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USE OF CAVE-MAPS FOR TECTONIC SURVEYS

Franz Jaskolla®, Peter Volk®~

ABSTREACT

Resules af the author's investigations show the useful application of cave-map-data for
CECTCITI LSSESSTIE T

Consiclering speleclopical features, cave genesis, and structueal differences, o s possi-
ble to selec of the cave map's pattern various jointing and scress svstems. By 7 selected cave
maps, representing areas of different weeronic history (W-Germay, Austria and Swiczer-
land ] it will be demanserated that three types of kinematic joint-systems can be identified
ifundamental, orthoponal- febd- and shear-syseem).

Therefore, tectonic models are expected o become more valuable. 1t muose be sared
that future tectonic investigations in karst-arcas should include the additional use of cave
maps.

1. INTROQDUCTION

Basing on extensive activities of private people and organisations, a
broad and detailed knowledge on the course and construction of nume-
rous caves throughout different karstic regions 1s existent,

Although very impartant basic information are collected, often the
naturale scicnces neplect them as something like "hobbyscience” — a
fact, which is proven by literature. specially in geology.

Nevertheless, derailed surveys of caves and numerous descriptions on
the siruation of passages can be applicd advantageous as an additional in.
formation source (BAYER, 1985}
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With this presentation, we want to demonstrate the relationship of
mapped passage traces and tectonic elements and the impact specially on
microtectonics. Starting point is an investigation of VOLK (1982) which
outhnes the improvement for microtectonic models considening measure-
ments of joines in cave systems.

2. FUNDAMENTALS

2,1. THE DEVELOPMENT OF ENDOKARST (BOGLL, 1978)

Karstphenomena are an essential and unique characcerisoe of all car-
bonate rocks. Fundamenually, the genesis of caves within endokarsc is de-
pending on the intensive solubility of carbonate in presence of acidulated
water and an extensive jointing { TRIMMEL, 1968),

2.1.2, PHREATIC STAGE

Corrosion 15 the most active process under phreatic conditions {rock
formation is beneath the karst water table) if vugs or capillary acoive planes
are existent (BOGLI, 1978).
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Speetal significance has wo be pur to the mixing corrosion which ap-
pears at intersections of planes keeping different andulated waters; there-
by agressive €O, is nascent and enables again solution of carbonares
(HOLTING, 1980, see fig. 2).

Mixing corrosion is the most important fundamental w0 explain the
telation-ship of passage traces and tectome elements.

2.1.2. VADOSE 5TAGE

Vadose conditions appear if the water table declines leaving iniual ca-
vities. Processcs at this stape are characterized by normal corrosion and ero-
sion of subsurface flows. Sintering is another important phenomenon.

TRIMMEL (1968) demonstrated, that the intensity of sinter deposits
is increased within highly jointed zones; chis fact, again, can be used for
rectonic iNvestigations.

2.1.% COLLAPSE

This desintegration stage characterizes a final step in the develop-
ment of cave systems (BOGLI, 1978). Of course, the suitability of those
areas for the task in mind is decreased.

Fig. 1 summarnizes the appearance of sedimentary and tecronic planes
in caviry crosscues with respect to the evolution stage.

Fig 20 Developement ol elliptical shaped passages due to mixing-corrosion an isteisecpens i1l jotnr
e, O3 L0 and bedding plane feonc, GO, (20
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2.1.4. THE GENESIS OF PASSAGES - BASIC CONSIDERATIONS

As it was sketched before, most of the caves are originared and con-
trolled by tectonics, Concerning the network caverns, however, a genesis
by bedding planes was supposed withour any influcnce of tectonic planes
(BOGLI, 1978).

Burt consideting wypical cross secnions (e.g. Breathing Cave and Hal-
loch, see fig. 18 and 199 and cavity crosscuts {BOGLL, 1978, p. 280, plate
3]. a crucial influence of tectonic elements can be postulated. A strongly
marked orthogonal pattern, elliptic crosscuts and very long plane passages
underline this supposition. A considerable influence has the already men-
tioned mixing corrosion (fig. 2).

By this model, also the genesis of large caves can be explained raking
into account the face, that faults and lineaments mostly represent broad
zones with intensely deformed and jointed rock complexes (JASKOLLA,
1978). Schemarically, this is demonsterated by fig. 3. The solution of the
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rersectinns of hedding planeds) eod jainr- and faule seeanms,
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catbonate starts within small, mostly lincar zones {phase 1) which leads
summarizing, o large caves {phase 11); characteristically they show turbo-
lent walls with small slightly curved elements (BOGLI, 1978). In this fra-
mewark, joints must not be splitted apen bur can also represent planes
able for capillary migration (BOGLI, 1978, MURAWSKI, 1969},

The background of such a development concerning vadose corrosion
was investigated mathemadically by FRANKE (rct. TREIBS, 1962). Al-
though he wanted to line our climatical influence and changes on the de-
velopment of caves, his results support our model significantly.

By this extension on the genesis of caves results an additional basis for
the correlation of passage traces and tectonic strucrures. Therefore, it is
possible to use most passage traces as indicarors for tectonical structures,

2.2, SOME FUNDAMENTALS ON MICROTECTONICS

In this presentation it is neither possible or necessary, to discuss in de-
tail the fundamentals and problems of microtectonics.

Nevertheless some indispensable explanauons for the understanding
of the follovwing demonstration of examples have to be premised.

It was SANDER (1948) who defined the theorical basis by his cogni-
tion, geometric structure of a jointed rock reflects the physical forces acting
on this body, Untill now, this fundamental consideration was verified de.
ductively by manifold investigations {e.g, ADLER, 1970; SMOLKA 1977,
JASKOLLA, 1976, 1578).

Summarizing the results, the following joint system can be distingui-
shed specially when considering carbonate rocks:

o Orthogonal System (BOCK, 1980)

This typc has to appear within all carbonare rocks because it 18 caused
by diagenctic processes. Significantly two swarms of + orthogonal joints
are existent, differentiated by their degree of regulation. If shear joines can
be observed, they have to be explained by a superimposed stress (e g. fol-
ding).

o B-oriented jointed system

If a horizontal compressive stress 15 acting on layered rocks, folds will
be originated. Wich respect ro the intensivity 1n time and space also typical
joints will results. They show a distinet orientaton towards the regional B
axis. Besides ''parting ruprures’ shear joints are generated which enables
a charactensation of folds.
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o Joint systemn related o faults

Mainly, there are three reasons respansable for such a joint system

- the compressive stressacting on a rock is exceeding the mechanical boun-
daries of folding;

- the compressive stress is acting on non-layered, massive rocks;

- dilatation steess is acting on rocks.

Again 'parting ruptures’' and shear joines will be generated.

It is obvious, that these types may be superimposed on an intensively
stressed area - a fact which can impede the association of joint systems si-
gmificantly. Considering some criterions (e.g. statsucal data collection and
preparation, synoptic interpretation), however, these problems can be mi-
nimized.

2.3 DATA COLLECTION AND PREPARATION

To fullfill the rask in mind, it was necessary, 1o select cave maps
which realize the following requitements;
- sufficient accuracy of a survey must be guaranted;
- detailed crosscut and cross sections have to be available:
- the selected cave maps should represent areas with different tectonic eva-
luation.

cxamples for pasape-traces,
interpreted as joinks
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Fig. 4: Parr of & cave plan [Binghohle, frink. Hohlenkaraster © 15, Anfnabme . Cramer, 1937,
L938) [ demenstration of passage rraces and joints
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In the framework of our investigations the following experiences

could be gathered which are fundamental for an efficient application of
cave maps for tectonic investigations

the association of passages and rtectonics depends on the quality of sut-
vey and the descripuon of cave systms; an increasing accuracy enlarges
the applicability significandly;

- crossing traces of joints ot fractures can be interpreted, if the cross sec-
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ton of passages shows salients on both sides of the walls (see fig. 4);

a passage 15 indicated as a tectonic element by plane walls;

1isohpsal contours and their vanations are important indicators of tecto-
mic planes (fig. 5); sccondary formations (sinter deposits, cave sedi-
ments, incasion} have to be considered;

a separated evaluation due to the different zones in a cave (phreatic
-phreatic-vadose - vadose) is necessary;

the following parts of active maps arc not usable: spiral passages (Ger-
man: “‘Schneckenginge''), meandering canyons and broad regularly
curved passages: due to isotropic large-scale jointing and vadose erosive
processes, the tecronic onigin is ebliterated;
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Fir. 4 Examnple for the impormance of sohypsal conrours ina cave plan (Lamprechesofen, Kal ar

Lizdv L, Hohleaplan BL. 4, Griginalplan nach KLAPPACHER eoal., 1976) Mote: Lampreche-
sdom (hy,; - 117m above encrance] and Sreinbachklamm b, + 88m) are bownd 10 ane faalr
plane. Stitke and dip can be taken approcimanely from the conrour lines wichin the Lam-
prrec hisdnm
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PERTPHERAL IPARTS 1 TO VIIT
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DUE TO DESINTEGRATION

Fig. G: Example fur uousable, g desiniegrzeed cavities from che Geisloch (Frink. Hishlenkaraster ¢
38, Aufnahme DAUM vl i SPOCEER, 1980),

- m addition, big desintegrated cavites are not stadsocally usable, al-
though they mostly are situated at points of intersection of faulis (BO-
GLI, 1978, fig. 6).

Considering these criterions we generated maps contining linea-
ments; they refer o interpreted passage traces and represent the strike of
tectonic planes,

Statistical preparation of the dara was carried out using the facilitics
(hatd.and software) available at the Department of Photogeology and Re-
mote Sensing at the [nsutuce for General and Applied Geology, Universi-
ty of Munich (HENKEL, 1982).

The following rosc diagrams were produced:

- number of lincaments per steiking sector (10° )

- total length of lineaments per suiking sector (10°);

- mean length of lineaments per striking sector {10°);

{ratio of number and toral length of lincaments).

Basing on these diagrams, tectonic stress system could be interpreted

with additional information (description of cave systems, surface geology),
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3. THE APPLICABILITY OF CAVE MAPS FOR TECTONIC INVESTI-
GATIONS - SOME SELECTED EXAMPLES

With eespect to the basic joint systems described in chaprer 2,2, cor-
responding examples of existing cave maps were sclected, Their location is
indicated by fig. 7.

- Orthogonal system: Geisloch near Streitherg /NE Bavaria
Schiinseein - und Brunnsteinhihle near Streitberg/ NE Bavaria
- B-oriented system: Schliisselloch near Chiemnsee/S Bavaria
Frickenhéhile near Garmisch-Partenkirchen/S Bavaria
- Systemn related to faults: Angerlloch near Walchensee/S Bavaria
- Complex system: Lamprechesofen near Lofer! Austria
Hilhach/ $witzerland,

E] o

:1"*-_|_ __ ’ __ — -

| |
| ]
f .
i
| o |
.
L - §FT
ST E R |
; .
- Frophiurl D - ]
1,1
" £
ki
b | = ";:- |
“ J BRI Hurnbarg
. | .
- :
Jf “I
! -|.. - -
e | fo ]
= 2 | Miznchan wr
= v
& 4_'_ e & £ J_ ==
= ik B 21 otahbur
1
£ om0 e 3T
Kl | T A JI-""-""’ L
- Lo |
‘vl 1
- . IIL\‘
|.l L ol l;'_‘_r\“ e
A |
oo
i | |
gt _I_ =
[
Fig 7: Pusitaen ol -vaves, nvestigated an thas paper | = Geiloch, 2 = Schinstein.

vadbmhinsieinhible, 3 = Schlassellochhihle, 4 = Frickenhihle, % = Angerlloch,
& = Lamiprechescten. 7 = Halloch.
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3 1. THE ORTHOGONAL SYSTEM

With an area of about 6.400 km?, the "'Frinkische Alb'" represent
the largest connected karst-surface of F.R.G. Flat-lying carbonarte rocks of
upper jurassic age offer ideal conditions for development of endo- and
exo-katst. Intersected only by a few significant faules, the series are undi-
sturbed. 1n addition, suitable results of detailed cave surveys are available.
The occurence of the orthogonal system can be demonstrated excellent on
TTIET Cave.

3.1.1. THE GEISLOCH NEAR STREITBERG/NE BAVARIA

The cave best surveyed in cthe *'Friinkische Alb'' is the Geisloch (Fran-
conian cave cadester, No. ¢ 58). It is running within nearly honzontal laye.
red reef carbonates (dolomites) of tithonian age (Malm E, MAYER, 1972},

The existing cave map (DAUM in: SPOCKER, 1980} was publisched
i 1972 an shows up two nearly vertical passage system. The derailed eva-
luation of the passage traces and their statistical presentation confirm this
tirst impression, Significant maxima of lineamencs appear at 30° and, wich
an evident dispersion, berween 110° and 150° (fig. 8).
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Fig. & Statiowal disrihucion:
lengrh of passage rraces per striking seccof in the Ceasloch.
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Fig. 9 Cave plan and mapped pasageasces feomoabe Schanstem - and Bronnsteanhahle (Fink.
Hahlenkatastes o210, Plan von THAMM, 1058),

Taking into account the fundamentals of microtectonics, an impro-
ved interpretation is enable. While former authors (KREUMBECK, 1956)
connected joints in this area with the few, regional important faules, the
application of an orchogonal joint system (BOCK, 1980) results in a more
sophistcared Interprecation. A primaty joint set representing 3 scrikes ac
about 307 is accompanied by a swarm of secondary joints representing
This swarm is characterized by a high dispersion and relatively shore sun-
king lenghts due to the origin by stress inversion.

3.1.2. S5CHONSTEIN - UND BRUNNENSTEINHOHLE NEAR
STREITBERG/NE BAVARIA

A few kilometers from the Gewsloch, on the slopes of the Wicsent
Valley, different cave system are located. They are described as ''caves of
the lower level'”, which indicate as well the location of che mouch as the
stratigraphic position within Malm B carbonates. For the demonstration of
the smitability for tecronical analysis, the Schinstein - und Brunnsteinhile
was selected (fig. 9). Obviously cave map and interprered lincamencs (as
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traces of joints) offer anc orthogonal passage pattern, which coincides su-
prisingly with the results obtained and described by BOCK (1980).

This prehiminary interpretation has to be relatived by use of stauistical di-
stribition of the number of evaluated lineaments (fig. 10}, Two aspects ha-
ve to be discussed comparing the results of the intorprecation of the Gel-
sloch:

- the differences of the orientation of the maxima and

- the angle of abour 70* berween the two maxima,

Concerning the last. rheological paramerers of the chin-stratified car-
bonates may be responsable, expressing increased incompetent behaviour,
The deviation of the strike direction, however, refleces differences in the
stratigraphic development. MEYER (1972, 1974) proves, that due to facies
differentation an orientation of the delomit reefs of Malm B of approx.
[7(* has o be suspeceed. The intecpretation of this situation coables a
cotrelation of the principle stress component 1 parallel to this stratigraphic
boundary. Schematically, this reflection is demonstrated by fig. 11.

Interpreting the rose diagram of fig. 10 in this sense, again a typical
orthogonal joint system is obvious.

Beginning with Malm B (MEYER, 1974} a facies boundary near
Streitherg can be observed, which follows a ditection of about 307 and is
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active until early cretaccous, Again an orientation of the principle stress
componcnt | parallel to this direction can be suspeceed - a fact already pro-
ven by the resules of the intetpretation of the data the Geisloch (fig, 8).

The evaluation of the ““Frinkische Alb'' dara finally have claborated
[WO A5pects:
- cave maps. respectively the trices of passhge are suitable to describe the
arientation of the orthogonal joint systern;
- deviations can be explained, taking mto account additional resules of de-
tailed geological investigations.

3.2. B-ORIENTED JOINT SYSTEM
3.2.1. SCHLUSSELLOCH

The mouth of the cave system ““Schliisselloch™ opens 1.274 m mean
sealevel in the heawily karsted peneplain of the Laubenstein-Riesenberg
area near Aschau/Chigmgau, Surveyes have outlined 1.400 m of passages
with a depth of 150 m and a horizontale extend over 220 m, completely
within the well corrosionable Dogge limestone. This reddish formation
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build up by numerous erinoids, 1s heavily bedded and shows enormous re-
sidua of undilateable cliys.

The Luubenstein area is part of the so called Norchern Synclinorium
within the Lechral-nappe {TOLLMANN, 1976). Triassic and jurassic sedi-
ments of different lithology have undergone a severe folding. Single folds
are often displayed by B-parallel chrust faules und sinistral serike ship faults
(FISCHER, 1962, LANGE, 1902, VOLK, 1982}, The cave's entrance is
placed in the northern limb of a subordinate syncline of the synclinorium
and its most distant parts run perpendicular to B inte the hypochetical syn-
cline core.

All passages show fracture bound origin and this allows a separation
of the cave map's structures into two different zones (CRAMER & TRIL-
LER in TREIBS. 1962} Basing on detailed tectonic surveys, VOLK {1982)
stated a specific supecpasition of folding phases for the main cave body,
but a more regular patcern of surtace near passages { phreatic created survey
area west, fig. 12a). In this case, statistically unsignificanc distribucions are
caused by a superposition of orthogonal and B-oricnted fracture patterns.
In oppasite, the most distant cavices show preferred directions, partly due
to selective erosion (130" ) and younger, big faule planes (170°), {fig. 12b),
Speaially their intersections were impornant for development of volumi.
nous cavities, which are clearly bound to tectonically deranged rock. It
seems that strong folding didn’t create many new joints and associate
taults. Tectonic movemnents during a main phase of folding reactvated
mastly the older, orthogonul system and subsequentdy rotated “tectonic
blacks ™ within the carbonate bady.

3.2.2, FRICKENHOLE

The source ""Kuhflucht'' appears at 1.150 m mean sealevel near the
western descent of the Estergebirge 1o the Laisach Valley. It drains nearly
the entire alpine karst plain strerching eastwaeds 1o the small lake Wildsee.
Only 100 m higher, the mouth of the Frickenhdle (s stituated at a steep
slope, Cave length is more than 2.4 ko with a verrtical range of 57 m. All
passages in the distane parts are hydrological active and mainly the *"Styx"
tributes mast of its water to the Kuhflucht., The cave system 15 developed
in well bedded uppertriassic limestone (Plattenkalk) berween a dolomuric
(Hauprdolonut) and 4 more shaly cacbonate layer {Kissener Schicheen),
They are arranged in a syncline, B-suriking 60° and dipping slowly to the
SWO(JASKOLLA, 1973), Different resistance to corrosion make the
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Plattenkalk-Hauptdolomit interface an acquiclud. All water penetrating
from the surface is pathered and flows towards the hydrological niveau of
the Loisach. Dramage is completely controlled by the synchne structure
and the dipping axis (WROBEL, 1970).

Due to the geological and hydrologixal condtions cave genesis was
heavily affected by intersections of the B-oriented fracture system and bed-
ding planes. Erosion in the B-parallel drainage system widened the initial
cavities and grew to the dominant factor in the cave's history. So, nearly all
passages show a convineing vadose shape; phreatic forms are rare and limi-
ted 1o a few places near the cotrance.

Additionally recent landslips have created some so called "*Urhohl-
riume’’, initial cavities according to LEHMANN (1932}, They are in a
sutface-near position and extended recently by vadose and corcosive forces.

Distributions of passage traces from the cave map identified clearly B
and Loisach-fault-paralle] fracrutes (fig. 13a), Number and length of map-
ped lineaments (fig. 13a and b) show two maxima in the 70° and 307 sec-
tor, pointng out the different imporrance of B- and Loisach parallel pla-
nes for cavity genesis, Minor accumulations are due to B associated shear
joints. partly reactivated by the later Loisach faults. All significant tectonic
directions obtainable in the field are discernible from chis diagrams, de-
monstrating not only their qualitative distribution, but alse nature in dif-
ferentiation between long and short traces. An orthogonal joint pattern is
not detecable; the selective and dominant featurs of erosion have superim.-
posed them completely,

Summarizing, the cave map with its typical vadose erosive pattern is
best suited w give an impression of young tectonic events but not to ob-
tain sedimenrary joint parterns.

3.3, JOINT SYSTEMS RELATED TO FAULTS
4.3.1. ANGERLLOCH

The ""Angerlloch’ is surveyed to only 600 m lenght at 40 m heighe in
total and opens 2 km SSW of the Walchensee in the western slope of the
Obernach Valley. A map was constructed in 1971 by TRILLER & VATER
in DOBEN (1976, fig. 14), Situated at the castern edge of the Estergebir-
ge, this cave is a further witness of strong karst influence on Plattenkalk
within the Bavarian Synclinorium, In opposite to Frickenhdhle it 15 domi-
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nated by fault-onented passage patcerns. Sinistral, NE-striking strike slip
faults, so called **Kesselbergstrungen'' casily mappable on the surface,
are a major factor.

The cave map (fig. 14) shows up three main passage directions, all ha-
ving typical joint — and fault-bound crosscurs. Most obvious are linea-
ments striking 307, sometimes changing in 0°; they are connected by li-
neaments at 150°. Statisticul evaluation (fig. 15) identifics Kesselberg pa-
rallel features as a major, fault originated fracture swatm in this arca (30°-
407, 20 % of all measurements). An absolute maximum (0°, 18 % ) seems
o represent an assymetoe hkd-cluscer associated with the main fanlts and
both together give a good example of a Loisach fault patcern (sinistral stri-
ke, At 150° some passages are conjugated to the ""Ammer’” lineaments
(dextral serike),

Also this diagrams integrace all regional important tectonical linea.
ments as joint- and faule cluseers.

d

Home selecbed cross cuks

m
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n

Fig. 14: Cave plan of Aogerlloch (Kat o 127000, Verein [ Hohlenkunde Minchen, Aufnzhme
TRILLER . WATEKR, 1971) Typical pattern of o fault hound passage setem,
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3.4, HUGE CAVE SYSTEMS OF COMPLEX GENESIS (KOMPLEXE
RIESENHOHLEN)

.41, LAMPRECHTSOFEN

All recently invesugated parts of the Lamprechisofen (LAD) and
other hydrological connected caves as Wieserloch, Rothshle, Riesenkogel-
schlacht are developed in the northern roof of the Leoganger Seeinberge
(Salzburger Land, Austria).

Neatly the entire surrounding mountains are subterrancously drained
by a network of canyons and piczometric tubes, sometimes appearing in
the LAO, Thick uppertriassic carbonate sequence [Dachsteinkalk and
-dolomit) build up a deeply corroded karstic terrain. Near the cave system
they are arranged in a N-dipping anoicline. Fluge N-5- suiking and steeply
dipping fault planes displace the stratigraphical boundary dolomi.
te/limestone, KLAPPACHER & KNAPZYK {1977) found other tectonic
imporeant directions: N -SE, NE-SW, E-W. As rouch us 90% of passages
and cavities are judged as bound to fractures, expressing the absence of
bedding planes within the massive carbonates.

Basis of the research was a map of KLAPPACHER & KNAPZYK
(1977). Summed up o more than 12.7 km length, LAO represents a type
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of alpine caves, characterized best as huge cave systems of complexe origin.
From this follows, te be cautious in the discussion of their tectonics (ref.
2.3}, In terms of stacistics a scparation 1s possible inwo two genetical groups
by field obscreations:
— old and inactive upper levels, mostly phreatic, extending in several
HUU]‘S H}Ji]‘r'f.: "]"I{: rtll'tfnl'l}' H.(.:‘[.[\'": h}'l']r(]]ﬂg]‘(:ﬂ] liik'EHU:
relatively young vadose-phreatic and vadose-erosive pars, influenced
by the recent karst warter level,

Despite of some restrictions (ref. 2.3.), all vadose-erosive overprinted
parts of this system were included in the investigations, because detailed
additional field information from KLAPPACHER & KNAPZYK {1977)
and own research was available. Two different parterns are 1o discriminate.
Phreatic upper levels are chatacterized by a typical orthogonal joint system
(50°/140°. fig. 16). In the length/sector diagram additional faults are o
recognize at 160°, The recently active lower floors (fig, 17) don't show a
orthogonal pattern, but the dominance of the voungest, 10° suiking
Faults.

Thanks to rectonic surveys 1n some northerly situated and similar
structured carbonate masses (BODECHTEL et al, 1982a; BODECHTEL et
al., 1982b; VOLK, 1982) the N-5 linears can be identified as very voung
normal faults of an alpine dilatation phase. This is conform to fresh poli-
shed surfaces obscrved on the central fault in the cave, Maxima at 150°-
1607 obviously are used as drainage tunnels and perhaps over-represented.
They outline the shortest passages for penetrating water from the anicli-
nal’s centre 1o the hydrological base, approximately parallel o B,

3.4.2, HOLLOCH

Inside the helvetian nappes of the “'Schwyzer Kalkalpen'
(Vierwaldscirrersee ! Switzerland) spread one of the most dendritic and
best investigated cave systems. About 110 km lengeh (1971) and rotal
height of 740 m make an incegrating consideration of all rectonic pheno-
mena problematic.

It develops in the heavily karsted cretaceous limestone of the ' Axen-
decke''. The cave vertically cross ““Drusbergschichten™ ar che bottom,
""Schraccenkalk™ and at its roof enters the "“Secwerkalk”’ . Some passages
to upper levels even cut a minor nappe of the Axendecke.

Here, BOGLI started basic rescarch about speleological processes and
their karst-hvdrological meaning. He also published a derailed monogra-
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phy of the Hilloch {1971).

The tectonie framework is outlined and M-S striking faults are deli-
neated. He found a different scructure of upper and lower levels: an hy-
drological jointbound upper floors, phreanic and inactive (fig. 19).

Similar to LAQ, statistics of passage traces from upper levels implicarte
the phreatic arigin due o the primary, orthogonal joint pattern (fig, 28).
80° appart, two cluscer stand for che genetically oldest plancs. The
length{sector diagram intensifies an absolute 0° -maximum meaning a
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few but extended faults. Passages in lower floors show an extremely deve-
loped 0 -direction, representing 1 good correlation with BOGLI's results,
Undoubtless they are mostly vertical, big-scale faults with unknown ten-

510

n parameters. All other dircctions are of minor importance.
The last two examples demonstrate the ability of cave maps even from

huge and complexe systems, to be used for tectonic surveys, if themaric
processed Hefore a statistical treavment.

i

[

th

L5

CONCLUSION

Qur presentation intends to demonstrate the suitabilicy of cave maps
SUpPOLL [ectofic Investigations.
Fundamental requirements for this were:

the availibiliey of detailled and accuraee cave maps; fortunately, this is
cuaranteed by the important acitvities af many "hobby spelealogises™
within large arcas:
the solution of many speleclogival problems by BOGLI and TRIM-
MEL: '

nereased undn::rstandjng of the fundamencals of microtectonics and
their enlarged applicability:

impraved possibilities of statistical data processing and presentation;

last not least, the excension on the genesis of caves as it is proposed wi-
thin this presentation, is of upmeost importance. [t was possible ro de-
maonstrate that joint sets or fault zones are also responsible for the ge-
nesis of passages. Therefore, elliprical shaped passages like those of
“network caverns'' can be interpreted as bound to tectonic structures,
o, though directelly no tectonic plane is evident,

Nevertheless, the interpretation of cave maps has to take into account
tollowing aspects

tvpe of rock and stratification (e g. dolomit - limestone, mussive laye.

red);

the genesis of a cave and its current stage {phreatic - vadose - crosive)
and

secondary eftecrs {c.g. sintering, incasion, cave deposits).
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Although single examples stress out the significant influence of su-
perposition of speleo-morphelogic and tectonic features, it can be stated,
that existing cave maps can support the selection of relevant fabric patterns
and therefore tectonical investigations as a whole, Additional aspects can
be obtained in transferring this conclusions to ocher disciplines as saentific
spelealogy and especially hydrogeology. Since water supply is a difficult
item in karstic arcas. preferred joint-watcr bodies mughe be detectable by
apphication of some ideas stared,

EURAFASSLNG

Dhe Ergebnisse nachstehender Uniersuchungen zeigen, dalh die Informazionen s
Hishleaplinen wekromsche Echebungen nurzbongend untersetzen kinnen.

Unter Bericksclnipung des spelenlegischen Formenschatees, der Hihlenpenese und
sedimenrologischer und struktureller Besonderheiten st dic Ansprache von Tienntlichen-
systemen aus der Yerteilung von Gangspuren misglich. Anhand von 7 ausgewsihleen PLi-
nen von Hilen in rekrondschunierschiedlich gepripren Gebieten wird demonserient, dafi
die drei Haupteypen van Klufipefitgen | Foundamentales, faltungs-und stiningspebunde:
nes Gelige) identifiziers werden kdnnen.

Es ist somit eine Aussapeverbesserung tekonischer Modelle zu erwarten, weshalb die
zusitzliche Verwendung von Hihlenplinen in dhnlchen Untersuchungen an anderen Oh-
jekren emplehlenswern st
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