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Contributions to the hydrogeology of the
karst areas of the Bihor-Vladeasa Mountains
[Romanial

lancu ORASEANU!

ABSTRACT

The Bihor Vlideasa Mountains are ones of the most important karst regions in Romania. They have important
groundwater resources, unexploited ull now. On the hydrogeological map there are pointed the main karst
springs with their magnitude of discharges and the directions of the groundwater flows. More than 45 tracers la-
bellings were performed and an average of 45 m/hour of flow velocity was recorded 1n 42 of these.

As a consequence of the great diversity of the geological constitution and intense fracturation of the rocks, the
karst systems are of binary type, with a large variety in size and hydrological parameters distnbution. Due 10 the
consistent observations and the hydro-meteorological measurements, the groundwater resources were evaluated
and the processing of the flow rates series outlined a great diversity of the karstic systems.

The quality of the groundwalter i1s very good as mdicate the results of the chemical and bacteriological analysis
and the potential sources of pollution are leaks.

Key words: hydrogeology, karst, analysis of the flow rates series, groundwater quality, Bihor Viddeasa Moun-
tains, Romania.

Contributions a I'hydrogeologie des regions karstiques
des Monts de Bihor-Vladeasa

RESUME

Les Monts Bihor-Viddeasa occupent 'une des premieres places parmi les régions karstiques de Roumanie. En
méme temps, ils disposent d'importantes ressources d’eaux souterraines non exploitées jusqu’'a présent. Sur lu
curte hydrogéologique ci-jointe, sont indiquées les principales sources karstiques, ['ampleur de leur débit et leys
directions de déplacement des eaux souterraines mises en évidence par plus de 45 marquages aux traceurs. La
vitesse moyenne enregistrée dans 42 marquages atteint 45 m/heur.On a localisé aussi les plus grands avens et
grottes cartés.

Suite a la constitution géologique variée et a la fracturation accentuée des formations géoclogiques, les systemes
karstiques sont, pour la plupart, de type binaire, de dimensions trés différentes et a compartaments hydrogéolo-
clques distincts. Un programme rigoureux d’observations et de mesurements hydro-metéorologiques u mené
U'évaluation du potential globul d’eaux souterraines et 'étude des données acquises par différents moyens
(['étude des courbes de récession, ['analyse corrélative et spectrale des séries de debits, etc.) a permis de mettre
en évidence la grande diversité de functionnement des systémes karstiques.

Les analyvses variées chimiques et bactériologiques ont évalué la potabilite des eaux karstiques de toute lu ré-
gion étudiée, en établissant lu présence d'une eau de bonne qualité et ["absence totuale des sources de pollution,
qui pourraient conduire a la dégradation de la qualité de ['eau.

Mots clés: hydrogéologie, karst, analyse des séries d’'écoulements, qualités des eaux souterraines, monts Bihor
Viadeasa, Roumanie.

' S.C. Prospectiuni S.A. , str. Caransebes 11, R~78344 Bucuresti, Romania.
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INTRODUCTION

The Bihor mountains occupy a central position
within the Apuseni mountains range, extending in
a longitudinal direction between the Beius basin to
the west and the Giliu mountains to the east, and
transversely between the Crisul Repede valley to
the north and the Ariesul Mic valley to the south.
They consist of three distinct transverse compart-
ments, that are well defined in what concerns both
their topography and their geologic framework:
Vlddeasa, Bihor and Biharia massifs (IANOVICI
et ul., 1976).

The Vlideasa massif consists mainly of intrusive
and of igneous ophiolitic formations, which induce
an ovecrall heavy-looking topography. The south-
ern half of the intrusive body is surrounded by
sedimentary formations, within which carbonate
formations occupy a pre-eminent position: the
karst area Meziad-Ferice-Valea Rea to the west
and south-west, and the graben of Somesul Cald to
the east and south-east.

The central compartment, for which the “Bihor
mountains” denomination should be preserved,
due to the fact that here the karstic topography,
characteristic for these mountains, 1s widely de-
veloped, is separated from the Vlddeasa mountains
by Somesul Cald and Crigul Pietros stream
courses. To the south, the Ariesul Mare and Crigul
Biita streams delimit this compartment with re-
spect to the Biharia massif, made up of crystalline
schists.

The present paper is an introduction to the hydro-
geology of the carbonate deposits occurring within
the central compartment - the Bihor mountains, as
well as within the southern half of the Vladeasa
mountains, arcas that for the sake of the current
analysis are reunited under the denomination of
Bihor Vlideasa mountains. The central compart-
ment is simply referred to as "Bihor mountains”.

. OROHYDROGRAPHY OF Bl-
HOR-VLADEASA MOUNTAINS

The complex geological constitution of the Bihor
Viideasa mountains, that includes a puzzle of
rocks, with limestones and dolomites prevailing,
followed by sandstones, conglomerates and igne-
ous rocks, results in a multitude of topography
types, among which the most outstanding 1s
clearly the karstic type, which considering its ex-
tent, variety and amplitude of the karstic land-
forms, ranks this specific area in the top position
among all Romania's karstic territories.
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Due to the presence of many ridges and isolated
massifs, and to the absence — 1n the case of the
large karst platforms -—— of major topographic
leading lines, it is difficult to perform a systematic
description of the orohydrography of this area, and
as a result the presentation will follow the river
catchment areas. This choice 1s also supported by
the occurrence in the Bihor mountains of the most
important water divide from all Apuseni moun-
tains, wherefrom the rivers Crisul Negru, Somesul
Cald and Ariesul Mare originate.

The origins of those three major catchment basins
are separated by two mountain ridges: one, strik-
ing north-south, marked by the summits Bai{a-
Custurilor-Poienii-Bohodei—-Fantidna Rece-Magu-
ra VAandti-Biserica Motului-Gldvoiu-Vartop-Pia-
tra Griitoare, borders Crisul Negru catchment
basin to the west; the other one, striking west-¢ast,
branches perpendicularly to the previous one at
Biserica Motului summit, to continue westward
along Bitrina summit-Clujului Summit-Ursoaia
saddle. The latter separates the catchment basin of
Somesul Cald, situated to the north, from that of
Aries, situated to the south.

At the junction of those three major catchment
basins is situated the closed catchment area Padis—
Cetitile Ponorului, surounded by a belt of ridges
which preclude it from being included in any of
the three previously mentioned basins.

Westward from Fantana Rece summit branches the
main ridge of Vlddeasa mountains, that along the
section Cornul-Micliu—-Muncelu Mare forms the
divide between the catchment basins of Crisul
Repede, situated to the north, and that of Somesul
Cald, situated to the south.

CRISUL NEGRU CATCHMENT BASIN

Between the valley of Meziad to the north, and
that of Crisul Bdita to the south, Crigul Negru re-
ceives from the Bihor Vlddeasa mountains a series
of major tributaries: Beiusele, Valea Mare, Ferice,
Crisul Pietros, Crdiasa and Sighistel. Those
streams, together with the main tributaries of
Crisul Pietros (Aleu, Bulz, Galbena), isolate a
seriecs of west-east striking ridges, that branch
from the main ridge of Bihor mountains, to
smoothly connect in the end to the hilly topogra-
phy of the eastern part of the Beiug Basin.

North of Crisul Pietros, the topography is domi-
nated by the imposing Dealul Mare, built up of ba-
natites and carrying the road that leads to Stdna de
Vale, and by the solitary summit of Mdgura Ferice,
as well as by the narrow and steep valleys of Zapo-
die, Cohuri, Aleu and Sebisel, the fountain-heads of
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which reach up to 1600 m. Among the caves exist-

ing 1n that area noteworthy are the ones at Cresuia
(Comilor cave) and Ferice.

Bulz valley, forming the upper reaches of Crigul
Pietros, collects its water from beneath the main
ridge of Bihor, between the summits Carligatele
and Bilileasa, via a series of steep tributaries,
some of which display 1naccessible waterfalls
(Boga, Oselu, Bulbuci), while others benefit of
less rugged courses (Valea Rea, Valea Plaiului).
The topography of Bulz valley i1s dominated by the
majestic Boga escarpment, with vertical, over
300 m high walls 1n its upper part, climbing just
bencath Piatra Boghii peak. The landscape also
includes many abundant springs (Boga, Oselu,
Bulbuci), peaks and blutfs, which make this area
the wildest of the entire Bihor massif.

The median section of the Crisul Negru catchment
basin situated within the Bihor mountains, that
extends between Crigul Pietros to the north, and
the ridge Vartopul-Tapul-Prislop to the south, 1s
broken by the intermediate ridges Tapul-
Tdataroaia and Tapul-Dosurile, into three subordi-
nate catchment basins, namely Galbena, Criiasa
and Sighistel. The first of those two ridges dis-
plays characteristic steep slopes in its median sec-
tion and a small karstic plateau around Tatdroaia
peak, strewn with sinkholes and having a pothole
entrance just next to the summit.

Galbena valley originates between the peaks
Bortigul and Gldvoiul, in terrains consisting of
sandstones and conglomerates of the Ariegent unit.
When entering a limestone substratum, north of
Virtopul summit, the valley, that from here down-
strecam is called Luncsoara, flows between the
steep walls of a canyon, eventually to sink into the
streambed fissures, most of the time of the year
completely, some 2 km downstream of the junc-
tion with the Crisanului valley.

Two km downstream of this swallet, L.uncsoara
receives a powerful right hand tributary that origt-
nates in the Galbenei Spring, one of the major
outflows of the closed catchment arca Padis—
Cetitile Ponorului. From here downstream the
valley is called Galbena and assumes a perennial
character, while receiving only left hand tributar-
ies (Valea Seacd, Pauleasa, Budeasa). Before the
junction with the Pduleasa valley, the tflow rate of
Galbena doubles, as a result of the inflow of
Piauleasa spring. Along its entire course, from be-
neath Vartop peak and down to the site called Intre
Ape, the junction with the Bulz stream, Galbena
valley displays a rectilinear course, tectonically
controlled by the major Galbena fault.

el el

Valea Seacd, the origin of which is located in
Groapa Ruginoas3, beneath Tapul peak, has the
most extensive catchment basin of all Galbena
valley tributaries. In spite of this, due to the mul-
titude of karstic stream piracy processes that occur
both in 1ts own catchment basin, as well as in that
of its main tributary, Tiganului valley, Valea
Seacd carries water only during heavy rainfall
periods, and, as a consequence, its direct contribu-
tion to the Galbena valley flow rate 1s small.

Groapa Ruginoasd 1s a huge, still active ravine,
125 m deep and almost 700 m 1n diameter, open-
ing toward Valea Seacad, excavated in the Permian
sandstones, shales and conglomerates of the
Ariesent nappe thrust outlier located on Tapul
peak. During rainy periods, a yellow-reddish mud
stream flows out of Groapa Ruginoasd. The asso-
ciated sand suspensions are deposited downstream,
on the Galbena beaches, and further on, on those
of Crisul Pietros, almost down to the junction with
Crisul Negru.

Among the remarkable karstic features existing in
the catchment basin of Galbena valley, we men-
tion the 288 m deep pothole in Hoanca Urzicaru-
lui, one of the deepest in Romania, and the virtu-
ally inaccessible Jgheabului gorge, excavated by
Galbena stream in the massive limestones next to
its junction with the Bulz stream.

Crdiasa valley catchment basin extends west of
that of Galbena and collects its water from beneath
the Tatdroaia—Giunasul ridge, via the streams
Fagului, Sibisoara and Pietrele Rosii. In this
catchment basin are sttuated three of the most
beautifully decorated caves of Bihor mountains:
the commercial Pestera Ursilor at Chigcau, Fagului
cave, intercepted by a mining gallery excavated on
the left side of Fagului1 valley, and Micula cave,
whose underground stream emerges 1n the Grulesti
Spring.

The Sighistel catchment basin extends mostly on
limestone deposits where the stream has excavated
a deep valley, which in its upper reaches has a
canyon appecarance. The summits of the ridges that
surround it are covered by quartzite sandstones
ascribed to the Arieseni nappe. Those deposits
favor the organization of a scanty runoff, that
when reaching limestone terrains sinks under-
ground via a multitude of swallets, to supply a
well developed karstic aquifer. The intense karst
processes of this area resulted 1n the development
of a large number of caves (about 70), out of
which Migura, Coliboaia, Pigolca and the pothole
1in Secdtura are worth mentioning.
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Crisul B#ita catchment area, extending west of
Piatra Griitoare peak and south of the Tapul -
Prislop ridge, displays a high energy environment
and steep slopes, across which the streams -most
of them temporary (Hoanca Motului, Flegcuta,
Corlatul Cosuri, Hoanca Codreanului), have in-
cised deep, canyon-like valleys, broken by many
waterfalls which make progression extremely dif-
ficult. Outstanding karst features of this catchment
basin are the outflow cave Izvorul Crigului, as well
as the temporary stream cave Poarta Bihorului, the
latter especially due to the size of its entrance
porch.

The flow regime of both surface streams and
groundwater in the karst area of the upper Crigul
Biita catchment basin is dramatically influenced
by the existing mining activities.

PADIS-CETATILE PONORULUI CLOSED
CATCHMENT AREA

Padis—Cetitile Ponorului closed catchment areca
extends over a surface of 37.2 km* and is sur-
rounded by a belt of ridges that prevent surface
flow connections with any of the adjoining catch-
ment basins. However, tracer tests have proven
that its groundwater flow discharges into the
Crisul Negru catchment basin.

The origin of the closed basin is intimately related
to the geological constitution of the arca, specifi-
cally to the alternating karstic and non-kartsic
substratums. The sandstones and shales on
MiguraVanitd allow a scanty organization of the
rainfall water into perennial streams, which sink
when entering a limestone substratum, with a re-
sulting dissection of the terrain, leading to the
existence of 9 subordinate closed basins, within
the overall Padig—Cetitile Ponorului closed catch-
ment area; Virisoaia, Padis, Bdlileasa, Groapa de
la Barsa, Valea Cetitii, Barsa Cohanului, Paragina,
Lumea Pierdutd and Poiana Ponor.

SOMESUL CALD CATCHMENT BASIN

Characteristic of Somesul Cald upper reaches are
the outstanding morphology and karst topography
of Cetitile Radesei and the associated spectacular
canyon.

When reaching out of the canyon, the river re-
ceives four main, left hand tributaries: Alunul
Mare. Alunul Mic, Ponorul and Valea Firii, all of
which cut across the prevalently carbonate depos-
its of the Somesul Cald graben, displaying a char-
acteristic karst topography, with karst plateaus

(Piatra Altarului, Humpleu, Onceasa, etc.), pot-
holes, springs and swallets.

From the Bihor mountains karst area, Somesul
Cald receives two main, right hand tributaries:
Bitrdna and Belis. The first one originates 1n the
junction of the streams Izbuc and Cilineasa, the
flows of which are collected from the karstic pla-
teaus Bitrdna and Cilineasa, while the second one,
Belis, has its fountain-head east of Calineasa pla-
teau and receives as its main tributary Apa Calda,
the source of which is located beneath Ursoaia
Saddle (the latter stream is delimiting Bihor from
Gildu mountains).

ARIESUL MARE CATCHMENT AREA

A significant part of the carbonate terrains in Bi-
hor mountains occurs in the Ariesul Mare catch-
ment area, more specifically on the left side of the
river, between its source area and the junction with
Albac stream. From the fountain-head situated
beneath the Vartop pass and down to the village of
Arieseni, where it receives the Coblig tributary, the
river is called Raul Alb. Along this section it
crosses exclusively terrains consisting of sand-
stones, conglomerates and shales, ascribed to the
Arieseni unit and displaying a characteristic topog-
raphy of rounded ridges and steep mountain
siopes.

The most important tributary of Ariesul Mare In
the Bihor mountains karst area is Garda Seaca.
The latter is almost 20 km long, having 1ts foun-
tain-head beneath Sesul Gérzii, close to Padis,
while its first significant inflow is provided by the
spring at Gura Apei. After a rectilinear course
along a narrow valley, where the flow rate doubles
via the Coliba Ghiobului and Apa din Piatrd
springs inflow, the entire flow of the stream—that
in this section is called Gardisoara, sinks into the
cave Coiba Mici. Further on, from Casa de Piatra
hamlet downstream the valley is called Gérda
Seacid. It enters a narrow gorge section and re-
ceives the left hand tributary Vulturul, then next (o
Filesti, via T#uz spring, the valley recovers the
flow sunk in Coiba Micd. When leaving that gorge
section, the flow rate of Garda Seacd increases on
account of the discharge provided by the Coroaba
spring, whichafter follows a long course across
Permian-Werfenian  sandstones and  conglo-
merates, interrupted by the Ladinian limestones at
Cotetul Dobrestilor hamlet, where the homonym
outflow cave is located.

Before reaching the course of Ariesul Mare, 1n the
center of the village Garda de Sus, Garda Seacd
valley receives from the left side its most important



The hydrogeology of the karst areas of the Bihor Wédeasa Mounta-ins 189

tributary, Ordéancusa, the course of which is parallel

to, yet shorter than that of Géirda Seaci. Between

the valleys of Garda Seacd and Ordcmcu§a s

perched the second closed catchment area in the

Bihor mountains, Ocoale~Scirisoara. Ordancusa
[lows, on its first 4 km upstream of the confluence

with Garda Seacd, through a narrow canyon, with

up to 200 m high walls, cut into the limestone
substratum. Within the canyon, Ordancu;a stream

receives its most important supply, the dlscharge'_

of the cave Pestera lui Ioanel.

The closed catchment area Ocaale@Scérigoara,
situated at_l 100-1300 m altitude, is traversed in its
upstream scction by Ocoale "br_ook, that wh_en

Les prmz:tpaf _ca vernes des ma ms Bthar Vi 'f

passing from quartzite sandstones on a limestone
substratum gradually sinks, eventually to disap-
pear completely. The valley downstream assumes

the appearance of a wide depression, with its bot-
tom strewn with sinkholes, where also thc entrance

~of the Sesuri pothole 1s located.

_On the divide between the closcd calchmt,m hasin

and the actual Garda Scaci stream basin opens the

mde entrance of the shaft that leads to

Scﬁrl§0ard Glacier, while westward, beneath the
divide, 1s located one of the most beautifully deco-
‘rated caves in Romania, Pojarul Politei.
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(150)
2 | Cave of Pariul Hodobanet stream, (103)

{ Cave of Z:‘?i.podie (8()) - Pegtera Neagri cave (81)

Valca Rea system (Adrian pothole, 54)

Cotba Mare cave, (97) 1

.
4

' 5 | Cornilor cave, (1)
6
7 | Déarninii cave, (122)
8

Zgurdgti cave, (114)

9 | Cerbului cave, (137) - Avenul cu Vdcé pothole
10 | Pothole of Sesuri, (10)7)

I { Cave of Fantana Rosie, (59)

12 | Colpului cave, (138)

[3 Lliinﬂai:Pi-efd-lllﬁ system, (70-71)

| 4 Ccti—i;ilé ngn-orului cave, (75)

15 1 Ponorul din Cuciulata cave, (131)
16 | Ghetarul de 1a Barsa cave, (79)

17 | Pegtera cu Pegti (Micula) cave, (23)
18 | Pestera de dupa Delug cave, (99)

19 | Cave of Secaturii hill, (36)

200 1 V5 pothole (Fata Munceluhu), (33}
21 | Pothole of Hoanca Urzicarului, (89)
22 | Pothole of Cuciulata, (132) |
23 | Zapodiet ponor |
24 | Sohodol 2 pothole |
25 | “Gaura care Sufld” pothole, (Petit Tibi, 24)
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*Data compiled in colaboration with H. MITROFAN
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CRISUL REPEDE CATCHMENT BASIN

Valea Seaci (Paraul Stanciului) karst arca and the

carbonate deposits at Stdna de Vale area occur
respectively in the catchment basins of ch; and
lad streams, tributaries of Crisul Repede

Paraul Stanciului collccts 1ts water from the east-
crn slopes of the Vlddeasa massit. In its fountain-
the

head area, in a high ecnergy environment,
strcam ¢crosses a succession of compartiments risen
and sunken along fault lines, with Triassic and
Jurassic limestones and dolomites outcrops in the
clevated blocks and Senonian deposits in the
downthrown blocks. From a hydrologic point of
view it is worth mentioning the presence of Vir-

furasul spring, of the temporary dry section of the

Valca Scacd stream between the swallet "de la
Tdu" and Nimoioasa springs, and the karstic
stream piracy features along Valea Podurilor. Sev-

cral caves and potholes have been explored,
among which the outstanding 2250 m long Var-r _

furasul cave (KOMIVES & NAGY, 1976).

The presence close 1o S_-tana de Vale_ of a little

compartment consisting of limestones and dolo-

mites resulted in shaping a Karst topography of
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modest dimensions, yet including varied land-

forms (sinkholes, dry valleys, swallets, caves and

springs). Outstanding among them is Izvorul Min-

unilor, a source of still water of excellent quality,
- that emerges from a small cave excavated | in Ani-
“sian dolomites.

The large number of karst cavitics, their dimen-
- sions and their imp-ressive beauty place the Bihor
Vlideasa mountains in the top position among
Romania’s karst areas. In Table 1 are indicated the
largest caves and pothales surveyed in thc area.

Il. GENERAL HYDRO- METEOHO-
LOGICAL DATA

_ Ramfall ACTOSS the Bl_h()l' Vlideasa mountains arca
“has an uneven distribution. Records performed
during hydrologic year October 1984-Scptember
1985, as well as multiannual average values dis-
play an increase of the annual amounts from the

. Beius basin (Budurecasa—941.3 mm, Pietroasa—
' 948.6 mm, Bii{a—884.2 mm) eastward, up to the
Stina de Vale-Piatra Griitoare ridge arca (Stana
de Vale—1608.5 mm), while further east a de-
Crease mtervenes (Vlﬁdcasa—-‘)ﬂ mm, Smlda———-




The hydrogeology of the karst areas of the Bihor Vlddéasa Mountains | R 191

952.3 mm, Poiana Horea—714.5 mm, Casa de
Piatrd-—836.5 mm, Scirigoara—746.8 mm).

Within Bihor Vlideasa mountains are included a
series of stations of the national stream gauging
nctwork, under the authority of INMH (National
Institute of Meteorology and Hydrology) (Fig. 1

and Table 2). They are generally located at the

border of the mountain massifs and gauge runoff
originating in catchment areas of varied lithologic
constitution (limestones, dolomites,

deposits, ctc.). The distribution of the multiannual

specific discharge of those streams mirrors the
rainfall distribution, ranging from 31.4 I/s/km® in
the case of Drigan river, at the gauging station
Paraul Crucii upstrecam, with a high altitude
calchment basin, to 19.4 l/s/km’ in the case of
Somesul Cald river, at the gauging station Beh§ in

the castern part of the mountains.

The memory cfiect (MANGIN
1982,

19812 1981b.

in the case of basins extending on ignecous rocks
and/or crystalline schists, and low values (15 days)
in the case of basins extending prevalently on
limestones or Permo-Werfenian molasse deO‘%ltS

‘Table 2. Morphc ometric and hyd;;pm&tric data of the main ri WI‘B mf thﬁ ;;ilmr 'gf;__ffj
| Les données marphomémqa es et hydrom étriques des p],’;}_j__:ncqmlas rm &.s* les monts Bihor Vlddea sa.

I S R
- Somesul Cald Belis
Somesul Cald Snmuda
Belis | Belig
Belis Poiana Horea
. Dréagan P. Crucni am.
Sebisel P.Crucii
fad Lesu
lad l Stana de Vale
Crisul Pictros Pietroasa 956
Crisul Biila Biia | 36 | 892
_m l Scirigoara ]

crystalline
schists, 1gncous rocks, Permo - Werfenian molasse

1984) of the catchment basins (Table 2,
Fig. 2), reflecting the groundwater reserves that
sustain the runoff, has large values (47-123 days)

- The large mcmory effect values in the case of the

~igneous and crystalline rocks are duc to the ad-

vanced development of the wheathering layer, that
acts as a storage reservoir which slowly delivers

~ the rainfall derived water. A quite distinct category

form the Vlideasa ignimbritic rhyolites, that occur
under a variety of facieses and form a major rescr-
voir, most of which is drained by the Drigan river

- and by its tributary, the Sebisel stream.
The knowledge of the runoff characteristics has an

outstanding importance in the case of the binary

karst systems, since together with rainfall this S
‘the input function to the system. Interpreting the

system output function (the springs flow rates

hydrograph), without considering the paramecters

- of the non Kkarstic catchment area (provided by
correlative and spectral analyms) may result in

erroncously ascribing tlllcrmg propertles to the

- karst aquifer.

Since the springs hydrographs 01 1h£, bmary karst
systems preserve in their memory the hydrologic
characteristics of the non karstic catchment basins,

d_easa _euntains*

~especially for small and medium size systems, usc
of graph k/i (MANGIN, 1975) in establishing the
degree and the places of the k'qullﬁcatlon must be
pcrtormed with caution.

g

s | 6 7 2 | o 10|
"_1"9_..4'_{' 0.24 48 | 37.'1_ | 0.196
265 | 025 | E )
195 | _'0,268'. ' 47 342 | 0208
1 212 | 028 |
| 314 | 025 ]
302 | 025 | 123 | 81 | 0092
80 |o20s| | |
448 | 025 | 24 | 247 | 0192
337 0215 | 15 | 214 | 0208
094 | 265 | 019 | - |
545 | 2725 | 027 35__J 28,9 | 0.232

Nolu Data in columns 5,6 and 7, after C. D1aconu et al 1971

Discharges for 1950-—1967 time interval;

F, surface of catchment area; H, mean altitude (asl) Q mean annual dmchargcs q, specitic d1schar}:n,@ BI,
base flow index; EM, memory effect; TR, regulation time; TF, truncation frequency.

Data in columns 8, 9 and 10 for 1971-1975 time interval, except for the Drigan and Subl gc] rwus (197()—-—-

1973) and Belis and Somesgul Cald (g.h. Belig) rivers (1971-1974),
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lFlg 2 Analysis 01’ discharge
time series of five rivers. 1. :
Sebigel (Praul Cru ff }"3 k
2. Somesul Cald (Bells DGS 3
3. Belig (Belis DGS), 4. Al‘i&ﬁ

| (Scrisoara DGE ")ﬁﬁ.éfand Crisul
Pietros (Pietroasa DGS). Simple
correlation of the flew rates
(m=125 days, kﬂl) -

Analyse des chmmques de deb--
its de cing rivieres: 1. Sebigel
(SH Pérdul Crucii), 2. Somewl

| Cald (SH Belig), 3. Belig (SH
Belig), 4. Aries ( SH Scan;oam )
and Crigul Pietros (SH Piet-
roasa). Camelagramme szmple
de debzts ( m: 1 25 days, kr::] )

ey

_._
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ll. HYSTORICAL REVIEW ON
THE BIHOR MOUNTAINS KARST
HYDROLOGY INVESTIGATION

The investigations on the Bzhor Vliddeasa moun-
lains karst have been inaugurated in 1863, by the
printing of Adolf Schrmdl's monograph “Das Bi-
har Gebirge”, the first extensive geographic study
on the karstology and speleology of a specific area
of our country. The work includes the geographic
results of a geological-geographical scientific ex-
pedition performed in the Codru Moma, Bihor and
Mclaliferi mountains during 1858-1862. Detailed
descriptions of a series of caves, including the

Scirisoara Glacier are provided, as well as a table

where the caves are listed into two categories,
“breakage” (swallet) caves and “eruption”

(outflow) caves, which wilnesses an accurate
knowledge of the water movement through karst

masstis (p. 33).

In the introduction to the chapter concerning the
hydrography, Schmidl provides a vivid characteri-
zation of the Bihor mountains: “The crystalline
igneous rocks of the main ridge are those where
from the considerable amount of springs spout,
even the weak ones. The water springs out, partly
from beneuth the stone, not unfrequently from the
actuual cliffs with cracks, from the mountain ridge,
often straight from beneath the meadow, from the
smooth streambeds of the ridge, from beneath
small marshes, as well as from other spots. On the

contrary, the upper areas of the limestone territory
are characterized by water shortage, there the

springs are scarce and weak, yet at the feet of the

limestone formations vigorous springs burst out,
exceeding the flow abundance of those in crystul-
line areus, frequently forming streams that might

even drive water-mills” (p. 34). In this chapter the
author provides two tables including the cold and

the warm springs in the mountain domains of the
Cris-es, Somesul Cald and Aries catchment basins,

indicating for each of them the geologic substra-
tum of the emergence, the temperature, the date
and the author of the observations. A brict pres-

 entation of this monograph has been published by

VALENAS in 1980-1981.

‘An important contribution to the hydrologic in-

vestigation of the karst in Bihor Vlddeasa moun-
tains 1s prowded by the scientists of the Institute of
Speleology in Cluj Napoca, D. Coman, M. Serban

- and 1. Vichmann, together with the geologist M.
- Bleahu, team that will be subsequently joined by

T. RUSU and Gh. Racovi{d, and which during
1946-1956 conducted explorations that led to the

discovery of major caves (Pojarul Poli{ei cave, the

pothole in S$esuri, Pestera Neagré de la Barsa,
Ciput cave, the cave networks in Lumea Picrdula
and Cetitile Ponorului). Still during that period,

~ the first fluorescein tracing experiments have been
- performed by SERBAN er al. (1957), RUSU er al.

(1970) and VIEHMANN (1966), the flow connec-

tions between Ocoale closed catchment area and

the springs at Cotetul Dobrestilor, respectively the
existence of the underground flows along the Padig
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—Polana Ponor-Cetédgile Ponorului-Galbenei Spring
lineament being outlined as a result.

In 1957 BLEAHU publishes the paper “The kar-
stic stream piracy and its importance for the mor-
phologic evolution of the karstic regions”, which
exposes the methodological approach for the mor-
phologic and hydrologic investigation of the karst
areas and proposes a systematization of the corre-
sponding terminology. The entire approach of the
author 1s supported with examples taken from the
Bihor mountains karst.

During 1976-1985, VALENAS, alone or in co-
operation, publishes 1n a series of papers the re-
sults of speleological investigations, which as-
sumed a definite hydrologic character too, con-
ducted in the karst of Bihor - Vladeasa mountains
and which have brought important contributions in
this domain, as an outcome of the exploration of
Groapa de la Barsa cave system (1977-1978), of
Coiba Micd-Coiba Mare cave system, of the cave
in Paraul Hodobaneil (1982), of the karst at Casa
de Piatrd (1976), in the upper reaches of Somesul
Cald (1978), Lumea Pierdutd (1982) and in other
arcas.

Many of the published papers are dedicated to
Karst areas or objectives that are representative for
the karst in Bihor Vlideasa mountains, papers
where the authors bring informations concerning
the present day or the original, (i.e. the landform
engendering) hydrologic context: VIEHMANN et
al. (1980) (Cetdtile Ponorului), RUSU (1981)
(Pestera Ursilor de la Chigcdu), COCEAN (1988)
(Gorges and defiles), BRIJAN (1978, 1982; 1987)
(the pothole in Hoanca Urzicarului, Valea Bulzu-
lui-Fanate area, Cresuia area).

The hydrogeologic investigations in the Bihor
Vlideasa mountains have been initiated in 1983
through the activities conducted by I. Oraseanu
and N. Ordseanu. During 1983-1985 they prepare
the first hydrogeologic map of the karst areas, as
well as the groundwater reserves evaluation, and
perform some 36 ncw tracer experiments. The
hydro-meteorological data acquisition has been
performed in co-operation with G. and P.
Hotoleanu from INMH, while E. Gaspar and I
Tadnase from IFIN (Institute of Physics and Nu-
clear Engineering) and 1. Pop from the University
in Baia Mare have taken part in the completion of
the tracer tests, the results of which have been
published in 1991,

In 1992, I. ORASEANU and N. ORASEANU
performed a hydrogeologic study concerning the
evaluation of the still water potential in the
Apuseni mountains; the existence of still water

sources 1n Bihor Vlddeasa mountains is outlined as

a result, and a detailed investigation of the identi-
fied sources and of Izvorul Minunilor at Stina de

Vale 1s performed during 1995-1996.

In 1995 SILVESTRU et al. published the prelimi-
nary results of hydrogeologic studies performed in

the upper reaches of Somesul Cald.

IV. GEOLOGIC-STRUCTURAL
FRAMEWORK OF THE BIHOR
MOUNTAINS

Within the overall structural setting of Bihor and
Padurea Craiului mountains (see insert within the
enclosed map), the lowest position 1s occupied by
the Bihor Unit, that 1s usually called the “Bihor
Autochthonous”. It includes metamorphic forma-
tions, ascribed to the Arada and Somes series, and
a sedimentary stack consisting of Mesozoic pre-
Senonian formations, locally with detritic Permian
deposits at their bottom.

Out of the Codru nappes system, 1n this specific
arca have been outlined the following units
(starting from the lower one): the Vialani nappe,
the Garda nappe, the Ferice nappe and the Sebisel
and Tatdroaia wedges, the Batrinescu nappe, the
Urmdt nappe, the Vetre nappe and the Arieseni
nappe. Out of the second nappes system in the
Bihor mountains, 1.e. the Biharia nappes system, at
the southern boundary of the considered map,
south of the valley of Ariesul Mare, crystalline
schists and gneiss belonging to the Muncel-Lupsa
nappe occur, while in the area of Piatra Graitoarc
summit, albitic gneiss ascribed to the Biharia
nappe outcrop.

The legend of the hydrogeologic map indicates the
stratigraphic correlation of the Bihor Unit forma-
tions and of the Codru nappes, according to the
works of BLEAHU er al. (1981) BORDEA &
BORDEA (1973) and to the sheets Pietroasa
(BLEAHU er al., 1985), Richitele (MANTEA er
al., 1987) and Biharia (BORDEA er al., 1988) of
the geologic map of Romania, scale 1:50,000.

THE BIHOR UNIT

The sedimentary formations of the Bihor Unit
include at their bottom Permian deposits, that con-
sist of breccia with crystaliine schists fragments,
with a red matrix, and of ignimbritic rhyolites. The
Permian deposits, or directly the crystalline
schists, are transgressibely overlain by a thick
stack of Mesozoic deposits, that display two de-
tritic episodes—one within the Werfenian (the
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Werfen Formation) and one within the Early Ju-
rassic (the Gresten Formation), a stratigraphic
hiatus in the Late Triassic and another one at the
beginning of the Cretaceous, and the occurrence of
three major carbonate depositions, in the Early-
Middle Triassic, in the Kimmerirdgian—Tithonic
and in the Barremian—Aptian respectively.

The first carbonate series includes either grey and
white dolomites, locally with black limestone in-
terbeddings, or black limestones (Gutenstein and
Vida limestones), with grey-yellowish shales
(Pestis shales) at their top. This series, ascribed to
the Anisian, is overlain by Late Anisian-Early
Carnian deposits, consisting of white reef lime-
stones (Wetterstein limestones) and white, tiled
limestones (Padis limestones), locally with poly-
genic breccia and red shales, interbedded with
white limestones or quartzite sandstones (the
Zugai formation) at the lower part.

In the south-eastern part of the Bihor mountains,
in the median section of the deposits that are as-
cribed to the Late Anisian—Early Carnian interval,
the Ordancusa formation occurs, consisting of
white, tiled limestones and red shales at its bottom,
and of sandstones and violaceous shales at its up-
per part.

In the Triassic limestones and dolomites are in-
cised the large karstic platforms Padig, Bdtrana,
Mirsoaia, as well as the closed basin Ocoale
Scdrigoara.

The Late Triassic has a strictly local occurrence
west of Padis, where it consists of the deposits of
the Scirita formation, that includes fine limestones
and red shales, with sandstone-clayey cement.

The Early Jurassic formations of the Bihor Auto-
chthonous transgressively overlie the Triassic de-
posits, occurring in a typical Gresten facies which
includes quartzite sandstones and conglomerates,
with Hettangian-Early Sinnemurian shales inter-
beddings, of 200-300 m overall thickness.

The upper part of the Early Jurassic (Late Sinne-
murian—Toarcian) includes at its bottom enctinitic
reddish and greyish limestones and pink quartz-
marly sandstones (Late Sinnemurian—Carixian),
overlain by marly limestone and grey marls with
cherts (Domerian) and black marls and limestones,
with or without phosphatic nodules (Toarcian), the
thickness of the entire stack ranging between 6 and

80 m.

The Early Jurassic of the Bihor Unit includes lo-
cally, at its bottom, cither a conglomerate with
fragments of Middle Triassic limestones and with

I. Ordseanu

a carbonate matrix with oolitic iron (Scdrita), or a
carbonate welded mega-breccia (east of Garda).

The Middle Jurassic includes a succession of red
oolitic iron limestones, yellow spotted limestones
and encrinitic limestones, of about 10 m maximum
thickness.

The next major stack of carbonate deposits has
been deposited during the Late Jurassic, which
includes exclusively a carbonate facies, consisting
at its bottom of white, reef, partly Stramberg type
limestones (Farcu limestones) of Oxfordian-Early
Tithonic age, and of layered limestones with
blackish onchoids (Albioara limestones) of
Tithonic-Berriassian age at the top.

The continental regime which occurred during the
Early Cretaceous resulted in a paleo-karstic topog-
raphy and in the accumulation of bauxite pockets,
that trace this hiatus. During the following stage,
in the Early Cretaceous, a submerged limestone
platform provided the environment for the deposi-
tion of the last major carbonate series, which 1n-
cluded fenestral lamination limestones, limestones
with miliolids and limestones with orbitolins
(Barremian—Early Aptian).

Along the M3guraVanitdi—Poiana Horea—Ocoale
lincament, the entire sedimentary series of the
Bihor Unit occurs as a homocline, with an overall
NW-SE strike, between Poiana Horea and Ocoale.
In its northern half the structure dips south-
westward, while in its southern part a westward
dip is recorded. As a general rule, there are neither
recurrences of the succession due to reverse strike-
slip faults, nor folds. These structures have been
built during the Turonian or the Middle Creta-
ceous, before the nappe of the Codru nappes.

The Somesul Cald graben is the northernmost
compartment of the Bihor mountains. It is bor-
dered to the south by crystalline formations, which
are juxtaposed via the Somegul Cald fault, and to
the north by the igneous formations of the
Viideasa mountains, the latter contact being
sometimes overlain by Late Cretaceous forma-
tions. The Somesul Cald fault is one of the major
faults of the Bihor mountains, prolonged westward
beyond the main ridge, up to the Bulz fault. The
graben is filled mainly with Jurassic and Early
Cretaceous deposits, and its structure includes a
succession of transverse faults, that delimit a se-
ries of compartments with overall westward dip

(MANTEA, 1986).
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THE CODRU NAPPES SYSTEM

In the constitution of the Codru nappes system,
carbonate deposits display different weights and
lithologic composttions (see insert within the hy-
drogeological map).

Within the Vilani nappe, carbonate deposits
closely parallel those of the Bihor Unit, with the
occurrence of the same three distinct limestone
and dolomite sertes. The Ferice and Batranescu
nappes, consisting of Permian and Triassic depos-
its, include at their bottom (Anisian) dolomites

with sandstones and dolomitic schists, overlain—

within the Ferice nappe—by black limestones with
cherts (the Rosia Formation, Ladinian—Early
Carnian), while in the case of the Batrinescu
nappe the upper term consists of black limestones
with cherts (Ladinian) and white limestones
(Carnian-Norian).

Within the Urmdt nappe, a limestone stack occurs
within the Late Jurassic, while within the Vetre
nappe the carbonate deposits consist of the Frisi-
nel dolomites (Norian) and the Baita marble (Early
Rhaetian). The Ariesemi nappe includes black
dolomites (Anisian) and limestones and dolomitic
limestones (Ladinian—Carnian).

POST-TECTONIC COVER

At the end of the Cretaceous, three major geologic
events have taken place: a) the overthrusting of the
Codru nappes, during the Turonian; b) the forma-
tion of fracture systems, along which the subsi-
dence of sedimentary basins of epi-continental

facies took place, with associated accumulation of

Gosau type Senonian formations; ¢) intense subse-
quent volcanic activity.

The Senonian depostts featuring a Gosau facies

form the Late Cretaceous post-tectonic cover of

the Bihor Unit and of the Codru nappes system.
Such deposits outcrop over relatively restricted
arcas in the Somesul Cald graben, as well as on the
terrains covered by the Vlddeasa igneous forma-
tions.

The succession of the Senonian deposits in the
Somecsul Cald graben begins with conglomerates
with arenitic matrix and well rolled embedded
gravel, that includes crystalline schists, limestones
and sandstones. Dark grey-reddish clayey marls
and micaferous yellow—green sandstones follow.
The reef facies of the Senonian consists of lime-
stones with many corals, while the volcanic-
sedimentary formation includes alternating ashes,
tuffs, tuffites, sandstones, micro-conglomerates,

breccia and conglomerates with terrigenous-
volcanic matrix (MANTEA, 1985).

ISTRATE (1978), in a paper dedicated to the pe-
trographic study of the Vlddeasa mountains (the
western part), distinguishes within the Senonian
series a lower, sedimentary complex and a vol-
canic-sedimentary formation. The lower sedimen-
tary complex (the Gosau formation) includes a
succession consisting of three sections: a bottom,
conglomeratic one, a median, marly, sandy, mi-
caferous one, and an upper, micro-conglomeratic
one.

ALPINE SUBSEQUENT IGNEOUS ROCKS
AND ASSOCIATED PRODUCTS

The alpine subsequent (banatitic) magmatic activ-
1ty 1s documented 1n the western part of northern
Bihor mountains and along the northern border of
this unit, by means of a large variety of rocks.

Within the Pietroasa—Aleculuil valley area, and fur-
ther north, up to Budureasa, granodiorites outcrop.
They are part of a single batholitic body, that
within Bihor mountains extends, both at the sur-
face and in the underground, up to the Galbena
fault. An exception is recorded 1n the Bulz valley
arca, where an igneous body having penetrated
along the previously mentioned fault outcrops. A
multitude of veins of andesitic or basaltic compo-
sition, that have been identified especially in the
upper reaches of Crisul Bdita, along the valleys
Hoanca Motului, Corlatul and Flescuta, as well as
in the Valea Seacd catchment area, are of hypo-
abissal origin, being associated to the indicated
banatitic intrusion.

Viddeasa mountains are built up of rhyolitic rocks
of different facieses, ranging from massive to vi-
trophyres, as a function of the place where the
rhyolitic magma solidification has occurred (i.c.
under the Senonian sedimentary cover or at the
surface). In the evolution of the magmatic activity
of this areca there have been two outstanding
events, namely the setting of the 1gnimbritic rhy-
olites formations and the setting of the intrusive
bodies.

The intrusion of the banatites has resulted in con-
tact processes that concerned the sedimentary de-
posits being traversed. At the contact of the ba-
natites with the limestones, marbles and various
types of calcic skarns have been formed, while at
the contact with the detritic and pelitic rocks,
hornfels, garnet skarns, etc. are met.
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NEOGENE FORMATIONS

On the western rim of the Bihor mountains, Pan-
nonian (Malvensian) deposits consisting of clays
with coal interbeddings, sands and gravel from the
Beius Neogene Basin filling -outcrop. In the close
neighbourhood of the mountains border coarse
deposits prevail, that are however rapidly substi-
tuted by a pelitic facies, of wide occurrence across
the entire Beius Basin.

Quaternary formations consist of sands, gravel,
boulders and, subordinately, clays. They occur in
the terraces of Crisul Pietros and of the other
streams that originate on the western slopes of the
Bihor mountains, in the present day streams allu-
via, in the ancient and the recent deluvial and col-
luvial deposits. A noteworthy extent have the de-
posits on the elevated karstic platforms Padig—-
Cetétile Ponorului, Bdtrdna and Apa Calda-Belis
divide. They consist prevalently of sands with
quartzite sandstone fragments, which have been
carried away by runoff originating on the nearby
slopes, then left in place, once the surface stream-
lets had taken an underground course through the
carbonate substratum.

V. HYDROGEOLOGICAL FEA-
TURES OF THE BIHOR-
VLADEASA MOUNTAINS

The deposits included in the geological framework
of the Bihor mountains display a wide variety of
lithologies and different intensities of tectonic
dislocation. As a result, distinct hydrogeologic
features occurred, which allowed the hydro-
gcological separation of five types of deposits,
with specific groundwater recharge, flow and dis-
charge characteristics (enclosed hydrogeological
map):

1. Carbonate Mesozoic series (limestones, dolo-
mites), highly fractured and karstified, charac-
terised by very high effective groundwater
flow. Numerous karstic systems of various siz¢
and prevelent by of binary type . Spring flow
rates up to 550 I/s. Important water resources n
large karstic systems;

2. Subsequent alpine magmatites (banatites) and
mectamorphites with permeability of fisures
with discontinuous distribution and intensity.
The weathering zones are well developed and
provide a continous and important supply to the
rivers (memory effect is 55-120 days for 0.2)
and to the binary karst systems;
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3. Prevalent by detritic Permo-Mesozoic deposits
(sandstones and conglomerates with argi-
laceous shales and rhyolites) with different
permeabilities. The groundwater flow is mostly
confined to the fissured areas. They act as an
caprock impervious barrier for karst water res-
ervoirs and frequently form bedrock and/or of
the caprock of the latter;

4. Senonian postectonic deposits (sandstones, con-
glomerates and less frequently argilaceous
shales) with local extension in the northern part
of the map area. Senonian reservoirs supply
springs with discharge up to 3 Vs, and also
subjacent karstic reservoirs from the north and
north-castern part of the map area;

5. Marly and argillaceous deposits, devoid of
groundwater flow, and flysch-like series, in-
cluding rock-complexes of variable permeabil-
ity (marls, argillaceous shales sandstones, lime-
stones), hosting occasionally discontinuous ag-
uifer accumulations occuring in the more per-
meable terms.

VI. HYDROGEOLOGY OF
CARBONATE TERRAINS

Karst systems in the Bihor Vlddeasa mountains are
generally of binary type, those extending exclu-
sively over carbonate terrains being less frequent,
with their occurrence mainly restricted only to the
Apa Caldd-Hoanca Seacd area. They display a
wide variety of dimensions, lithologic constitu-
tions and performance mechanisms, that are mir-
rored by the physical, chemical and hydrogeologi-
cal characteristics of the springs.

Table 3 indicates the major springs in the Bihor
Vliddeasa mountains, as well as the formation from
which they emerge, their in situ measured tem-
perature and pH, the saturation index with respect
to calcite and dolomite, the TDS content, the
Mg/Ca ratio and the measured or estimated annual
average (over October 1984-September 1985)
discharge.

The karst springs are situated at different ecleva-
tions, as a result of the pronounced dissection of
the carbonate deposits and of the rugged topogra-
phy. At the scale of the entire karst region a gen-
eral base level cannot be outlined, each specific
karst area having its own base level. The Kkarst
springs flow rates extend over a very wide range,
with a 550 l/s maximum multiannual average
value recorded in the case of Galbenel Spring over
the hydrologic year October 1984-September

19835.
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TRACER TESTS

In spite of a large amount of investigations com-
pleted and of papers published prior to 1984 on the
Bihor Vlddeasa mountains karst morphology and
hydrology, only a small number of tracer tests (6)
have been performed in order to outline the
groundwater flow paths. Out of those tests, two
have been performed by VIEHMANN et al. (1958,
1961) and the other bg SERBAN et al. (1957),
RUSU ei al. (1970), VALENAS (1974), HALASI
& PONTA (1984).

Starting with 1983, 36 new tracer tests have been
performed by ORASEANU, in co-operation with
GASPAR, POP and TANASE, with rhodamine B,
fluorescein, stralex (optical brightener agent pre-
pared in Romania), radioactive tracers (1-131, Br-
82) and activable tracers (In-EDTA, Dy-EDTA),
within the framework of a complex investigation
program concerning the hydrogeology of the Bihor
Vliddeasa mountains karst, initiated by the com-
pany “Prospectiuni S.A.”. The results of the tracer
cxperiments have been published by ORASEANU
et ul. in 1991.

Considering the tracer tests performed prior to
1991 as a whole, an average groundwater flow
velocity of 45 m/hour has resulted, the longest
identified underground flow path, 4500 m, being
that between the pothole in Hoanca Urzicarului
and Pduleasa spring, while the largest elevation
range covered, 665 m, was that between Muncelu
cave and Blidaru spring.

HYDROGEOLOGIC WATER BUDGET

In order to evaluate the budget of surface water
and groundwater in the Bihor Vlddeasa mountains,
during the hydrologic year October 1984-
September 1985 the national hydro-meteorological
observations network has been filled in with dis-
charge gauging sections, set up on the main
streams, at sites where they left the carbonate ter-
rains, and at the main karst springs. For filling in
the meteorological observations network, rainfall
gauging devices have been installed at Pads,
Runcu Ars and Vartop. Additionally, a meteoro-
logical platform, provided with equipments for
gauging rainfall, evaporation next to water surface
and evapotranspiration by means of lysimeters has
been built at Casa de Piatra.

The discharge gauging stations located at the out-
skirts of the karst areas in Bihor mountains have
provided control over a 527 km’ surface area.
Those stations are: Sighistel valley (Sighistel
d.g.s.), Criiasa valley (downstream Giulesti spring

d.g.s.), Galbena valley (Intre Ape d.g.s.), Bulz
valley (Boga forestry hut d.g.s.), Somesul Cald
river (Smida d.g.s.), Belis river (Poilana Horea
d.g.s.) and Aries river (Scdrigsoara d.g.s.).

For the considered area, the rainfall recorded over
the hydrologic year October 1984-September
1985 has amounted to 1220 mm. This value was
computed by taking into account the data provided
by rainfall gauging stations of the INMH network
(Bdita, Piectroasa, Stdna de Vale, Vlddeasa, Smida,
Poiana Horea, Scidrigoara), the values transmitted
by Padis gauging station correlated with Stana de
Vale gauging station, and the data provided by the
previously mentioned rainfall gauging stations.

During the same period, the evapotranspiration
value obtained by processing the lysimetric data
provided by the temporary meteorological station
at Casa de Piatrda amounted to 374.6 mm. The
available water amount (845.6 mm), distributed
between runoff and seepage, has been recovered at
the discharge gauging sections at the outskirts of
the karst areas, which indicates that within the
range of error of the primary data, there are no
significat water transfers from or toward ajoining
structural unuts. '

GROUNDWATER QUALITY

Observations, measurements and analyses per-
formed at the main springs of the Bihor Viddeasa
mountains result in the following considerations
concerning the groundwater quality:

A. The temperature of the karst springs ranges
between 5.4 and 10°C, directly related to the
elevation of the supplying karst system. Somec
springs discharge higher temperature flows, as
a result of deeper underground circulations
along nappe or fault planes. These specific
springs are: the warm spring at Valea Neagra
(Sapte Izvoare, no. 29) — 17.2°C, the warm
spring at Cotetul Dobrestilor (Feredeu, no. 112)
— 16.2°C and Izbucul Mic at Garda de Sus (no.
142) — 14.4°C;

B. The pH of the discharged water is shightly alka-
line, ranging between 7.15 and 7.86;

C. Five karst springs display gas outflows: the
warm spring at Valea Neagrd (Sapte Izvoare,
no. 29), the warm spring at Cotetul Dobrestilor
(Feredeu, no. 112), the spring at the confluence
of Paraul Sec with Somegul Cald (no. 140), the
warm spring in Alunul Mic valley (no. 142) and
[zbucul Mic at Garda de Sus (no. 116), the
chemical composition of the outflowing gas be-
ing indicated, for the first 4 springs, in Table 4.
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The gas outfows have a composition similar to
that of atmospheric gas, hence they consist of
the air dissolved in the water of the springs,
that leaves the solution ensuing to the increase
of the water temperature.

. The computed saturation indexes (Table 3) in-
dicate that the water of most karst springs in
Bihor Vlddeasa mountains 1s undersaturated,
to a larger or smaller extent, w:th respect to
both calcite and dolomite.

The warm and cold springs at Valea Neagra
(no. 29), the stream emerging from Pepii cave
(no. 139) and the spring Poarta lu1 loanel are
supcrsaturated with respect to calcite, the latter
spring having large associated travertine de-
posits. [zbucul Mic at Girda de Sus has satura-
tion tndexes very close Lo equilibrium, its water
being slightly supersaturated with respect to
dolomite.

The waler of the springs in the catchment areas

of the binary karst systems is strongly under-
saturated with respect to calcite and dolomite,

inducing as a result of its aggressivily an
intense dissolution of the carbonate deposits.
Quite typical in this respect is the water of the
springs originating in igneous formations (for
instance the spring of Valea Popii, no. 19 and
Ariei spring, no. 164), which explains the in-
tense development of the karst within the car-
bonate deposits in the Somesul Cald graben

induced by runoff water originating on the

southern and south-eastern slopes of the Cor-
nul-Miclau-Vliddeasa ridge.

I. Ordseanu

The water of the karst systems is of calcium bi-
carbonate, calcium-magnesium bicarbonate and
magnesium-calcium bicarbonate type, depend-
ing on the chemical composition of the trav-
ersed formations (limestones and/or dolomites),
with TDS values ranging between 125 - 529.7
mg/l.

~ Stuff chemical composition diagrams for water

(Fig. 3) indicates a larger TDS content for the

“springs that either have their supply derived

exclusively from large extent carbonate forma-
tions, or include a small nonkarstic catchment

- basin that supplies part of a large karst system
(for cxample the karst systems in Ocoale—
~Gdrda de Sus and Apa Caldid-Hoanca Seaca ar-

eas). The karst systems of small dimensions
and with a larger contribution of the nonkarstic
catchment basins have lower TDS content (for
example the karst systems on the western
slopes of the Vlddeasa mountains).

. The major clements contents of the karst

springs walter in the Bihor Viddeasa mountains
range below the maximum accepted concentra-

tions stipulated by the STAS 1342-9] regula-
~ tion for drinking water. For some of thesc
~springs however, the bacteriological and the
toxic elements content does not comply with

the requirements of the regulation.

F. In order to evaluate the bacteriological content
~of the karst springs, specific analyses have been
- performed at the Preventive Medical Center in
- Betus, under the leadership of dr. Mocuta.

7280 | 086

| Warm spring of Valea Neagri
(29)

L Spring of conflence Somesgul 77.59 | 0.89
Cald -Paraul Sec (140)

3 | Warm spring of Alunul Mic 78.15 | 091

stream (142) | _
4 | Warm spring of Cotetul Do- - 80.81 0.79
| bresulor (112) | B

*In brackets number of spring on hydrogeological map.
Other compounds for which th gases were analysed, C, Hq- C, H C Huh He and H., are lacking.
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1* ig 4. Displays af the tatal number af bacteria (N t.b ) and of the prebable number af celiform bacteria (N b.c..) }

in spring water.

For drinking wa.ler_ pmwded by local sources
(wells, springs, etc.), the STAS 1342-91 regula-
tion stipulates the following mammum accepted
bacteria contents:

B (he total number of bactCria; (N;l.b;), devel-
oping at 370C/cm’ should be less than 300;

B (he probable total number of coliform bacte-
ria/dm’, (N.c.1.), should be less than 100;

M (hc probable number of coliform fecal bacte-
ria/dm”, (N.c.f.), should be less than 20.

Figure 4 displays the total number of bacteria and
total coliform bacteria contents of some karst
springs, illustrating a wide range of contents, with
the karst systems supplied by swallets (for exam-
ple the springs Cornilor, Hidrei, Camenita) ex-
hibiting a higher bacteriological content, as op-
poscd to thosc systems the recharge of which is

diffuse and/or is taking place through an aquifer

confined beneath an aquiclude (the springs Aleu,

Murgasu, Izvorul Minunilor, etc.), that have a

smaller bacteriological load (see ORAﬁEANU
1994).

Along one year time span, the b_a'ct_eri_olsg:it:al' _
content of the karst springs water is subject to
important fluctuations, rclatively high contents

being associated to the rainy or snowmelt pcnods
as u)mpdrcd to drought periods.

| Le contenu bactenalagtque mml et le numero le pt‘us pmbable des bacterws calhformes d

G Toxic clements content The STAS 1342-91
regulatlon stipulates that in drinking waler
maximum allowed concentrations are 50 ppb
manganese, copper, chromium and lead, 100
ppb nickel, and 5000 ppb zinc. Exceptionally
allowed concentrations are 300 ppb ‘manga-
nese, 100 ppb copper and 7000 ppb zinc. The
analyses of 26 waler samples, performed by
means of the ICP equipment of the
“Prospectiuni S.A.” laboratories, indicate Mn,
Cr, Ni and Zn contents below the maximum
allowed concentrations. On the contrary in the
case of many springs the maximum allowed
lead concentrations are exceeded up to (wo
times, while those of copper are exceeded up
to six times (Fig. 5 and 6). The springs Alcu
(18), Izvorul Minunilor (157), Izvorul Rece

(68) and Izvorul Radu (162) display extremcly
low contents of the considered micro-
clements. Relatively high Cu, Pb and Zn con-
centrations occur in the springs Grosi (2) and
Ariel (164), thatc’msrgé from banatites, and in
the springs emerging from the dolomites that
outcrop in the southern end of the study area:
Cotetul Dobregtilor (111), the warm spring al
‘Cotetul Dobrestilor (112), Poarta lui Ioancl

- (114), Izbucul MIC (116) and I/buwl Mcm,
( 117)
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Vil. MAJOR KARST SYSTEMS

The puzzle-like distribution of the domains occu-
picd by carbonate deposits in the Bihor mountains
had as a result the occurrence of several distinct
karst arcas, cach one characterised by its own
oroundwater dynamics regime, and including, as a
ocneral rule, several karst systems.

L@S contenu en M fl, CI‘ et N t d&s 33ur¢es karanues.

The hydrologic regime of 7 outlets has been con-
tinuously monitored over the hydrologic ycar Oc-
tober '1'984—-Scptcmbf:r 1985. Table 5 indicates
average, minimum and maxunum annual flow
rate, flow rates variability index and results of
correlative and spectral analysis of daily AVETALEC
recorded flow rates series, while Table 6 indicates
the main paramelters that characterize the flow
rates recession period over the same observation.
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F'able 5. Characteristic discharge& of t.he springs and results of the cerrelatlnn and spectral analysis.
5 debzt.s caractéristiques des sources et les résultats de la ctm'élauon et de l ’analyse spéctmle

W

Source | T4
| Parameter |
Q ncan, 18 529

Q Limimume VS “ 68
Q tasitnume 1S 4640
, { Qm Qrin) | 622

ME, days I 18
RT. days | 24 6
Tk - 0.208

477

{80
1920
10.7

3l

42

(.092

306

3160
1580
16
23.8

0.112

I. Oraseanu

Izvorul
Minunilor

n,, index of variability; ME, memory effect; RT, regulation time; TF, truncation frequency

able 6. Mam parameters characterizlng the recession

0y prmczpaux paramétres qui caractément Ia récessiam

- Tauz

26.00.85
30.09.85

e Sl

quameter

S1OR

sSource

Period of reces-

Qo

Vo
Vi
V{'1h/ VU K4
A

1490

| 290

0.0116
1200
32
0.0313
0.114

2.16

0.87

3.03
71
29

Pauleasa

24.01.85
04.03.85

670
316
0.0093
354
13
0.0769
0.339
2.94
0.97
391
73

23 _

- Alunul

560

283
0.0231]
227
15
0.0667

0.046

1.06

0.15
1.21
38

12

- 22.06.85
06.08.85

274.7 217 9 19.2

0 58 3 15.6

2120 826 571 30.0

14.2 190.3 ].9

31 37 7 44

34.5 42.7 123 | 464

0.160 0.172 0420 | 0.096
Cutetul | Izvorul -"(‘:iuiegti.__ _Izvo_f'_ul' |
Crisului Minunilor

06.10.84 | 09.08.85 | 20.11.84 | 31.12.95
19.11.84 30.09.85 | 19.12.84 | 04.06.96
368 349 124 | 297
106 100 738 | 216
0.0495 0.0078 | 0.0549 | 0.0034
262 248 | 502 8.2
14 17 9 32
0.0714 0.0588 0.1111 0.0313
0446 | 0.394 0.025 | 0.042
0.185 | 1.290 0.116 0.556
0.066 0.073 | 0.018 0.008
0.251 1.363 ().134 0.564

74 95 87 99
26 5 13 |

Q. total discharge at the beginning of the reu:ssmn (1/s); qo" , discharge at the beginning of the recession for the base-
“discharge at the beginning of the recession for the qmckﬂow (1/s): t,

duration of the quickflow, (days); n and g, parameters adopted for the curves of the quickflow, (day™),; V,, . mllla]

mluma which will be drained during the quickflow (10° m Y: V(}, initial total volume stored in the aquifer, ( 10° mY);
V " initial volume that will be drained during the basetflow (10° m?).

flow. (I/s); a (day ), baseflow coetficient; q,”

In the corrclative and spectral analysis of the flow
ratcs, we uscd the mcthodology proposed by
MANGIN (1981a, 1981b, 1982, 1984) and in the
study of the reccssion, the papers published by
MANGIN (1975) and PADILLA et «l. (1994)

(Fig. 9).

TATAROAIA KARST AREA

Tatdroaia karst area is developed 1n Anisian dolo-
mites and Ladinian limestones that occur as a strip
cxtending between Crdiasa and Galbena valleys.
Most of this karst arca overlies the karst system of

~ Giulesti spring, that is supplied almost exclusively

by rainfall and does not include a non-karst
catchment basin.
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The relatively scarce exokarst landforms are re-
stricted to the sinkholes in the Varcioroagele pla-
teau; in contrast, there are several significant cavi-
tics, among which it should be mentioned the pot-

hole “Gaura. care sufli” and two major stream

caves, Micula and Fagului, the latter being discov-
ered ensuing to the excavation of a geological
exploration mining gallery.

The stream in Fagulul cave emerges in Giulesti
spring, as indicated by the rhodamine tracing ex-
periment performed on 7 October 1984. Figure 7
illustrates the simple correlograms and Figure 8
the variance density spectrum of the flow rates
SCTICS.

Some additional supply to the system mlght also

originate in the sinking strcam of Valea Causii.

During heavy rainfall periods the water transfer
capacity of the cracks and channels network of
Gmlcgh spring is exceeded, so that part of the flow
is discharged through the entrance of Micula cave,
that behaves as an overflow to the system.

Besides Giulesti spring, the aquifer located in the
carbonate deposits of the Tatdroaia wedge dis-
charges also through the springs at the fountain-

head of Fagului valley, of 10 I/s average cummu-

lated flow rate, and through the IPEG mining gal-

[Ep———— -

r .
-
T e —a

lery excavated castward from Preluctlor valley,
along 3 km, that discharges on the average some
15 l/s of 15 °C water.

To the north, this aquifer supplies the springs a
the fountain-head of Piuleasa and Buteasa brooks

(Bonciului and La Scoici springs), the latter arca
being designated by the locals by the name “Apc

Calde” (Warm Waters).

The global interpretation of the data concerning
Giulesti spring contained in Tables 3, 4 and 5 indi-
cates that its discharge is derived from a karst

system of very poor inertia, subject to intense karst
dcvclopment prevalently conductive and much
less in what concerns its storage capacity. The
reserves of the system are small, the weight of the

[fraction dlscharged by the fast flow amounting to

13%. There is no significant filtering of the rain-
fall induced information, so that heavy rainfall is
immediately followed by intense floods. The dis-
charge of the sprmgs quickly declincs after the

rains stop, and as a c,onscqucnce the prolonged

draught periods result in a drastic reduction of the
flow rate, occasionally till the dlSChdr;__,L ccases
completely.

";'Flg 7 Analysis af dia- |
charge time seriea of seven
karstic systems: 1. Tzvorul
Minanilor; 2. lzvarul o
| | Criguluf; 3. Pauleasa;

| |4, Cotetul Dobrestilor;

7. (xiulegti Simple mrrelaé '
| |tion of the flow rates
£ ;-'(m-lZS days, k—-l)

| "_Analyse des chmmques de
1 _i_f_f__'__;éb;rs de. s&pt systéemes
| karstiques: 1. Izvorul Mi-

1. '.Im:, 3 Pﬁu;_.{"‘.’_'sa, 4, Cate;ul
'f -_Dabregmor, 5. Alunul Mtc 5
16 .-f.'_j.,;.l&tkz, 7. Gmle;u. Cor-
*relagmmme sunple de de~ .

btts (m—*I:zfi?f?i?is'-. 1 )

]55 Alunul Mic, 6. Tauz-'” B

| {nunilor; 2. Izvorul Crigu- |
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KARST AREA

This karst area, that extends between Craiasa and
Crisul Bdita valleys and is traversed along its main
axis by the Sighistel valley, 1s dominated by the
central position of the Arieseni nappe thrust outlier
located on Prislop peak, marked by a multitude of
swallets through which the runoff water sinks 1n
the underground at its entrance on carbonate do-
mains. When additionally considering the aquifer
concentrated supplics originating on the western
slopes of the Tarlau peak (Secdtura valley, Cheia
Rea valley, Muncelulur valley) and those in the
arca of Dosurile peak, a realistic image is obtainced
on the multitude of the impact points bciween
surface water and limestones, that over the ages
resulted in the excavation of an impressive number
of caves.

Ensuing to the intense tectonic dislocation of the
area, one karst aquifer occurs, the resources of
which are subject to competition between many
large flow rates springs. In the Sighistel valley
upper reaches, on its right hand side, are located
the caves Coliboaia and Pigolca. Access in the first
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of those caves does not follow the streamway,
which 1n turn emerges via a group of 20 I/s aver-
age flow rate springs, at the bottom of the scree
slope bencath the cave entrance. The 25 1/s aver-
age flow rate stream in Pigolca cave i1s probably
supplied through the karst area next to Grohotilor
peak and through the diffuse sinking of Pietrele
Rostl valley.

The most important karst spring along Sighistel
valley 1s Blidaru. It has 70 l/s average tlow rate
and during flood pertods the cave Rasufldtoarea
Blidarului, located 5 m upslope, acts as an over-
flow to the karst system.

Tracer tests have indicated that Blidaru spring
discharges the entire amount of water derived
from the north-western slopes of Prislop peak and
from the western slopes of Tarau-Pietrele Negre
ridge. The (racer has been injected at the diffuse
sinking points along Preluca Nasului valley
(fluorescein), Secédtura valley (rhodamine) and in
the surface stream that enters Muncelului cave.

The tracking of the tracer has been performed by
means of active coal filters immersed in the main
springs on the Sighistel valley (Coliboaia, Pisolca,
Blidaru, Hidrei), in the spring of Crigul Bdita and
in the underground mining works of the Baita
Molibden mine. While the fluorescein and the I-
131 have been carried only toward Blidaru spring,
rhodamine injected in the sinking section of
Secdtura valley has been carried, due to an under-
ground diffluence, both to Blidaru spring (most of
the tracer amount) and to Coliboaia cave. We pre-
sume that originally Secdtura swallet had dis-
charged via Coliboaia cave, the pothole in
Secdtura (Arago) and the above mentioned cave
forming a unitary karst system. Coliboaia cave
currcntly acts as an overflow to Blidaru spring.

Some 20 m downstream Blidaru spring there 1s
another spring of 10 l/s average flow rate. The fact
that small tracer amounts have been recovered
from this spring too indicates that it belongs to the
same aquifer system.

Hidrei spring is the second largest outlet (35 Us
average flowrate). It 1s impenetrable and occurs at
the bottom of a 15 m high Tithonic limestones
cliff, discharging mainly the water originating on
the western slopes of Prislopul peak, as indicated
by the fluorescein tracing experiment completed
on 28 September 1984 at the diffuse sinking point
along Sodolul Tomestilor valley.

Considered as a whole, the karst springs 1n
Sighistel catchment basin are supplied by a single
karst aquifer that is subject to an intense contem-
porary evolution of the karst processes. The large

number of completed tracer tests (ORASEANU,
1991) indicate that groundwater flow currcntly
concentrates toward Blidaru spring, with an obvi-
ous tendency to abandon outlets situated upstream
(Coliboaia and Pisolca) and to augment of the flow
rates discharged by Hidrei spring, located at the
bottom of the erosional level of the considered
karst area.

During the previously indicated observation pc-
riod, Sighistel stream had an average flow rate o
456.5 1/s, with the extreme values ranging betwceen

2130 and 110 I/s.

The most outstanding underground feature on the
western  water divide between Crdiasa and
Sighistel valleys 1s Ursilor cave at Chiscau, with a
small stream running along its bottom floor. In the
same area, al the fountain-head of Izbucului val-
ley, in a small grassy depression on its left hand
side, at the site- called by locals “Sapte 1zvoare”,
occurs a group of springs, the one situated down-
strcam displaying gas outflows, a temperature ol
17 °C and a flow rate of 4 I/s. In its close neigh-
bourhood, immediately upstrecam, two other
springs of 8 °C and 5 1l/s cumulated flow rate
emerge from the scree.

PADIS-GALBENA-BULZ KARST AREA

The Woerfenian deposits on the south-western
slopes of Mégura Vanitd mountain, the Hettan-
gian-Sinemurian ones occurring north of lezere
and in Groapa de la Barsa, and the Permian ones n
the area of the Gldvoiu and Bortig peaks, favour
the organization of a well-defined surface drain-
age, among which worth mentioning are, due to
their large flow rates and their perenmal character,
the valleys Cutilor, Renghii, Arsuri, Tringhest
and Ursulul.

When entering carbonate terrains, the surface tlow
is abandoned for alternative underground paths,
directed toward the springs in the catchment ba-
sins of Bulz and Galbena valleys.

The tracer tests performed in order to identify the
destination of the streams sinking through the
multitude of swallets in Padis—Cectdtile Ponorului
closed catchment area, have outlined underground
flows from Vidrdsoaia subordinate closed basin and
from the northen half of Padis subordinate closed
basin, toward Boga spring.

The surface streams in the southern half of Padis
subordinate closed basin, Arsura, Tranghiestt and
Garjoaba, enter first an underground course down to
the spring in Poiana Ponor, wherefrom they take
another, about 500 m long, surface course, eventually
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(o sink again into an impenetrable swallet and to
emerge shortly afterwards in the outlet next to the
entrance in Cetatile Ponorului cave, where from they
continue their underground course down to Gal-
bener spring. To the supply of this latter spring
also contribute, directly or via the underground
course tn Cetdfile Ponorului, the water collected
by the subordinate closed basins Paragina, Barsa
Cohanului, Cetdtilor valley and Lumea Pierduti,
the latter having a significant impact due to the
contribution of Pariul Sec and of Izvorul Ursului
brooks, that sink in Ciput cave. The inclusion of
Balileasa subordinate closed basin is open to de-
bate, since there is no perennial stream course to
be traced.

The karst system of Galbenei spring and that of
Tauz are the systems with the largest extent in
Bihor mountains. They are complex Karst systems,
that include in their constitution several karst
drainage units (i.e. simple karst systems). The
average annual flow rate of Galbenei spring during
the considered hydrologic year has been 550 Us.

The left side of Galbena valley, upstream of the
junction with Pduleasa stream, displays advanced
karstic stream piracy phenomena, especially in
the catchment areas of Valea Seacd and Crisanul.
Subsequently to diffuse sinking in a swallet lo-
cated downstream of the boundary with the Per-
mian sandstones of the Arieseni overthrust, the
water of Tiganului valley, a tributary of Valea
Scacd, emerges in Pduleasa spring, as indicated by
an In-EDTA tracing experiment. Pduleasa spring is
also supplied by Luncsoara stream, that sinks un-
derground before the junction with Galbenei

Spring.

Valea Seacd has 1its fountain-head located in
Groapa Ruginoasd and displays a temporary flow
regime, both upstream and downstream of the
banatite body that outcrops in its median section.
In August 1984 the water sinking in the upper
section of the valley has been traced with In-
EDTA. For identifying the subsequent ground-
water flow direction, the springs Pduleasa, Gi-
ulesti, Izvorul Crisului, all from southward located
Crisul Biita catchment area, as well as the water
discharged by the 3 km long Valea Seacd direc-
ttonal gallery, that runs from Baita Molibden
mining area southward, down beneath Tapul peak,
have been monitored by means of adequate meth-
ods. The tracer has been 1dentified at the latter two
monitoring stations, in an advanced degree of di-
lution, over the ume interval 2-25 October 1984
(at Izvorul Crisului), and over the time interval 24
August - 10 September 1984 (in Valea Seacd gal-
lery). The tracing experiment has proven the

I. Ordseanu

continuity of the Tithonic limestones of the Bihor
Autochtonous beneath the Permian quartzite
sandstones, substantiating by means of a hydro-
geologic 1nvestigation method the napping posi-
tion of the quartzite sandstones. At the same time,
it has proven that the radius of hydrodynamic in-
fluence of the minig works in the upper catchment
basin of Crigul Biita trangresses the surface water
divide of this stream.

Pduleasa spring has a 477 1/s average flow rate,
with a 25% contribution of the fast flow to the
water volume discharged during recession period.
The relatively long duration of the rain unitary
impulse influence (42 days regulating time) and
the significant memory effect (31 days), indicate
Pdulcasa system to have important groundwater
reserves, while the small values of the cut fre-
quency (0.092) mirror the influence of the surface
runoff in the spring supply.

The flow rate gauging performed along Galbena
stream has identified underground sinking, that
occurred between the junction with Luncsoara
valley and Pauleasa spring. For instance, on 12
July 1985 the flow rate between the two gauging
sections dimuinished from 426 to 370 l/s, while on
9 October 19835 it decreased from 130 to 90 Vs.
We presume that water sinking is related to the
position of Galbena fault, that in this section acts
as a drainage path. The hypothesis that those
stream losses might be recovered at Pauleasa
spring has not been confirmed by the tracer tests.
Between Pduleasa spring and the junction with
Bulz stream the flow rates of Galbena have a nor-
mal evolution, no significant inflows or outflows
being recorded within the error range of the gaug-
ing methods.

Upstream of the junction with Valea Rea stream,
Boga stream has an annual average flow rate of
700 Vs, provided by Boga spring (500 I/s), Oselu
spring (50 I/s), Bulbuci spring (100 I/s), and by the
other springs, of secondary interest, existing in the
catchment basin (50 I/s).

Along a section where no tributaries exist, be-
tween the junction with Valea Rea and the junc-
tion with Plaiului valley, Boga valley displays
significant sinking into the streambed, amounting
to about 20 % of the entire flow rate. The topogra-
phy of this specific zone appears as a wide valley
section, abundantly covered with alluvial deposits,
where Boga cottages settlement is located. The
abundance of the alluvia i1s the result of the depo-
sition of part of the suspended solids carried by the
stream, which occurred when the latter diminished
its tlow ensuing to underground sinking. The
sinking 1s related to the presence of the major
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draining fault of Bulz, along which the valley is
incised. Except for this specific section, the hy-
drogeological role of the fault i1s not known; it can
be only stated that gauging performed down to the
site called “Intre Ape” has indicated that the flow
which sinks upstream i1s not recovered along this
section.

GARDISOARA-TAUZ KARST AREA

The geologic structure 1 (Garda Seaca upper
rcaches, that includes extensive carbonate terrains
occurring as a monochnal structure, subject to
intense tectonic dislocation and covered by the
detritic deposits of the Ariesen1 nappe, tavoured
the occurrence of several large tlow rate karst
systems (Gura Apei, Apa din Piatrd, Coliba
Ghiobului, etc.). The discharge of those systems

supplies Gardisoara, the most upstream section of

Garda Seacd stream, that sinks in the cave Coiba
Micd, to eventually emerge 1in Tduz spring.

Downstream the cave Coiba Micd, starting from
Casa de Piatrd hamlet, Garda Seacd valley carries
water a new and additionally receives a strong left
hand tributary, Vulturului valley, supplied by the
spring with the same name, of 75 I/s average tlow
rate.

The complex Tauz karst system has an annual
average flow rate of 529 I/s and a 68.2 ratio be-
tween the extreme daily average flow rates re-
corded over the observation period (October 1984
—~September 1985). When all described springs are

considered, it can be observed that the fast flow of

Taduz has the highest weight (29%) with respect to
the water volume discharged by the spring during
the considered period of flow rates recession,
which is normal if the prevalent supply of the ag-
uifer via Gérdisoara stream 1s taken into account,
and which 1s also corroborated by the large cut
frequency (0.208), characteristic to systems that
are highly inertial and that have undergone intense

karst development. The relatively small value of

the memory effect (18 days) indicates relatively
small groundwater reserves, compared to the very
large surface arca of the system. The rain has a
smaller influence period (26.4 days) than in the
case of the other springs (Table J).

OCOALE-SCARISOARA-COTETUL
DOBRESTILOR KARST AREA

The water divide between GAarda Seaca and
Ordancusa valleys, dominated by the Ocoale-
Scérisoara closed catchment basin, was the object
of many speleological investigations, stimulated

by the existence of the Scdrisoara glacier, the larg-
est cave glacier in Romania. Those investigations
have been paralleled by observations concerning
the groundwater flow directions, the hydro-
geological connection between the pothole 1n
Sesuri and Pojarul Politer spring, as well as that
between the Ocoale valley stream losses and
Cotetul Dobrestilor and Mori1 springs being out-
lined by means of fluorescein tracer tests.

Cotetul Dobrestilor spring is the main outlet of the
Ocoale—Cotetul Dobrestilor karst aquifer. The
average flow rate recorded over the previously
indicated hydrologic year has been 280 l/s, while
the maximum monthly flow rate has been
1.06 m’/s. During draught periods the spring flow
rate declines progressively to complete dry out, the
outlet being actually an overflow of the system.
The perennial outlet is Morii spring, located some
100 m downstream, and the springs that occur
along the left side of Garda Seaca valley, over the
specified 100 m distance, at stream level or below.
The cumulated flow rate of those springs and of
Morii spring has been occasionally gauged during
periods when Dobregtilor spring had dried out,
resulting a value of 85 I/s.

The parameters provided by the correlative and
spectral analysis indicate the karst system Cotetul
Dobrestilor to have relatively important ground-
water reserves. The variance density spectrum
displays amplified cycles (due to the rain) tor cut
frequencies lower than 0.16, amplification that is
due to the regulating capacity of the system. On
the right side of Garda valley, opposite the junc-
tion with Cotetul Dobrestilor spring, a sub-thermal
spring (Feredeu), of 15.8-16.2 °C and with 1ntense
gas outflows emerges from the alluvia of the tlood
plain next to the stream channel. Its occurrence is
related to the deep flow of the karst water along
the nappe plane of the Arieseni nappe.

The southern part of the Ocoale-Scérisoara closed
catchment basin discharges via Poarta lur loanel
spring. Over the previously mentioned hydrologic

year, the average flow rate value has been 90 I/s,

and that of the variability index has been 17.2.

PRELUCA KARST AREA

This name has been used to designate the hime-
stone water divide between Ordancusa and Ariesul
Mare valleys, the topography of which 1s marked
by the sinkhole plain in the area of Preluca hamict
and by the gorge of Ordancusa. The dominating
hydrogeological featurc of this area 1s the massive
diffuse, temporary complete sinking of Ordancusa
stream along its last 2 km section before the
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junction with Garda Seaca strcam. The water 1§
rccovered in Izbucul Mic and Izbucul Mare
springs, on the left side of Ariesul Mare.

[zbucul Mare emerges at the contact of the Wetter-
stein limestones with the Permian deposits of the
Moma nappc, and discharges an average flow rate
of 45 I/s, derived from secpage across Preluca
sinkhole plateau and from diffuse sinking, that
occurs along the median course of Preluca stream
at crossing the above mentioned limestone area.

BELIS-APA CALDA KARST AREA

The casternmost occurrences of carbonalte deposits
in  Bihor mountains arc located in Belis—Apa
Calda arca. They consist of Triassic dolomites and
limestones, that occupy a synclinal structurc with

quartzite sandstones at the bottom. The supply of

the structure 1s derived from rainfall and 1its dis-
charge is directed castward, mainly toward Apa
Caldd, a 50 V/s and 7°C spring. In the catchment
basin of Bchis strcam, the only significant karst
spring 1s that in Hoanca Scacd. The latter dis-
charges a 10 I/s average flow rate, derived from
water accumulations in the northern part of Clu-
jului peak.

The upper section of Beliy streamcourse displays a
lemporary flow regime, while its left side tribu-
tarics, running on non Kkarstic terrains, are sinking
in the strcambed when penetrating in the karst
domains.

SOMESUL CALD GRABEN KARST AREA

Runoff originating on (errains consisting of igne-
ous rocks of Vlddeasa massil and of Wertenian
and Scnonian deposits existing i the northern part
of Somesul Cald graben, supplies a widely devel-
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oped karst aquifer that discharges through impor-
tant {low rate springs. An outstanding position
among them occupy, as a result of their significant
flow rates, the springs Alunul Mic, Alunul Mare
and the springs in the arca Surile din Firca.

Alunul Mic spring has a karstic system that e¢x-
tends northward to the upper reaches ot Ponorului
valley, an area that for most of the time of the ycar
supplies the system via the swallet of Ponorulu
valley. The tracer tests performed by injecting In-
EDTA in the streamway of Diaclaza cave, {luo-
rescein in that in Lucii pothole and rhodamine 1n
the swallet of Ponorului valley have indicated an
active karst flow. Alunul Mic spring has a tlow
ratc that fluctuates over a very wide range (2-3160
I/s), with an average of 180 I/s. The base {low is
prevalent (88%) in the water volume discharged
by the spring during recession periods. The system
has undergone intense karst development, it has a
very poor inertia and small groundwaler reserves.

Between Ponorului valley to the west and Firn
valley to the cast streciches Humpleu karst platcau.
The plateau is built up in Barrcmian-Aptian  lime-
stones and has as an outstanding speleological
mark the presence of the cave with the same name,
one of the largest in Romania (ONAC, 1993). The
cave exlends from Firii valley up to the environs

of the swallet in Ponorului valley, and provides a

major drainage path for the water accumulations in
the plateau. The tracer experiments we performed
have indicated that the surfacc streams running
down the southcrn slopes of Micldu peak, which
sink through the swallets in the area Vartoapelc—
Ponorul cu Pod, also belong to this system. The
system discharges through the springs and the cave
at Surile lui Firea, of about 80 /s average tlow
rate.

Fig. 10. Hydrogeological map of Stana de Vale area (geological data after BORDEA et al., 1984 and ISTRATE,
1978): 1. Quaternary: a-alluvium; b- diluvium; 2. Laramian intrusives: a—~microgranite rhyolite; b-tonalite; c-
quartz-diorite; 3. Early laramian volcanics: a—-ignimhrite rhyolite formation; b-biotite-hornblende dacite;

4. Senonian (Gosau facies: conglomerates, siltstones, marls, limestﬂnes), 5. Anisian (dolomites); 6. Werfenian
(quartzitic sandstones, argilites); 7. Perennial stream, 8. Temporary stream; 9. Geological limit between sedi-
mentary deposits; 10. Magmatites limit; 11. Transgr&ssiﬂn limit; 12. Faults; 13. Diffuse losses in stream bed; 14.
Ponor; 15. Watershed; 16. Dlrection of groundwater ﬂow, 17 Spring, 18 QOutflow cave; 19, Chalet; |

20. Direction of cross-section.

Carte hydrogéologique de la zone karstzque St&na de Vale (les donnees géologtques d ’apres BORDEA et al., 1984,
et ISTRATE, 1978): 1. Quaternaire: a~alluvions; b-diluvium; 2. Roches intrusives laramiques: a-rhyolite micro-
granitique; b-tonalite; c—diorite quartztfére 3. Roches volcamques (début du cycle laramique): a~formation de
rhyolite ignimbritique; b—dacite avec biotite et hornblende; 4. Senonnien (faciés de Gosau: conglomérats, siltites,
marnes, calcaires); 5. Anisien (dolomies); 6. Werfenien (grés quartzitiques, argilites); 7. Ruisseau permanent;

8. Ruisseau temporaire; 9. limite géologique entre les depots sédxmentmres, 10. limite de magmatites; 11. limite de
transgression; 12. failles; 13. pertes diffuses dans le thalweg de ruisseau; 14. ponor; 15. ligne de partage des eaux;
16. direction d’écoulement souterrain; 17 source karstrque, 18 grotte émergeme, 19. hutte; 20. dtrectwn de section

transversale.
Numbers key: 1. Ariei spring; 2. Brebu ponor; 3 Rampei ﬁpring, 4, Pastrévériei spring; 5. Meteomlogist’

spring; 6. Pavel spring, 7. Radu spring; 8. Murgasu spl'ing.
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Two springs displaying gas outflows occur in
Somesul Cald graben:

B in the catchment basin of Alunul Mic stream,
next to the major fracture that delimits the
graben deposits with respect to the crystalline
schists, emerges a 14.5 °C sub-thermal spring,
that has a flow rate of about 5 I/s and gas out-
flows: |

on the lett bank of Somesul Cald stream, op-
posite to the junction with Pardul Sec, from
the alluvia of the flood plain next to the stream
channel emerges a spring of about 50 1/s flow
rate and 9.8 °C temperature, that displays vio-
lent gas outflows.

IZVORUL CRISULUI KARST SYSTEM

Izvorul Crigulul karst system is located in the up-
per reaches of Crisul Bdita stream, in an extremely
rough topography area, that had been also subject
to 1ntense tectonic dislocation and where carbonate
deposits outcrop in the streambed and on the right
side of the previously mentioned streamcourse,
being nappeed 1n their northern, southern and east-
ern parts by the Permian deposits of the Ariegeni

nappe.

The outcrop area of the carbonate deposits does
not have a permanent surface runoft: the multitude
of streams running down the adjoining non karstic
mountain slopes (Corlatul, Corldtelul, Flescuta,
ctc) sink diffusely, at their entrance on carbonate
terrains. Before the excavation of the underground
mining works, those groundwater tflows ran to
[zvorul Crisului spring, but currently a signmficant
part of the flow is drained by the galleries of Baita
Molibden mine. The tracer tests have indicated
that the radius of influence of those mining works
has extended over the entire Crisul Bdita upper
calchment basin, as well as in the upper reaches of
Valea Seacd, a tributary of Galbena stream. The
spring ensuingly underwent a drastic decline of 1ts
discharge, to such an extent that during draught
periods it is not able to meet the drinking water
supply demand of Nucet town, located down-
stream.

[zvorul Crisului karst system has a strong inertia, a
significanl regulating capacity and important water
reserves, 95% of the goundwater flow during re-
cession periods being provided by the base flow.

STANA DE VALE KARST AREA

In the area of Stana de Vale climateric resort, car-
bonate terrains outcrop over a small area (about
2.5 km®). The area (Fig. 10) includes several karst

I. Ordgeanu

springs, supplied mainly by diffuse secpage of
runoff originating in surrounding non Kkarstic ter-
rains. Springs have relatively large flow rates,
supported by the abundant rainfall, the most im-
portant in such terms being Pistrdviriel spring,
followed by Minunilor spring.

Minunilor spring emerges from a small cave, ex-
cavated in a little outcrop of Anisian dolomites
that protrude from beneath Senonian deposits and
ignimbritic rhyolites, at the contact with a quartz
rhyolites body penetrated along a fracture.

Minunilor spring has a 15.6 I/s average flow rate
and very small annual fluctuations of the daily
average flow rate (n, = 1.9), due to the almost
exclusive contribution of the base flow component
(99%) to the discharge recorded during recession
periods. The strong memory effect (44 days,
Fig. 7) suggests relatively important reserves.

Minunilor spring karst system displays a typical
“pass below filter” behaviour (MANGIN, 1982),
completely suppressing the high frequency fluc-
tuations (Fig. 8). The long perniod of influence of
the rainfall phenomenon (46.4 days) accounts for
the very small flow rate fluctuations. Strong rain-
fall does not result in a major increase of the
spring discharge, increasing in turn the stored re-
serves. The system is inertial, 1.. very capacitive
and only slightly transmissive.

Leakage from water accumulations existing in the
Senonian deposits that transgressively cover the
dolomites, and from ignimbritic rhyolites that
cover part of the Senonian deposits (Fig. 10) pro-
vides the main supply to the karst aquifer. Subor-
dinately, the karst aquifer is also supplied by the
surface stream course -that sinks 1nto the dolomite
substratum through Brebu swallet and by the seep-
age that occcurs across the dolomites outcrop area.

The Brebu’s ponor was labelled with fluoresceine
at 17.10 1995. The tracer was detected in large
amount in Pastrdvdriel spring with the maximum
intensity after 90 hours. In the same labelling test,
in Izvorul Minunilor Spring, the level of fluores-
cence was situated near that of the blank (0.2 ppb)
which do not prove the arrival of the tracer at the
source (observation time: 5 days).

The outstanding constancy of the physico-
chemical parameters of the water of the spring and
the continuous lack of any bacteriologic content,
qualities that rank Minunilor spring among Roma-
nia's best still water sources, are the result of
outstandingly favourable hydrogeological circum-
stances in terms of supply, flow and discharge of
the karst system.
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