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Orthogonal jointing in sandstone ï possible causes 

JiŚ² Adamoviļ
1)
, Miroslav Coubal

1)
 

1)
Institute of Geology of the CAS, v.v.i., Czech Republic, adamovic@gli.cas.cz, coubal@gli.cas.cz 

1. Introduction 

Joints in sedimentary rocks usually have a uniform strike (systematic joints), and mostly bear signs of tensional stress. They 

are interpreted to form perpendicular to the direction of minimum principal stress (ů3 axis) of the stress ellipsoid. 

Orthogonal joint systems, combining two sets of subvertical joints meeting at almost right angles, are relatively common in 

flat-lying sandstone bodies. 

2. Distribution of the phenomenon 

Orthogonal joint patterns are frequently met worldwide, especially in platform regions in the proximity of orogenic belts. In 

sandstone landscapes, they give rise to some of the most complex topographies on Earth. Although classical examples of 

ruiniform landscapes have been reported from western and central Sahara, they are surpassed by vast areas of sandstone 

ñtower karstò in northern Australia or the Danxia-style landscapes in China. Orthogonal jointing is perfectly developed over 

large areas of the Colorado Plateau in SE Utah, with rugged relief with pillars, pinnacles and needles locally well developed 

in Permian and Jurassic sandstones in the Canyonlands National Park and Arches National Park. The Bohemian Cretaceous 

Basin in the Czech Republic, Germany and Poland displays sandstone ñrock citiesò of smaller extent but large variety, with 

both ladder and grid patterns of orthogonal joints well represented.  

3. Possible mechanisms of origin 

Formation of strictly orthogonal joint systems is problematic because each of the sets should form perpendicular to the 

minimum horizontal stress. A consecutive growth/opening of the two sets would therefore imply progressive rotation of the 

stress ellipsoid by 90Á. A more plausible scenario is switching of ů2 and ů3 axes of the stress ellipsoid with ů1 orientated 

vertically, leading to alternate opening of the two joint sets (Dunne and North 1990). 

Several models can be suggested for the origin of orthogonal joint systems in sandstone based on a literature review (1ï3) 

and our previous experience (4ï5): 

1. a switch between ů2 and ů3 due to stress release on newly formed fractures (Caputo 1995) 

2. a switch between ů2 and ů3 due to stress release along a shallow-formed neotectonic normal fault (Stewart and Hancock 

1990) 

3. repeated rapid switching between ů2 and ů3 during waning compression in the foreland of thrust faults (Dunne and 

North 1990) 

4. simultaneous growth of joints of the two sets due to updoming of the sandstone body, resulting from magmatic activity 

or salt diapirism 

5. abutment of flexure-induced fractures parallel to fold axis by transverse fractures during neotectonic uplift 

4. Example from the Bohemian Massif: BludiġtŊ Rock City 

The BludiġtŊ rock city and its surroundings were subjected to analysis of topographic data and detailed geological mapping, 

tectonic measurements and paleostress analysis, and surface geomagnetic survey.The BludiġtŊ rock city is a relatively small 

(150 by 200 m) area in the Jizera Formation sandstone to the NW of Mġeno, with tens of rock pillars 10ï20 m in height. 

One of the sets of subvertical joints strikes 8ï20Á, and occasionally shows relative subsidence of western blocks by 0.2ï1 m. 

It is subparallel to, and genetically associated with, a fault zone lying immediately to the NW (strike 30Á) marking the NW 

limit of the uplifted Brusn® Block (Adamoviļ and Coubal, 2012). Joints of this set are straight and continuous over tens of 

metres. The other set of subvertical joints strikes 139ï150Á, with occasionally subsided NE blocks (by only 0.1ï0.2 m). 

Joints of this set right-laterally offset the joints of the first set but terminate at them at other places, which accounts for a 

repeated activation of NïS-striking joints. Joints of all strikes are dilated by 1ï2 m and show no clear kinematic indicators. 
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Fig. 1a. An aerial photo of the Skaln² ostrov district, 

Teplice rock city near Adrġpach. Source: www.mapy.cz. 

Fig. 1b. A satellite photo of the northern Chesler Park 

area, Needles District of the Canyonlands NP, Utah. 

Source: GoogleEarth. 

As revealed by tectonic measurements and altitude correlation of a reference conglomerate bed, the rock city lies on the 

northern slope of a structural dome forming the core of the uplifted Brusn® Block. The dome centre coincides with the 

topographic elevation ñNa rovin§chò at Romanov where a number of basaltic dykes and small-scale NïS- to NEïSW-

elongated grabens were found. In 2010, a phonolitic body was exposed here in a trench for a water-main piping. Updoming 

by the phonolite body is the best explanation for the multi-direction extension in the overlying sandstone strata including the 

dilation of joint sets of different strikes and mechanisms of formation. 

5. Conclusions 

The BludiġtŊ rock city is an example of a ruiniform relief controlled by the presence of two subvertical joint sets meeting at 

an angle of 60ï80Á. Joint initiation could have occurred under different paleostress fields. As suggested by strike-slip 

activation of the NWïSE joints, at least some of the fields had a near-horizontal ů1 axis. Subsequent joint propagation was 

probably governed by a different paleostress regime with a near-vertical ů1, associated with the intrusion of phonolitic 

magma and updoming. Switches of ů2 and ů3 axes allowed for an alternate opening of joints of different orientations, 

normal faulting and graben formation.  

Our study shows that two stages should be distinguished in the evolution of orthogonal fracture systems: 1. formation of 

incipient (micro)fractures, 2. their further growth and opening. These stages are governed by different physical factors, 

could have occurred under different stress conditions and could have been separated from each other in time. Updoming of 

the sandstone body as the process controlling the formation of orthogonal fracture systems, although not given appropriate 

attention in the literature (cf. Al-Fahmi et al., 2014), may be of particular importance where the sandstone bodies are 

underlain by massive volcanic intrusions or by salt diapirs. It may be of equal importance as unloading and rapid uplift and 

erosion in tectonically active areas, as suggested by, e.g., Hancock and Engelder (1989). 

 

Acknowledgment: Study was financed within grant 13-28040S of the Czech Sci. Foundation. 
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Pseudokarst Caves in Active Tectonic Zone of Mur-M¿rz Fault (Eastern Alps) 

Ivo BaroŔ
1)
, Lukas Plan

1)
, Bernhard Grasemann

2)
, Ivanka MitroviǙ

1,2)
, and Gerhard Winkler

3)
 

1)
 Karst and Cave Group, Natural History Museum, Burgring 7, 1030 Vienna, Austria, ivo.baron@nhm-wien.ac.at, 

lukas.plan@nhm-wien.ac.at 
2)
 Department of Geodynamics and Sedimentology, University of Vienna, Althanstrasse 14, 1090 Vienna, Austria, 

bernhard.grasemann@univie.ac.at, ivanka.mitrovic@univie.ac.at 
3
 Ungarfeldgasse 10, 2721 Bad Fischau-Brunn, Austria 

Pseudokarst caves in the Eastern Alps are yet rather omitted phenomena, as more attractive ones are numerous and much 

longer karst caves occurring in large limestone areas. However, during our study of active-tectonic features in caves of the 

Easter Alps in the frame of the FWF project P25884-N29 SPELEOTECT (http://www.nhm-wien.ac.at/speleotect_EN) we 

realized that pseudokarst caves are common features in our target area adjacent to the active tectonic zone of Mur-M¿rz 

fault. Some of them have even been interpreted as of only karst origin. In this contribution we exemplify different types of 

pseudokarst caves in this area, such as the Eisenstein Cave (2341 m long and  87 m deep, Bad Fischau), the Pottschach 

Crevice (61 m long and 14 m deep, Ternitz), Bªrenkogel Cave I. (300 m long and 45 m deep, Langenwang) and crevices at 

Pinkakogel (Semmering). By using speleological and structural-geological approaches, analysis of 1-m resolution digital 

terrain models and infrared thermography, we discuss their evolution with respect to local geology, gravitational slope 

failures and indirectly also to active-tectonic processes. 

 

Sandstone landforms: Effects of loading stress on spatial distribution and rates of erosion 

Bruthans JiŚ²
1)
, řihoġek Jaroslav

2) 

1)
Faculty of Science, Charles University in Prague, bruthans@natur.cuni.cz 

2)
Faculty of Science, Charles University in Prague, rihosekjaroslav@gmail.com 

Abstract 

Weathering and erosion of sandstone produces spectacular landforms such as arches, alcoves, pedestal rocks and pillars. 

The effect of gravity loading stress has been overlookedor assumed to increase the landformôs weathering rate. Here we 

show by physical and numerical modeling, and field observations of locked sands and sandstones that an increase in stress 

within the landform reduces weathering and erosion. Material with insufficient loading is rapidly removed by weathering 

process and the remaining load bearing landform structure is protected by the fabric interlocking mechanism. As the 

landform evolves the increased stress inhibits erosion from raindrop impact, flowing water and slaking, and retards surface 

retreat caused by salt and frost weathering. Planar discontinuities in sandstone and negative feedback between stress and 

weathering/erosion processes are sufficient conditions to create above-mentioned landforms. Our experiments are able to 

reproduce natural shapes including arches, alcoves, pedestal rocks and pillars using landform material and mimicking 

natural processes. The proposed negative feedback mechanism is supported by a numerical model of stress pattern in 

landforms. We conclude that stress field is the primary control of the shape evolution of sandstone landforms. 

mailto:ivo.baron@nhm-wien.ac.at
mailto:lukas.plan@nhm-wien.ac.at
javascript:linkTo_UnCryptMailto('ocknvq,dgtpjctf0itcugocppBwpkxkg0ce0cv');
mailto:ivanka.mitrovic@univie.ac.at
http://www.nhm-wien.ac.at/speleotect_EN
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Study of rapidly recessing sandstone overhang 

Bruthans J.
1)
, Schweigstillov§ J.

2)
,Filippi M.

3)
, řihoġek J.

 1)
 

1)
Faculty of Science, Charles University in Prague, Albertov 6, 128 43 Prague 2, Czech Republic. 

3)
Institute of Geology, AS CR, v.v.i., Rozvojova 269, 165 00 Prague 6, Czech Republic. 

2)
Institute of Rock Structure and Mechanics, ASCR, v.v.i., V Holesovickach 41, 182 09 Prague 8, Czech Republic. 

Radioisotope dating indicated that walls of the studied sandstone overhangs and  

caves in the Czech Republic have not retreated more than 1 mm/1000 years during the  

Holocene. In the town of PlzeŔ, the sandstone overhang of Ļertova Kazatelna was studied  

where extreme retreat rates of overhang ceiling as large as~ 40 mm/year were reported by a  

local resident. Sandstone matrix is composed of quartz, kaolinite, illite and K-feldspar based  

on XRD. Surface of the rock overhang is formed by exfoliation plates several mm to a few cm thick. Unlike its dry and 

stable surroundings the rock overhang surface is wetted by seeping wastewater. Fallen material from rock overhang was 

collected on plastic foil for a period of several hours to one day during different seasons of the year. These material contains 

0.1-2% gypsum in bulk and 3 ï 11 % gypsum in fine matrix base on leaching, XRD and SEM/EDS. Maximum measured 

deposition of material on plastic foil (214 g/m2/day) occurred during thaw. Wetting weakening, ice wedging and possibly 

salt weathering are probably responsible for sandstone disintegration. Based on mass balance of sulfates in fallen material 

we expect long-term retreat rates of sandstone overhang surface between 3 and 12 mm/year. In sharp contrast to this 

extreme retreat rate, the dry surface of sandstone did not retreat by more than a few mm/97 years based on dated carving. 

The study demonstrated that sandstone overhangs may potentially develop within a few hundred years in case of favorable 

conditions. 

 

Speleothems of the non-karstic caves  

Istv§n Eszterh§s
1)
 

1)
Kºzt§rsas§g u 157. Isztim®r H-8045. Hungary, eszterhas.istvan@gmail.com 

The (features and) speleothems of the karstic and non-karstic caves are different. In the karstic caves are less speleothems, 

but they appearad in a bigger mass. The speleothems of the non-karstic caves are diverse, but appeared in a smaller quantity. 

The speleothems of the karstic caves are relatively well-

known, but we can not say the same in the ocassion of the 

non-karstic caves. In this paper, I have 53 kinds of 

speleothems systemised. I this work I try maybe foremost to 

sort the (features and) speleothems of the non-karstic caves, 

which may contains probably some mistakes and 

incompleteness. Please, let this be brougt up! 

 

 

Block lava-floor in the Menjanggul Cave /Korea, Jeju  
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A diaphragme, the cindery hemicylinder  in 

the LeiĦarendi Cave / Iceland 

 

 

 

 

 

 

 

 

 

Group of sinuouses in the 

Verdes Cave / I. Canaries 

 

 

 

 

 

 

 

 

 

 

 

 

 

A 40-cm  high  staphylite in the F·ki Cave / Iceland 
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A 25-cm high root stalagmite one of the caves of  

the Broumov  Mountains/ Bohemia  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

I. Primary, or autochtonousspeleothems 

1. Cave lining, or diaphragmes 2. Lava dripstones 

B. Stalactites  C. Stalagmites 

a. Primary lava thems b. Re-melted lava thems 

A. Rock run-downs 

   Ŭ) Regulars   Ŭ)Hollows ɓ) Vesiculars 

 

  ɓ) Irregulars 
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System of the speleothems of the non-karstic caves 

 

Caves formed in the effusive rocks and in their tuffs described in the digital list of the non-karstic 

caves in Hungary 

Istv§n Eszterh§s
1)

, George Szentes
2) 

1)
Kºzt§rsas§g-¼t 157, 8045 Isztim®r, Hungary, eszterhas.istvan@gmail.com 

2)
125 Seabrook Avenue, New Lynn, 0600 Auckland, New Zealand, szentesg@yahoo.de 

Abstract 

In Hungary 930 natural non-karstic caves have been listed. Six hundred and sixty of these caves are to be found in effusive 

rocks, in andesite, basalt, rhyolite and in their tuffaceous formations. Organised research of the non-karstic caves began in 

1983 with the launch of the Volcanspeleological Collective. Their comprehensive activities are still ongoing. The 

organisation, led by Istv§n Eszterh§s, was admitted and was elected as a substantive section by the Hungarian Speleological 

Society (MKBT) in 1992. In 2003 the Authors broadened the Digital List of Non-karstic Caves in Hungary and since then 

the List has been updated every year. In the List the locations of the non-karstic caves have been plotted on detailed and 

indexed maps, which have been compiled on the basis of GIS elaboration. Beside the maps the List has been supplemented 

with data tables, cave surveys, cave photographs and area descriptions. In the present study the Authors describe the caves 

which have formed in effusive rocks and in their tuffaceous formations in Hungary according to where these are shown on 

the detailed maps in the List. Furthermore, the study has been completed with a geological sketch of the surrounding rocks, 

the history of  cave research and the structure of the Digital List 

1 . Geological sketch of the effusive rocks and their tuffs 

Effusive rocks and and their tuffs in Hungary occur in the Transdanubian Mountains and in the North Hungarian Mountains 

as follows (Fig. 1).  

Volcanic activity in the Miocene produced extensive rhyolite and  andesite masses and their tuffaceous formations in the 

Visegr§di-, Bºrzsºny-,  M§tra- and Tokaji Mountains. The majority of non-karstic caves are to be found in these sequences. 

Part of the Cserh§t Mountains and the B¿kk Region are also composed of similar sequences. The Visegr§di Mountains have 

formed from a Miocene stratovolcano which has been intensely denuded and dissected along fault lines.  It is composed of 

andesite agglomerate, andesite tuff and subordinately compacted andesite. The Bºrzsºny Mountains are mainly made up of 

the denuded residual of a Miocene. stratovolcanic blanket.  In the middle section a collapsed caldera can be evidenced.  The 

key horizon in the North Hungarian Mountains is the Lower Miocene Ottnangian light grey pumiceous rhyolite tuff, 

referred to as Lower Rhyolite Tuff in geological literature. In the Carpathian and Badenian Stages significant andesite 

volcanic activity and tuff deposition occurred. The rhyodacite tuff, referred to as Middle Rhyolite Tuff, divides the Lower 

II. Speleothems of the subsequent enterned materials 

1. 

Mineralspeleothems 

 

2. Iceformations 3.Biogenetic 

speleothems 

4. Livingstructures 




