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Bernina
Vorab

Sardona (3
011 m)

Ringelsp. (3
247 m)

Tschingelhörner

Glarus Verrucano (Permian volcanics)
Northhelvetic Flysch 

Glarus Thrust

Segnes (3
098 m)

High Above the Alps

The Glarus Thrust is the most famous geological structure of the Alps. As part of the “Tectonic Arena 
Sardona” it became part of the world nature heritage of UNESCO in 2008. The photo shows the thrust 
in the region of Piz Sardona near the border between the three Swiss cantons Glarus, St. Gallen and 
Grisons. The thrust plane forms a flat lying knife-sharp boundary between rock types of completely dif-
ferent origin and age. Above the structure the rocks are undeformed Permian volcanics (“Verrucano”), 
that are about 250 million years in age. Below the structure the rocks are much younger: sediments that 
were deposited only 50 million years ago into the Penninic ocean (“Flysch”). The thrusting itself occurred 
at about 30 Ma. Erosion exposed the structure only much later: the valleys flanking the entire range bet-
ween Vorab and Ringelspitz were incised only in the last 1–2 million years. In the rugged rock needles of 
the Tschingelhörner the ridge has become so narrow that a gigantic hole has broken through the range: 
the Martinsloch.
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Mt. Blanc Massif (gneiss, granite)

Mesozoic sediment cover (carbonates)
Aiguilles Rouges Massif (gneiss, granite)

Mt. Blanc (4 807 m) is the highest peak of the Alps and its impressive grandeur can keep up 
with the high peaks of any mountain range in the world. Geologically the Mt. Blanc Massif 
consists of coarse-grained granites and gneisses that form the basement of the Alps and 
once were part of the Mesozoic European middle crust. In the Alps, these rocks are seen in 
the so called “External Massifs” which form large dome-shaped structures surrounded by 
sedimentary rocks that once were deposited onto the Mesozoic European plate. In many 
places of the Swiss Alps these sediments were later scraped off their base and thrown into 
surreal folds: these are the Helvetic nappes of Switzerland. Here at the Tête à l’Ane, north 
of Mt. Blanc, the limestones and marls that constitute these Mesozoic sediments lie flat. 
Only some million years ago such sediments still covered the top of Mt. Blanc (as indicated 
by the yellow dome in the sketch at left).



7



8

1.  Introduction … 12

Geological Time Table … 14
1.1. Space and Time Scales in Geology … 16
1.2. A Crash Course in Plate Tectonics … 18
1.3. Subdivision of the Alps … 20
1.4. Elements of Mountain Building … 22

A. Folds … 22
B. Faults and Shear Zones … 26
C. Nappes … 30
D. Rivers … 34
E. Glaciers … 38
F. Mass Movements … 42

2.  Tectonic Building Blocks of the Alps … 46

2.1. Palaeogeography und Subdivision … 48
2.2. European Continent … 54

A. The Base … 54
B. The Sedimentary Cover … 58
C. The Continental Margin … 62

2.3. Domain of the Penninic Oceans … 66
A. North Penninic Ocean (Valais trough) … 68
B. Middle Penninic Continent … 70
C. South Penninic Ocean (Piemont) … 72
D. Penninic Rocks of the Eastern Alps … 74

2.4. Adriatic Plate … 76
A. Austro-Alpine … 76
B. South Alpine Zone … 80

3.  Tectonic Evolution … 84

Overview … 86
3.1. “Stone Age” of the Alps … 94

A. Remnants of Gondwana … 94
B. Variscan Rocks … 96

3.2. The Permian: Some Like It Hot … 98
3.3. Triassic: The Time of the Coral Reefs … 100
3.4. Jurassic: An Ocean is Born … 102
3.5. Cretaceous: The Heyday of Early Alpine 

Tectonics … 104
3.6. Paleo-/Neogene: The Alps Begin to Shape Up … 106

A. Large Fault Zones Develop … 108
B. Granites Intrude the Crust … 110
C. Basement Domes Rise … 112

3.7. Quaternary: The Final Polish … 114
A. The Ice Ages … 114
B. The Drainage System … 116
C. Mankind … 118

4.  Geo-Highlights of the Alps … 124

Map of the Geo-Highlights … 125
4.1. Eastern Alps … 126
4.2. Southern Alps … 202
4.3. Central Alps … 222
4.4. Western Alps … 262

Glossary … 280
References … 282
Sponsors … 284
Making of ... 286
Index … 288
Index map of all photos … 294

Left: The Illgraben on the south side of the Rhône Valley near the settle-
ment of Leuk is one of the most actively eroding rock faces of the Alps. It 
illustrates the dramatic influence of geological processes on the shaping of 
the Alps. Continuous landslides destroy the massive dolomite and quartz-
ite layers and rapidly consume the thin veneer of soil and forest from the 
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Making of ...

Kurt’s Impressions:
The idea for this project had been roaming around my head for 
years, but in absence of a good pilot, photographer and in fact 
a good plane, it simply never happened. Then, in 2008, I was 
with my family in one of the back corners of the Alaskan bush 
for geological field work, and saw some of Hombi’s mountain 
photography in a wilderness lodge. It was there that my wife 
Karin reminded me that our old climbing friend Hombi had 
become a pilot in the last few years and might be an ideal part-
ner for such a project. From that day onwards everything fell 
into place and every day that Hombi and I spent high above 
the Alps in his Piper Super Cub felt like a unique gift. What an 
unbelievable angle for a geologist and mountaineer like myself 
to see and understand our mountain range! Although every 
single day will be a lasting memory, there is one particular day 
that sticks in my memory: the 30th June 2009.

After a sticky hot night I woke up at dawn and crawled out of 
my sleeping bag in the dewy meadow next to the plane some-
where in the Upper Rhône Valley. Bitten by mosquitos, sweaty 
and barely awake, we climbed into the plane and started to-

wards the thick clouds that covered the sky. 20 minutes later 
we circled only 100 metres from the summit of Matterhorn 
in brilliant sunshine and waved to the climbers through the 
open door of the plane at minus 5° C. An hour later we sorted 
photos during breakfast in a small cafe in the small township 
of Raron, before we refueled and started off for the 2nd time 
that morning. This time we were off to Mt. Blanc so that we 
could be in Gstaad for lunch …

Hombi’s Impressions:
In summer 2008, Kurt asked me if I was interested in taking 
photos for this project. I had known Kurt from the Himalayas 
and Alaska as a climber and very dynamic person for many 
years, but had not seen him for some time. In the meantime I 
myself had retired from my years as an active climber and had 
discovered my love for flying – it had been an old childhood 
dream. Taking photos of mountains from the air quickly had 
become a great passion. 

The idea to cover the entire Alps, all the way from Nice to Vi-
enna, and take good pictures immediately fascinated me. We 
planned four journeys of 3 to 4 days each, flying through all six 
countries that contain parts of the Alps, and split this up over 
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two summers. In total about 60 hours in the air were neces-
sary, and we stopped at 20 different airfields, where we refu-
eled, had to battle with customs formalities, wait for weather 
or rest for the night. Several times we camped right next to 
the plane.

The plane is a Piper Super Cub PA-18 built in 1957 and based 
in Bad Ragaz in the Rhine Valley. The mountain goat that is 
the symbol of the Swiss canton Grisons is painted on the cloth 
covered fuselage. The plane is perfect for mountain photogra-
phy with fantastic slow flying properties. A 160 PS Lycoming 
Motor takes us safely to the highest peaks and through the 
deepest gorges. When taking photos, the door is wide open 
and it is icy cold in the cockpit. In the rear seat there are gale 
force winds and maps, cameras and navigation equipment can 
easily fly through the air. 

For the photos we mostly used a Canon EOS 5 MarkII with 
a 24–105 mm tele-zoom lens. The camera endured the rough 
world of the cockpit very well. Taking photos at the same time 
as flying a plane takes a lot of concentration, and often steer-

ing is done with the knees to keep the plane at the right angle. 
When Kurt shouted, “Take the picture from 500 m higher”, it 
often took wild manoevers to bring the plane into the right 
angle. During each stop, the data was transferred to a laptop 
to make an initial check of the photos. At home many days of 
work on the computer followed. In particular the joining of 
the panorama images took a lot of time. In total we took about 
ten times as many photos as are shown in this book. Learning 
about the Alps from the air helped us to appreciate the unbe-
lievable beauty of our mountain range. 

Geological companion material to the book as well as the en-
tire database of photos can be found on the interactive web 
page http://www.alpengeologie.org 
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Pollux  71
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Windgällen Massif  253

Woheiner Lake  80
Wolayer Lake  15, 94, 208
Wolfsberg Basin  108
Wontello Thrust  80, 220
Wörthersee  154

Z
Zagelkogel  142
Zahmer Kaiser  168
Zentralgneis  62, 74, 188
Zermatt  224
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Index map of all photos

The transparent shading shows the approximate position of the major tec-
tonic units of the Alps: green = sediments on the European plate, red = Exter-
nal Massifs (basement of the European plate), blue = Penninic domain of the 
Alps, brown = Austro-Alpine (Mesozoic Adriatic plate), orange = South Alpine 
 (Mesozoic Adriatic plate). More details on this division on p. 53. For the geo-
graphical orientation of this index map see also pp. 2–3. 
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The cover picture shows the Alpstein massif in the Appenzell Alps of 
eastern Switzerland. More details about this photo are available on 
pp. 32–33. The eight small pictures on the back cover show from top left 
to bottom right: the Tödi, highest mountain in the Glarus Alps (p. 254); 
geological sketch of Tödi (p. 254); Mont Aiguille in the Vercors Massif of 
France (pp. 266–269); the Pala Group in the Dolomites (pp. 216–221); 
geological map of the Mont Blanc massif; the summit of Mont Blanc 
(p. 226); fold in the Dent de Morcles (p. 24) and the Styrian Erzberg 
(p. 144). 
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