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Seismic waves            http://en.wikipedia.org/wiki/Earthquake_waves [2012-10-23] 
 
Seismologists distinguish four main types of waves. At the hypocenter, where the earthquake actually takes place, compression 
waves and shear waves are created by quick movements of rock along a fracture plane. When these two kinds of waves reach 
the surface of the Earth they cannot continue their way and their energy has to be transformed into other kinds of waves. So the 
body waves (P- and S-waves), which travel in the interior of the Earth, become surface waves (R- and L-waves): 

Body waves Corresponding surface waves 

Primary waves (P-waves) are compressional waves that 
are longitudinal in nature. P waves are pressure waves that 
travel faster than other waves through the Earth to arrive at 
seismograph stations first hence the name "Primary". These 
waves can travel through any type of material, including 
fluids, and can travel at nearly twice the speed of S waves. 
Typical speeds are 1450 m/s in water and about 5000 m/s in 
granite. 

Rayleigh waves, also called ground roll, are surface waves 
that travel as ripples with motions that are similar to those of 
waves on the surface of water (note, however, that the asso-
ciated particle motion at shallow depths is retrograde, and that 
the restoring force in Rayleigh and in other seismic waves is 
elastic, not gravitational as for water waves). The existence of 
these waves was predicted by John William Strutt, Lord Ray-
leigh, in 1885. They are slower than body waves, roughly 90% 
of the velocity of S waves for typical homogeneous elastic 
media. 

Secondary waves (S-waves) are shear waves that are 
transverse in nature. These waves arrive at seismograph 
stations after the faster moving P waves during an earth-
quake. S waves can travel only through solids, as fluids 
(liquids and gases) do not support shear stresses. Since 
shear waves cannot pass through liquids, this phenomenon 
was original evidence for the now well-established observa-
tion that the Earth has a liquid outer core. S waves are slow-
er than P waves, and speeds are typically around 60% of 
that of P waves in any given material. 

Love waves (L-waves) are analogous to water waves and 
travel along the Earth's surface and are slower than body 
waves. They are named after A.E.H. Love, a British mathema-
tician who created a mathematical model of the waves in 
1911. Because of their low frequency, long duration, and large 
amplitude, they can be the most destructive type of seismic 
wave. 

In seismology or geophysics the refraction or reflection of seismic waves is used for research into the structure of the Earth's 
interior, and man-made vibrations are often generated to investigate shallow, subsurface structures. 
 

Body waves Corresponding surface waves 

 

 

 
 

Usefulness of P and S waves in locating an event 

In the case of earthquakes that have occurred at global distances, four or more geographically diverse observing stations re-
cording P-wave arrivals compute time and location for the event. In the case of local or nearby earthquakes, the difference in the 
arrival times of the P and S waves can be used to determine the distance to the event. A quick way to determine the distance 
from a location to the origin of a seismic wave less than 200 km away is to take the difference in arrival time of the P wave and 
the S wave in seconds and multiply by 8 kilometers per second. 

Magnitude and intensity 

The severity of an earthquake is described by both magnitude and intensity. These two frequently confused terms refer to differ-
ent, but related, observations. Magnitude, usually expressed as an Arabic numeral characterizes the size of an earthquake by 
measuring indirectly the energy released. By contrast, intensity indicates the local effects and potential for damage produced by 
an earthquake on the Earth's surface as it affects humans, animals, structures, and natural objects such as bodies of water. 
Intensities are usually expressed in Roman numerals, and represent the severity of the shaking resulting from an earthquake. 
Ideally, any given earthquake can be described by only one magnitude, but many intensities since the earthquake effects vary 
with circumstances such as distance from the epicenter and local soil conditions.           http://en.wikipedia.org/wiki/Seismic_scale [2012-10-23] 
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EMS-98 scale             http://en.wikipedia.org/wiki/European_Macroseismic_Scale [2012-10-23] 

The European Macroseismic Scale (EMS) is the basis for evaluation of seismic intensity in European countries and is also used 
in a number of countries outside Europe. Issued in 1998 the scale is referred to as EMS-98. Unlike the earthquake magnitude 
scales which express the seismic energy released by an earthquake, EMS-98 intensity denotes how strongly an earthquake 
affects a specific place. The European Macroseismic Scale has 12 divisions, as follows: 

 
Epicenters of 358,214 earthquakes from 1963 - 1998  http://en.wikipedia.org/wiki/File:Quake_epicenters_1963-98.png [2012-10-23] 

Note the strong coincidence with plate boundaries. Most events occur at depths shallower than about 40 km, but some occur as 
deep as 700 km. 
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1906 San Francisco Earthquake - Shaking at Gottingen, Germany 
 
Here is what the shaking looked like in Gottingen, Germany, 9100 kilometers away: 

 

P (the direct, compressional wave) travels 
fastest and marks the first arrival of waves 
from the earthquake. S marks the arrival 
of the slower S or shear wave. P waves 
generally do not cause as much shaking 
as some of the larger, later arriving shear 
waves. The lines PP, PPP, SS and SSS 
indicate the arrivals of waves which have 
bounced once or twice off the surface of 
the Earth in travelling to the seismograph. 
The actual maximum amplitude of the 
shaking at the Gottingen observatory 
during the time of the record shown was 
less than 1 mm or about 0.04 inches, until 
the surface waves arrived when the in-
strument went off scale. (Surface waves, 
not surprisingly, travel along the Earth's 
surface, rather than through it as do P and 
S waves.) 

 

NS = north-south 

EW = east-west 

 
http://earthquake.usgs.gov/regional/nca/1906/18april/got_seismogram.php [2012-10-23] 
 
 
Scheme for calculating the magnitude on the Richter scale 
 
Read in a seismograph the difference of arrival time between the P- and the S-waves and the amplitude of the S-waves and 
take the corresponding points in the left and the right scales of the scheme below. The line between those two points will show 
you the magnitude of the event according to the Richter scale. 

 

 
 



Earthquake exercises  

1) What kind of processes may cause earthquakes?  

2) What happens in detail at the focus of a tectonic earthquake?  

3) What kinds of seismic waves are important, and what are their important properties?  

4) You get seismograms from several observation stations. How could you calculate the location of the focus 
and the epicentre?  

5) How does a seismometer function, what is needed?  

6) What is the difference between the Richter-scale and the EMS-scale? What is this good for?  

7) Say our seismometer 60 km away from Basel records an earthquake, which happened there. We measure 
a maximum amplitude of 20 mm. What was the magnitude?  

8) We observe P- and S-waves arriving at an interval of 20 seconds. What is the distance to the focus?  

9) Is there a correlation between the kind of plate boundary and the seismic intensity? Compare the map in 
the handout with Fig. 1.8 (handout plate tectonics).  

10) Do you presume a correlation between the depth of the focus and the kind of plate boundary? Why?  

 

 

 

 

 

 

 

 



 

 
 
Source: Latz, Wolfgang (Ed.): Diercke Praxis, Activity Book – advanced level. Westermann, Braunschweig, 2015. 











 

 

 

Source: Waugh, David: Geography – An Integrated Approach. 
Nelson Thornes Ltd, Cheltenham, 4th edition, 2009. 

 



 
 

Exercises 

1) What are the typical relations in volcanism? Fill out the following table: 

Kind of lava Tectonic origin Nature of eruption Form of volcano 

    

    

 

2) Explain the process of formation of the Hawaii Islands. 

Mauna Loa (Hawaii, USA) is the world’s 
largest volcano, with a volume of roughly 
42,500 cubic kilometres, of which 84% lie 
under water. Above ground, lava flows 
cover an area of over 5,000 square kilo-
metres. Geologists assume that a station-
ary hot spot has been present beneath 
the Hawaii island group for some 85 mil-
lion years, and that it lies in the magma 
chamber anchored in the sub-lithospheric 
mantle. This extreme hot sport works 
much like a welding torch. It exudes basic 
magma, which burns its way through the 
Earth’s crust and creates volcanoes 
through effusion. Yet because the oceanic 
crust wanders over the hot spot, the di-
rect connection to the Earth’s interior is 
continually broken and the flow of lava 
interrupted. New volcanoes are formed in 
the aftermath, however, producing an 
island chain consisting of volcanoes of 
different ages.  

Source: Latz, Wolfgang (Ed.): Diercke Geography, ad-
vanced level. Westermann, Braunschweig, 2015. 
 

 

 

3) Explain how far the existence of hot spots can be accepted as proof of continental drift. 



MINERAL 

A mineral is a naturally occurring substance that is 
solid and stable at room temperature. It is a sub-
stance in the chemical sense, which means that it is 
composed of molecules and that it can be repre-
sented by a chemical formula. Most minerals are 
formed in inorganic processes. Geology is interested 
in minerals because rocks are made of minerals. 
Many minerals show a geometrically regular atomic 
structure – they form crystals. Noncrystalline solids, 

like glass or gel, are called amorphous (amorph, 
formlos). Nowadays close to 5000 minerals are 
known, but only about 30 are really important for 
geologists. The crust of the Earth and by conse-
quence the mass of minerals is mainly composed of 
only eight elements: O, Si, Al, Fe, Mg, Ca, K, and Na. 
While every mineral may theoretically represent a 
sort of rock, in nature most rocks are composed of a 
mixture or several minerals.  

 
 

THE FORMATION OF ROCKS AND MINERALS AS A GATE TO THE 
HISTORY OF THE EARTH 

When we look at nature as a product of processes, 
whatever we understand, it will tell us stories about 
the past and about relations of phenomena. That’s 
the natural science approach to the world. If we 
understand the processes of the rock cycle, the rocks 
that we find at some location will tell us many se-
crets about the geological history of that place. If we 
find coal, for instance, there must have been rich 
vegetation. If we find rounded pebbles, there must 
have been a river. If we find pumice, there was a 

volcano nearby. If there is salt, the place was once 
covered by a sea. These are just the most obvious 
examples. 
However, if we look closer at rocks and their mineral 
composition, we may draw many more interesting 
conclusions. But to do this, we have to acquire two 
geological key competences: first, we have to be 
able to identify rocks, second, we have to under-
stand the processes that create them.  

 
 

THE ROCK CYCLE 

Rocks are linked by the rock cycle. Rocks seem per-
manent and unchanging. In fact they are changing 
slowly all the time. 
There are three different types of rocks building the 
lithosphere: 

 igneous rocks 

 sedimentary rocks 

 metamorphic rocks 

However, each rock type forms from the remains of 
a previously existing rock as each rock is melted and 
cooled, weathered or compressed into a new type of 
rock. There is no beginning and no end to this rock 
cycle. It just goes round and round as rocks, sedi-
ment and magma moves around the Earth’s litho-
sphere. Some rocks have been round the cycle sev-
eral times during the Earth’s history of 4500 million 
years.  

Processes at the Earth’s surface 
Igneous Processes 

When magma reaches the surface either lava flows 
or pyroclasts (= explosive magma: solid fragments) 

are produced. The lava and pyroclasts cool down at 
the surface, extrusive igneous rocks are formed. The 
lava becomes solid rock during the process of cooling 
down when crystals of minerals form. This is called 
crystallisation. 
 
Sedimentary Processes  

As soon as a rock is exposed to the Earth’s atmos-
phere and water the processes of weathering begin. 
The rocks are broken down by physical, chemical and 
biological processes in situ (= where they are). In 
parallel the fragments and soluble compounds are 
removed by erosion. The rock fragments and soluble 
compounds are transported from one place to an-
other by gravity, running water, ice, wind and the 
sea. During their transport the fragments are re-
duced further in size by collisions. Sooner or later the 
transport agents lose energy and the fragments and 
soluble compounds are deposited again at another 
place. 
 
 



Processes below the Earth’s surface  
Sedimentary Processes  

Oceans and lakes are the most common places for 
deposition. Burial occurs as sediment is covered by 
more and more layers of sediment deposited on top: 
the deeper sediments are buried the more compact 
they become as the grains move into closer contact, 
due to the rising pressure of the sediment above 
them circulating water between the grains of a sed-
iment deposits minerals in the spaces between the 
grains the growth of minerals in pore spaces and the 

compaction of grains result in the formation of sed-
imentary rocks. The changes that occur in buried 
sediments because of the increase of pressure and 
temperature while they move to greater depths in-
side the Earth are part of the process of diagenesis. 
 

Metamorphic Processes   

(Greek: meta = change; morphe = form)  
Metamorphism changes parent rock (= original rock) 
into a new type of rock by the effects of heat and/or 
pressure.  
 

 
 
 
 
 
 
 
 

 



IGNEOUS ROCKS 

Igneous rocks are formed by the solidification of magma, a silicate liquid generated by partial melting of the 
upper mantle or the lower crust. Different environments of formation, and the cooling rates associated with 
these, create very different textures and define the two major groupings within igneous rocks: 
 
Volcanic (or extrusive) rocks  

Volcanic rocks form when magma rises to the surface and erupts, either as lava or pyroclastic material. The 
rate of cooling of the magma is rapid, and crystal growth is inhibited by this. Volcanic rocks are characteristi-
cally fine-grained.  
 
Plutonic (or intrusive) rocks 

Plutonic rocks form when magma cools down within the Earth's crust. The rate of cooling of the magma is 
slow, allowing large crystals to grow. Plutonic rocks are characteristically coarse-grained. 
 
 

Granite 
(Granit) 

High content of feldspar (milky), medium content of quartz (grayish, slightly transparent). 
Often some biotite is easy to identify (black). Usually rather bright appearance. Granite 
alludes to orogenic processes (formation of mountain ranges). It does not occur at mid-
oceanic ridges. 

Gabbro 
(Gabbro) 

Dark appearance. Often found along mid-ocean ridges or in ancient mountains composed 
of compressed and uplifted oceanic crust.  Gabbro is the plutonic equivalent of basalt. 

Basalt 
(Basalt) 

Dark, fine-grained volcanite (crystals usually barely visible). Their mineralogical composi-
tion corresponds with gabbro. Basalt typically emerges at diverging plate boundaries, but 
also at other locations where magma is not far away from the surface, so that certain min-
erals did not have enough time to crystallize. Basalts are thin fluids (low viscosity) and of-
ten form effusive volcanoes (shield volcanoes). As a result of tensions during their cooling 
of the lava they often break into hexagonal pillars, which, forming walls, may look like or-
gan pipes. 

Obsidian 
(Obsidian) 

Glassy frozen magma. This is only possible if the lava did not release gases during the erup-
tion. The rock breaks shell-like with sharp edges. In the stone age obsidian was often used 
for tools and traded over long distances. 

Pumice 
(Bimsstein) 

Pumice is characterized by closed bubbles. It is so to speak frozen lava foam. Consequent-
ly, it has a low density. Usually it is a bright rock that occurs at explosive volcanoes. 

Quartz 
porphyry 
(Quarzporphyr) 

Volcanite, hemicrystalline rock with inclusions of quartz and alkali feldspar. 

 



Sedimentary Rocks  1 

SEDIMENTARY ROCKS 

Sedimentary rocks are the product of weathering and erosion of existing rocks. Eroded material accumulates 
as sediment, either in the sea or on land, and is then buried, compacted and cemented to produce sedimen-
tary rock, a process known as diagenesis. 

Mechanical and chemical weathering disintegrate or dissolve rocks respectively. While mechanical weathering 
only affects the physical structure of the rock, chemical weathering changes its mineralogic composition and 
creates new minerals. While mechanical and chemical sediments are related to their specific forms of weath-
ering, biogene sediments are made of remnants of living beings.  

As in the case of igneous rock also the kind of minerals and the mechanical structures of the rock in question 
provide us with information about the conditions of their origin and the processes of their transformation. 
However, sediments do not only talk about the conditions of the place, where they were found, but also 
about the place where they were eroded from or the organisms they stem from, and they may also inform us 
of their transport medium. In many cases layers of sediment also conserve dead plants and animals over 
many hundred millions of years. These fossils allow us to reconstruct the history of life and climate on the 
earth.  

 

Mechanical sediments 
Wind and water transport the particles or the dissolved substances. The erosion and deposition of particles 
depends on the size of the particles and their density, as well as on the velocity and the density of the 
transport medium. As a consequence, mechanical deposition usually shows a differentiation or sorting of the 
particles. If the velocity of water changes, for instance in the course of seasons, its sediments are composed 
of layers of rhythmically varying particle sizes. Also seasonally changing wind directions may create sediment 
layers whose ripples show different directions. But the ice of glaciers does not sort the particles. While the 
fine particles that were eroded at the bottom of a glacier are transported mainly by the melting water, the 
coarse particles and all those that dropped once onto the ice, are carried by the ice until it melts at the glacier 
sides or its tongue, where they form the unsorted material of moraines. 

 

Results of weathering and transport: Sediments 

Grains get rounder the longer/further they have been transported. The shape of grains depends on the type 
of rock or mineral from which they are made rather than on transport. 

 

grain size in mm sediment name sedimentary rock 

> 2  gravel, pebbles, boulders 
breccia (elements unrounded) 
conglomerate (elements are well-rounded) 

1.1 to 2 sand — coarse 

sandstone 0.5 to 1.1 sand — medium 

0.1 to 0.5  sand — fine 

0.05 to 0.1  silt  mudstone 

< 0.05  clay  clay, shale 

 

Diagenesis: turning sediments to sedimentary rocks 

Sandstone is not the same as sand, mud is not the same as shale and organic matter is not the same as hard 
coal. The processes transforming the sediment sand into sandstone, the sediment mud into shale and organic 
sediments into hard coal is called diagenesis. 

Diagenesis takes place at low temperatures and pressures at or near the Earth’s surface. The main processes 
involved in diagenesis are compaction and cementation.  
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Compaction: 

As layers of sediment accumulate one on top of another, their mass produces load pressure. This acts vertical-
ly and affects the sediments below causing compaction to take place. Grains become more closely packed and 
this reduces the porosity of the sediment and the amount of water contained within the pores. Mud and clay 
are mostly affected by compaction turning into mudstone or shale. The original thickness of the mud or clay 
sediments can be reduced down to 20%. The formation of coal is also based on the process of compaction 
rather than on cementation. 

 

Cementation: 

Sands and many biologically formed types of sediments have greater permeability than muds. Groundwater 
containing minerals in solution flows through the pore spaces and where the conditions are right the minerals 
are precipitated forming a cement which binds grains together to form sandstones and limestones. The most 
common cementing minerals are: quartz, calcite and iron minerals. 

 

 
source: http://bc.outcrop.org/images/rocks/sedimentary/press4e/figure-08-11.jpg 

 

Five basic classes of mechanical sediments are distinguished: 

a) Breccias (Brekzien) consist of coarse, angular (eckig, kantig) debris (Schutt) which is filled with a fine ce-
ment (Bindemittel) that holds the particles together. The size and the angular form of the main component 
indicate that the material was not transported far by water or that it was deposited by ice.  

b) Conglomerates (Konglomerate) consist of rounded pebbles, the space between which is also filled by sand 
or fine cement. Contrary to breccias the rounded shape of the main component indicates a long transporta-
tion by water. They are thus river sediments. Conglomerates fill also the central basin between the Alps and 
the Jura mountains in Switzerland, where they are called "Nagelfluh". 
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c) Sandstones (Sandsteine) are composed of smaller grains (ca. 8 mm to 0.1 mm), which may be rounded or 
not and which may have been deposited by water or by wind. Depending on the degree of compaction (dia-
genesis) they may be crumbly (bröckelig) or hard. Very fine "sands" are called silt. 

d) Clay (Ton) is an extremely fine sediment (< 0.002 mm) which consists of a variety of clay-minerals. It is 
formed either as a very fine sediment from water or wind or then as a chemical sediment (transformation of 
soils) in warm and humid climates. 

e) Marl (Mergel) is a mixture of clay and limestone (Kalk), the latter of which may be a marine-biogene or 
then a chemical sediment. A typical location for marl would be large river deltas at the coast, where freshwa-
ter and seawater mix without considerable currents. 

 

Chemical sediments 
If rock material is transported dissolved in water, the deposits are called chemical sediments. Or in simpler 
words: chemical weathering produces chemical sediments. Usually, substances that were dissolved in water, 
crystallize and accumulate at certain locations. This mostly takes place when the temperature or the velocity 
of the water changes or when the concentrations of the dissolved substances increase, for instance when 
water is evaporating. 

On a global scale, clay is one of the most important chemical sediments. It provides the tropical soils their 
characteristic red color. The evaporation of shallow seas or lakes in the tropics increases the concentration of 
dissolved minerals which leads to deposits of salt, gypsum and other substances containing Ca (calcium), Na 
(sodium / natrium) or K (potassium). 

 

Biogene sediments 
Biogene sediments are materials that stem from plants or animals. Rivers transport large amounts of calcium 
bicarbonate (which under normal conditions exists only in dissolved form) into the oceans. Many organisms 
living in the sea, mostly animals, have the ability to absorb the calcium or silica components, to form shells 
and skeletons. Most of these organisms are very small but numerous. When they die, in many millions of 
years their remnants may form layers of limestone several kilometres thick. The younger sediments thus en-
force an increasing pressure on the earlier ones, which intensifies their solidification and which eventually 
may lead to first forms of transformation. This diagenesis transforms the original lime slurry of the ground 
into hard limestone. 

Because cold water under high pressure is able to dissolve more carbon dioxide, at roughly 3500 m below sea 
level the mineral calcite is dissolved again. Below this calcite compensation depth (CCD) no limestone is sedi-
mented, but only silica (Silikate) components, e.g. as radiolarite (Radiolarit). In the zone of transition also 
siliceus limestone (Kieselkalk) is deposited. As a consequence of diagenesis, within limestone a concentration 
of silica may take place, forming chunks of flint (Feuerstein). 

If oxygen lacks, the organic deposits of plants or animals are not fully biologically decomposed, and may even-
tually become coal, oil or gas. While coal is mainly compressed organic material (mainly from land plants) in 
various degrees of compaction, oil and gas are stem from plankton (Plankton; mostly invisibly small animals of 
the sea) which was in the course of diagenesis disintegrated into components of various density and viscosity. 
These liquids and gases possess a low density and may travel upwards through layers of sediments until the 
reach an umbrella-like impermeable layer which traps them. In the porous sediment below, they reach high 
concentrations, which is favourable for their exploitation. Diagenesis drives also the transformation of lignite 
(brown coal) into bituminous coal (stone coal) and finally into anthracite (Anthrazit). 

 



METAMORPHIC ROCKS 

Metamorphic rocks begin as either igneous, sedimentary, or pre-existing metamorphic rocks and undergo a 
major change: metamorphosis. The change is caused by high levels of heat and pressure within the earth's 
crust. 

However, there is no melting involved in the process of metamorphism. Thus, the chemical composition of 
the rocks stays the same before and after metamorphism (= isochemical process). 

High levels of heat and pressure make either new minerals grow or force the minerals to align themselves in a 
new way, therefore the mineral grid changes and the rocks show clear schistosity (= Schieferung). 

During the isochemical process of metamorphism, the rock 
undergoes the very slow process of solid-state recrystallisation 
without melting caused by either heat or pressure, or both 
heat and pressure. Different temperatures and different levels 
of pressure cause new minerals to grow, however, still showing 
the same chemical composition. 

The lower temperature limit for metamorphism is between 
150 and 200°C. Below these temperatures changes are part of 
diagenesis. The upper temperature limit is where melting oc-
curs: around 800°C. 

 The process of metamorphism may result in: 

 destruction of fossils, sedimentary structures 

 hardening of the rock 

 change in colour 

 (new) alignment of minerals 

 growth of new metamorphic minerals, e.g. garnet. 

 

Regional metamorphosis designates cases of large scale transformation of rock, usually through tectonic pro-
cesses (e.g. at a subduction zone). The transformation happens under both, high pressure and high tempera-
tures. Particularly at converging plate boundaries materials may be pressed several dozen kilometres into the 
ground, way beyond the usual lower boundary of the crust. At such depths, in the upper asthenosphere, ma-
terials are ductile but not yet liquid and they are mechanically transformed according to the powers that the 
plates exert onto each other. The igneous rock granite, for instance, may be transformed into gneiss, which 
still shows minerals of the same kind. But the shapes of the crystals point now into the same direction, which 
provides the rock with a layered look. Furthermore, under high temperatures and pressures also their miner-
als may transform and new minerals may emerge. Interestingly enough, these chemical alterations happen in 
the solid state, but over long periods of time. 

Besides orogenic processes also the rather small contact zones to magma chambers and volcanic vents pro-
vide conditions, where metamorphosis may happen. Here the temperature is extraordinarily high relative to 
the depth and the corresponding pressure. In contact metamorphosis mineralogic transformations prevail 
over mechanical ones. Finally, also the extreme conditions created by impacts of larger meteorites may create 
metamorphic rocks. 

What can we read from metamorphic rocks? First, the forces and the movements of tectonic processes im-
print themselves onto the material. Many metamorphic rocks show a directionality of their crystals or even a 
clearly layered structure. Thus, they indicate the direction of forces and plate movements. Second, for the 
formation of many minerals specific combinations of temperature and pressure have been identified. There-
fore, the appearance of certain minerals allows a rough estimation of the depths at which the rock in question 
was transformed and the sequence of its transformations. Third, in spite of the transformations, also meta-
morphic rocks indicate their igneous or sedimentary origin, since many metamorphic minerals have their spe-
cific predecessors. Taken together, these three components make metamorphic rocks very informative wit-
nesses of large scale tectonic processes. Their interpretation is a very skillful task, though. 

 

Figure 1: Mineral growth under stress 
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Fig. 1: Plate tectonic history. 

The supercontinent 
Pangaea starts to break 
apart. A new mid-oceanic 
ridge is built. 

About 250 million years ago 

About 160 million years ago 

About 100 million years ago 

About 55 million years ago About 55 million years ago 

About 100 million years ago 

About 160 million years ago 

About 250 million years ago 

The eastern part of the 
Iberian peninsula splits the 
Tethys Sea into two small 
and shallow branches. The 
Apulian plate now pushes 

against the European plate.  

Between Laurasia and 
Gondwana the Atlantic 
Ocean and Tethys Sea 
expand. The Iberian 
peninsula and the 

Apulian plate detach 
themselves from Europe 
and Africa respectively. 

While the two parts of the 
Tethys are squeezed, the 
Mediterranean Sea takes 
shape south of the Apulian 
plate. All involved plates 

show faults as a result of 
the compression. The 
orogeny of the Alps has 
begun. Parts of the over-
lapping plates in the colli-

sion zone are scraped off 
their base. 

The ompression forces 
increase and scraped of 
layers are folded and build 
nappes. Eroded material of 
the early Alps fills basins 

north and south of the 
mountain chain. These 
molasse sediments sepa-
rate the Helvetic from the 
Jura, and they are folded 

as well. 



Formation of the Alps 
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Orogeny and geology of the Alps 

The formation of the Alps (the Alpine orogeny) was an episodic process that began about 
300 million years ago. Then the Pangaean supercontinent consisted of a single tectonic 
plate, but it began to break apart broke separate plates and the Tethys sea developed be-
tween Laurasia and Gondwana during the Jurassic Period (ca. 200 - 160 million years 
ago). The Tethys was later squeezed between colliding plates causing the formation of 
mountain ranges called the Alpide belt, from Gibraltar through the Himalayas to Indone-
sia—a process that began some 70 million years ago and continues into the present. The 
formation of the Alps was a segment of this orogenic process, caused by the collision be-
tween the African and the Eurasian plates. 

Under extreme compressive stresses and pressure, marine sedimentary rocks were uplift-
ed, creating characteristic recumbent folds, or nappes, and thrust faults. As the rising 
peaks underwent erosion, a layer of marine flysch sediments was deposited in the foreland 
basin, and the sediments became involved in younger nappes (folds) as the orogeny pro-
gressed. Coarse sediments from the continual uplift and erosion were later deposited in 
foreland areas as molasse. The molasse regions in Switzerland and Bavaria were well-
developed and saw further upthrusting of flysch. A late-stage of orogeny (starting 5 million 
years ago) caused the development of the Jura Mountains. 

In simple terms the structure of the Alps consists of layers of rock of European, African 
and oceanic (Tethyan) origin. The bottom nappe structure is of continental European 
origin, above which are stacked marine sediment nappes, topped off by nappes derived 
from the African plate. The Matterhorn is an example of the ongoing orogeny and shows 
evidence of great folding. The tip of the mountain consists of gneisses from the African 
plate; the base of the peak, below the glaciated area, consists of European basement 
rock. The sequence of Tethyan marine sediments and their oceanic basement is sand-
wiched between these rocks derived from the African and European plates. 
Source: Wikipedia, entry on Alps, http://en.wikipedia.org/wiki/Alps [2012-10-29], edited by W. Zierhofer 

 
Vocabulary: 

clay = Ton, fine sediment, typically from lakes 

coarse = grob 

dolomite = Dolomit, “lime” with high content of magnesium 

flysch = Flysch, various river-sediments from the Alps 

gneiss = Gneiss, metamorphic rock, shows faint layers 

lime = Kalk, marine sediment (calcium carbonate) 

marl = Mergel, mixture of clay and lime, typically from deltas in the sea 

molasse = Molasse,  

nappes = Decken 

orogeny = Orogenese (Gebirgsbildung) 

recumbent = liegend 

sandstone = Sandstein, river-sediment, chemical composition usually like granite 

schist, shale, slate = Schiefer, either finely layered sediment (clay) or metamorphic rock 

sediment = Sediment, Ablagerung 

thrusting = überschieben 

thrust faults = Überschiebungen 
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Tectonic units of the Alps (Fig. 3) 

 

 
 
Symbol Tectonic unit History Rocks 

 
 

Jura 
Jura 

European shelf 
(as Helveticum) 

marine sediments: 
lime, marl 

 
 

Molasse 
Molasse 

Sediments from the 
Alps 

river-sediments: some on land, some 
into the sea 

 
Helvetic 
Helvetikum 

European shelf 
(as Jura) 

marine sediments: 
lime, marl 

 
 
 

Penninic 
Penninikum 

European deep-sea 
area and thresholds 

various marine sediments (marl, lime, 
sandstone), some of which may be 
metamorphic (gneiss, schist) 

 

 

Eastern Alpine 
Ostalpin 

African shelf (Apu-
lian plate) and/or 
basis of African crust 

African shelf: marine sediments like 
lime and dolomite 
African crust: granite, volcanite, gneiss 

 

 

Southern Alpine 
Südalpin 

African shelf (Apu-
lian plate) and/or 
basis of African crust 

African shelf: marine sediments like 
lime and dolomite 
African crust: granite, volcanite, gneiss 

 
Central massifs 
Zentralmassive 

(old) European crust granite, gneiss 

 
Post-Alpine intrusion 
Nachalpine Intrusion 

magmatic intrusion 
after the folding 

granite 

 
 
  


