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Klimchouk‘s definition of
hypogenic cave genesis:

“The cave-forming agent
rises from below.”

At Austrian Academy, Vienna, Nov. 2022
Photo: S. Kempe
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Outcrops, however, are very small and hardly
visible on the geological map of Germany

)

There are three showcaves in gypsum/anhydrite: |
1) the Segeberger Kalkberghdhle ,-1’/ 0
2) the Heimkehle/South-Harz AT !
3) the Barbarossahohle/Kyffhauser ”
and one gypsum mine, the Marienglas Cave

[ —

With 250 km? area is the South-Harz the largest gypsum karst
in Germany, followed by Mansfeld area and the Kyffhauser.
By number, the South-Harz has most of the caves.
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Geology of the South-Harz
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Typical for gypsum karst are the white rocks
and sinkhole-pitted surfaces

Photos: Firouz Vladi
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The upper Perm (Zechstein; blue) surrounds
the variscian-folded Harz Mountains
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Stratgraphically, the Zechstein of the Harz
margins is composed of four salinar cycles

Signature * Stratigraphy (German Formation Names) Thickness Cycles
su Lower Buntsandstein (including Brockelschiefer) >200m Triassic
Aller-anhydrite <2m
Aller-Cycle
Red salt-clay (roter Salzton) 8-10m
Leine-anhydrite (Hauptanhydrit) 35-70m
Leine-carbonate (Plattendolomit) 2-25m Leine-Cycle
Gray salt-clay (Grauer Salzton) 3-10m
Stassfurt-anhydrite c
z2A 0-30m ‘T
(Sangerhausen-Anhydrit and Basal-Anhydrit) E
22K Stassfurt-carbonate (Stinkkarbonat, Stinkschiefer) 0-60m r§
Brown-red salt-clay (Roter Salzton) 0-2m
Werra-anhydrite 0-250m
Werra-carbonate (Zechsteinkalk) 0-10m
Copper-shale (Kupferschiefer) 0-0,5m COppr-Sh&'G was mined
Zechstein-conglomerate 0-3m until 1989
Discordance: if >2% CU, and
ke Rotliegend, Upper Carboniferous and Devon Pre-zechstein rarely > 2009 Ag/t
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Tectonic Model of the area
near Osterode (Hubrich, 2020)
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Karstic Springs
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The Rhume-Source is fed by the sinking
of the rivers Sieber and Oder
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Photo: F. Knolle

[m zu. NN)
300 - Rhumequelle

157my

SchloR Herzberg

Pohlde 209 m +NN

z HARZ N
5 £ Einhornhoéhle
2 = [m zu NN]
@ 4 300
-4 200
4 100
40

Quartar Unterer Buntsandstein | Zechstein
Kies, Sand, | Ton-, Schiuff- Kalk-, Dolomitstein Gipsstein, verkarstet ~ Auslaugungszone, Ton-, Schluffstein
schluffig Sandstein und Anhydrit verstiirzt

GW-Geringleiter Karstgrundwasserleiter

«g==mgd FlieRrichtung

Devon-Karbon

Tonschiefer u.
Grauwacke
GW-Geringleiter GW-Geringleiter

Graphic: Klaus Stedingk

15. November 2024 | Verband d. deutschen Hohlen- u. Karstforscher | Arge fir Karstkunde Harz | S. Kempe, S. Bauer, F. Knolle., F. Vladi | 14



Cab
)

o &
L

@,
N gy S

Gypsum and Anhydrite Caves.
What we Have Iin Germany
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There is a conflict between large caves and long caves.
Long does not mean large and large does not mean long.
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Length: 580 m
Area: 10 700 m?

HIMMELREICHHOHLE

pach ¥ Reinboth 1961

—  HOLLERN

rach ] Goetz 1979

Length: 1040 m
Area: 2400 m?
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List of German Sulfate Caves > 200 m in length 2
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Cave Name Total length[m] Area [m?] Average width [m]
Numburghéhle 1746 28 866 16,53
Wimmelburger Schlotten 2838 23 866 8,41
Helbraer Schlotten* 2505 20 675 8,25
a)Schlotte am Ottiliaeschacht b) am 1701 ca. 15 000 8,81
Schacht E 725 5525 7,62
¢) Verbindung 70 150
Brandschéachter Schlotte (Schlotte A) 530 13 267 25,03
Ahlsdorfer Schlotte(Gro3e Schlotte) 1714 15 009 8,76
Heimkehle 1780 14 407 8,09
Barbarossahdhle 670 12 946 19,32
Himmelreichhohle 580 10 695 18,44
Segeberger Kalkbeghohle 2260 6 511 2,88
Marthahohle 450 3969 8,82
Hollern 1040 2531 2,43
Elisabethschéachter Schlotte 358 2082 5,82
Trogsteinhohle 435 1945 4,47
Segen Gottes Stollen 242 1279 5,29
Fitzmihlen Quellhdhle 545 1253 2,30
Mathildenhéhle 317 1250 3,94
Jettenhdhle 748 Ca. 5000
Schlotte am Eduardschacht ca. 400
Schusterhohle 434
Hohle im Grundgips der Klaranlage 250
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There are 19 caves exceeding 200 m in length

Length and Areas of Gypsum Caves in Germany
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In Germany, about 300 sulfate caves are registered “a;)l

“ gy SF

No of caves | Area Longest cave

180 South Harz* Heimkehle, 1.93 km

61 Kyffhauser* Numburger Cave, 1.75 km

17 Eastern Harz* Wimmelburger Schlotten, 2.8 km

26 Northern Germany* Segeberger Kalkberghohle, 2.26 km
>5 Southern Germany** Hdllern, 1.0 km

Cadastre, Uwe Fricke, Henning Harzer and Michael Brust of
Arge Karstkunde Harz and Thuringia Caving Club, May 2024

**  Estimated
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The ,,Schlotten:
A World-Wide Class of 1ts own

15. November 2024 | Verband d. deutschen Hohlen- u. Karstforscher | Arge fur Karstkunde Harz | S. Kempe, S. Bauer, F. Knolle., F. Vladi | 20



»ochlotten”, intercepted by historic mining for
“Copper-Shale”, finally discontinued in 1989
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Elisabethschachter Schiotte.
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»ochlotten”, intercepted by historic mining, are
hypogenic, deep phreatic cavities, mostly inaccessible
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Schlotten in the Copper-Shale Mining Districts of Sangerhausen and the Mansfeld Basin

Signatures and Schlotten-designations
after the STOLBERG' Cave cadastre(1942/43) and 1984;
with supplemenis (italics), synonyms in brackets

-- Hainréder Schiotte
-~ Schlotte unter Lengefeld

97 Schlotten im Hohe[n]warter Revier

(Hasenwinkler Schiotte, Zwergenloch)
98 Schiotte am Elisabethschacht im Heiligenborner Revier

(Elisabethschéchter Schlotte)
99 Schiotte im Segengottesstolin

(Segen-Gottes-Schlotte, Marienglasschiotte)
@ 114 100 Schlotte im Kupferberger Revier bei Pélsfeld

(Brandschéchter Schlotte, in total four Schlotten)
101  Schlotte bei Welfesholz
102 Schiotte bei Burgorner
103 Schiotte im Eduardschacht
104  Schlotte am Schacht E bei Helbra (Helbraer Schiotten)
< 4y N 105 Schiotte am Schacht Ottiliae bei Helbra (Helbraer Schl.)
Mansfeld Basin District 106 Schiotte bei Creisfeld (Gliickaufer Schiotten)
107 Schlotte am Schacht W bei Wimmelburg
(Wimmelburger Schlotten)
108 Schlotte am Froschmilhlenstollen-Querschlag
bei Wimmelburg (Wimmelburger Schiotten)
109  Schlotte im Hermannschacht
110 Schiotte in der Il. Tiefbausohle Eisleben
111 Schiotte am Ottoschacht (Ottoschachter Schlotte)
112  Schiotte am Umfahrungsquerschlag der IV. Tiefbausohle
ST = 113 Schiotte am Graf Hohenthalschacht
walar driineé galléry 114 Schlotte am Paulschacht (in total four Schiotten, opened
up in transverse adits in the 5. and 7. underground level)

115 Schiotte im Eikendorf (109 a)

103 Schiusselstollen
water drainage gallery

Sangerhausen District :
outside of map:

Buchholzer Schiotte, east of Nordhausen

(&) anhydrite type Wimmelburger Q salt type Ottoschéachter
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Geological cross-section through the Mansfeld Basin
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Anhydrite of the Werra-Cycle ,Dancing-Hall“ Schlotte at Froschmiihlenstollen, Wimmelburg,
Photo: Holger Lander




Kupetz, 2021
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The Wimmelburger Schlotten
near Mansfeld, East-Harz
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Discovered by mining
beginning of 19t century.
Access through a mine-shaft.
Drained artificially
to control kast water level.
Threatened by closure.
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»Schlotten* are deep-phreatic, hypogen 5’,’&‘ %
cavities, fed by water from carbonate aquifers  ="gl s
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Sinkhole near Nordhausen,
Photo: Sven Bauer
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Near-Surface Gypsum Caves:
Hypogenic or Epigenic (or both?)
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View into the Kreuzdom of the Jettenhdhle a shallow hypogenic cave at high water

Jettenhohle,
Photo: Stephan Kempe
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The Jettenhd6hle is hypogenic, fed by water rising from

< ,_ %;
below into ponds, but grew above the watertable by %9 . g
breakdown and its consecutive dissolution % §
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1967-68: KEMPE, S., GURTLER, P., MOLLER, L. & TwWARDOSZ, W.: Eine spelaologische Ubersicht der Jettenhohle.
— Jugend forscht, Hamburg.
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The Hainholz/Beierstein Gypsum Landscape
Preserve, known for its complex hydrochemistry

Figure C 1-3
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In contrast, the Trogstein-System, is an

epigenic creek-cave threatened by quarrying
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The Fitzmuhle (545 m), an extremely low epigenic cave

T

Vermessen: ArGeKNe.V.
1953/79/83/89 _(

Zeichnung: A.Hartwig
v\

Fotos: A. Hartwig -
MaNstab 1.7L0 ’

20 40m

&{ N Emgung ‘;

R

\\'\ FE

Jﬂ)‘ \\

Panikspalte -

LSWAND b

STEINBRUCH BLATTSPIEGEL
s % Fitzmihlen - Quellhdhle
T Kat.-Nr.4429/05
Barranhalle —J -5 sk 13 %2 1 +2 | +3 +4 |+5 ]+6
C C
B B
A A
-5 -4 | -3 | -2 1 +2 *+3 1% 1°5]1*%
Maander - X
SChb Y 90° Knick
Rickweg

\\Mausegang

H

+3A

L

-

‘\.’

Graphic: A. Hartwig
(unpubl.)

15. November 2024 | Verband d. deutschen Hohlen- u. Karstforscher | Arge fur Karstkunde Harz | S. Kempe, S. Bauer, F. Knolle., F. Vladi | 34



One of the curious caves is Himmelreichhohle,
above a train tunnel from the 1860‘ies
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Himmelreichhohle (,,Heaven‘s Cave®)

Photos: Stephan Kempe
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Sulfate Caves:
Each has its Genetic Singularity
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Most of the Harz sulfate caves are convective g
In origin either at or far below the water-table 2

Solutional cave

Solution cupola with
flat solution ceiling

Solution cupolas

The morphological
elements of these caves are
solutional ceilings, sloping
sidewalls (,,facets*) and
solutional cupolas. Cupolas
have a fractal pattern,
starting with cm-sized
solution cups and ending in
10 m-sized halls.

Solution cupola:

Solution ceiling

Cross-section

86lution ceiling with solution cups Input and output of water

Residual sediments
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The often observed semi-triagonal cross-section
IS a consequence of solutional convection

Flat solutional ceiling with solutional cups and Convection forms flat ceilings, concave sides
larger cupolas (fractal convection structure) and flat sidewalls (facets).
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GENESIS OF GYPSUM CAVES IN GERMANY

vadose

Sulfate caves have a high i
genetic diversity! |

With the exceptions of the Himmelreich Q
Hahle, the large caves are shallow or deep
hypogene (“Schlotten” caves), formed by less
dense water rising from carbonate aquifers
from below, which in turn is saturated with
gypsum by slow convective dissolution.

turbulent flow,
canyons with
scalloped walls
example: ,
Lichtenstein cave

/
e
/

turbulent flow
wide and low
passages

example: FitzmUhle

Additionally, we have caves created by
creeks. Among them narrow canyon caves
(Lichtenstein Cave), very low but wide active
caves (Trogstein-System) and a very large

development

cave created by the downcutting of the creek .
along a sloping aquiclude (Himmelreich
Cave). ..

inclined limestone layer
formation of large halls

There are also a few tectonic caves and the
“strange” Quellungshohlen.

example: Himmelreichhdhle

solution caves
phreatic (majority of caves)

shallow
(at the water table)

deep
(below the water table)

7 72 vV v
// Vi ¥
%

solution ceiling
receeding facets
example: Segeberger

Hohle, Hollern

solution cupolas
dissolving upward
from limestone karst
aquifer

\U/ example: Wimmelburger
Schlotte
/’JJ_J_LLhL\ \v4
\@/ other types

breakdown ceiling

example: Heimkehle
Y ﬁ?
HWJ/;—'\L’_L\H\L\ Z

fissure caves

M

\ O / example:
e mm e Twy ® Beierstein caves

vaulted hall

insoluble sediment
forms + dry floor
example: Jettenhdhle

Quellungshohle

=0
/\ L
\

expansion of
anhydrite layers

( SEL S / example: Waldschmiede

sinkhole (Erdfall)
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The Sachsenstein in the South-Harz is famous for its “dwarf
holes”, Quellungshohlen, swelling- or hydration-caves, caused by
the recrystallization of anhydrite to gypsum.

Photo S Wlelert
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The main threat of gypsum karst is quarrying §

Pipinsburg und Steinbriiche

Katzenstein/Osterode

Google Earth
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With the decrease of gypsum from REA f,’i %
scrubbers, karst destruction rate even increases % W &

N gy S

» South-German and South-Harz Gypsum Karst is only protected to a small extent.
» Gypsum cave Hollern (N-Bavaria) was protected after fierce legal disputes and public pressure.
 Similarly, the South-Harz is under constant pressure from gypsum industry.

» Only the State of Saxony-Anhalt (Sachsen-Anhalt), established a Biosphere Reserve (BR), the
largest on sulfate karst, world-wide (www.biosphaerenreservat-karstlandschaft-suedharz.de),
excluding, so far, quarrying. The BR includes Fauna-Flora-Habitats (FFH) according to EU and
German law and is aiming for UNESCO status.

* In the States of Thuringia (Thuringen) and Lower Saxony (Niedersachsen), the FFH-Areas largely
(deliberately) exclude industrial interests, some being established after long-lasting legal fights, such
as the 600 ha-large Hainholz-Beierstein Gypsum-Landscape in Lower Saxony.

* So far, ,,Schlotten* caves are protected; however, their access mine shafts may see shut-down for
reason of cost, according to actual State plans.

 Alternatives to natural gypsum exist, thus, quarrying should be terminated and remaining karst areas
protected according to Guidelines 4 and 9 (IUCN 1997) + Recommendation 4 (IUCN 2008): “States
Parties whose territories include karst terrains situated on evaporite rocks should consider the
potential of their sites for natural World Heritage recognition.”
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http://www.biosphaerenreservat-karstlandschaft-suedharz.de/

The Biosphere Reserve in Saxony-Anhalt is the
largest on gypsum karst world-wide
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10 Eichenberg 11 Morungskopf 12 Kuhberge

13 Kndll 14 Rehhagen/Kaseberg 15 Hohe Linde

16 Ritterplatze
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In order to increase public awareness, a
system of hiking paths was created
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The 265 km long paths are not only suitable for long-distance hiking, but include

also 30 round-courses, highlighting specific outcrops, karst areas, ecological or
heritage features. Numerous billboards provide explanations on-site
(www.karstwanderweg.de).
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Scolopendrium sink hole, once part of the Jettenhdhle
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Reserven
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GIPSHOHLENGENESE

vados
(selten)
I

Reserven

starkes

Gefalle

/

turbulentes Flieen,
Canyons mit FlieRfacetten
Beispiel: Lichtensteinhshle

geringes
Gefille

[
I/

turbulentes FlieRen,
breite und niedrige
Passagen
Beispiel:Fitzmuhle

Héhlenbildung

Inschneiden entlang
geneigter Kalkstein-
schichten, Bildung
grofGer Hallen
Beispiel:Himmelreich-
héhle
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Laughdhlen
phreatisch (Mehrheit der Héhlen)

flachphreatisch
(am Grundwasserspiegel)

tiefphreatisch
( Unterhalb des Grund-
wasserspiegels)

Laugdecke; Rickwarts-
veragerung der Facetten

Beispiele: Segeberger
Hahle, Hallern

Versturzdecken
Beispiel: Heimkehle

Gewidlbte Halle

unltsliche Sedimente
bilden_einen trockenen Boden
Beispiel: Jettenhdhle
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Laugkuppeln
vom Karbonat-Aquifer
nach oben ldsend
Beispiel: Wimmelburger
Schlotte

andere Typen

Spalenhdhlen
Beispiel: Beierstein-
hahlen

Quellungshéhlen

N

Quellung von Anhydrit-
schichten

Beispiel: Waldschmiede
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Die palaogeographische Eichsfeldschwelle teilt
das Zechsteinbecken des Stdharzes in W und E

TECHNISCHE
UNIVERSITAT
DARMSTADT

NW SE

RAmerstein

Dolomit Riff

gefaltetes Varistikum
(Eichsfeldschwelle)

Kaik

_ Rotliegend
RAmerstein

Vulkanschlot

0 km 10 20 30

Nach Herrmann, A. (1956): Der Zechstein am sudwestlichen Harzrand (seine
Stratigraphie, Fazies, Paldogeografie und Tektonik). — Geol. Jb. 72: 1-72.
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Der eigentliche Stdharz-Schatz ist der Kupferschiefer,
der seit dem Mittelalter verstarkt bis 1989 abgebaut wur

Der Kupferbergbau
pragte nicht nur den
Namen Zechstein, und
machte seine Fossilien

bekannt, sondern er e et Ul Der Kupferschiefer,
fuhr auch viele . | L AR R R Y ein Metall-,,Floz
hypogene Hohlen an, i & v = RO R bertihmt fiir den
die ,,Schlotten®. - 544k By v sLsgdr iie  Ganoid-Fisch

Palaeoniscum
freieslebeni
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SUdharzer ZechsteingOrtel

-

Fig. 1: The Zechstein Belt along the South Harz (bold blue line) with the most important karst areas and springs
(Google Earth): A) Lichtenstein, B) BetersteinKlinketbrunnen, C) Hainholz'Martha- and Jettenhdhle, D) Steinberg.
E) Einhornhéhle, F) Weingartenloch, G) Trogstein, H) Sachsenstein, I) Himmelreich, J) Kzlle, K) Heimkehle, L)
Bauerngraben, M) Questenberg. N) Schlotten. Thin blue lines: borders of Federal States.
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Ubersichtskarte des siidéstlichen Harzvorlandes
mit Verbreitung der riss- und aktenkundigen Schlotten

- Schlottenkarte -

»Schlotten*

Kartengrundlage: ‘ o : S uly
RAPPSILBER, ., STEDINGK, K., KONIG, S., HECKNER, J. & THOMAE, M. (2008): | (2 { >
Geologisch-montanhistorische Karte Mansfeld - Sangerhausen 1 : 50 000 — Burgdi 'Erle sburg emo .
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im Zusammenhang mit Schiottenaufschliissen

10 km

Y

+-sangerhduser Mulde'

Sedimente (Lockergesteins-Stockwerk) Sedimentite (Molasse-Stockwerk)
Kénozoikum Paldozoikum
B e sand, Schiut,Ton,Brounkoie) - Ficnoirmsate, Bendsiei, B, - mwwn)nnh
Sedimentite (Tafeldeckgebirgs-Stockwerk) = Soerarbon oo scoitsen,
] Vom Bergbau erfasste Flachen
Mesozoikum -
P Sedimentite (Grundgebirgs-Stockwerk) / VRS / i i /
(Kaikstein, Morgelsiein, Dolom, Gips) [0 Unterkarbon
{(Grauwacke, Tonschiefer, Kieselschiefer, Quarzit)
G, usliandidaln Schlotten Schéchte
(mmw [ ] wxmmw - " " " @ ”

Abb. 1b: Ubersichtskarte des siidostlichen Harzvorlands mit Verbreitung der riss- und aktenkundigen Mansfelder Schlotten; Grafik: Sven Bauer

& Michael K. Brust. Bauer’ S. et al, 2021
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»ochlotten”, intercepted by historic mining, are
hypogenic, deep phreatic cavities, mostly inaccessible

Signaturnummern und Schlottenbezeichnungen
nach dem STOLBERG'schen Harzkataster (1943/1984)
mit Ergénzungen (kursiv), Synonyme in Klammern:

-~ Hainréder Schiotte
-~ Schlotte unter Lengefeld
97 Schlotten im Hohe[n]warter Revier
(Hasenwinkler Schiotte, Zwergenloch)
98 Schiotte am Elisabethschacht im Heiligenborner Revier
(Elisabethschéchter Schiotte)
99 Schiotte im Segengottesstolin
(Segen-Gottes-Schlotte, Marienglasschiotte)
100 Schiotte im Kupferberger Revier bei Pélsfeld
(Brandschéchter Schiotte, insges. vier Schiotten)
101  Schiotte bei Welfesholz
102  Schiotte bei Burgrner
103  Schiotte im Eduardschacht
104  Schiotte am Schacht E bei Helbra (Helbraer Schiotten)
105 Schiotte am Schacht Ottiliae bel Helbra (Helbraer Schl.)
106 Schiotte bei Creisfeld (Gliickaufer Schiotten)
107  Schiotte am Schacht W bei Wimmelburg
(Wimmelburger Schiotten)
108  Schiotte am Froschmihlenstollen-Querschlag
bei Wimmelburg (Wimmelburger Schiotten)
109  Schiotte im Hermannschacht
110  Schiotte in der I1. Tiefbausohle Eisleben
111 Schiotte am Ottoschacht (Ottoschéchter Schiotte)
112 Schiotte am Umfahrungsquerschliag der IV. Tiefbausohle
113  Schiotte am Graf Hohenthalschacht
114 Schlotte am Paulschacht (insges. vier Schiotten,
aufgefahren in Querschiégen der 5. und 7. Sohle)
115 Schiotte im Eikendorf (109 a)

nicht in der Karte:
Buchholzer Schiotte (bei Buchholz &stlich Nordhausen)

Vgl. hierzu auch den Beitrag BRUST & IRMSCHER
in diesem Band.

Mansfelder Mulde

Sangerhauser Mulde

& Wimmelburger Typ @ Ottoschachter Typ 4Q Schachtanlage in Betrieb % Schachtanlage verwahrt

Schachtanlagen im Zusammenhang mit Schiotten (vgl. auch Abb. 1b)

Schachtanlagen in Betrieb (Lausitzer und Mitteldeutsche Bergbau-Verwaltungsgesellschaft mbH, Bereich Kali-Spat-Erz): Baue r, S . €
A - Schacht Junger Adolph, B - Réhrig, C - Schéchte W und T, D - Freiesleben II, E - Lichtloch 20 Z

Schachtanlagen verwahrt: F - Hermann, G - Erdmann, H - Otto, | - Segen-Gottes (Otto-Helm), J - Martins, K - Clotilde (Max-Lademann), L - Schmid, M - Ernst (Walter-Schneider),
N - Graf Hohenthal (Hans-Seidel), O - Lichtloch 81, P - Zirkel, Q - Vitzthum (Ernst-Thalmann), R - Eduard, S - Zimmermann, T - Paul (Otto-Brosowski), U - Wolf (Fortschritt 1, V - Dittrich (Fortschritt 1)

Lal., 2021

Abb. 1c: Schlotten im Sangerhiuser Revier und in der Mansfelder Mulde, Grafik: Sven Bauer & Michael K. Brust.
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With the decrease of gypsum from REA
scrubbers, the destruction rate even increases
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» The South-Harz Gypsum-karst is only protected to a small extent.

= A 600 ha-large area is preserved as Hainholz-Beierstein Gypsum-Landscape
In Lower Saxony (State of Niedersachsen).

» FFH-Areas are protected in all three respective Federal States.

» In the same State, a Biosphere-Reserve was founded, the only one on
sulfate karst, world-wide (www.bioreskarstsuedharz.de).

» In Thuringia (State of Thiuringen) the gypsum karst has the least protective
status.

» Supposedly, State and Federal Administrations assume that the ,,Schlotten®
are under protection (UNB, UDB, Hydrological and Geological Surveys).

» What about World-Heritage: Guidelines 4 and 9 (IUCN 1997) +
Recommendation 4 (IUCN 2008): “States Parties whose territories include
karst terrains situated on evaporite rocks should consider the potential of
their sites for natural World Heritage recognition.”
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