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Abstract: The Geisloch (Goat-Cave) is a cave near Oberfellendorf in the northern Franconian Alb
(Community Wiesenttal, State of Bavaria, Germany). It is accessible only for a controlled
number of cave scientists and is therefore in excellent state of preservation. It contains a rich
Pleistocene fauna, including remains of the cave bear. The cave has formed in Upper Jurassic
(Malm) carbonates and is situated in a dolomitized reef. It consists of one large central hall with
several irregular branching passages. This pattern is typical for most of the caves in the area,
testifying to their hypogene origins. In 2014 we surveyed the main hall of the Geisloch with a
FARO 120 3D-Scanner and evaluated 934 fragments of naturally damaged speleothems
statistically. The kind of damage and the presence of cryo-calcites (dated to 29.4 ka BP)
suggest that the damage was caused by the presence of cave ice in the Last Glacial Maximum
(LGM). Furthermore, a sample from the floor crust was U/Th dated to 79.5 ka BP, correlating to
MIS 5a and D-O event 21, the last warm period prior to the onset of the LGM. Most Pleistocene
faunal remains are found below this crust and are therefore older.

Kurzfassung: Das Geisloch ist eine Hohle nahe Oberfellendorf in der nordlichen Frankischen Alb
(Kreis Wiesenttal, Bayern, Deutschland). Es ist nur fiir eine kleine Zahl Hohlenforscher zugéng-
lich und daher in ausgezeichnetem Erhaltungszustand. Die Hohle enthdlt Knochen der
pleistozanen Fauna, vor allem solche des Hohlenbaren. Das Geisloch entwickelte sich in den
dolomitisierten Riffen des oberen Jura (Malm). Die Hohle besteht aus einer groRen Haupthalle
und etlichen, irreguldr verzweigten Gangen. Dieses Muster entspricht dem anderer Hohlen im
Gebiet, das auf eine hypogene Entstehung verweist. Die Hohle wurde 2014 von uns mit einem
FARO 120 Scanner vermessen und 934 Fragmente natiirlich beschadigter Spelaotheme anhand
dieser Daten statistisch analysiert. Die Art der Schaden und das Vorkommen von Kryocalciten
(datiert auf 29,4 ka BP) zeigen, dass es sich um Schaden durch Hohleneis wahrend des letzten
Hochglazials (LGM) handelt. Eine weitere Datierung der Bodenversinterung ergab ein U/Th Alter
von 79,5 ka BP, das mit MIS 5a und dem D-O Ereignis 21 korreliert, der letzten warmen Phase
vor dem Hochglazial. Die meisten Faunenreste liegen unter dieser Kruste und sind daher &lter.


https://creativecommons.org/licenses/by/4.0/
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Introduction

Germany has a large variety of caves of different geological
stratigraphy, different host rock composition, different origin,
different age, different paleontological importance, different
speleothem content and different preservation status (e.g.,
KEMPE & ROSENDAHL, 2008). One of the areas that attracted
attention of romantic artists, bone-hunters for medical purposes
and landscape gardeners early on in history, was the northern
Franconian Alb were many caves are located in a relatively small
area (Fig. 1). Among these caves is the Zoolithen Cave (HELLER,
1972), the type locality of the cave bear, Ursus spelaeus. One of
the skulls from this cave served Johann Christian ROSENMULLER
(1794) as holotype in establishing the first extinct mammal
according to the rules of the binary Linnean System (e.g., ROSEN-
DAHL & KEMPE, 2005) thereby making geological history (KEMPE
et al., 2005). Part of the original Rosenmiiller collections, possi-
bly including the holotype, is now kept at the Museum fiir Natur-
kunde, Berlin (KEMPE & DOPPES, 2009). These finds sparked the
first foreign »British cave expedition« by the eminent early geolo-
gist and paleontologist, William Buckland, who visited several of
the then-known caves in the area in search of traces and proof
of the »deluge« (BUCKLAND, 1823; he, however, later recanted
and accepted glaciation as cause of »diluvian« deposits).
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The Geisloch, a well preserved hypogene cave
The Geisloch

The caves of the northern Franconian Alb cluster in a rather
small area. It is prominently structured by NW-SE (»hercynian«)
and SW-NE (»variscan«) trending lineations as evident by the
course of the incised river valley of the Wisent and its tributaries
(Fig. 1). These lineations most likely mark faults associated with
the center of the Malm Plateau which itself forms a shallow
tectonic basin preserving Cretaceous sediments at its central
depression (GOTTWALD, 1959; PETEREK, 2008). White pins (Fig. 1)
mark caves evidently of hypogene origin. These are character-
ized by irregular ground plans composed of large halls, either
isolated or connected by irregular passages, often of small size.
This is the pattern also of the ground plan of the Geisloch (Fig. 2;
sometimes spelled »Gaisloch«). The total length of the passages
of the Geisloch adds up to 750 m (SCHABDACH, unpubl.). This
irregular ground plan is specific for those caves that occur in
dolomitized reef-areas, while those that occur in the lagoonal,
banked facies often have maze-like ground plans following the
local jointing. One of the bestknown local examples is the
Schonstein-Brunnstein Cave System (CRAMER, 1932/33). Mor-
phologically, the cave lacks meandering passages and scallops
(such as typical for the nearby Binghdhle; see KEMPE et al.,
2022) that would indicate epigenic lateral and turbulent water
movement; rather it is dominated by cupolas of various sizes
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Fig. 1: The cluster of well-known caves in the northern Franconian Alb, Bavaria. Note the prominent photo-lineations suggesting tectonic fragmentation that may have served as
paths for ascending deep groundwater. White pins: caves of hypogene origin; yellow pins: caves of epigene origin. Binghdhle, Sophienhdhle and Teufelshohle are often-visited show
caves. Some of the other caves are freely accessible. | Abb. 1: In der nérdlichen Frankischen Alb haufen sich einige der bekannteren Hohlen in Deutschland. Die in diesem Gebiet
deutlichen Fotolineationen deuten auf eine starke tektonische Fragmentierung des Gebietes mit den entsprechenden Mdglichkeiten fiir den Aufstieg von tieferem Grundwasser.
Weie Nadeln: Hohlen hypogenen Ursprungs; gelbe Nadeln: Hohlen epigenen Ursprungs. Binghdhle, Sophiehdhle und Teufelshohle sind Schauhohlen. Einige der anderen Hohlen sind

frei zugénglich.
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Fig. 2: Ground plan of the Geisloch; entrance at lower left. Map by H. Daum & M.
Geyer. | Abb. 2: Karte des Geisloches, der Eingang befindet sich links unten. Karte von

H. Daum & M. Geyer.

Fig. 3: View into the NE passage of the Geisloch where breakdown is absent. The

primary morphology of the cave is characterized by cupolas and sloping wall facets.
Photo: S. Kempe. | Abb. 3: Blick in die NE Passage des Geisloches. Hier gibt es keinen
Versturz und die primare Morphologie der Héhle mit Kuppeln und schragen Facetten

an den Wanden ist erhalten. Foto: S. Kempe.

and sloping side-walls, »facets« (Fig. 3). Both these features
indicate that the cave was enlarged by slow convective dissolu-
tion (e.g., KEMPE, 2008, 2014). The source of the »cave forming
agent« (sensu KLIMCHOUK, 2012) must have infiltrated the cave
from below, i.e., hypogenically. At present, one can only specu-
late what this »agent« was. It could simply be hot water carrying
CO, that — upon cooling near the surface — increased its ag-
gressiveness; or dissolved gases such as hydrogen sulfide (H,S)
or methane (CH,) that become oxidated by oxygen-carrying
seepage water from above, mixed into the ground water body
and producing CO; in situ in the reaction (KEMPE et al., 2017).
Such conditions may have existed during the upper Cretaceous
prior to the regional uplift in Germany (KLEY & VoIGT, 2008). At
the time water could have flown through the aquifers of the
Keuper (Upper Triassic) sandstones eastward below the Juras-
sic rocks, where they were forced to ascend through the Liassic
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rocks. These contain pyrite that could be the source of acidic
waters (Fig. 4). The Geisloch (Fig. 5) is famous for its well-
preserved speleothems. Because of strict access limitation and
documentation, it did not suffer human damage, such as has
occurred in many of the other caves in the area that have been
accessible freely for a long time. Nevertheless, the floor is lit-
tered with broken speleothem fragments. There has been much
debate, as to what caused this speleogene facies of naturally
broken speleothems. Interestingly, the »Gaisloch« served as the
example for MOSER & GEIER (1979) to suggest earthquakes as
the cause of this damage, following older suggestions (e.g.
BECKER, 1929; SCHILLAT, 1965; and later KNOLLE, 1982). But even
HOHENWART (1832a), who already considered earthquakes,
suggested that those cannot explain certain observations such
as the »broken pyramid« (compare KEMPE & HENSCHEL, 2004) in
Postojnska jama by writing: »Die allgemeine Meinung lber die
Verdnderungen, die sich in derlei unterirdischen Hohlen ergeben,
gehet dahin, dass durch Erderschiitterungen die schwachen
Gewodlbe einstiirzen, die losen Stdmme von der H6he herabfallen,
und die in ihrer Basis nicht stark genug an der Decke befestigten
Stalaktiten-Sdulen herabgestiirzt werden. Ein aufmerksamer
Beobachter entdeckt dagegen viele Verdnderungen, welche sich
nach dieser allgemeinen Meinung nicht (enhancement by au-
thors) erkldren lassen«. (Translation: »The common opinion
about these alterations, which are given in such caves, is that
weak vaults collapse, that loose stems fall from above, and that
stalactite-columns that are not firmly affixed to base and ceiling
are precipitated because of earthquakes. A careful observer,
however, will notice that many alterations, cannot (enhancement
by authors) be explained by this common opinion.«) Hohenwart
thus correctly anticipated that there should be another process
to explain the omnipresent speleothem damage in Postojnska
jama and this is most likely cave ice and permafrost (e.g., GiLl,
2004; KEMPE, 1989, 2004; KYRLE, 1929; PIELSTICKER, 1998). The
observation of leaning stalagmites, of stalagmites detached
from their bases and offset, of stalactites resting on slopes that
would not have had enough friction to hold them and other
observations are explained best by glacial cave ice as a cause of
their damage and location. The main phenomena that can be
attributed to glacial cave ice damage are (Fig. 6):

— Missing ceiling formations of older generations.
— Sheared-off stalactites and draperies, deposited
on top of floor speleothems.

— Broken and deposited stalagmites.

— Stalagmites sheared-off their base and moved
but not toppled.

— Cracked compact stalagmites.

— Sheared-off stalagmites, leaning on the wall.

— Moraine-like piles of fragmented speleothems.
— Precariously placed ceiling formations.

In addition, calcite sands and crystal aggregates have been
identified by isotopic studies (ZAK et al., 2004) as being forced
out of solution by freezing. These sands have also been identi-
fied as occurring in the Geisloch (RICHTER et al., 2021) as well as
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Kind of damage Number % of 934
Broken-off 906 97.00
Broken at both ends 181 19.38
New growth 23 2.46
Displacement on base 2 0.21
Tilted 4 0.43
Breakage of floor plate 1 0.11

Tab. 1: Kinds of damage seen on speleothem fragments. | Tab. 1: Art der Schaden der

Speldothem-Fragmente.

in many other caves of Germany. They can be added as a sepa-
rate 39™ type (KEMPE, 2013) to the 38 families of speleothem
types according to HiLL & FORTI (1997).

Methods

Two approaches were chosen to further analyze the speleothem
-content of the Geisloch for glacial cave ice impact: 1. mapping
the cave for its sedimentary facies in detail (Fig. 7) 2. and 3D
scanning of the central Hall with a FARO Laser Scanner Focus3D
S 120 (Fig. 8). The FARO Scanner is a portable, lightweight,
battery-powered instrument mounted on a tripod and is thus
suitable to survey caves, as long as it is kept away from drip
water (FARO Technologies Inc., 2011). The instrument uses an
infrared laser of 905 nm (invisible to the eye) with a power of 20
mW and a beam divergence of 0.16 mrad (0.009°). Distance is
measured by phase shift between two reflected pulses of differ-
ent wavelength. Reflectance is measured by the strength of the
returned signal, so that a picture in grayscale can be generated
(the instrument could have generated a color picture, if ambient
light had been available). A rotating mirror reflects the beam in
full circle, while the instrument rotates 180°. Thus, a full sphere
is scanned, except for a conical instrument shade of 60° to-
wards the bottom.

The Faro Scanner is equipped with a barometric altimeter and a
compass (magnetic declination at the site of Geisloch on
19.09.2014 was calculated to 2°38'53"E) so that each data point
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Fig. 4: Possible reconstruction (lower cross-section)
of the hydrological situation prior to the Upper Creta-
ceous uplift when water could have infiltrated along
the aquifers of the Keuper (Upper Triassic) sand-
stone (after GLASER in KEMPE et al., 2017). | Abb. 4:
Eine mdgliche Rekonstruktion (unterer Schnitt) der
hydrologischen Situation vor der oberkretazischen
Hebung als Keuper-Aquifere Wasser unter die Jura-
Schichten der Alb liefern konnten (nach GLASER in

KEMPE et al., 2017).

consists of the spherical coordinates (s, 8, ¢), bearing, altitude
and a reflectance code. The spherical coordinates are automati-
cally transferred to cartesian coordinates (x, y, z). The coordi-
nates of the first scan in a series is thus (0, 0, 0) or, in case of
site Geisloch_000 (0, 0, 172.83 m above sea level). Each scan
was recorded with % of maximal resolution, i.e., recording 10,240
points per 360°, with 2 measurements per point and a resolution
of 6.136 mm between points at a distance of 10 m. The total
number of points per station amounted to 43.7 million (FENZLEIN,
2015). Further sites are linked to each other by the program
SCENE also by Faro. To facilitate this, three to four non
reflecting reference balls of 15 cm diameter are placed between
stations (compare Fig. 8). In total, 34 stations were needed, all
(except Station 29 in the Knochenkammer) were used in the
evaluation. Station 0 was placed at the entrance to the central
hall in the south and then one station after the other was placed
clockwise around the perimeter of the central hall and its south-
eastern annex. The survey ended with the last station 33 about 4
m east of station 0, thus closing the survey.

Renate Fenzlein in her bachelor thesis (2015) used the grey
value pictures (Fig. 8 bottom) and the coordinate system of the
point cloud to assess and calculate the following information
(for details of the geometric operations see her thesis and error
assessment):

— kind of speleothem (stalactite or stalagmite)

— length of fragment

— coordinates of both ends of fragments

— diameter of thicker end of fragment

— slope and bearing of fragment

— kind of damage.

In total, 934 fragments of speleothems were thus recorded from
the central hall of the Geisloch (Tab. 1). The choice, which frag-
ment was measured was random, guided only by the availability
and visibility of the fragment in question. Furthermore, a flow-
stone sample from the central hall (see Fig. 7 for location) was
recovered by Katja Huhn and U/Th dated (Tab. 2) by Jens Fohl-
meister, Heidelberg, along with the samples from the Binghohle
(for methods see KEMPE et al., 2022).



e-Research Reports | Vol. 4 | 2022

The Geisloch, a well preserved hypogene cave

Fig. 5: The central hall of the Geisloch features abundant speleothems, large conical and slender candle-stalagmites dominate while stalactites are small or absent. Hundreds of

flowstone fragments litter the floor. Photos upper row: H. Schabdach, lower row: S. Kempe. | Abb. 5: Die Zentralhalle des Geislochs ist durch sehr reiches Tropfsteinvorkommen

gekennzeichnet. Neben einigen groRen Kegelstalagmiten dominieren viele Kerzenstalagmiten. Stalaktiten sind dagegen klein oder fehlen. Hunderte Fragmente von natiirlich gefallten

Stalagmiten und Stalaktiten bedecken den Boden. Fotos obere Reihe: H. Schabdach; untere Reihe: S. Kempe.

Results

The floor of the central hall of the Geisloch is covered by flow-
stone, while cryo-calcite sands and cave loam are the more
pronounced facies in the side-passages (RICHTER et al., 2021). A
few very large stalagmites dominate the central hall, but, by
number, candle stalagmites are in the majority, both standing
and damaged. In pouches and niches abundant mega-cryo-
calcites are found.

Of the 934 fragments measured 50% were stalactites (up to 20
of these were soda-straws) and 49% stalagmites. 1 % were
possibly fragments of columns. The kinds of damage are shown
on Tab. 1.

A number of statistical analyses were run on the available data
relating to resting directions. Fig. 9 shows the distribution of
resting direction of the measured fragments in twelve classes,
each 30° wide. The distribution is rather even with two relative
maxima (NE, 30-60° and NW 300-330°). These maxima (12.9% of
stalagmites and 13.1% of stalactites) are not very prominent but
they could suggest a difference in processes. Stalactites are
ripped from the ceiling and, as the cave ice melts, could have
sloped in one direction if the ice surface developed a slope

during thawing. The stalagmites on the other may have been
shifted by the melting ice according to the slope of the preexist-
ing floor, thus producing a maximum in a different (but not
opposite) direction. Fig. 10 displays the distribution of inclina-
tion of the broken speleothem fragments. As can be expected,
most of the fragments rest on rather level ground (56.5 % within
-10° to +10°, with an overall arithmetic mean of -2.18° and a
standard deviation of 16.26°). Stalactites seem to rest more with
their tip pointing upward while stalagmites seem to rest more
often with their tip downward. Again, this could support the
hypothesis, that stalactites are sliding on the surface of the
melting ice with their thicker ends downward, while stalagmites
at the bottom of the ice mass could have been tipped over and
slipped downward head-first.

One of the features possibly caused by shifting ice-bodies are
stalagmites sheared-off their base and shifted by a few cm,
without being toppled. A large example of this natural damage is
found in the Geisloch (Fig. 11). Similar cases have been seen in
other caves in Germany and in the Postojnska jama (KEMPE,
2004: Fig. 15) and a further feature is called in German
»Eishaftung« (ice-fixation), describing speleothem fragments
that are attached to the wall in near-vertical position (Fig. 12).
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Warm Period, 1. speleothem generation

Warm Period, 2. speleothem generation

Fig. 6: Simplified sketch of speleothem damage caused by cave ice (for explanation
see text; KEMPE, 2004). | Abb. 6: Vereinfachte Skizze der Speleothem-Briiche durch

Hohleneis (Erklarung siehe Text; KEMPE, 2004).
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Fig. 7: Sedimentological map of Geisloch (RICHTER et al., 2021). 1-5: Sampling loca-
tions for the cryogenic cave carbonates. Green markings: »Bérenschliffe«. | Abb. 7:
Sedimentologische Karte des Geislochs (RICHTER et al., 2021). 1-5: Probenpunkte fiir

Kryocalcite. Griine Markierungen: »Bérenschliffe«.

The Geisloch, a well preserved hypogene cave

Fig. 8: Top: Ground plan of the scanned central area of Geisloch; bottom: Point-cloud
view into the central hall featuring a large number of broken stalagmites; black areas
are pools; white spheres are reference balls, 15 cm in diameter. | Abb. 8: Oben: Punkt-
wolke des 3D-Models der Zentralhalle des Geislochs von oben gesehen; unten: Blick in
die Punktwolke der Zentralhalle mit einer groRen Zahl von fragmentierten Speldothe-
men; schwarze Flachen sind Wasserbecken; weille Kugeln sind die 15 cm-groRen

Referenz-Kugeln der 3D Aufnahme.
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Fig. 9: Resting direction in twelve classes of broken stalactites and stalagmites
(FENZLEIN, 2015). | Abb. 9: Lage-Richtungen von fragmentierten Stalaktiten und Stalag-

miten in zwolf Klassen (FENZLEIN, 2015).
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Fig. 10: Inclination of stalactites and stalagmite fragments in 18 classes of broken
stalactites and stalagmites (FENZLEIN, 2015). | Abb. 10: Lage-Neigung von fragmen-

tierten Stalaktiten und Stalagmiten in 18 Klassen (FENZLEIN, 2015).
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Fig. 11: Point-cloud picture of a section of central hall of Geisloch. The upper section
of the large stalagmite to the left is detached and has slipped a few cm (detail; photo:
S. Kempe). Note four reference spheres (15 cm diameter), abundant stalagmite
fragments on the floor and irregular dissolution cupolas on back wall. | Abb. 11:
Punktwolken-Bild eines Abschnittes der Zentralhalle des Geislochs. Der obere Teil des
groBen Stalagmits an der linken Seite wurde abgeschert und um einige Zentimeter
versetzt (Detail-Foto: S. Kempe). Beachte die vier Reference-Kugeln (Durchmesser 15
cm) und die zahlreichen, geféllten Stalagmiten sowie die Lsungskuppeln an der

Riickwand der Halle.

Discussion

Natural speleothem damage may have many causes (listed e.g.
in KEMPE, 2004), but massive damage to both stalactites and all
sizes of stalagmites is hard to explain by anything but cave ice.
Similarly, cryo-calcites add a strong argument as to the past
presence of ice in caves in Central Europe (ZAK et al., 2012).

The Geisloch, a well preserved hypogene cave

Fig. 12: A small stalactite fixed to the wall in a near-vertical position in the Geisloch.

Photo: H. Schabdach. | Abb. 12: Abgebrochener, kleiner Stalaktit, der in fast vertikaler

Lage an der Wand im Geisloch haftet. Foto: H. Schabdach.

Also, »Eishaftungs«speleothems are easily explained by ice
processes, excluding the possibility of earthquakes as a cause
(unless one invokes a hypothetical sediment fill, for which there
is no evidence in the Geisloch). Germany is not a specifically
earthquake-prone area, even though earthquakes occur. Several
papers try to correlate certain earthquake events with speleo-
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LabNr. 238U Error 232Th Error 230Th/238U  Error 230Th/232Th Error

Sample (ng/g) (abso.) (ng/g) (abso.) (act.ratio) (abso.) (act.ratio) (abso.)

6849,Geis 1 16,00 0,04 1,900 0,032 0,631 0,069 16,6 1,7
82U corr. Error2c  Age (uncorr.) Error Age (corr.) Error 874U (initial) Error 20 Tab. 2: Results of U/Th dating for
(%) (abso) % (ka) (ka) (ka) (ka) (%) abso. (%) sample Geis 1. | Tab. 2: Ergebnisse
198,4 131 82,3 13,169 79,5 13,150 2484 18,7

them damage (e.g., Postojnska jama and the earthquake of
1926; SEBELA, 2010), but most can be easily explained by ice as
a cause or are inconclusive. One of the main arguments for ice-
damage is dating these.

As long as the damage is not clearly Holocene, earthquakes
cannot be considered according to Ockham's razor, since older
damage may have seen several periods of cave ice. In the case
of the Geisloch, RICHTER et al. (2021) U/Th-dated the youngest
cryo-calcite to 29.4 ka BP. Thus, cave ice formed in the cave
shortly before the Last Glacial Maximum (LGM) and therefore
we know that the cave has seen the presence of a widespread
ice fill. Whether all observed damage is related to the LGM is an
open research question. One will need to date overgrowth on
broken stalagmites, to see if these were toppled in older glacial
maxima or even by ice formed during cold stadials of
Dansgaard-Oeschger cycles.

Palaeontology

The Geisloch is also a paleontological site. Systematic excava-
tions have not yet been conducted. HELLER (1981) listed a num-
ber of species, among them Ursus spelaeus, Panthera spelaea
and Mammuthus primigenius. According to him, bones were
found both on and below flowstone layers. We now have the
first U/Th date of the main flowstone layer from the central hall
of the Geisloch (Tab. 2). The layer covers a loam that contains
cave bear remains, including a skull (Fig. 13).

The layer was dated to 79.5 + 13.15 ka BP, which is almost the
same date as for the similarly looking, youngest flowstone layer
in the Binghohle (sample Bing 5, 80.0+1.8 ka BP, compare KEM-
PE et al.,, 2022). Despite the young age, the standard deviation is
quite large, due partly to a low U-concentration (16 ng/g), 5 to
>10 times smaller than in the Binghohle samples. Possibly
dolomite has lost parts of the initial uranium during dolomitiza-
tion. This new U/Th date puts the flowstone cover of the central
hall into a warm Interstadial, i.e., MIS 5a, corresponding to
Dansgaard-Oeschger Event No 21, the last longer-lasting warm
Interstadial before the onset of the Last Glacial (Weichelian/
Wirmian; compare KeMPE et al., 2022, Fig. 20). The faunal
remains below the flowstone layer therefore predate MIS 5a,
possibly being contained in loamy deposits of the cold Intersta-
dial MIS 5b, the first colder period initiating the cooling of Earth
towards the Last Glacial.

The U/Th date match the fact that “C-dating of bones from the
Geisloch failed so far due to low collagen content (pers. com. D.
DOPPES). One sample and a flowstone had ages older than the
reach of the method. Many of the bones are included in a coarse
matrix of stones, loam and flowstone, suggesting that they have

der U/Th Datierung der Probe Geis 1.

Fig. 13: Site of the U/Th sample Geis 1. It was taken from this crust that shows frac-
turing most likely due to frost during the LGM. Photo: H. Schabdach. | Abb. 13: Boden-
sinterplatte an der die U/Th Probe Geis 1 genommen wurde. Sie ist stark durch die

Eiswirkung wahrend des LGM fragmentiert. Foto: H. Schabdach.

Fig. 14: Position of bones in the Geisloch within a very coarse matrix, possibly a
mudflow. Photo: S. Kempe. | Abb. 14: Situation von Knochen im Geisloch innerhalb

einer groben Matrix, méglicherweise eine FlieRerde. Foto: S. Kempe.

Fig. 15: Example of an articulated setting of an upper and lower jaw of U. spelaeus.

Photo: H. Schabdach. | Abb. 15: Beispiel fiir eine Einbettung mit zusammenhangen-

dem Unter- und Oberkiefer eines U. spelaeus. Foto: H. Schabdach.
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been transported in mudflows (Fig. 14) post-dating the age of
the fauna. However, articulated bones (Fig. 15) and evidence of
bears using the cave (Fig. 16-17) suggest that at least some of
the U. spelaeus bones have been deposited in situ. It is also
noteworthy that the Geisloch is the first site in the Franconian
Alb where not only »Bérenschliffe« (wall patches polished by the
fur of passing animals such as bears; for location compare Fig.
7) but also bear scratch marks have been recorded (SCHABDACH,
2021).
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