OF THE MONEASA AREA

The great lithological variety and the different degree of ifractured
of the formations in the geological structure of the Moneasa area, which,
from a hydrogeological poin of view, reflects in different ways of sup-
ply, accumulation, circulation and discharge of underground waters, led
to the indentification of four types of formations boasting distinct gco-
logic, structural and hydrogeologic features (fig. 1).

a. Mesozoic carbonatic succession (limestones and dolomites) which
are great thickness, intensely fissured and highly karstified, and charac-
terized by a high infiltration capacity and an active circulation oi
underground waters. The hydrogeology of these deposits will be enlar-
ged upon In the following chapter.

b. Paleozoic and Mesozoic consolidated detritic deposits (sandstones,
conglomcrates, subordinated schists) and Paleozoic magmatites characte-
rized by permeability through fissures and/or interstices with disconti-
nous distribution and levelopment. Underground water circulation is
limited to the alterated surface areas and to fractured zones and sup-
plies episodic springs with low discharges of up to 1 1/s.

The Werfenian quartzitic sandstones make the bed of the aquiferous
accumulations located in carbonate deposits, in relation to which they
can be considered as virtually impermeable, the limit between the two
types of deposits being, from a hydrogeological viewpoint, a perfect
barrier. Furthermore, the quartzitic sandstones on the eastern slope of
the Izoi crest play an important hydrogeological role by concentrating
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the water derived from precipitation and directing surtace flow to karst
terrains, primarily to the Britcoaia and Izoi-Tinoasa depressions. Owing
to their contribution with surface waters, these terrains account for
more than 40 per cent of the supply of karst aquiferous accumulations.

c. Norian, Rhaetian succesions and Thitonic-Neocomian flysch-like
formation characterized by strong heierogeneity, made up of rock
complexes of various permeabilities (clays, siltites, sandstones, limestones),
which may contain discontinuous aquifers located in the more permeable
elements. They form a continuous north-to-south strip east to the carbo-
nate formations and make the virtually impermeable roof of karst
aquiferous accumulation. Springs are rare on the surfaces under these
deposits and they have low discharges and are linked to the sandstone-
limestone intercalations.

d. Quaternary non-consolidated detritic deposits, represented by
the Moneasa brook alluvia, are characterized by a notable circulation of
underground waters ; owing to their small expanse and thickness, their
hvdrogeological importance is strictly local.

The Quaternary deposits covering the karst depressions of Bratcoaia
and Izoi-Tinoasa, mainly represented by blocks of quartzitic sandstones,
limestones and dolormtes have small thicknesses and contain local
suspended aquiferous aceumulatlons which have no influence on the
hydrogeological conditions of karst aquiferous accumulations.

4. HYDROGEOLOGY OF KARSTIC TERRAINS

The main limestones and dolomites sequence in the area, north of the
Moneasa valley, is 1—2 km in breadth and has a monocline structure. To
the north the structure continues also in ‘the Finis brook basin and to
the south it is brutally cut by the overthrust p‘ldne of the Permian

deposits of the Moma Nappe.

Located in these carbonate deposits are important aquiferous accu-
mulations, which discharge to the south mainly through the Grota Ursu-
lui spring and subordinately through the springs on the Viezuroiul,
Rachitarul, Meghesul Sec and Pietros brooks. With the view to establis-
hing the direction of flow of underground waters and flow dynamics,
starting 1970 I have conducted tracer labellings here with the contribu-
“tion of E. Gagpar, Nicolle Oraseanu, D. Slavoaca and E. Anghel. These
labellings provided for the establishment of fourteen drainage directions
(Table 1).

The labellmgs performed in 1977 and 1986 in the Dosul Varului
ponor, situated in the northern part of the karst depression of Bratcoaia,
pointed to the presence of an important underground diffluence of infil-
trated waters, as the tracers employed, Iodine-131 and In-EDTA, were
involved in a northbound flow, to the Finis and Feredeu springs and a
southbound flow to the resurgent cave of Grota Ursului, the No, 1 ther-
thermal spring and the thermal-water wells S, and S, at Moneasa. The
labellings proved that in the Bratcoaia depression area the underground
watershed between the basin of the Finis brook, a tributary of the Cri-
sul Negru, and .the Moneasa, a tributary of the Crisul Alb, can be found



Results of tracing operations on Moneasa karstic area

Numer of
drainage on . Ponor, H(m) Resurgence, H(m) L(m)/AH(m)| Tracer used |t hours| V m/hour | Date of labelling
vdrogeological
map
1 Dosul Varului ponor 720 Feredeu spring 415 6000305 lod-131 58 103.0 10.09.1977
2 Dosul Varului ponor 720 Grota Ursului spring 320 5800 400 Iod-131 48 120.0 10.09.1977
3 Dosul Varului ponor 720 Finisului spring 490 2100,230 In-EDTA 168 12.5 19.07.1986
1 Dosul Varului ponor 720 Feredeu spring 415 6000/305 In-EDTA 96 62.5 19.07.1986
4* Dosul Varului ponor 720 Thermal spring. No. 1 298 5900/422 In-EDTA 600 9.8 19.07.1986
5 Dosul Varului poror 720 Well S; (4664) 293 6250/424 | In-EDTA 480 13.0 19.07.1986
6 Tinoasa ponor 657 Rachitarul spring 525 1075,"132 Fluoresceine 43 22.0 11.07.1973
7 Haiuga Veshe ponor 699 Meghesul Sec spring 44() 1200 229 | lod-131 1 1200.0 17.07.1974
8 Izoi ponor 680 Grola Ursului spring 320 2130,360 HTO 6 355.0 20.06.1970
g* Izoi ponor 680 Subthermal spring a 295 2180385 HTO 6 363 0 20.06.1970
10 Sacariste ponor 685 Grota Ursului spring 320 1840 365 | HTO O 368,0 25 06.1970
11 Taul Bivolilor ponor (Merazerie |
cave) 294 | Pestera cu Apa de la Moara cave 250 630 44 Fluorescelne b 80.0 - 20.07.1974
12 Toia ponor 450 Piatra cu Laple spring 31U 650 140 [od-~131 25 16.0 1972
13 Losses of Scarita brook 54y Piatra cu Laple spring 310 1700:230 Fluoresceine 48 35.4 12.05.1987
14 Losses of Piriul dintre Pieire . | |
brook Hh60 Piatra cu Lapte spring 31U 2080 350 | Rhodamine B 70 38.3 11.05.1987
15 Losses of Blidarita brook 630 Piatra cu Lapte spring 310 3100/320 in-EDTA 72 43.0 13.06.1987

.1-13-1!—:

I. Oraseanu, E,

Table 1

Authors of tracing operationg

. Oraseanu,

Oraseanu,

. Oraseanu,

Oraseanu,
Oraseanu,

Oraseanu,

I. Ordaseanu

1,

Oraseanu,

Slavoaca, 1.

I. Oraseanu

[. Oraseanu

E.
D. Slavoaca, I.

D. Slavoaca, 1.

D,

Gaspar,
Gaspar,
Gaspar,
Gaspar,
Gaspar,
Gaspar,

Gaspar,

N.

Oraseanu
Oraseanu
Oraseanu
Oraseanu
Oraseanu

Oraseanu

Oraseanu

Oraseanu, E. Gas,;par

Oraseanu, E. Gaspar

Oraseanu, E. Gaspar

Gaspar, N. Oraseanu

M. ‘'andasescu et al,

I. Oraseanu, E. Gaspar

H = Elevation above the mean sea level ;
I, = Horizontal distance between losses and spring ;

AH = Difference

{t = Time of first

in elevation
V = Apparent velocity ;
arrival

between losses and spring

of tracers;

* Drainage direction is not drawn on the hydrogeological map.
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. - The karst area limited by Bratcoaia, Tinoasa, Izol and Moneasa,
t@gether with- its -slope' basin that expdnds to the lzoi crest, forms a
uniqite hydrogeological karst system, which is partially thermalized at
1ts southern end. It boast a north-to-south flow of underground waters
and a discharge preferentially made through the Grota Ursului spring.
The waters that cannot be involved in this flow, owing to the limited
conveyance capacity of channels and fissures, drain to the east through
the overflow springs in the Rachitaru and Meghesul Sec valleys. The
hydrogeological relations between the waters infilirated through the
Timoasa and Haiuga Veche ponors and the aforesaid springs were also
attested through tracer labellings.

To determine the parameters of underground waters flow in the
Moncasa area over October 1975 — September 1976 systematic measu-
rements were performed, in cooperation with the collectivity at the
Moneasa hydrologic station”?, of the discharges and the temperatures of
the brooks Moneasa, Meghes and Pietros, of the Bailor brook up- and
downstream of the thermal sources in the Ward 1 area, as well as of all
the caught thermal sources(springs 1, 2, 4 and 5) and the wells S, S,, S..
and S; (fig. 2). Measurements were also performed of the precipitations
at Izoi and Boroala (three kms east of the spa) and of air temperature
at [zoi and Moneasa.

Processing of the hydro-meteorological data, conducted at the No. 1
gauging cross section on the Bailor brook, which controls the Grota Ursu-
lui spring discharge, indicate for the mentioned spring an mean annual
discharge of 121.42 l/sec. with the extreme limits ranging from 32 to
938 lfsec. The Qmax. danty/Qmm- ity  variability index of the spring is of
29.3, and the sensible fluctuation of its discharge is also illustred by the
]ong fluctuation interval of the Qmean year/Qmean month  ratio shown in
figure 3

The diagram of the classified flows of the Grota Ursului spring
(fig- 4) shows a slope break of the line for a value of 654 l/sec.. a break
determined by the overflow phemomena. It is rather difficult to accura-
tely assess the overflow sources which give birth to this phenomenon as
it can be generated both by the operation of the sources in the basins
of the Rachitaru]l and Meghesul Sec brooks, mainly of the temporary
resurgent cave of the latter’s valley, and by modifications occured in
the distribution of the discharges of the endorheic basin of Bratcoaia,
with a preferential direction to the Finis basin.

By processing the hydrographs of the discharges measured in the
No. 1 gauging cross section on the Bailor brook in periods lacking preci-
pitations the hydrogeological parameters of the karst aquifer discharging
through the Grota Ursului spring could be computed.

The recession curve of the Grota Ursului spring in the interval
spanning June 4, 1976 — July 29, 1976, when it was not influenced by
signiticant contributions from precipitations, is represented by a broken
line with three slopes featuring the oy, o, and o, dlsoharge ccneffmmentg

(fig. 9).

“ PALFY F.,, GROZA MARIA-ANA, CRISAN S., ONCEAN N., ONCEAN NUTA
CONDEA T, 2 ACOI G. (1976), H'ydrologzcal dates, S. H. Moneasa.
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Coeficient oy = 0.103 designates the discharge of karst void spaces
and channels where, in an interval of seven days, a volume of 0.83 - 106
cum. of water are discharged in turbulent conditions. The discharge of
the systems of partially karstified fissures is characterized by coefficient
o =j'_0.007*6,"-1ast for 17 days or so and releases a volume of 3,41 - 10¢
cum. of water from the karst aquifer.

Coefficient o3==0.00019 represents the discharge of the water
stored’ in rock fissures, in inactive subterranean void spaces and their
alluvia. The most substantial value of these reservoiris is of 18.6 - 100
cum. and their discharge is prevailingly laminar.

Al the southern end-of the strip of Lower Jurassic limestones, which
develops in the eastern part of the area — limestones which are {Mpro-
perly - called “Moneasa Marble” — a hydrogceological karst syvstam s
located, which is mainly supplied by the waters infiltrated through the
Teia, Scarita and Blidarita ponors, a system that discharges through the
permanent Piatra cu Lapte spring and temporary, through the over flow
sources situated immediately upstream.

The waters infiltrated through the channel of Blidarita brook and its
triblitaries are exclusively directed to the Piatra cu Lapte spring. They
traverse the hydrogeological karst system in an average interval of 72
hours and follow a piston-type flow (fig. 6).

P - .

E Fig. 6. Time va-
riation - of In-
EDTA tracer con
centration mea-
sured in Piatra
cu Lapte spring
after labelling
the losses in flow

in  Blidarita ri-
verbed.
.
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ieeee oo 0, THERMAL WATERS
The thermal] waters at Moneasa — both natural emergences and

those emerging through wells — are karst waters that appear in the
carbonate deposits of the Finis homocline, nearby the contact with the
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Tablec 2

Cold and thermal water sources in Moneasa spa area

L - e A N ek S e e

' |
Nz, Souree EIZV;? 11.10n Depth . ~T
crt. " (;n')' (m) (1/%) | )
A l P
1 | Well S, 292 59 316,0 045 | 24,0
2 Well S, (4663) 302,569 604,0 l 0.4 28,0
3 Well S, (4664) | 296,97 836,4 3.0 32,5
4 Well S- (4666) 284,95 F 4246 7.0 14,0
5 | Spring no. 1 293,96 — | 329 | 240
6 Spring no. 2 293,90 — 3,32 24 0
7 | Spring no. 4 o 292 69 — } 430 | 310
8 Spring no. 5 29259 — ' 31.2
q Uncought thermal waters in 2900 — |
.+ I+~ Bailor brook: 296 — 30,0 ] 29
t{ Unconght coid waters in Bailor 29—
brook 320 —_ 40,0 | 10,8
Grota Ursuluil spring 320 — l 121,42 8.0
yai e .. | |

e L -

impermeable deposits of the Moma Nappe. They belong to the category
of hypothermal (20—-37°C) and subthermal. {10—20°C) waters. The values
of the discharges and temperatures of the sources outlined in table 2
represent the averages of a series of daily observations conducted in the

hydrologic year October 1975 — September 1976 and of the expeditionary
observations made in the past 20 years.

The main natural thermal-water sources are situated on the Bailor
brook, downstream of the Grota Ursului sgrmg, on a distance of 180 m
before the brook enters the Permian terrains (fig. 2). Their temperature
rfiges 55 they approach the contact with the deposits of Moma Nappe
(11g. 7).

The average flow value of water contributions from the Bailor brook,
computed on the basis of data supplied by observations made in the No.
1 and 2 gauging cross sections, are of 50 lsec. of hypothermal waters
with a temperature of 22°C, contributions of which roughly 43 l/sec. are
water with a temperature of 22°C which is not caught- The value of
these contributions is readily noticeable in the case of the lower
discharges of the Grota Ursului spring, especially through the temwpe-
rature rises registered by the Bailor brook d1ownstream of the sources
(f:lg 8 and 9) j

- The recession curve of uncaught thermal waters on Bailor brook
(fllg. 3J) shows presence of an important accumulations stored in partially
karstified fissures and in rock fissures. The curve has two segments
with different slopes and indicate a meteoric source of thermal waters.
The approximate underground transit time is 30 days.

- The No. 1, 2, 4 and 5 thermal springs are caught and wused for
internal treatment (No. 1), potable water supply (No. 1 and 2 and well
S:) ano balneal treatment (No. 2, 4 and 5 and wells S;, Sy and S;). The
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Fig. 7. The relation between sources temperatures and distance from overthrust
front in Bailor brook.

“c” and “d” thermal sources (fig. 2) appear at the base of the wall of the
channel situated upstream part of No- 1 Ward and they have an overall
discharge of roughly 23 1/sec. and a temperature of 24.5°C. They are not
caught and they represent losses from the No. 2 spring.
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Fig. 9. The relation ol
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From a geothermal viewpoint, the whole area of the Bailor brook
is an abnormal area with the maximum point situated close to the No.
4 and 5 sprigns (fig. 2). The anomaly follows the direction of the geolo-
gical structure of the deposits of the Finis Nappe, traverses the
overthrust front of the Moma Nappe and continues, with a sensibly
diminished value, along the direction of the Moma Nappe structure up
to the Moneasa valley (Apostol et al., 1975).

Four boreholes were drilled between 1972—1975 with a view fo
investigating the area from a hydrogeological point of view and they

assessed the structure of the hydrothermal reservoir at depth. In the
summer of 1987 the Sg hydrogeological well, located on the Scarita
valley, started being drilled.

Well S, (No. 4663) was drilled in 1972 nearby the subthermail
spring or. the Meghes valley and traversed carbonate deposits along
the entire depth (i-e. 604 m). The measurements conducted during
drillings indicated. the presence of waters with increased temperatures
(30°C) in the upper part of the karst aquiferous complex and with
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lower temperatures (24°C) in its lower part: (V-a-silés:c‘u A’»ir-ames'-crti,
1972 ). .
Hydrogeological testings performed in borehoﬂle Fy. Ehow«e‘d “that
throughout the entire depth (1.e. 197 m) 1t traversed deposits devmd @f
water of Moma Nappe, for which reason it was cemented. -

The well S, (No. 4664) was located directly on the Permian dep051ts
of the Moma Nappe, which it traversed along a thickness:of 78 m; to
a depth of 520 m it penetrated limestones and dolomits highly k.ars ti-f:imed
and then, down to the bottom (i.e. 836.4 m), Werfentan quartzitic
sandstones, a succession belonging to the Finis Nappe.

The pumping tests conducted during drilling operations on the well
S, indicated a sensible drop in the temperature of depth waters and a
decline of the specific discharge tested interval thickness ratio because
of the reduction of the intensity of fissuration and of the size of the
karst channels. Furthemore, it was noted that the discharge capacity
of the intervals tested below 500 m, mainly including quartzitic
sandstones, dropped substantially (fig. 10).

Wel S: (well No. 4666) traversed a succession including Permian
schists, sandstones and basaltes belonging to the Moma Nappe (0—275

22 T
|
f ]

LY Y Y Y ¥

I.shales - Fig. 10. The variation
Z.iimestones i of temperature (a) and
J.dolemitic limestones of specific discharge |
4timestones - tested interval thickness

s 2
S quartzitic sand.s”.ones ratio (b) of the S, well.

- VASILESCU G., AVRAMESCU N. (1972), Hydmgeological report IFLGS
Bucuresti. -
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m), and then penetrated Triassic Karstified limestones (275—340 m)
and Werfenian quartzitic sandstones (340—424.6 m) belonging to the
Finis Nappe. The waters intercepted in Triassic limesiones boast an
artesian discharge of 7 1l sec. of water with a temperature of 17.C at
a dynamic level situated 1.5 m above the ground. The hydrostatic level
was of 423 m (Pirvu, 1975%). Present temperature of water is 14" C.

Besides the aforesaid thermal-waters sources, we should also refer
to a spring, situated on the left-hand bank of the Moneasa river (fig. 1,
p), under the embankment of a former narrow railway, near the stadium.
It boast an average discharge of 0.1 1 sec. and a mean temperature of
17.5°C, values that registered great variations during rainy peviods.

Others subthermal springs are situated in the wupstream part of
Bailor brook : spring a (14,2°C, 7,0 1/sec), spring b (10,2°C, 4,0 l/sec) and
spring ¢ (14,5°C, 3,5 1 sec). Tamaduirii spring (15—24-C, 0,3 1'sec)) situated
on the left-hand bank of the Meghes brook (fig. 2, f) is temporary flooded.

6. PUMPING TESTS

With a view to complementing hydrogeological image of area with
data concerning the hydrodynamics parameters of the karst aguiterous
complex wherein the thermal-water is located, pumping tests were per-

-

formed in 1977 7. Water in the well S; was pumped at a constant discharge
(Q@==11.5 1 sec, drawdown s=—46.6 m) for 120 hours and the variation
of the water level iIn well S, S9 and S, was observed during both
pumping and In recovery. Furtermore, during the exploitation of well
S, by the balneal spa (Q — 2.45 1/scc. at a dynamic level of 0.14 m above

the ground) the variation of the piezometric level in well S, was noted.

The results obtained through pumping tests were processed and
placed on a diagrams. With them as a basis, the transmissivity and the
storage capacity (effective porosity) of the karst aquiferous complex were
calculated. The results obtained, which are noted on the block-diagram
in figure 11, bespeak a great variation, alond different directions, of the
hydrodynamic features of the complex. This anisotropy is due 1o the
bank-stratification of the limestones and dolomites, as well as to their
different fissuration degree.

Thus, higher values of transmissivity and storage coefficient were
obtained for the directions between wells S—S5 and S;—S;, which
correspond to the area of maximum crumbling of limestones and dolo-
mites as a result of the Moma Nappe overthrust and to the direction of
stratification of the carbonate deposits and, equally, superpose over the
main direction of fissuring of these deposits.

Lower values were obtained for the S,—S,; direction, owing to its
orientation which is perpendicular on the direction of stratification of

L ]

8§ PIRVU MARIA (1975), Hydrogeological report, L.F.L.G.S. Bucuresti.
" ORASEANU 1. (1977), Hydrogeological report, 1.P.G.G. Bucuresti,
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the carbonate deposits and to their lower {fissuration degree as an
outcome of their more distant position as to the Moma Nappe overthrust
plane.

The interference between these wells, which constantly discharge
waters with different temperatures (S; — 14°C, S; — 24°C, S, — 28,5°C
and S, — 32.5C), corroborated with the results of tracer labellings, which
highlighted the relationship between cold karst waters and thermal
waters, attests to the presence of a unique hydrogeological karst system
of great expanse, boasting an extremely heterogeneous distribution of
temperatures, caused by local lateral] contributions in karst water of
high temperatures in its southernmost part (fig. 12).

The thermal waters in Moneasa area are results of mixing between
cold karst waters and karstic waters of deep circulation that rise in

Fig. 11. Block-diagram with pumping tests results. 1 — Karstifiable rocks; 2 —

Nonkarstifiable rocks ; 3 — Overthrust front; a, b — Main direction of rocks

fissuring at Grota Ursului spring (a) and in left-hand slope of Meghes brook,
o -~ near S; well (b). - - - -
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temperature because of the relatively high heat flow in this area (80
mW;m?). The area is not for from the Pannonian Basin, which is recog-
nized fort its hyperthermal regime, more than 90 mW/m? (Veliciu,
Opran, 1983).

As to the position of the convection cell responsible for the hydro-
thermal reservoir in the Moneasa area, there are two variuants which
we conslder as possible.

The first variant (fig. 13 a) implies infiltration of cold karst waters
from the Bratcoaia (and, possibili Tinoasa or Huta) area to the east, in
the direction of the sinking of the limy deposits and, further on, their
movement to the south, with the water temperature going up owing to
a high flow. In their movement to the south the thermalized waters are
barred by the impermeable deposits of the Moma Nappe ; they follow a
rapidly ascending direction to the west, along the network of fissures
and fractures generated in the carbonate deposits by he overthrust of
the aforesaid nappe. Close to the surface these waters blend with the
cold waters of the hydrogeological karst system in their movement io
the discharge area in Grota Ursului.

The second variant (fig. 13 b) implies a contribution of thermalized
waters from the south-west originating in the waters infiltrated in the

Cold warers infiow
‘rom Brofccaia area

Moneasg
a) gecthermal
reservoelr
heagt flow
Cold waters inflow Cold waters irnflow
from Slating de Cr;‘.;;: from Bratcocia—
ares Grotg Ursului areq
Moneasa
b) geothermal

reservoir

heat flow o
Fig. 13. Convection cells in Moneasa area.

4t
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calcareous interfluve at Moneasa and the localities of Slatina de Cris and
Dezna, the latter being known owing to its underground - thermal
waters &. Before emerging to the surface in the Moneasa area, these
waters get colder partially, which 1s a result of their blend with the
cold waters of the Grota Ursului hydrogeological karst system.

7. HYDROGEOLOGICAL BALANCE OF THE MONEASA AREA

With a view to establishing the expanse of the hydrogeological
karst system which discharges its waters to the south in the Moneasa
spa area, both through the cold-water spring of Grota Ursului and
through the thermal-water springs and wells, we drew up the overall
balance of surface and underground water resources.

The area includes the hydrographic basin of the Meghes, Bailor and
Pietros brooks and the Tinoasa—Izoi basin whose link with the exur-
gences in the Meghes and Bailor brooks’ basins was proved through
tracer labellings. The endorheic basin of Bratcoaia was not included in
the balance as it is only partially drained by the sources in the Moneasa
valley basin, its contribution to the supply of these sources being only
indirect, as resulting from the obtained budget.

The overall balance was drown up for the whole basin and for each
separate hydrographic basin with a view to establishing the supply o
drainage relationships between them. To work it out, the hydro-meteo-
rological measurements performed at the Moneasa station by Palfy et
al. ? in the Octobebr 1, 1975 — September 30, 1976 hydrologic year
were taken as a basis.

Precipitations were assessed with the help of a isohyet map drawn
up by interpolating the values of precipitations registered in the atoresaid
hydrologic year at the meteorologic stations at Izoi (altitude 700 m),
Boroala (350 m) and Ranusa (225 m), situated 4 km south-west of
Moneasa.

Evapotranspiration was computed with the help of Turc’s formula,
where the mean annual temperature was assessed according to the map
containing the air i1sotherms, worked out by interpolating the values of
the mean annual air temperature measured at the Izoi and at the
Moneasa.

Runoff was estimated according to the mean daily discharges
measured in the gauging cross sections on the Meghes and Pietros brooks.

The emergences of underground waters (springs) are represented
by the contributions of the cold and themal waters on the Bdailor brook,
assessed through the hydrometric measurements performed in the No. 2
gauging cross section on the Bailor brook.

Catchings of water for domestic use and for the supply of the local
swimming pool are represented by the amounts of water taken from

8 In 1978 IFLGS drilled a hydrogeological borehole at Dezna, a locality
situated roughly 6 kms south of Moneasa. Along the entire depht (897 m) it tra-
versed carbonate deposits mainly. The well discharges 3.5 l/sec. bicarbonate caleic
magnesian watler with a temperature of 38.5° (VALENAS E. FASOLLA V., Hydro-
geological report, IFL.GS Bucuresti).

9 See footnote 4. - |
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the Grota Ursului spring and spring 1, spring 2 and well S, thermal
sources. _ .

Exist from the hydrogeological karst system draining in the surface
flow downstream of the monitoring sections are represented by the waters
discharged by wells S, and S; which were not in use in the period the
balance was drawn up.

The balance that could be drown shows ™ in the error interval of
five per cent, which is acceptable in hydrometric measurements a
fine concordance between the inlets and outlets estimated for the entire
area taken into consideration. It also points to a serious lack of concor-
dance between the areas of the hydrographic and hydrogeologic basins
in the zone under study (see tables 3 and 4).

The tracer labellings that have been performed render this image
more intricate, in the sense that the area taken into consideration fea-
tures both inlets from he Bratcoaia depresion and outlets through the
Meghes—Piatra cu Lapte diffluence surtace. The values of those con-
tributions are probably equal and cannot be sensed in balance calcu-
lations.

On the other hand, this situation is relevant for the difticulties
encountered in the hydrogeological research of a karst area, and highlights
the need for an approach through several methods.

8. WATER CHEMISM

The chemism of the cold and thermal waters at Moneasa is
calcic-magnesian with low mineralization (Table 5). Overall mineraliza-
tion declines in the case of the springs on the Bailor brook as tempera-
ture rises (fig. 13) and a direct relationship may be noted between the

7el
\35
?OASI 51 Q1
30
/ic | o2
10 -

N\

o"‘!h_
/ T~ Grota Ursuluil spring -

{ &) {a)
0 . HZ;O 200 380 400 TDS (mg/t) (a8l
T e : e ——— e ——
( ; ¢ 8 10 12 % H,Si03 in TDS (b)

Fig. 14, The relation between TDS(a), %/ H.SiOxb) and temperature of sources in
Bailor brook.
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s Table 4
Surface of hydrographic and sydrogeologic basins in Moneasa area

Hydrographic Hydrogeologic

basin basin
km? km?

e
1. | Meghes brook 6,9 3,6
2. Bailor brook 1,38 11,6
3. Pietros brook 1,65 1,3

4, Izoi-Tinoasa endorheic basin 4.5 0

HyS103 content and temperature. In time, the chemical composition of
the waver of the thermal springs fluctuates substantially, the most
significant variation being recorded in the case of the ionic species Na*
and SO, ., These variations show that cold karst waters are the origin
of the thermal waters at Moneasa.

The No- 1 and 2 thermal springs feature low releases of gases with
a composition that is identical to that of atmospheric gas. These releases
are generated by the exit from solution of he atmospheric gas dissolved
in cold waters as their temperature rises (Table 6).

Table 6

Chemical composition of the Erga-s outflowing from thermal springs

eyl el

Compound (/) Therﬁ? ‘ipring | Therrﬁil ;prmg
CH, 0.3 | 77
CO, 0.3 10
O, 20.8 | 19 1
N, 77.6 71.9
He 0.0 005

Note : Other compounds for which the gases were analyzed,
CyHy, C.Hg, C4H, H, are lacking.

The complet measurements performed by Szabo and Iosif (1967) of
the radioactivity of the thermal waters at Moneasa, indicate wvalues
ranging from 0,69 to 1.0 nCi, figures which place them far below of
29-nCi, limit which make waters radioactive.
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STUDIUL HIDROGEOLOGIC AL ZONEI MONEASA
Rezumat

Cercetarile hidrogeologice complexe efectuate in zona Moneasa au eviden-
tiat prezenta unui vast sistem hidrogeologic carstic (s.h.c.) in depozitele predo-
minant carbonatice ale Pinzei de Fimis.
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Marcarile cu trasori si bilantul hidrogeologic au precizat extinderea spre
nord a s.he. pind in depresiunea de contact litologic Bratcoaia, apele infiltrate
prin ponoarele din partea nordicd a acestei depresiuni suferind o difluenta, ele
participind atit la alimentarea izvorului Finisului si Feredeu situate la nord, cit
si a izbucului Grota Ursului si a surselor termale de la Moneasa situate la sud.

Izvorul Grota Ursului are un debit mediu de 121.4 1/sec., iar hidrograful debi-
telor acestei surse in perioadele neinfluentate este caracterizat prin mai multi
coeficienti de secare, reflectind un mod complex de alimentare, circulatie, stocare
si descarcare a acumularilor acvifere.

In parteg sudica, la contactul cu depozitele impermeabile ale Pinzei de Moma,
apele s.h.c. sint local termalizate ca urmare g unui aport lateral de ape carstice
cu temperatura ridicata. Aceste ape au la origine ape carstice reci antrenate intr-o
circulatie profunda, parcurs in care temperatura lor a crescut ca urmare a fluxului
termic regional ridicat (80 mW/m?).

Sursele de ape termale captate sint reprezenfate prin cele 4 izvoare, cu tem-
peraturi de 24—30.8°C, situate pe piriul Badilor si prin 3 sonde ce debiteazid apa
cu temperatui de 24—32.8°C. Debitul cumulat al acesto surse este de 17 l/sec.
Caracterul chimic al apelor termale este bicarbonatat calcio-magnezian cu minera-
lizatle mica, asemandtor apelor carstice reci.

Rezervorul hidrotermal prezintd transmisivitati de 221.2—630.1 m?</zi si coefi-
cienti de inmagazinare de 0.072-—0.33, valorile mai ridicate fiind inregistrate pe
directia generala nord—sud, corespunzatoare directiei principale de fisurare a depo-
zitelor carbonatice si stratificatiei acestora.
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ber 1987.

Address of the author : Iancu ORASEANU — Intreprinderea de Pro-
spectiuni Geologice si Geofizice Bucuresti, Str., Caransebes, Nr. 1, 78768
Bucuresti, Romania.



	scan0001.pdf
	scan0002.pdf
	scan0003.pdf
	scan0004.pdf
	scan0005.pdf
	scan0006.pdf
	scan0007.pdf
	scan0008.pdf
	scan0009.pdf
	scan0010.pdf
	scan0011.pdf
	scan0012.pdf
	scan0013.pdf
	scan0014.pdf
	scan0015.pdf
	scan0016.pdf
	scan0017.pdf
	scan0018.pdf
	scan0019.pdf
	scan0020.pdf
	scan0021.pdf
	scan0022.pdf
	scan0023.pdf
	scan0024.pdf

