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3.13.1. The Physiographic, Geological-Structural and
Hydrogeological Setting of the Apuseni Mountains Karst Areas

Apuseni Mountains are situated at the inner
part of the arc traced by the Eastern Carpathians and
by the Southern Carpathians, forming a connecting
bridge between that two mountain units and acting
as a barrier which closes the Transylvanian Basin to
the west. They occupy an area of about 10.750 km?,
their average elevation being 700 m, figures which
indicate them to be the smallest unit of the Roma-
nian Carpathians.

In the general framework of the Romanian
karst, the salient features of Apuseni Mountains are
the high frequency of the karst areas and the out-
standingly diverse and beautiful relief. Carbonate
deposits outcrop over a total surface of 1132 km?,
they occur within the entire mountains area and oc-
cupy compact surfaces within the mountains
Pidurea Craiului, Bihor Videasa, Codru Moma,
Trasciu, within Poieni Plateau and within the Rapolt
crystalline limestones outcrop (Fig. 1.1). When the
overall streams network of Apuseni Mountains is
considered, one can easily notice that the most im-
portant rivers of those mountains, namely Crisu Alb,
Crisu Negru, Crisu Repede, Somesu Cald and Aries,
have their headwaters located in karst areas.

1.1. The physiographic setting

The topography of Apuseni Mountains is
dominated by Giliu mountains body. It is built of
old crystalline formations and of granites, with just
sporadic occurrences of crystalline limestones. The
ridges of those mountains are leveled at an average
elevation of 1700 m, a circumstance which indi-
cates them to belong to the erosion platform
Carligagi. That mountains body reaches it maxi-
mum elevation, 1827 m, in Muntele Mare peak.

The other topographic units of Apuseni
Mountains are distributed around this central body,

at lower elevations and with different appearances.
To the west there occur “Bihor Mountains”, a de-
nomination which local people in Beiug region use
in order to designate the whole highly-elevated front
which dominates Beiug Basin to the east. In this gen-
eral sense, “Bihor Mountains” extend longitudinally
between Giliu Mountains and Beiug Basin, and
transversally between Ariesu Mic valley in the south
and Crisu Repede valley in the north. In fact, “Bihor
Mountains” include three transversal compartments
which are quite different in terms of their structure
and landforms: the mountains body Vlideasa, the
actual Bihor Mountains and the mountains body
Biharia (V. IANOVICI et al., 1976). Ancient Ro-
mans used to designate this whole area as “Tierra
Biharia” (A. SCHMIDL, 1863).

Vlideasa Mountains body, whose name has
been taken from that of its highest peak (Vlideasa,
1836 m), includes mostly banatitic intrusive and
volcanic formations, and as a consequence the cor-
responding topography has a compact appearance.
The southern half of those mountains igneous body
is externally bordered by sedimentary formations, a
significant fraction of which are carbonate deposits
that display characteristic landforms: Remeti graben
to the north-west, Meziad-Ferice karst area to the
west, Somegsu Cald graben to the south and Stanciu
brook karst area to the south-east.

The boundary between Bihor Mountains and
Vlideasa Mountains body follows mostly the
stream courses of Somesu Cald and Crisu Pietros,
crossing the water divide between those two streams
south of Carligatele peak. The southern boundary
of Bihor Mountains, which separates them from
Biharia mountains body, is provided by the stream
courses of Ariesu Mare and of Crisu Biita. The sa-
lient features of the Bihor Mountains topography
are controlled by carbonate deposits, a special men-
tion deserving — within the karst topography as a
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whole — the region of Padis-Cetitile Ponorului, one
of Romania’s first-ranking karst areas.

Codru Moma Mountains consist of two dis-
tinct topographic units, Codru Mountains to the
north, which include two north-south striking
main ridges that are separated from one another by
the karst trough of Finis stream to the north, and
by the Britcoaia and Tinoasa karst depressions to
the south, and Moma Mountains situated to the
south, the salient topographic feature of the latter
being the Vagciu karst plateau.

In the Metaliferi Mountains, a Southern
Apuseni Mountains structural unit which extends
between the valleys of Aries and of Mures, carbon-
ate deposits occurs as two compact areas, in Poieni
Plateau and in Trasciu Mountains respectively.
Poieni Plateau is a vast erosion platform shaped in
crystalline limestones and uplifted at elevations of
about 1000-1200 m. In Trasciu Mountains lime-
stones occurs as a continuous narrow strip that ex-
tends between the streams Aries and Ampoi,
perched almost 500 m above the surrounding to-
pography. Eastward of that limestone strip, lime-
stones occurs as olistoliths that form isolated topo-
graphic bodies.

In the southern part of Apuseni Mountains
there occur crystalline limestones outcrops which

182

in terms of structure belong to the Getic Nappe.
Geologists designate that specific area as the
“Rapolt crystalline limestones outcrop”.

Rainfall has an uneven distribution across the
various areas of Apuseni Mountains, the maximum
value, in excess of 1400 mm/year, occurring over
the Vlideasa-Stina de Vale-Biharia lineament, a
barrier against the wet fronts which arrive from the
west (Fig. 1. 2). In the east, it is only along the
Apuseni Mountains main ridge, which extends
between the peaks Cirligatele - Clujului Peak -
Muntele Mare, that rainfall amounts remain el-
evated (in excess of 1200 mm/year). Northward
and southward of that ridge, dramatic drops are
recorded in the annual rainfall amounts. Values in
excess of 1000 mm/year are again recorded just
along the Trasciu Mountains ridge, while on the
eastern slopes of those mountains rainfall amounts
steeply decline, to fall below 600 mm/year at the
border of the mountains area, in the neighborhood
of Turda town. The rainfall gauging station at
Stana de Vale, in Vlideasa mountains body, is the
one which records Romania’s largest amounts of
rainfall, the recorded multi-annual average being
1563.8 mm (as computed for the 1950-2003 time
interval ), and 1635.9mm (when computed only

for the 1973-2003 period).



The Apuseni Mountains stream-network is
dense, a consequence of the fact that those moun-
tains build up a major topographic knot from
which water is supplied to streams carrying signifi-
cant multi-annual average flow rates.

Runoff mirrors both the Apuseni Mountains
uneven rainfall regime, and their complex geologi-
cal constitution. As a result, catchment areas posi-
tioned at similar average elevations may display con-
trasting values of their multi-annual average specific
discharge. Specifically, the specific discharge de-
clines from 31.4 1/s km?, as recorded for the stream
Drigan positioned in the western part of the moun-
tains, to only 16.5 I/s km?, recorded in the case of
Somesu Rece stream, positioned in the mountains
eastern part. When Apuseni Mountains are consid-
ered as a whole, the highest multi-annual average
specific discharge is that of Crigu Pietros river (33.8
1/s km? at Pietroasa gauging station). Elevated val-
ues of that parameter are also recorded in the case
of the streams Iad and Crisu Negru, located in the
western part of the mountains (Fig. 1.3).

In order to assess the Apuseni Mountains car-
bonate deposits groundwater potential, hydrogeo-
logical investigations have been conducted during
the 1981-1996 period, hydrological-meteorological
observations and measurements being performed in
each major karst area for at least one hydrological
year. During those periods, the rainfall regime and
implicitly the runoff and the underground flow re-
gimes diverged quite a lot with respect to the aver-
age values recorded over the 1979-1998 time inter-
val. Figure 1.4 illustrates the Crisu Negru (Beiusg
gauging station) and Aries (Scirisoara gauging sta-
tion) cumulated annual average flow rates deviation,
expressed as percents with respect to the multi-an-
nual average of the corresponding cumulated flow
rates (the 1978/79-1997/98 period). We specifically
took into account flow rates recorded along those
streams since they collect runoff from vast areas
where carbonate deposits outcrop.

The catchment areas lithological constitution
is mirrored in the surface and underground flow
configuration, the inter-relationships between
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those factors being highlighted through discharge
time series data processing, performed by means of
the correlative and spectral analysis methods. One
can thus rank the geological formations according
to their memory-effect, a parameter which to a
certain extent corresponds to “storage” defined in
the conventional hydrogeology. The method has
been proposed by A. MANGIN (1981) in order to
assess the karst systems amount of structuring. A
large value of that parameter indicates a system
possessing significant reserves, whose storage prop-
erties are large, while its conductive properties are
poor. Conversely, a small value is characteristic to
a system with poor reserves, whose storage prop-
erties are also poor, yet its conductive properties
are high.

In order to outline the part played by lithol-
ogy in the generation of runoff, there have been se-
lected 10 major catchment areas of Apuseni
Mountains, with contrasting lithological constitu-
tions, yet with similar areal extents and vegetation
covers (Table 1.1). The analysis has considered
daily average flow rates recorded during the period
1971-1975.

The memory effect mirrors the importance
of the part played by underground flow in gener-
ating surface flows. It increase with altitude of
hydrographic basin, that mean with rainfall, and
also it is dependent of lithological constitution of
the area. Its value is very small (6-15 days) for
catchment areas developed on limestone and im-

pervious rocks (alternating shales, marls and
sandstones), being conversely large (47-123 days)
for a substratum which includes molasse type de-
posits, crystalline schists, paleozoic granites and
Vlideasa ignimbritic rhyolites.

The very small memory effect of the streams
that collect their water from catchment areas in-
cluding in their lithologic constitution large frac-
tions of carbonate deposits is a result of the fast
groundwater drainage, a consequence of carbonate
deposits being subject to intense karst processes. In
the case of the binary karst systems it is outstand-
ingly important to know the surface flow charac-
teristics, since together with rainfall they provide
the system input function.

1.2. The geological-structural setting
of Apuseni Mountains

Apuseni Mountains are the result of a long
evolution, achieved through several tectonic cycles,
their present-day structural configuration (Fig.
1.1) being mostly the result of the Alpine Cycle
evolutions. The previous tectonic cycles forma-
tions are metamorphosed and they build-up the
crystalline basement of the Alpine sedimentary
cover (V. IANOVICI et al., 1976, M. BLEAHU
etal. 1981).

Sedimentary deposits in Apuseni Mountains
have been deposited in two sedimentary basins
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with distinct evolutions, a circumstance which for
this area resulted in outlining two tectonic units
with distinct sedimentation and tectono-genetic
processes developments, namely the Northern
Apuseni Mountains and the Southern Apuseni
Mountains (the Metaliferi Mountains), units that
are enclosed in two of the Carpathians majors
units, the Internal Dacides and the Transylvanides.

1.2.1. The Northern Apuseni
Mountains

The Northern Apuseni Mountains include an
almost complete sedimentary series of Permian-
Mesozoic age, with Permian formations consisting
of clastic and molasse deposits, the Triassic and
Jurassic facieses being, with scarce exceptions, car-
bonate and clastic, while the Cretaceous forma-
tions, mostly carbonate at their lower part, become
shaly, then clastic toward their upper part.

The mountains exhibit a nappes structure,
each nappe being defined by its own cristalline
series and sedimentary sequences. Their structural
build-up has been completed during the Creta-
ceous orogenesis, subsequent tectonic movements
resulting in the delineation of post-tectonic basins
that had been former gulfs of the Pannonian
Depresssion. These movements have been accom-
panied by a Laramic intense magmatic activity,
with intrusive and volcanic products.

Within the Northern Apuseni Mountains
structure there can be outlined three zones with
distinct paleo-geographic and tectonic evolutions,
distributed from north to the south as follows:

Bihor zone, where sedimentation occurred in shal-
low water and has been interrupted by many ex-
ondation episodes, Codru zone, with sediments
deposited in deep sea basins divided into several
tectonic units (the Codru Nappes System), and Bi-
haria zone, which is a relict of the old Hercynian
structures (Cambrian and Paleozoic metamorphic
formations), preserved within the Alpine struc-
tures. The tectonic units are distributed from
north to the south, with Bihor Unit positioned at
the bottom and bearing the role of an autoch-
tonous unit for the other two, while Biharia unit
is positioned at the top.

Deposits ascribed to the Bihor Autochtonous
Unit are widely developed in Piddurea Craiului,
Bihor and Giliu mountains. Codru Moma Moun-
tains are entirely built of deposits ascribed to the
Codru Nappes System, the same type of deposits
building also a belt which surrounds to the west,
south and east the compact body formed by the
mountains Pidurea Craiului, Vlideasa, Bihor and
Gildu, the maximum width of that belt reaching
5 km. At its outer part, the belt is overthrust by the
units ascribed to the Biharia Nappes System.

The lithological constitution of Northen
Apuseni Mountains are shown in Table 1.2.

1.2.1.1. Post-tectonic formations

The Late Cretaceous cover. After the nappes
emplacement, the Northern Apuseni Mountains
have been subject to a tectonic activity consisting
mainly of fracturing, which resulted in generating
a series of sedimentation basins of small-extent, the
so-called “post-tectonic basins” in which Late Cre-
taceous deposits were accumulated (subsequently
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* River course upstream of gauging station (g.s.)
lengh, km 16 26.9 32 19 42 19 14 18 19.4 13
slope, % 28.6 25 28 52 27 35 40 56.5 22 22.3
altitude, m 1327 | 1396 | 1565 | 1775 | 1622 | 1060 | 1142 | 1342 | 608 589
s.h. altitude, m 870 660 660 778 468 406 587 1325.24] 181.6 | 299
mean discharge, m®/s 1.225 | 2.140 | 3.405 | 2.55 | 6.958 | 1.432 | 1.474 | 4.637 | 1.106 | 0.436
minimum discharge, m?/s 0.138 [ 0.120 | 0.480 | 0.284 | 0.442 | 0.006 | 0.025 | 0.478 | 0.097 0
maximum discharge, m®/s 38.8 | 63.2 | 47.0 | 86.0 |175.0 | 75.0 | 52.0 | 110.0 | 48.5 | 24.9
q, 1/s/km? 314 | 21.2 | 22.3 | 23.6 | 27.4 | 9.68 | 837 | 37.7 | 199 | 7.14
base flow index, Bf 0.25 0.22 | 0.22 | 0.25 0.19 0.06 0.10 0.19 | 0.11 0.01
* Hydrographic basin upstream of g.s.
Surface, 39 101 153 108 254 148 176 123 | 55.5 | 72.5
Mean altitude, m 1174 | 1242 | 1365 | 1372 | 1124 | 818 881 959 508 474
Forest surface, % 62.6 | 59.5 | 56.5 | 56.9 | 55.8 | 54.1 | 41.3 | 69.1 | 70.0 | 25.2
Litology, %
- limestones 50 75 50
- granites 33 84 11 18
- rthyolites 75 84 2
- neogene volcanites 10 8
- chrystaline schyst 9 67 16 89 16
- molasse deposits 15 52 20 27 18
- impermeable and flysch-like deposits 38 72 20
- Pannonian + Quaternary 3 7 30
* Memory effect, days 123 57 56 52 47 35 14 15 10 6

Note:

- Hydrologic data after “Anuarul hidrologic”, 1970-1975, edited by |.N.M.H.

- Morphometric data after “Atlasul cadastrul apelor din Roméania”, 1992.

- Lithology after geological map of Romania, scale 1:50,000, edited by .G.R.

- Observation period: 1971-1975, except Sebisel and Somesu Rece, 1970-1973

Table 1.1. Morphometric, hydrometric, litology and correlative and spectral analysis data of surface streams

from Apuseni Mountains.

to the nappes emplacement), and which after-
wards, during the Cainozoic, continued to act as
gulfs of the Pannonian Depression (V. IANOVICI
et al., 1976).

In the Northern Apuseni Mountains, the con-
tact between the Autochtonous and the nappes is
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overlain by Senonian deposits. The latter occur in
the Gosau facies, with variations in terms of lithos-
tratigraphy from one depression to another, the
corresponding occurrences being extensively met in
the graben Remeti, in Rosia basin and in the high
regions of Vlideasa mountains body, where they






have been by preserved from being eroded. In Rogia
depression, those formations are about 1500 m
thick and they consist of sandstones, conglomerates
and clays. The cover deposits series continues with
alternating limestone, sandstones and marls (San-
tonian), marly sands with tuffs intercalations
(Campanian) and essentially terrigenous deposits
that include in their upper part the volcano-sedi-
mentary formation (Maastrichtian).

Late Senonian-Paleogene Igneous formations
(Banatites). The products of the Alpine subsequent
magmatic activity are widely developed in the
Northern Apuseni Mountains, occurring as intru-
sive bodies, lava flows, ignimbrites, cinerites and
dykes. They display extensive outcrops in the ar-
eas Pietroasa, Budureasa, Valea Seacd and in the
mountains body Vlideasa, where they consist of
intrusive bodies which include granodiorites,
diorites and porphiric diorites, as well as rhyolite
effusive bodies crossed by dykes with various pet-
rographic constitutions.

The Neogene cover. Starting from the Neogene,
more specifically from the beginning of the
Badenian, descendent vertical movements resulted
in an invasion of the Apuseni Mountains low areas
by the surrounding seas, thus being generated intra-
mountains depressions filled with sedimentary for-
mations consisting of complete series of detritic
rocks, occasionally associated with tuffs, limestones
and coals.

1.2.2. The Southern Apuseni Mountains

The Southern Apuseni Mountains have been
generated within a sedimentation basin that acted
as a eugeosyncline and whose evolution has been
fast, specifically restricted to the Jurassic-Creta-
ceous time interval. Those mountains include large
bodies of intrusive rocks and sedimentary com-
plexes characteristic to a geosyncline environment,
with prevalent occurrences of flysch, wildflysch
and molasse formations, carbonate sequences be-
ing on the other hand scarce. A mark of the tec-
tonic instability that accompanied the sedimenta-
tion of the deposits building the Southern Apuseni
Mountains is provided by the occurrences of for-
mations including olistoliths at several levels, the
Late Cretaceous tectonic movements generating a
nappes structure, with specific lithologic constitu-
tions and tectonic evolutions.
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1.2.2.1. Post-tectonic formations

Late Senonian - Paleogene igneous rocks
(Banatites). Those rocks include a large variety of
types, ranging from granodiorites and diorites up
to effusive rocks, like andesites and rhyolites.

The intra-mountains Neogene molasse deposits
and the associated igneous rocks. Neogene sediments
in this area have been deposited in several NW-SE
striking depressions, first in the south-eastern part
of the region. Deposits include sandstones and
conglomerates with intercalations of marls with
andesite tuffs (Early Badenian), shaly sands and
volcano-sedimentary deposits (Late Badenian),
covered by shaly formations deposited during the
sea recession stage. Pannonian deposits include
gravel, sands and shales. Besides the Laramic mag-
matic activity, that had been manifest in the
Northern Apuseni Mountains as well, in the
Southern Apuseni Mountains there has addition-
ally occurred a strong Neogene magmatic activity,
accompanied by intense metallo-genetic processes,
a circumstance to which the name “Metaliferi”
given to those mountains is directly related (M.
BLEAHU et al., 1981).

1.3. The carhonate deposits
occurrence areas in Apuseni
Mountains

In Apuseni Mountains, carbonate deposits
consisting of limestones and of dolomites of sedi-
mentary and crystalline types outcrop over areas of
various extents, unevenly distributed at the over-
all scale of the mountains unit (Fig. 1.1). Sedimen-
tary carbonate deposits display their largest extent
in Pidurea Craiului Mountains and in Bihor
Mountains, the large majority of those deposits
being ascribed to the Bihor Unit.

Within the sedimentary formations series of
the Bihor Autochtonous Unit there occur three
large carbonate series, of outstanding hydro-
geological interest:

* the Triassic carbonate series, up to 1500 m thick
and consisting of Anisian limestones and dolo-
mites and of Ladinian limestones, underlain by the
Permian-Werfenian detritic series. The Werfen
Formation, of Early Triassic age, is 150-200 m
thick and it consists of quartz conglomerates,



quartz sandstones and shales with dolomite inter-
beddings at the upper part;

e the Jurassic-Early Aptian carbonate series, 200-
550 m thick on the average and consisting of a
limestone series ascribed to the Midle (8-75 m)
and the Late (120-150 m) Jurassic and to the Early
Barremian-Aptian (the pachiodonta lower lime-
stone, 50-350 m thick). That series is underlain by
prevalently detritic deposits of Early Jurassic age,
up to 70 m thick and consisting of shales and
quartz sandstones (the Gresten Formation), the
latter deposits separating it from the Triassic car-
bonate series.

Subsequently to the deposition of the Late

Jurassic limestones, the Bihor Unit domain has been
uplifted above the sea level, and as a result a widely
developed paleo-karst and associated bauxite lenses
occurred on the indicated limestones surfaces. There
has then followed the deposition of the characeea
limestone (0,5-1 m thick) and of the gasteropoda
limestone (2-4 m thick), each of them of Neocomian
age, after which the pachiodonta lower limestone, of
Early Aptian age and 300 m thick has been depos-
ited. The carbonate series has been overlain by a mo-
notonous, 100-700 m thick series consisting of gray
marls (the Ecleja Layers).
* the Late Aptian carbonate series, which consists of
the pachiodonta medium limestone, 60-350 m
thick. That limestones is overlain by the glau-
conitic sandstones and by the pachiodonta upper
limestone complex (700 m thick, of Aptian-Late
Albian age). The limestones belonging to that
complex occurs as lenses.

In Pidurea Craiului Mountains, carbonate
deposits of the Bihor Autochtonous Unit outcrop
over an area of 304 km?, out of which 29 km? oc-
cur within the Remeti graben.

Carbonate series within the tectonic units of
the Codru Nappes System occur mainly in Codru
Moma Mountains, occupying an area of 165 km?.
In Vasciu plateau they build a compact plate that
extends over 90 km?. Also the tectonic units of that
system which occur on the western slopes of
Vlideasa Mountains Body and of Bihor Moun-
tains include in their lithologic constitution car-
bonate sequences of significant development.

In the Southern Apuseni Mountains, carbon-
ate deposits prevalently occur in Trasciu Moun-
tains, within the Fundoaia, the Bedeleu and the
Raimetea nappes. The crystalline basement of the

Fundoaia Nappe consists of quartz schists and of
limestones of Late Devonian - Early Carboniferous
age. Within the Bedeleu nappe, the lithologic suc-
cession includes at the bottom the keratofiric forma-
tion with micritic limestones inter-beddings (of
Oxfordian - Early Tithonic age), then chert lime-
stones (of Oxfordian - Early Tithonic age), compact
limestones (of Late Tithonic - Berriasian age), and
micritic, red and green limestones (of Valanginian
- Hauterivian age). Within the Rimetea Nappe the
carbonate sequence consists of compact limestones
(of Late Tithonic - Berriasian age), underlain by
andesitic rocks and keratofires, and overlain by un-
conformably deposited detritic flysch-like deposits.

Southward of Ariesu Mic stream, the karst
plateau Poieni extends over an area of 88 km?, be-
tween Campeni and Avram Iancu, being devel-
oped in the crystalline limestones of the Muncel-
Lupsa Nappe.

Crystalline limestones and dolomites out-
crops also occur in the Giliu Mountains south-
eastern extremity, in the Posaga and Ocolis streams
catchment areas. Limestones occurs there as nar-
row strips (1-3 km in width), that are clearly de-
lineated in the local topography and are transver-
sally dissected by the main streams network.

The Apuseni Mountains southernmost occur-
rences of carbonate deposits are met in Rapolt area,
to the north of Mures river. The deposits belong to
the Rapolt crystalline limestones outcrop, they con-
sist of crystalline limestones and dolomites, and in
structural terms they belong to the Getic Nappe.

1.4. The hydrogeological map of
Apuseni Mountains

In terms of lithology, Apuseni Mountains
exhibit a large diversity, being at the same time
highly complex in structural-tectonic terms, cir-
cumstances which result in various patterns of
groundwater recharge, flow and discharge. In de-
vising the legend of the hydrogeological map in
Fig.1.5, the lithologic constitution has been as-
sumed to be the main factor which controlled the
hydrogeological characteristics of the geological
formations. Since no quantitative measurements of
the hydrogeological parameters had been per-
formed either “in situ”, or in the laboratory, the
author has expanded the description of the char-
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acteristics by adding detailed observations he has

collected in the field. The geological formations

involved in the Apuseni Mountains geological
build-up have been categorized into the following

hydrogeological entities (Fig. 1.5):

*  Mesozoic (a-sedimentary limestones and
dolomites) and Paleozoic (b-crystaline lime-
stones and dolomites) carbonate series, highly
fractured and karstified, characterized by very
high effective infiltration and prevalently con-
duit porosity with intensive groundwater
flow. A large number of karst systems of vari-
ous extents and prevalently of binary type.
Important water resources in large karst sys-
tems.

*  Prevalently molasse deposits (sandstones,
conglomerates and less frequently shales) with
double porosity. The groundwater flow is
mostly confined to the fracture and strati-
graphic joints, and to a lesser extent to the
inter-granular pores. When they are thick,
they act as an impervious barrier for karst
water reservoirs and frequently form bedrock
and/or caprock for the latter: a-Permo-Mes-
ozoic molasse; b-Upper Cretaceous cover and
Miocene transgressive deposits.

*  DPaleozoic granites (al) and rhyolites (a2),
mesozoic ophyolites (b), Laramic intrusive
(c1) and volcanic (c2) magmatites, Neogene
volcanites (d) and metamorphytes (e) with
extensive fracture networks and well devel-
oped weathering zones providing a continu-
ous and important supply to rivers and to
binary karst systems;

*  Pannonian and Quaternary deposits (marls,
shales, sands, gravels), hosting discontinuous
water accumulations in the more permeable
terms;

*  Marly and argillaceous deposits, devoid of
groundwater flow, and flysch-like series in-
cluding rock-complexes of variable perme-
ability (marls, shales, sandstones, limestones),
occasionally hosting discontinuous water ac-
cumulations occurring in the more permeable
terms.

On the hydrogeological map there are also
indicated the drinking water discharges with an-
nual average flow rates in excess of 30 1/s, the ther-
mal and mineral water (still water included) dis-
charges that are genetically related to carbonate
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rocks, as well as the most significant caves and
potholes.

Signification of the colors, lines and symbols
on the hydrogeological maps in this chapter are
shown in legend in Figure 1.6.

1.5. A short history of the karst
research in Apuseni Mountains

In the Apuseni Mountains karst areas, the
oldest pieces of information about karst springs
and groundwater pathways have been provided by
geographers, geologists and cavers.

In the year 1863, Austrian geographer A.
SCHMIDL published in Vienna the book “Das
Bihar Gebirge an der Grenze von Ungar und
Siebenburgen” (“Bihor Mountains at the border
between Hungary and Transylvania”), the first
geographical and speleological study of major ex-
tent that addressed a specific area located on the
territory of our country.

In the year 1901 there has been conducted
the first tracer test addressing an underground
stream course located on Romania’s territory. The
experiment has been performed by the Romanian
geologist S. MIHUTIA, who injected coal powder
in the brook Tarina, up in Vagcdu plateau, and
thus ascertained the hydrological connection be-
tween the swallet cave Cimpeneasca and the spring
Boiu, in the proximity of Vagciu town (Fig. 1.7).

During the period 1946-1956, researchers of
the Institute of Speleology in Cluj-Napoca, D.
COMAN, M. SERBAN and I. VIEHMAN, to-
gether with M. BLEAHU and later on accompa-
nied also by T. RUSU and Gh. RACOVITA, have
conducted explorations that resulted in discover-
ing the large karst cavities of Bihor Mountains,
Pojarul Politei cave next to Scirigsoara Glacier
Cave, the pothole in Sesuri, Pestera Neagra de la
Barsa Cave, Ciput cave, the cave networks Lumea
Pierdutd and Cetdtile Ponorului.

In the year 1957, a fluorescein tracer test per-
formed by M. SERBAN, D. COMAN and I.
VIEHMAN outlined the hydrological connection
relating the underground stream course in the pot-
hole in Sesuri with the spring Pojarul Politei, then
in the year 1970, T. RUSU, G. RACOVITA and
D. COMAN published a paper addressing the
Karst Complex Scirisoara, in which they men-



+ ORADEA i pe

lonen Orfiseanu

Figure 1.5. HYDROGEOLOGICAL MAP OF THE APUSENI MOUNTAINS
S 10 15km
e TR

Hite key

- Alunu Wic spring

- dim Firea springs

A 3

% spring from Huta

. Findguelui sperin
; i panir

ﬁﬂﬂE?
Ezé
P el L

£ay

al Thrch
img of Valea Seaci

e bt airbed b L e

TET

£
=

eliirata speing: and Chocoa sprin x
::g?i:lumq:riq ﬁ ﬁ#ﬁ”@ﬁw DEVA

5
5. Henba sprin
L ok o 63, Minersl waters ot Chimindie

B B — S B
g 1= ga ey A et



192

Verso A3



Hyidrogeological caracterisation

EE
|.!_'JL'|3'-.--1: -

Wl siie {a-limestores, b-dolomites, c-umdivised | amil Paleosoi: [d-mmHue lieeatoeses arsd dolomes)
carbomabe series, hi I.:" fractured and karstified. charmscterised hy szecIL'l.'tm!'Imbanm'l:lpﬁmJln.g.
conduit porosity with intensive grounduacer floay, Mumsros I:;nr!.'l :ﬁilem with variops sizge and dominmmi
birgar [vpe. lmportant waler resoumes im lorge karst sysiems. Spring flow rave up e 350 1,

gﬂ ﬁzﬁ ug Paboate gramiles (ol ) sl thyedites (a2 |, Messsols ophyoliles (b, Lorsmian mirusive (e pand voleaic (<2

magrnstites, neopene voloanites {d) and metamarphites (2] with extenzive fmcture networcks and develaped
weathering 2one which provides a comtinsous and impsomam sapply of rivers fow and of binary karst sestems,

Prevalent molasse deposits {sandstanes, conglomernies and less frquenily argilncerus shales) with double
porosity, The groundwnter flow ks mesily confined ra the fizsure and sirmigraphie joirs and less w the
inlergranular pores, AL thickness | they act as an impervious barrier for karst water reservoirs and [nequently

1 frequently form the hed .I'rd.l'nﬂh:-:upmnk for these. 0= Permo-Mesosoic molesse, bLlpper Cremosous cover

arwd Misceie ransgresve deposing,

Panonnian deposits: marks, argiflsceous shales, saneds, pravels (a1, Pleistocene (k) and Hobocene (0] depossts:
sands, gravels, cloys, hosting disconginuous wiier sccumalations in the: paone permeable temas.

ey ndl g lllaceous depaosine, devold of groundwarer flow, and fysch-lEke senes, inclading rock-compleses
ol variable permability {marls, argillacecis shales. sandstones, limesbones ), hesting oocasionally discontinoas
nquifer pecumulations, occuring in the more permeable terms, (2-Paleascic: b-Lipper Trimssic - y Jurassic;
¢ Tichonbe-Huminerivias, d-Upper Cretaoeos and Miocens ),

Groundwater sowrces symbols

Cald
Sourve i
Spring -
Epring developed for potable water supply
[apg | perenminl water ] o
wiell DATpOEry Watsr O
Well i A L A (A |
Group al springs md wills @l I:E
Fivb and flow spring {inzrmitent spring|
Diugmasimg waler (s comininemg Ok and 8q) ; 1 *
Degassing waser (gas cortaining OOy ) ; H 5
Speing g well with waler contalming NaCl) &=
Estavela 5
Hydrologic reg:'me af cavity entrance
Hydrologe: F | Peremninl Temporny Ahseil
Cavity B I:un"t:';_:-lcz 5 [T Fonor Tﬂflpl.lﬂ an Fossil
ki S i Swallow hole) Source iSwallow hole || umderground stream ity
Cave [ ] i i ] m o M
Pochole ) v T v ¥ }"i bl
Impeneirzble [ ] ) - =]
Explanation of lines and symbols €3 e Ko depression
-------------- Geodagical boundary A A Summimii
— = Geological boumdary of Cunlemary deposits. ; — 2 b Fogesty (a), wurlsic (b chaler;
Gechogical boundary of magmatites = Shepard
= Foult T Saididla
rrrrrrrrr  Thnusi front {symbal oo hanging side) It Sudin
oo Course of perenmial stream T Miteorologicsl sarin
{arrony indicates direction of flaw) a4 b Rasgsugemneter fa), Wirter lovel reconder {b)
sZusesae-  Course of emporary siresen s Lave passape
- = = = - Limitof imemally dmirage area Ewr = b Kare lake, s-perennial, b-lemparary
4 e+ Limit between ingsmally dminage nreas YYYY CEine (abrupi} TEeT Chairry
+ + + + & Surface-water divide between dmirage basins = = Pogition of Fedrogeological cross ssclion
Karstic lnsses in river valley labelled with + Logality
; I::: 4 tracer (a-perenmisl flow downstream. = Road
b-sensoral Pow downsiresm ) - Foatpath
sesssasan ol valley Fhow pouging station with mean aonunl discharge inm3s
—_— Proved usdergrowmd hydraulic connexion {eop), catchment ares in km2 {middle) and base flow
===——r  [ifermed wdengronnd lysdnualic connesion indiex (botiom)

Figure 1.6. Explanation of lines, symbols and colours used on the hydrogeological maps.

193



tioned a tracer test they had performed in the year
1964 and by which they had outlined the under-
ground flow of Ocoale stream toward the spring at
Cotetul Dobregtilor (Fig. 1.8).

A tracer test performed by I. VIEHMAN in
the year 1958 has outlined the underground con-
nection between the sinking points of Tdmaga
brook, in the proximity of the burned up chalet in
Padis, and Ponorului spring. Three years later, the
same author together with T. RUSU, C. PLESA, C.
RISCUTIA and A. ROHRICH have traced the
surface stream that sinked in Poiana Ponor (Raturile
Ponorului), the fluorescein reaching Galbena spring
after 66 hours (I. VIEHMAN, 1966, Fig. 1.9).

In the year 1980, I. VIEHMAN, E. CRISTEA,
M. SERBAN, O. CUC and S. GHITEA, have pub-
lished a paper in which they traced the history of the
explorations in Cetdtile Ponorului Karst Complex
and provided descriptions of the associated flow-
paths network and of the giant sinkholes and under-
ground passages.

Opver the time interval 1960-1988, the Pidurea
Craiului Mountains karst areas have been subject to
detailed karst topography and hydrology investiga-
tions conducted by T. RUSU, who performed a
multitude of fluorescein tracer tests, by which he
outlined the main karst flow directions. The inte-
gral publication of those results occurred in the year
1988.

During the 1970-2001 period, hydrogeo-
logists of the Geological and Geophysical Prospect-
ing Company (the present-day “Prospectiuni” S.A.
company) have carried out a systematic an continu-
ous investigation of all the karst mountain units

belonging to Apuseni Mountains: Pidurea Craiului,
Bihor Vlideasa, Codru Moma, Poieni Plateau,
Trasciu and the area of Rapolt. The performed in-
vestigations aimed at assessing the groundwater re-
sources, at studying the thermal water accumula-
tions, at outlining the hydrogeological settings of
the Pidurea Craiului Mountains bauxite accumu-
lations and of the complex mineral ores in Biita
Bihor area, at assessing thermal and still water pros-
pects. Over that entire time interval, investigations
have been performed by I. ORASEANU and
NICOLLE ORASEANU, with E. ANGHEL join-
ing in for the Apuseni Mountains thermal water
occurrences investigation during the year 1974, Gh.
PONTA and N. TERTELEAC presence in Codru
Moma Mountains hydrological research in 1977-
1978 period while A. [IURKIEWICZ and H.
MITROFAN joined in for the investigation of the
hydrogeological setting of the Pidurea Craiului
Mountains bauxite accumulations, over the time in-
terval 1981-1982.

In the framework of the activities aimed at
groundwater resources assessment, there have been
set up temporary networks for collecting hydro-
meteorological data. Building up those networks,
performing the specific observations and measure-
ments and processing the obtained data have been
conducted by the author in cooperation with
GHEORGHE & PARASCHIVA HOTOLEANU
and with LUMINITA TIBACU of the INMH, for
Pidurea Craiului Mountains (over the hydrologic
years 1981-1982 and 1982-1983), for Bihor
Vlideasa Mountains (over the hydrologic year
1984-1985) and for Rapolt area (over the hydro-
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Figure 1.7. Geological cross-section between Campeneasca cave and Boiu spring (MIHUTIA, 1904).
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Figure 1.8. The mixed (sub-aerial and subterranean) pathway of the stream course in Padis - Cetatile

Ponorului - Galbena Valley (after I. VIEHMAN, 1966).

logic year 1995-1996), and together with I.
POVARA, TH. RUSU, C. MARIN, MARIA ALB,
G. DIACONU, I. VIEHMAN, V. CRACIUN and
P. COCEAN of the Institute of Speleology E.
Racoviti for Pidurea Craiului Mountains (over the
hydrologic years 1981-1982 and 1982-1983).
Opver the time interval 1970-2009, the author
has conducted, either on his own or in cooperation
with other investigators, more than 100 tracer
tests, many of them performed together with E.
GASPAR, a researcher of the Institute for Nuclear
Physics at Miagurele, with 1. POP, a professor at
the High Education Institute in Baia Mare, and

with A. IURKIEWICZ, a hydrogeologist of
“Prospectiuni” S.A. Part of those investigations
results have been published in a series of papers.

A significant contribution to the knowledge of
the Apuseni Mountains karst topography and hydrol-
ogy has been provided by the papers of L. VALENAS,
B. ONAC, P. COCEAN, E. SILVESTRU and P.
DAMM.

There has to be also acknowledged the major
contribution of the amateur cavers clubs in explor-
ing and investigating the Apuseni Mountains karst.
In many cases, the caves and potholes discovered
by amateur cavers have attracted the scientists’ in-

dd EALNEL AATAETLLE
JEVWTIREL B L8 ArkaiTase”
L e tA WLLlE FERAE AE DESALE .
| FENFES BEAE S CCOJINES L
-4 = == 1 - T
- "k T —
:.‘l -.-..ﬂ-.d- Ceipdlag &dainy ,.{L %4. pe i '\—I._" |. L -|-| Fnﬁ:
» ___:-F”F o T ' =" S o= 10 E
] & ARPTTE B ¥, __R P .-"' rr-|.-|.|..|.l 5
" AR POLITE e o P~ O i
e A gy -T:i'.-\..l'-.-_ .-. simiTy i"-"l"'h'd""\_h\
3 R P - L
= - L' la.h.-._.- S St e s
. o i + T
b o i P T rinnafid AANEFidL = _d -..-uu-nu I
4 B - ¥ 1 L - [ wao
Jeoerr o ¥ midkbie ? DRAJSAEr JSETEROALN AETUWEL ]
P Pp— - |
—_— arr
- e s T by SONRRTRRLACRE LA EAGTTE B JE3p0 ¢ sl I
e am e .
o iy I
b s e
e
__-"'- 1 PAgFIL =R 8 Faafls
AeSENCE 1 B COTERM QORRVATIOR % LE PLATEAL DE JEARISEARA
L : 1% > Araw P ADUE DA 8 DAL T
e B = A RLAL K 1A
RiwrE BE SalDa 35 A0 g E Rk, O Edeole dF Sisenine
FERELLE
] EI: L ol i IHIH
E ' re i

Figure 1.9. Karst cross-section across Scarisoara plateau (after M. SERBAN et al., 1957).
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terest, and together with the latter, amateur cavers
have contributed to the scientific investigation of
this invaluable treasure of Apuseni Mountains.
The contributions of various investigators to
the knowledge of the Apuseni Mountains karst hy-
drology shall be described in detail in the sections
devoted to the presentation of the main karst areas.
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