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Abstract

The Totes Gebirge is not only the largest karst massif in the Northern Calcareous Alps, it also contains the most cave
passages. In this area we are investigating the vertical distribution of phreatic cave passages to determine cave levels.
These are vertical zones with clusters of cave passages that can be correlated with former valley floors. Since only phreatic
cave passages (i.e. caves that were permanently or episodically filled with water during their formation) are to be anal-
ysed, a genetic classification is made on the basis of field observations, cave maps, 3D surveys and descriptions.

As of Sept. 2023, the Totes Gebirge range, including the adjacent Warscheneck and the Hohe Schrott, contains 3172
known caves with a total length of 821 km, including the two longest cave systems in Austria, the Schénberg- (156 km)
and the Schwarzmooskogel-Hohlensystem (137 km). As small caves do not contribute significantly to these statistics, only
caves =50 m were included. The remaining 754 caves have a total length of 790 km. Only 46 % of these caves are at least
partially of phreatic origin, but they contain 92 % of the total passage length. After subtracting the caves from which no
data were available and cave sections that are not phreatic in origin (i.e. vadose or those created by weathering and ero-
sion), 641 km of cave sections remained, which were analysed for their vertical distribution in 25 m increments.

The histogram of cave length distribution vs. elevation for the Totes Gebirge range shows only a single significant clus-
ter of phreatic cave sections between 1300 and 1850 m above see level (a.s.l.), with a clear maximum at 1500 m. The massif
was divided into four sub-regions and all of them show this main interval, which is why it was interpreted as a cave level.
It correlates well with the Giant Cave Level known from all other karst massifs in the Northern Calcareous Alps analysed
so far. However, it is peculiar that in the other massifs at least three cave levels are present. Other reasons, such as the lack
of known caves and the large size of the massif, which could lead to overlapping of cave levels, are unlikely. Therefore, it
seems possible that the palaeo surface drainage pattern around the Totes Gebirge or its uplift history was different from
the other karst massifs in the Northern Calcareous Alps and that low-lying cave levels (Spring and Berger Cave Level) or
an elevated one (Ruin Cave Level) did not develop. For each of the 21 largest cave systems (=5 km in length), the peak of
the vertical distribution of the phreatic passages was determined. Vectors were calculated in order to test whether pa-
laeo-flow directions could be inferred from their distribution. These phreatic maxima indicate a general dip from ESE to
WNW, which could be interpreted either as a palaeo-drainage direction or as a tectonic tilting of the whole massif after
the formation of the passages.

1. Introduction massif and investigates the vertical distribution of (sub)
The largest karst massif in the Northern Calcareous horizontal cave passages. Vertical ranges in which the

Alps (NCA) of Austria, which also has the highest cumula- abundance of cave passages is higher than in the sur-

tive cave length, is the Totes Gebirge range (Fig. 1; Spaotl rounding elevations are termed cave levels (e.g. Audra

and Plan, 2016). To learn more about the landscape and and Palmer, 2011).

drainage evolution of the area, this study examines the The first studies on this topic in the NCA analysed the
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Figure 1: Overview of previously analysed karst massifs in NCA and the location of the Totes Gebirge range. Coordinates: UTM 33N. The insert shows

the location within Austria.

vertical distribution of cave entrances in the Tennenge-
birge (Hell, 1926), Totes Gebirge (Lechner, 1949), and
Dachstein (Schauberger, 1955). However, the vertical dis-
tribution of cave entrances and cave passages can vary
significantly (Rummler and Plan, 2023). In later studies,
the vertical distribution of cave passages was analysed
using histograms (Klappacher and Knapczyk, 1977, p. 157,
1979, p. 91; Klappacher and Haseke-Knapczyk, 1985, p.
101; Haseke-Knapczyk, 1989; summarised in Fischer, 1990;
Kuffner, 1998; Frisch et al. 2002). They identified three or
partly four cave levels in the central NCA that also share
similar morphologic and sedimentological characteris-
tics. From top to bottom, they were referred to as the Ruin
Cave Level (in German: “Hohlenruinen-Niveau”), the Giant
Cave Level (“Riesenhdhlen-Niveau”), the only partially de-
veloped Berger Cave Level (“Bergerhohlen-Niveau”), and
the Spring Cave Level (“Quellhdhlen-Niveau”). Rummler
and Plan (2023) analysed cave levels in the Dachstein
massif and postulated a fifth cave level, the Voodoo Cave
Level above the Ruin Cave Level. Most of the caves in the
NCA are karst caves. In general, these caves form along
initial fissures in the vadose zone above the karst water
table or in the phreatic zone below the water table (e.g.
De Waele and Gutiérrez, 2022). The so-called epiphreatic
zone marks the fluctuation of the water table and is only
episodically water-filled during flooding. As the charac-
teristics of the phreatic and epiphreatic zones are similar,
we will hereafter talk about the phreatic but include the
epiphreatic one. Unless disturbed by aquiclude strata,
the water table within a karst massif correlates with the
elevation of the springs at the base level. And since caves
form mainly at or slightly below the karst water table, the
distribution of cave levels is related to the former base
levels (Audra and Palmer, 2011).
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It is generally assumed that cave levels are closely re-
lated to the geomorphic evolution of the surrounding
landscape, particularly the evolution of karst and pa-
laeo-groundwater levels (e.g. Audra and Palmer, 2011).
The presence of distinct cave levels is interpreted as re-
flecting episodes of stable base level conditions, while
the intervals between them indicate phases of tectonic
and/or climatic change (e.g. Audra and Palmer, 2011). A
similar but more precise concept identifies speleogenet-
ic phases (Hauselmann et al., 2002). These are times when
elevations (not ranges of elevation) of phreatic-vadose
transitions mark the top of the fluctuating palaeo karst
water table. During a speleogenetic phase, the surface of
the karst water table tends to form a plane that dips by 1
to 2.5° during flood conditions. However, the definition
of the palaeo karst water table is difficult and there are
only a few cases in the NCA where speleogenetic phases
have been identified (e.g. Schonberg-Hohlensystem
[HS]; Plan et al., 2023).

In this study, phreatic passages are used to identify
cave levels in the Totes Gebirge, including the adjacent
Warscheneck and the Hohe Schrott (hereafter simply
referred to as the Totes Gebirge range). Therefore, caves
with a passage length =50 m were classified according to
their model of formation. After that, the vertical distribu-
tion of sections of phreatic caves or the whole caves was
examined. In addition, different methods for determin-
ing the phreatic parts of a cave were compared. In order
to investigate the regional distribution, the study area
was divided into four sub-areas, which were then com-
pared with each other. The phreatic maxima (the height
interval with the most phreatic passages) of 21 caves >5
km were also compared to investigate a possible gradi-
ent of the cave levels.
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Figure 2: View from the area of GroBes Tragl (northern end of DOF-Sonnenleiter-HS) to the north respectively the northern part of Totes Gebirge.

Photo: Robert Seebacher.

2, Study site

The Totes Gebirge range lies in the central part of
the NCA. While the larger part lies in the federal state
of Styria, the northern and western parts belong to Up-
per Austria. With an area of 1057 km?, the Totes Gebirge
range is the largest karst massif in the European Alps
(Spotl and Plan, 2016; Tab. 1, Figs. 2, 3). The highest peak
is the GroBer Priel, reaching 2515 m a.s.l. The Warsche-
neck to the east (peak of the same name, 2388 m) can be
considered as part of the Totes Gebirge, as it is only sep-
arated by a saddle (Salzsteigjoch) at 1733 m. The same
is true for the Hohe Schrott (1939 m a.s.l.), which is also
separated by an indistinct saddle. The massif is bordered
by local streams and saddles in the north, the Steyr valley
(493 m a.s.l. at Steyrbriicke) in the east, the Mitterndorf
Basin (800 m a.s.l.) and Enns valley (at Liezen 635 m a.s.l.)
in the south and the Traun valley (468 m a.s.l. at Bad Ischl)
in the west. Some important rivers originate in the Totes
Gebirge range, such as the Steyer and the Traun (Geyer
etal., 2016).

Most of the Totes Gebirge range is formed by the Totes
Gebirge Nappe (Mandl et al., 2012). In the northwest, it
overthrusts the Stauffen-Hollengebirge Nappe and in

the east, it is overthrusted by the Warscheneck Nappe.
The base of these nappes are the Upper Permian Hasel-
gebirge and the Lower Triassic Werfen beds. Both are im-
permeable, but may contain gypsum as well as rock salt
and acted as a décollement for the nappes (Fernandez et
al., 2024). In some parts of the Totes Gebirge, a thin layer
of Gutenstein limestone and dolomite forms the base of
the Middle Triassic carbonate platforms. To the east and
north, Wetterstein dolomite is exposed, locally overlain
by a thin layer of a few tens of metres of impermeable
North Alpine Raibl beds (Upper Triassic; marls, sand-
stones and shales). The overlying Hauptdolomit rarely
exceeds 100 m in thickness. The most prominent rock in
the Totes Gebirge is the Upper Triassic Dachstein lime-
stone, which is well bedded and over 1 km thick. In the
westernmost parts of the Totes Gebirge, the Dachstein
limestone may contain a thin layer of the marly Késsen
Formation (Fm.). Above the Dachstein limestone, im-
permeable Jurassic rocks such as the Allgau Fm. or the
Ruhpolding radiolarite or partly well karstified Hierlatz
limestone, Oberalm Fm. and Plassen limestone may oc-
cur locally (Mandl et al., 2012). The area is characterised
by large plateaus and has been shaped by karstification

Area name Area code Area [km?] Number of Number of caves = Total length of caves
caves 50m =50m

Hohe Schrott 1616 60 470 71 67 km

Totes Gebirge 1621 to 1628 642 2219 572 677 km

Warscheneck 1631 to 1639 355 483 11 47 km

Total 1057 3172 754 791 km

Table 1: Subgroups and number of caves (as of Sept., 2023) in the Totes Gebirge range. Definition of subgroups and area code according to Stummer

and Plan (2002).
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Figure 3: (a) Distribution of caves of the Totes Gebirge, colour-coded according to phreatic length. (b) Extension of caves =5 km and centre of the
cave colour-coded by elevation of phreatic maximum. Vectors between nearby caves are colour-coded according to their inclination and the values
of inclination are given in degrees.

and glacial processes (Fig. 2). In the western and east-
ern parts, the plateaus are often covered by vegetation.
The central plateau is only sparsely vegetated and often
Schichttreppenkarst has developed due to the well bed-
ded Dachstein limestone and glaciation. In general, there
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are large karrenfields, as well as many dolines, grikes, and
shafts. In the plateau area between 1440 and 1650 m a.s.l.
there are several lakes. During the Pleistocene cold peri-
ods, the whole Totes Gebirge was covered and reshaped
by glaciers of the Alpine ice stream network except some
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Cave name No. Total | Phreatic Elevation Phreatic Depth | Lithology | F
length length range maximum [m]
[km] [km] [ma.s.l.] [ma.s.l.]

Schénberg-HS 1626/300 156.2 143.9 871-1933 1500 1062 DK, (HD) 3
Schwarzmooskogel-HS 1623/40 137.4 121.8 756 - 1867 1625 111 DK 2
Verborgene Hohle 1616/110 30.9 28.1 1112 -1477 1400 365 DK
Almberg-HS 1624/18 258 24.2 1375 -1677 1525 302 PK 3
Ahnenschacht 1626/50 255 23.2 1266 - 1893 1475 627 DK, HD
DOF-Sonnenleiter-HS 1625/379 24.8 20.4 904 - 1996 1575 1092 DK 1
Labyrinthhohle im E.B. 1636/77 239 225 1141 -1912 1825 (1550) 771 DK 2
Burgunderschacht 1625/20 22.6 18.1 1023 - 1871 1725 848 DK 3
Woising-HS 1627/74 20.8 18.9 1152 -1823 1650 669 DK, (HD) 3
GrieBkar-HS 1627/126 19.2 17.9 1263 -2015 1775 752 DK, (HD)
Wildbaderhohle 1625/150 12.5 9.2 911 -2012 1650 1101 DK
Karrenschacht 1625/49 10.6 7.2 1498 - 1904 1775 406 DK
Grubstein-Westwandhohle 1625/351 10.5 10.0 1610-2012 1750 402 DK 1
Huttstatthohle 1624/28 9.4 9.2 1591 -1837 1750 246 OA, PK?
Dellerklapfhohle 1627/34 8.8 8.2 1237 - 1696 1650 459 DK
Eisenhut 1616/422 7.3 5.5 1153 -1570 1300 417 DK

Holde Hohle 1624/160 7.1 5.9 1627 - 1845 1675 218 PK, OA?
Offenbarungssystem 1616/80 6.6 5.9 1297 - 1519 1425 222 DK
Fischgesicht-Hohle 1623/290 6.4 5.6 1239 - 1696 1450 457 DK

Elm-HS 1624/38 5.5 4.0 1369 -1723 1600 354 DK

Untere Brettsteinbarenhohle | 1625/33 5.4 53 1446 - 1664 1675 218 DK

Table 2: More than 5 km-long caves in the Totes Gebirge range (as of Sept., 2023) arranged according to length. HS - Hohlensystem / cave system; No. =
Austrian cave register number; E.B. = Eisernen Bergl; lithologies: DK = Dachstein limestone, HD = Hauptdolomit, PK = Plassen limestone, OA = Oberalm

Fm., F = own field observations: 1 = casual, 2 = moderate, 3 = comprehensive.

isolated peaks that stood out (Pleistocene Nunataks). The
surrounding partly overdeepened valleys were shaped
by the Traun- and the Enns glacier as well as smaller ones
(Kuffner, 1998; Geyer et al., 2016; Mandl et al., 2012).

The study area comprises 3172 known caves with a
cumulative length of 821 km as of September, 2023 (Fig.
3a). Most of them are formed in Dachstein limestone. The
two largest caves, Schonberg-HS (157 km) and Schwarz-
mooskogel-HS (137 km), are also the two longest caves in
the Eastern Alps. The deepest caves in the Totes Gebirge
are the Schwarzmooskogel-HS (1111 m) and the Wildba-
derhohle (1101 m). Caves with a total length more than 5
km are listed in Table 2.

3. Methods

For the analysis of cave levels in the Totes Gebirge
range, the subgroups of the Austrian cave register (as de-
fined in Stummer and Plan, 2002) listed in Table 1 were
investigated. Previous studies have shown that small

caves have only a minor influence on defining cave lev-
els (Plan et al., 2021; Rummler and Plan, 2023). To reduce
the workload for this study, only caves with a length >50
m were analysed corresponding to 96 % of the known
passage length in the Totes Gebirge range. In order to
obtain a clearer picture of the cave levels, only phreatic
caves or cave sections were considered for this study, ide-
ally, those that formed in connection with a former base
level. For this purpose, the genetic classification scheme
of Oberender and Plan (2018) was applied. This classifies
caves according to their main genetic processes. The rel-
evant classes for the Totes Gebirge range were epigene-
tic corrosion caves (subdivided into phreatic and vadose)
and weathering and erosion caves. In contrast to some
former studies, no general morphological or sedimento-
logical features of the cave levels are considered. Phre-
atic caves were permanently or periodically water-filled
and their formation was influenced by the water pres-
sure gradient and lithology. Phreatic caves are charac-
terised by mostly horizontal or sub-horizontal passages
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and have tubes with lenticular, elliptical or nearly circular
cross sections that can loop up and down. Vadose caves
were formed above the water table and are only partly
water bearing. Their formation is gravity-driven and they
are characterised by a continuous downward trend of
passages, mainly vertical shafts and in general high but
narrow and meandering canyons (Audra and Palmer,
2011; Oberender and Plan, 2018).

The classification was made on the basis of the data
available in September 2023. Data were provided by the
non-public Austrian cave database Spelix (www.spelix.at)
in addition to own field observations (Tab. 2, and many
smaller caves) as well as information from other speleolo-
gists that provided data on cave morphology and origin.
3D data (especially Compass and Survex files) are available
for many caves. Based on the assumption that (sub)verti-
cal shafts are mostly of vadose origin, lengths of survey
shots with more than 70° inclination were excluded (Plan
et al., 2009). The results were checked by comparing it to
maps (plan views and extended elevation), if available. If
3D files were not available, the vertical distribution had
to be estimated from the plan view, and extended or pro-
jected elevation. After the classification, the (unproject-
ed) phreatic passage lengths of each cave were assigned
to a 25 m height interval according to their altitude and
were plotted.

Finally, the Totes Gebirge range was divided into four
subareas and these were compared with each other to
investigate regional differences and whether the cave
levels are inclined. Further, vectors between the peak of
the height interval with the most phreatic passages of
nearby caves, longer than 5 km, were calculated. The di-
rection and inclination of these vectors were visualised
to see if they may be assigned to a speleogenetic phase.

3.1. Comparison of classification methods

In order to estimate the errors that arise in the classifi-
cation of corrosion caves based solely on the inclination
of the passages, three methods were compared and vi-
sualised using the DOF-Sonnenleiter-HS as an example
(Fig. 4). (1) The vertical distribution based on the length
of survey shots with inclinations <70° (in this case the
software Compass was used). (2) The classification based
on maps (plan view and extended elevation) to evaluate
whether a section is of phreatic or vadose origin. The ver-
tical distribution was based on survey shots classified as
phreatic. (3) An estimation based mainly on the extended
elevation but not on 3D survey data. As shown in Figure
4 the results are quite similar for the big horizontal sys-
tem between 1400 and 1600 m a.s.l. and vary a bit for the
shaft systems above and below. However, method 1 was
significantly faster. To conclude, the most efficient ap-
proach was to use the inclination of the passage (method
1) and to verify the result using cave maps (method 2).
This combined method was applied to all caves where 3D
data and maps were available.
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Figure 4: Comparison of classification methods at the example of
DOF-Sonnenleiter-HS. For details see text.

4. Results
4.1. Genetic classification

From 754 analysed caves, 26 % are phreatic or proba-
bly phreatic and 20 % are partially of phreatic origin. This
is equivalent to 727 km or 94 % of the passage lengths
with available data. 32 % of the caves or 6 % of the da-
ta-based passage length were vadose, probably vadose
or non-corrosive caves. For 22 % of the caves no data are
available (Fig. 5).

passage length of caves
with available data
(771 km)

Number of caves
(754 caves)

phreatic
phreatic?

vadose

vadose?

phreatic, vadose
phreatic, vadose?
other

no data

Figure 5: Classification of caves =50 m in the Totes Gebirge range ac-
cording to their origin as of September, 2023. Values in %. “Others” are
indeterminate or weathering and erosion caves.

4.2, Vertical distribution of cave passage length and
entrances

The vertical distribution of phreatic cave passages is
shown in height intervals of 25 m in Figure 6. The distri-
bution shows one major range between 1300 and 1850
m a.s.l. It has a clear maximum at 1500 m and two smaller
but distinct peaks at 1625 and 1725 m. Below this major
range, there are several smaller and less distinct peaks
between 450 and 1250 m a.s.l. To compare the current
vertical distribution of caves to previous studies in the
Totes Gebirge range (Lechner, 1949; Schauberger, 1955)
also the distribution of cave entrances is shown in Figure
6. It is obvious that the vertical distribution of all cave en-
trances diverges from the one of the phreatic cave parts.
The distribution is strongly influenced by the caves >5
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Figure 6: Vertical distribution of phreatic cave passages (blue) and
cave entrances (grey) grouped in 25 m intervals at the Totes Gebirge
range as well as the vertical distribution of phreatic cave passages of
different cave length classes.

km, especially by the two largest caves which constitute
42 % of the phreatic length at the Totes Gebirge range.
The Schonberg-HS forms the maximum at 1500 m a.s.l.
as well as two smaller maxima around 1000 m a.s.l. The
two local maxima at 1625 and 1750 m a.s.l. are dominat-
ed by the Schwarzmooskogel-HS and also influenced
by the higher parts of Schonberg-HS and Almberg-HS.
Shorter caves are distributed more homogeneously with
respect to elevation, but they cluster also between 1250
and 2000 m a.s.l. and form the lowest parts between 450
and 900 m a.s.l.

4.3. Local distribution of caves and cave levels

The caves in the study area are not homogeneously
distributed (Fig. 3, Tab. 1). The local distribution of the
caves shows three clusters: one in the NW part from
Hohe Schrott summit to Rotgschirr summit, one in the
south-centre part between the south of the Weil3e Wand
and the Salzsteigjoch and the eastern cluster around the
Warscheneck summit. The NW cluster was divided into
two subregions. Comparing the cave levels of these clus-
ters, it is noticeable that those in the south are at higher
elevations than those in the north. Figure 7 compares the
vertical distribution in four different subregions.

4.3.1. Northern region

In the northern region (for the extent see Fig. 7), the
vertical distribution shows extensive phreatic cave pas-
sages between 450 and 2050 m a.s.l. with several maxima.
The distribution above 900 m is dominated by long caves.

The Schonberg-HS resulted from the connection be-
tween Raucherkarhohle, Feuertal-HS and some smaller
caves (Geyer et al., 2016). The cluster of phreatic passages
between 1300 and 1700 m with a clear maximum at 1500
m dominates the histogram of the whole massif. Below,
there is a less significant accumulation of passages be-
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tween 925 and 1175 m. In an NE-SW projected elevation,
two well-developed speleogenetic phases are visible at
around 1500 and 1600 m a.s.l. (Plan et al., 2009) dipping
1.7° to the northeast. This corresponds to the general pa-
laeo-drainage derived from scallops. Only the modern
drainage in the deepest and hydrologically active parts
shows an additional overflow to the southwest during
floods (Plan et al., 2023).

The Ahnenschacht is located close to the northeast of
the Schonberg-HS and may soon be connected (Tenre-
iter, 2021). Phreatic passages cluster between 1425 and
1650 m a.s.l. with a maximum at 1475 m. Significant parts
of the cave developed in Hauptdolomit. To the east, the
Woising-HS shows a vertical distribution with maxima at
1625 and 1725 m a.s.l. The general palaeo-drainage was
to the northwest (Kreuf3 et al., 2017). The deep parts reach
into the Hauptdolomit below the Dachstein limestone.
Further to the east, the Grie3kar-HS shows a relatively ho-
mogeneous distribution between 1450 and 1800 m a.s.l.
Again, the deep parts reach into the Hauptdolomit. In the
Hohe Schrott (northwest part of the study area), the Ver-
borgene Hohle is the longest cave (Tenreiter, 2016). The
vertical distribution shows maxima at 1200 and 1400 m
a.s.l., with the second being larger. Below 900 m a.s.l., in
the northern region, smaller caves dominate the picture.
These are the 1.4 km-long Kreidelucke (Austrian cave
register number 1628/2), which forms the maximum at
600 m a.s.l, the Kuhlloch (1616/5; 1.4 km long) and the
Kogelgrabenhohle (1616/75; 1.4 km long, forming the
maximum at 500 m) which are active spring caves. The
further east the caves are located in the area, the higher
their known phreatic parts are.

4.3.2. Western region

In the western region (Fig. 7), the vertical distribution
of phreatic passages is almost entirely dominated by
the Schwarzmooskogel-HS. This cave system consists of
Schwarzmooskogel-Eishohle, Schnellzug-, Kaninchen-,
Steinbriickenhdhle, and many smaller caves (Winkler and
Day, 2013). The vertical distribution of phreatic lengths of
the cave shows three maxima. The largest is at 1625 m,
followed by smaller ones at 1550 and 1750 m a.s.l.

To the east, the Almberg-HS shows two distinct maxi-
ma at similar elevations as the two larger maxima in the
Schwarzmooskogel-HS, at 1525 and 1625 m a.s.l. The
Almberg-HS developed in the Plassen limestone (Upper
Jurassic). The Huttstatthohle has one phreatic maximum
at 1750 m a.s.l. This is at the same elevation as the smaller
maximum of the Schwarzmooskogel-HS. The Holde Hoh-
le is located at the same elevation as the upper parts of
Schwarzmooskogel-HS and the Hiittstatthohle, but has
no distinct maximum. In the Fischgesichthohle, which is
close to Schwarzmooskogel-HS, the vertical distribution
is homogeneous between 1550 and 1700 m with a maxi-
mum at 1450 m a.s.l.
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4.3.3. Southern region

The southern region (Fig. 7) includes the Tau-
plitz-Schachtzone - a region with an extremely high
density of shaft entrances (Herrmann, 1993). The verti-
cal distribution of phreatic passages shows five maxima
between 1400 and 2000 m a.s.l., without any dominant
cave, and a small peak at 1125 m a.s.l, formed by the
Wildbaderhohle.

The longest cave system in this region, the DOF-Son-
nenleiter-HS, consists of four shaft systems intersecting
a sub-horizontal system that forms during a speleoge-
netic phase dipping 1.6° to the south (Plan et al., 2009).
This sub-horizontal system lies between 1400 and 1650
m with a maximum at 1575 m a.s.l. In the nearby Burgun-
derschacht, the vertical distribution shows two maxima,
the smaller one more or less coinciding with the one in
the DOF-Sonnenleiter-HS and the larger one lying 150 m
above the maximum in DOF-Sonnenleiter-HS. The Grub-
stein-Westwandhohle is also in the immediate vicinity of
the DOF-Sonnenleiter-HS, but its vertical distribution is
more homogeneous with a single maximum at 1750 m
a.s.l.

In the Wildbaderhdhle, the vertical distribution of
phreatic parts has a maximum at 1650 m a.s.l. and 500
m below this is another small horizontal system. While
in some parts of the horizontal system around 1650 m
there are vadose streams, the lower parts around 1125 m
are completely dry (Seebacher, 2021). The Untere Brett-
steinbdrenhohle is the shallowest of the long caves in this
region. The vertical distribution shows one clear peak at
1675 m a.s.l. The Karrenschacht has developed in the
rather isolated Traweng mountain and is shallower than
most of its prominent neighbours. The vertical distribu-
tion of phreatic parts shows two maxima, a larger one at
1775 and a smaller one at 1675 m a.s.l.

4.3.4. Eastern region (Warscheneck)

The eastern region corresponds to the Warscheneck
area (Fig 7), where the vertical distribution is clearly dom-
inated by the Labyrinthhéhle im Eisernen Bergl (in the
following just Labyrinthhohle; Steinmall, 2020). Its ver-
tical distribution of phreatic passages has no clear maxi-
mum, but lies mostly between 1450 and 1900 m with two
similar maxima at 1550 and 1825 m a.s.l. There is also a
small local maximum at 1175 m. The 1.7 km-long Grub-
Schacht-109 (1634/109; phreatic length 1.4 km; Geyer et
al., 2021) lies in the same elevation range as the upper
parts of Labyrinthhdhle and shares its upper maximum
with that cave (i.e. 1825 m a.s.l.).

Above 2000 m, the 1.4 km-long Infernahéhle (1636/9;
1.1 km classified as phreatic) dominates the histogram
of the eastern region with a peak at 2125 m a.s.l. The
lowest parts of the Warscheneck are formed by active
spring caves such as the Briilloch (1634/2; 1.0 km) and the
PieBling-Ursprung (1836/3; 1.8 km). The latter forms the
maximum at 800 m a.s.l. This spring has one of the high-
est discharges in the Eastern Alps (Geyer et al., 2016). The
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outlet, which is also the entrance to the cave, is located at
755 m. This is relatively high above the base level which
is the Teichel stream at ca. 580 m a.s.l. The permanently
water-filled parts reach 84 m below the entrance and the
dry parts 100 m above.

5. Interpretation and Discussion

After plotting all phreatic passages from caves =50 m
in the Totes Gebirge range, only one broad vertical range
between 1300 and 1850 m with a clear maximum at 1500
m a.s.l.and minor peaks at 1625 m and 1750 m a.s.l. dom-
inates the distribution. Other local maxima are much less
pronounced and rather insignificant. This is in contrast to
the other nine major karst massifs of the NCA studied so
far, where at least three distinct maxima can be distin-
guished which have been interpreted as cave levels (for
a diagram comparing all the massifs, see Rummler and
Plan, 2023). The reasons for this difference and whether
or not cave levels exist in the Totes Gebirge range are dis-
cussed below.

5.1. Methods

This difference between the Totes Gebirge range and
other karst plateaus in the NCA is unlikely related to the
applied methods, as our approach is similar for seven oth-
er karst massifs and almost identical for two areas (Hoch-
schwab: Plan et al., 2021; Dachstein: Rummler and Plan,
2023). One difference is that in earlier work the analysis
was not restricted to phreatic sections (e.g. Klappacher
and Knapczyk, 1977, 1979; Klappacher and Haseke-Knap-
czyk, 1985), but vadose passages were also considered
for the histograms. However, considering only phreatic
passages results in more pronounced minima, providing
a clearer picture for the delineation of the cave levels.

The classification of caves and cave passages itself de-
pends on the data available and also on the classification
method. A comparison of the methods (see method sec-
tion and Fig. 4) has shown that the differences are small
and that a classification based on the inclination of the
passages combined with a verification based on cave
maps is a good compromise between accuracy and ex-
penditure of time. The simplification of not considering
caves <50 m for this study, which differs from Plan et al.
(2021) and Rummler and Plan (2023), can be justified from
Figure 6, which shows that even caves with 50 to 500 m
length add background noise rather than contributing
significantly to the overall picture. In general, geomet-
ric errors resulting from the cave survey (less than about
2 m per 100 m) and the elevation of entrances (for long
and prominent systems <5 m, generally <20 m) can be
neglected, especially for the overall picture. In contrast
to some other studies, only the elevations of the phreatic
passages were considered, but no general sedimentolog-
ical (e.g. Ruin Caves often lack fine sediments), hydrolog-
ical (e.g. Spring Caves are water active) or morphological
(e.g. Ruin Caves are often intersected with the surface)
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characteristics of the caves (e.g. Haseke-Knapczyk, 1989),
because these criteria can be just artefacts of elevation.

Another prerequisite for cave levels and their correla-
tion with the former base level is that they are not con-
trolled by aquiclude rocks. Aquiclude rocks such as the
Werfen beds occur only at the base of the massif, and
the aquiclude Raibl beds occur in the northern part of
the Totes Gebirge and in the western part of the War-
scheneck. In most areas of the Totes Gebirge and central
Warscheneck, where most of the major cave systems are
located, the Dachstein limestone dominates, with thick-
nesses of over 1 km. Non-karstic and karstic Jurassic rocks
partly overly these limestones. The EIm-HS in the centre
of the Totes Gebirge has streams that can be traced over
long horizontal distances (pers. comm. R. Seebacher),
which may indicate the presence of aquiclude rocks
below. Similar long horizontal streams are known from
Wildbaderhohle, but in this cave shafts leading much
further down have shown that the Dachstein limestone
reaches below the present karst water table (Seebacher,
2021). Significant parts of the Ahnenschacht (pers. comm.
C. Tenreiter) and small but spacious parts of the Schon-
berg-HS (Plan et al., 2023) developed in the Hauptdolo-
mit, showing that this rock can also be karstified. In gen-
eral, we conclude that aquiclude rocks can have a local
influence on the occurrence of phreatic cave parts, but
are negligible for the overall picture.

5.2. Cave levels in the Totes Gebirge range

If we accept that methodical errors are negligible, we
can focus on the question whether the distribution of
phreatic passages in the Totes Gebirge range represents
cave levels. As mentioned above, there is one dominant
interval between 1300 and 1850 m a.s.l. which could be
interpreted as a cave level. This 550 m-wide range may
seem a lot, but also in other massifs of the NCA like Ha-
gengebirge and Hoher Goll the abundance of cave pas-
sages within a range of 450 and 525 m, respectively, was
attributed to the Giant Cave Level. The interval interpret-
ed as Ruin Cave Level in Steinernes Meer also comprises
550 m (Rummler and Plan, 2023). For the sake of clarity, it
should be noted that a cave level such as this comprises
more than one speleogenetic phase, which is clearly visi-
ble in Schénberg-HS with at least two phases at 1500 and
1600 m a.s.l. (see below). The main reason that speaks in
favour of this interval being a cave level is that it is not
only seen in the overall distribution of the Totes Gebirge
range, but also that all subareas show similar peaks at
similar altitude intervals. Only in the eastern region (War-
scheneck) the level starts 100 m higher at 1450 m a.s.l.
By correlation with other massifs in the NCA, the interval
between 1300 and 1850 m a.s.l. can be clearly attributed
to the Giant Cave Level (Fig. 6; Rummler and Plan, 2023).

Only in the southern region of the Totes Gebirge range
there is an additional clear peak between 1850 and 2000
m a.s.l. (Fig. 7) which is mainly due to Grubsteineishéhle
(1625/16), Schlazfresser-Schacht (1625/408) and several

172

smaller caves. Since there is no clear delineation to the
cave level below, it is not interpreted as a separate lev-
el, although it could be attributed to the Ruin Cave Level
based on its altitude.

A possible reason as to why no clear minima which
are important for the delineation of well-defined levels
can be seen in the Totes Gebirge range may be its the
large extension. Tectonic displacements or different local
base levels could therefore have a larger influence and
overlapping of the local levels could obscure the min-
ima. However, this is contradicted by the fact that the
analysis of the subareas did not show any clear cave lev-
els either, but also a single large interval with few local
maxima. Just a few of the local maxima of the subareas
correlate with each other (Fig. 7). Exceptions are the max-
ima of the western region and the second maximum of
the northern region. In general, it appears that the ele-
vations of the maxima increase from west to east. Even
within the subareas, the large caves correlate little with
each other except for: The Hiittstatthchle and the third
maximum of the Schwarzmooskogel-HS, the maximum
and the 2" one of the Almberg-HS with the second and
the first one of the Schwarzmooskogel-HS (both in the
western region), the maxima of the Grub-Schacht and the
Labyrinthhdhle (western region), and the Ahnenschacht
and not so well the Verborgene Hohle correlate with the
maximum of the Schonberg-HS (northern region). In the
Schonberg-HS, the two maxima, which also form the first
and second maximum in the overall image, correspond
to the two planes dipping 1.7° to the NE, which were
interpreted as speleogenetic phases and lie at approx.
1500 and 1600 m a.s.l., respectively (Plan et al., 2023).
Also, the inclined plane in DOF-Sonnenleiter-HS at 1550
m a.s.l. was interpreted as a speleogenetic phase (Plan
et al., 2009) and is responsible for the maximum of the
southern region.

Above 1850 m and below 1300 m a.s.l., the histogram
of the Totes Gebirge range shows more of a noise (Fig. 7).
Although there are numerous caves at the corresponding
altitudes, some of which are large, they do not show any
clear clusters. The fact that there are no clear levels here is
not due to the Giant Cave Level’s dominance. Above 1900
m a.s.l., which would correspond to the Ruin Cave Lev-
el, there are generally only a few extensive phreatic cave
sections. It is also unlikely that the lack of extensive phre-
atic cave parts outside the Giant Cave Level are research
artefacts: many entrances are also known above 1850 m
to around 2150 m a.s.l. (Fig. 6) and the low-lying areas are
generally easier to access than the remote plateau areas.
It should be noted, however, that many low-lying flanks
in the north of the Totes Gebirge are made up of dolo-
mite and almost no caves are known there.

Between 1200 and 900 m a.s.l. there are quite exten-
sive phreatic cave sections (the Unterwelt in the Schon-
berg-HS stands out here) but again without a clear peak
and delineation between them. This altitude would cor-
respond to the Berger Cave Level. Between 900 and 400
m a.s.l., which is classically attributed to the Spring Cave



Level, there are again only relatively few phreatic cave
sections especially in the northern and eastern areas.
Here in particular, the large size of the mountain range
and divergent locations of the local base levels could play
a role. The closest to the classic threefold division is the
eastern region (Warscheneck) with a Spring Cave Level
between 750 and 900 m, a Giant Cave Level from 1450
to 1850 m between and a Ruin Cave Level between 1950
and 2150 m a.s.l. (Fig. 7). Early analyses of the vertical dis-
tribution of caves in the Totes Gebirge by Lechner (1949),
using entrance elevation, showed five clusters at 900,
1100, 1300-1400, 1500-1600, and 1800 m a.s.l. He com-
pared cave entrances in the north and south of the Totes
Gebirge and obtained a north-south gradient at some
levels. Later Schauberger (1955) analysed the distribution
of 187 known cave entrances and found six cave levels
at: 450-700 m, 750-900 m, 1000-1150 m, 1200-1450 m,
1450-1900 m and 1950-2000 m a.s.l. Figure 6 shows that
there are some similarities, but the comparison of the
height distribution of entrances and phreatic cave parts
clearly indicates that these do not correlate and that the
cave entrances are not suitable for investigating cave lev-
els.

The only major study that considered cave passages in
the Totes Gebirge was done by Kuffner (1998) who ana-
lysed 385 caves known until 1992 in the western part of
the Totes Gebirge range (subgroups 1616, 1623, and 1626)
and described three cave levels: one weakly developed
between 900 and 1120 m a.s.l., another well developed
between 1220 and 1660 m a.s.l. with two maxima (related
to the Giant Cave Level) and a third one between 1760
and 1920 m a.s.l. (related to the Ruin Cave level). However,
a diagram (Kuffner, 1998, p. 139) shows that the distinc-
tions between these levels are as unclear as those of our
study (Fig. 6). Compared to Kuffner (1998) our study con-
sidered a much larger area and is based on more recent
cave data (e.g. the cumulative length of the caves now
united in Schénberg-HS has almost doubled and the one
of Schwarzmooskogel-HS is 17 times longer than at the
time of the Kuffner study). The histograms look similar
but the significant increase of passages of the Giant Cave
Level makes the few cave passages above and below to
appear less prominent (Fig. 6).

As the review of previous studies on the Totes Gebirge
range has shown, the results of this study also reflect
the current state of research. However, it is impossible to
solve the discrepancy between known and actual cave
passages. Burial age dating has been attempted in the
Totes Gebirge (Hauselmann et al., 2020), but has not yet
been successful. Correlations with the Dachstein and
Tennengebirge suggest an age of the Giant Cave Level of
4-6 Ma (Hauselmann et al., 2020; Patscheider and Stiiwe,
2023), but there are indications that the Totes Gebirge
had a different palaeo-drainage pattern than these other
two massifs (Plan, 2023). Therefore, this correlation re-
mains questionable.
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5.3. Correlation with cave levels in other karst mas-
sifs in NCA

The Giant Cave Level of the Totes Gebirge agrees quite
well with that of the other karst massifs in the NCA. Due
to the large difference in altitude of 550 m most other
intervals interpreted as Giant Cave Level fit the one of
the Totes Gebirge. Only the top of this cave level in the
Hagengebirge (1950 m a.s.l.; Klappacher and Knapczyk,
1977) is higher than that of the Totes Gebirge. The lower
limits of Giant Cave Levels in the Dachstein (1125-1550
m a.s.l; Rummler and Plan, 2023) and the Untersberg
(1175-1575 m a.s.l.; Zagler, 2016) are significantly deeper
(for a compilation see Rummler and Plan, 2023). The fact
that the Giant Cave Level in the Dachstein (bordering the
Totes Gebirge in the south to southwest) and, to a lesser
extent, in the Gesduse (about 40 km in the eastsoutheast)
is lower than in the Totes Gebirge contrasts with observa-
tions in the area of the Steinernes Meer, Hagengebirge,
Goll, Reiteralm and Untersberg, where a continuous gra-
dient from south to north can be observed (Rummler and
Plan, 2023).

5.4. Cave levels as an indicator for the palaeoflow

Furthermore, vectors were calculated between the
phreatic maxima of the centres of the caves =5 km in
length. The assumption behind this is that the known
cave sections represent only a very small part of the for-
mer cave systems that traversed the entire massif - or at
least large parts of it - and that the phreatic maxima of
the individual caves represent the most significant cave
level and were thus formed simultaneously. These vec-
tors could therefore provide information about the pa-
laeo-flow directions for the entire massif. Due to its large
area and the reasonably even distribution of large cave
systems, the Totes Gebirge range is suitable for this ap-
proach, which was tried here for the first time. Further-
more, most of the cave systems in the Totes Gebirge show
a clear maximum. Only the Labyrinthhohle has several
similarly pronounced local maxima and the Almberg-HS
has two similar maxima. At first glance, the picture is
rather chaotic, but some patterns can be recognised (Fig.
3b). Most of the vectors are inclined at 0.5 to 3.5° which
appears to be a plausible angle of inclination for speleo-
genetic phases. Only in a few cave systems, such as Eisen-
hut, Burgunderschacht and Grubstein-Westwandhohle,
do the phreatic maxima not fit the overall picture.

The phreatic maxima of the individual caves general-
ly decrease from ESE to WNW, which corresponds to the
longitudinal axis of the massif, which could be interpret-
ed as palaeo-drainage. A tectonic tilting of the Totes Geb-
irge by a few degrees also seems possible, although there
is no geological evidence for this. However, no general
trend can be recognised at right angles to the longitu-
dinal axis of the massif. There is neither a gradient to the
SSW or to the NNE, nor an outflow from the centre of the
massif in either direction.
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There are also observations of palaeo-flow directions
from some caves at the corresponding level. Observa-
tions of scallops and other indicators of palaeo-flow di-
rection are available from the Schénberg-HS (Plan et al.,
2023), the Almberg-HS (Plan, 2023), the southern part of
the Schwarzmooskogel-HS and the Woising-HS (both
unpublished data by the authors). Furthermore, the in-
clination of the speleogenetic phase in the DOF-Sonnen-
leiter-HS was interpreted as a palaeo-flow direction (Plan
etal., 2009). The general palaeo-flow directions of the in-
dividual systems are shown in Fig. 3b. Although the com-
paratively few arrows do not show a good match, they
do not represent any striking contradictions to the vec-
tors calculated from the height of the phreatic maxima of
the cave systems. In the Siebenhengste-Hohgant region
of the Helvetic Units of the Swiss Alps, Hauselmann et al.
(2002) were able to reconstruct a palaeo-flow reversal
associated with base-level changes from detailed mor-
phological mapping and delineation of 14 speleogenetic
phases. In the NCA, unfortunately, the absence of certain
morphological features (canyon-tube transitions) and
the very few speleogenetic phases identified so far do
not allow such detailed reconstructions as in the Sieben-
hengste-Hohgant region.

To summarise, it can be said that the directions from
both phreatic maxima and field observations reflect a
rather unsystematic palaeo-drainage pattern. It appears
that there were some low-lying zones at the edges of the
massif (Almberg-HS, Woising-HS, DOF-Sonnenleiter-HS)
as well as high-lying ones (Karrenschacht, GrieBkar-HS).
Whether the general dip towards the NNW reflects a
palaeo-flow direction or is due to tectonics remains an
open question.

6. Conclusion

The Totes Gebirge was examined for the existence and
location of discrete cave levels. In order to obtain a clear
result, only phreatic caves and cave sections were includ-
ed. For this purpose, 754 caves longer than 50 m were
examined in the area of Totes Gebirge, Warscheneck and
Hohe Schrott. The phreatic sections of the caves were
divided into 25 m height intervals and the vertical dis-
tribution of passage lengths was plotted. Contrary to ex-
pectations, there were not three or four distinct cave lev-
els, but only one large cluster between 1300 and 1850 m
a.s.l. with a clear maximum at 1500 m a.s.l. Although this
cave level comprises 550 m of vertical extent, it can be
correlated with the Giant Cave Level known in most other
karst massifs in the NCA. It remains unclear why there is
no distinct cave level above (Ruin Cave Level) or below
(Berger and Spring Cave Levels) in the Totes Gebirge. The
most likely explanation is that the palaeogeography and
the corresponding drainage pattern around the massif
and/or the uplift history were different from the other
karst massifs in the NCA. Vectors calculated from the
phreatic maxima of the caves =5 km show a WNW-direct-
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ed dip, which could indicate a palaeo-drainage pattern
or subsequent tectonic tilting of the whole massif.
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