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Exploring Iceland’s Geology is the essential guide for anyone planning an informative tour of the
country. It has concise information about the geology and geological history of 50 destinations,
in every part of Iceland, illustrated by numerous photographs and helpful maps. How did each
place form? What is special about it? What should not be missed? Author Snæbjörn
Guðmundsson is a geologist with an extensive knowledge of the country’s geology and
geological history. A perceptive and informative description of Iceland’s natural world.

From the Back CoverElectrochemical sensors represent the oldest type of chemical sensors
and are widely present in chemical laboratories, industries, healthcare and in many aspects of
our day life. During the past few decades biosensors mimicking biological receptors for the sake
of analytical assessment have emerged as an extremely important and fruitful field in
fundamental and applied electroanalytical chemistry. Research and routine analysis in
environmental sciences have shown that electrochemical sensors and biosensors may supply
useful information for solving problems from quite general to highly specific character, dealing
with environmental pollution or many other questions in connection with (bio) geochemical
cycles or fundamental environmental chemical processes. Environmental analytical chemistry is
a multidisciplinary field requiring the cooperation of chemists, biochemists, physicists, engineers
and many other specialists, a collaboration which defines and guarantees the development and
applicability of robust and highly performing sensors for chemical analysis and environmental
monitoring. The aim of this book is to give an overview on the role of electrochemical sensors in
environmental chemical analysis and on their operating principles. It provides detailed
information on the applicability of such sensors to the determination of all the different
substances of environmental importance. It is designed on one hand as a textbook for students
and teachers and on the other, as a manual for researchers and applied scientists and
engineers who are fully or marginally confronted with problematics in context with environmental
chemistry. Due to the multidisciplinary character the book overcomes varying viewpoints of
different sciences and addresses to chemists, physicists, pharmacists, medical doctors,
engineers and in fact to all who are interested, professionally or non-professionally, in the
chemistry of our environment.dy> --This text refers to the hardcover edition.About the
AuthorLigia Maria Moretto graduated in Chemical Engineering at the Federal University of Rio
Grande do Sul, Brazil, and received her PhD in 1994 from the University Ca’ Foscari of Venice
with a thesis entitled “Ion-exchange voltammetry for the determination of copper and mercury.
Application to seawater.” Her academic career began at the University of Caxias do Sul, Brazil
and continued at the Research Institute of Nuclear Energy, Sao Paulo, Brazil. In 1996 she
completed the habilitation as researcher in analytical chemistry at the University Ca’ Foscari of



Venice. Working at the Laboratory of Electrochemical Sensors, her research field has been the
development of electrochemical sensor and biosensors based on modified electrodes, the study
of gold arrays and ensembles of nanoelectrodes, with particular attention to environmental
applications. She has published more than 60 papers, several book chapters and has presented
about 90 contributions at international conferences, resulting in more than 1100 citations. Prof.
Moretto collaborates as invited professor and invited researcher with several institutions in
Brazil, France, Argentina, Canada and the USA. Kurt Kalcher completed his studies at the Karl-
Franzens University (KFU) with a dissertation in inorganic chemistry entitled “Contributions to
the Chemistry of Cyantrichloride, CINCCI2”; he also received his PhD in 1980 from the same
institution. In 1981 he then did postdoctoral work at the Nuclear Research Center in Jülich
(Germany) under the supervision of Professor Nürnberg and Dr. Valenta, and conducted
intensive electroanalytical research while he was there. Prof. Kalcher continued his academic
career at KFU with his habilitation on chemically modified carbon paste electrodes in analytical
chemistry in 1988. Since then, he has been employed there as an associate professor. His
research interests include the development of electrochemical sensors and biosensors for the
determination of inorganic and biological analytes on the basis of carbon paste, screen-printed
carbon and boron-doped diamond electrodes, as well as design, automation and data handling
with small analytical devices using microprocessors. He has published around 200 papers and
has presented about 200 contributions at international conferences. These activities have
resulted in more than 3100 citations. Prof. Kalcher has received numerous guest professor
position offers in Bosnia-Herzegovina, Poland, Slovenia and Thailand. --This text refers to the
hardcover edition.
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IntroductionThere is probably no need to tell visitors how geologically significant Iceland is, or
how important it is to study the country’s geology. Extensive research has of course been done
in Iceland since the 19th century, by both Icelandic and overseas geologists, so a great deal of
information has been collected, particularly in more recent years. Quite a lot of this knowledge
has found its way into geology books, but for a long time a book has been needed for visitors,
describing the geology of the whole land in an easily understandable and accessible manner.It
could be said that the material for this book is taken from the decades-long tireless work of many
geologists, and the author’s contribution has been limited to collecting it together and making it
available for people who want to learn about the country’s geology. The book explores the
geology of 50 destinations or natural phenomena in Iceland that should be of particular interest
to people touring the country. It is not intended as a reference book or academic text. Instead,



the book has short geological descriptions about things that the author finds interesting, and the
chapters should provide a good picture of the geology of each place. Before embarking on a
journey around Iceland it is necessary to have a good topographical map at hand, and the
various geological maps that have been published are recommended too.Some years ago, a
young geology student at the University of Iceland asked a professor, “Why do people learn
geology?” The professor thought for a while, and then replied, “So that it is more fun to travel
around the country.” The author of this book agrees wholeheartedly with this. Hopefully, the book
will benefit readers travelling in Iceland and perhaps make the journey more enjoyable.Snæbjörn
GuðmundssonSnæbjörn Guðmundsson is a geologist by training and has acquired an extensive
knowledge of Iceland’s geology and geological history. He has taught at the University of Iceland
and actively promotes better public understanding of the country’s exceptional geology.

The Formation of IcelandJust after seven in the morning on 14 November 1963, Guðmar
Tómasson, skipper on the fishing boat Ísleifur II, radioed Vestmannaeyjar Coast Guard and
asked if there was a report of a boat in distress in the area south of the Vestmannaeyjar
archipelago. Ísleifur II’s crew had been fishing near the skerry Geirfuglasker, and one of them,
Ólafur Vestmann, had noticed an enormous cloud of smoke rising from the ocean’s surface
some distance from the ship. The reply from the radio was that no emergency call had been
received, but day was only just dawning and the crew were not sure what was happening on this
otherwise calm morning. Consequently, the boat was slowly sailed close to the disturbance,
soon worked out what was happening. The crew stopped the boat about half a nautical mile from
the smoke and stared in astonishment at one of the most remarkable natural events anyone
could hope to witness. An eruption had started on the seafloor, close to the boat, and the sea
seethed while the column of smoke rose silently from the water’s surface. Ísleifur II’s crew
thought it unwise to go closer, but continued to fish as if nothing had happened, about one
nautical mile away from the commotion. Most people know the sequel - the eruption that had
begun there continued intermittently for almost four years, and left behind a brand-new island,
Surtsey. The Surtsey eruption was not only a special event in the eyes of the general public, it
was also important to the world of geology. Submarine eruptions are very similar to subglacial
ones, and the eruption confirmed geologist Guðmundur Kjartansson’s theory that Iceland’s
tuyas (table mountains) formed beneath Ice Age glaciers. The eruption’s behaviour was also an
important subject for research, and explosive eruptions that occur in shallow water are now often
named after Surtsey, so they are called Surtseyan eruptions. Finally, attention is drawn to the
importance of research on the coastal erosion that has shaped Surtsey ever since its birth.The
question then arises, is this starting at the wrong end? Should a discussion of Iceland’s
geological history instead end with a description of the Surtsey eruption? Certainly the eruption
was important for modern geology and our understanding of various natural processes, but at
the same time it seems that few events have caused such a profound misunderstanding of
Iceland’s geological history. Ever since Surtsey erupted, many people have had the idea that



Iceland’s origin is exemplified in the Surtsey eruption, and that innumerable submarine eruptions
built up and created the island of Iceland in the middle of the Atlantic Ocean. The idea that
Iceland rose from the sea about 15-25 million years ago has even been repeated in many
textbooks and geology books, right through to the present day. However, it has long been
obvious that this is a persistent misconception because, if the geological history is studied from
all angles, it can be seen that Iceland never emerged from the sea’s surface - it has in fact been
sticking out ever since the Atlantic Ocean began to form.New crust at a plate boundaryIceland’s
oldest rock is found on the promontories in the east and west of the country. On the
northernmost tips of the West Fjords, such as Göltur at the mouth of Súgandafjörður, is rock that
is about 15-16 million years old, and rock that is 1-2 million years younger can be found furthest
east on the headland between Norðfjarðarflói and Reyðarfjörður. It is often said that Iceland is
about 14-16 million years old - which is not wrong, but only one of many possible answers when
it comes to the question of Iceland’s age. The formation of Iceland is closely connected to
movements of the Earth’s tectonic plates. With the rise of plate tectonic theory, and its
acceptance in the latter half of the 20th century, it became clear that Iceland lies at the junction
of the North American and Eurasian plates, two of the largest tectonic plates on Earth. Their
junction is defined by, among other things, the northern part of the Mid-Atlantic Ridge, and
Iceland is the only land mass of any real size on that part of the ridge. So it is possible to say that
the Mid-Atlantic Ridge lies across the middle of Iceland, from Reykjanestá eastwards through
south Iceland and the central highlands, over to the northwest part of Vatnajökull, and then north
through Ódáðahraun to the coast at Tjörnes and Öxarfjörður.At their junction, the tectonic plates
move apart at about the equivalent of two centimetres a year, or around 20 km in a million years,
and new rock is continually forming in eruptions along the plate boundary, while older rock is
carried away from the middle of the country by the motion of the plates. It is quite easy to
imagine that when the rocks in the West and East Fjords were forming at the plate junction in the
middle of the land, then even older rock existed further out, at the edges of the land mass of that
time. The older rock has disappeared into the sea now, but we can see signs of it in the vast
continental shelf around Iceland. The land sinks into the sea away from the plate boundary, both
as a result of erosion by sea, water or glacier, and also because when the newly formed, hot
crust drifts away from the plate boundary it gradually cools. The rock in the crust and upper
mantle, together called the lithosphere, contracts when it cools, and this increases the density of
the rock so that it sinks down into the mantle. This process can be easily seen at the Earth’s
oceanic ridges where newly formed crust rises on the plate boundary itself and creates a high
ridge, but the seafloor slopes rapidly away on either side because the rock sinks as it drifts away
and cools. With this process in mind, it is obvious that there is no reason to assume that the
oldest rock now found in Iceland marks the real start of the country. It could easily be that older
rock, which is now below sea level, used to be on dry land.How long has this process lasted
though, in the area now covered by the North Atlantic? If we go back far enough in time, and
undo the tectonic plate movements that constantly increase the distance between the coasts of



Europe and Greenland, we finally reach the point in time when the continents were next to each
other, and the North Atlantic did not exist. Before this time, North America and Eurasia lay
together as one supercontinent called Laurasia; it was formed by plate tectonic processes
earlier in Earth’s history. At the margins of this plate there used to be vast fold-mountains that
formed around 400 million years ago or more, and we can see the eroded remnants of the
mountains either side of the North Atlantic now, for example in Norway. About 60 million years
ago, extensive volcanic activity began in the region, and there are signs of this in the vast basalt
formations on the east coast of Greenland, the Faroe Islands, and northern Scotland, for
example. This volcanic activity marked the start of the separation of Greenland and northern
Europe that we still see at work in Iceland. As the continents move apart, hot rock flows from the
mantle up to the lower crust where a tiny portion of it melts and migrates up to the surface as
magma in a volcanic eruption. This volcanic activity creates what is called oceanic crust, which
is made of basalt and usually both denser and thinner than the crust that forms the continents.
The oldest oceanic crust in the North Atlantic between Greenland and Europe is about 54-56
million years old, and this suggests that divergence was well underway at this time in the region;
the southern part of the Atlantic had already been opening for some tens of millions of years.Hot
spot and mantle plumeThe divergence of tectonic plates in the North Atlantic is only one of two
main reasons for the formation of Iceland. It has long been obvious that Iceland is on a “hot spot”
an area where volcanic activity is unusually intense compared to other regions of the Earth, and
there is more accumulation of volcanic rocks. This is demonstrated by Iceland’s much higher
position in comparison with the rest of the Atlantic Ridge than the rest of the Atlantic Ridge,
which in most places lies at a depth of about two or three kilometres in the sea. Although
opinions differ about the cause of the hot spot, most geoscientists incline towards the theory that
below Iceland there is a powerful mantle plume which rises hundreds of kilometres from deep in
the earth’s mantle. The mantle plume is not made of molten rock, rather it is best described as
an up-flow of rock that is about 130-150°C hotter than the surrounding rock. This temperature
difference is sufficient to allow magma production to begin at a greater depth than otherwise,
and production is greater than in other places on the Mid-Atlantic Ridge. Activity appears at the
surface as a hot spot. Research shows that the centre of the mantle plume is now almost directly
below Bárðarbunga in Iceland’s central highlands, but this has not always been the case.
Although the mantle plume is thought to be virtually static, the tectonic plates forming the crust
move over it, and the boundary between the North American and Eurasian plates moves slowly
to the northwest, relative to the mantle plume. This means that the mantle plume appears to
have moved southeast in geological time, relative to the plate boundary.When divergence was
beginning between Greenland and Northern Europe about 50-60 million years ago, the mantle
plume was located some distance west of the plate boundary, probably under the middle of
Greenland. Soon after divergence began, the sea flowed along the new plate boundary, and the
North Atlantic was at first just a very narrow strip of sea between two continents, not unlike the
Red Sea today. In the area around the mantle plume there was greater accretion than in other



places on the plate boundary, and the crust there was thick enough to protrude of the newly
formed ocean. This is an important event in the formation of Iceland because the North Atlantic
widened as the millions of years passed, but part of the oceanic crust always stood out as a land
bridge between Greenland and Northern Europe. This land bridge has now sunk into the sea,
but we see signs of it in the shallow seas on either side of the country, both between Greenland
and Iceland, and Iceland and the Faroe Islands. At the same time as the Atlantic widened, the
divergent plate boundary always moved northwest relative to the mantle plume, and about 25
million years ago the plate boundary appears to have finally reached the mantle plume. Volcanic
activity increased dramatically when the mantle plume and the plate boundary united, and the
land mass that stood out of the ocean widened from south to north. We see indications of this
event on the continental shelf around Iceland, which is much wider than the shallow submarine
ridge between Iceland and the Faroe Islands - a large portion of the land which was formed in
the last 20 million years has sunk into the sea.The North Atlantic land bridgeSo what indications
are there that a land bridge was ever part of the geological history of the North Atlantic? Is it
possible that the oceanic crust on either side of Iceland simply formed under the ocean, and the
land emerged from the sea when volcanic activity increased at the same time as the plate
boundary moved over the mantle plume? Answers to these speculations have come from many
directions, and almost all of them point to the same conclusion - that Iceland was once part of a
land bridge which extended right across the Atlantic. Firstly, research on the oceanic floor of the
ridges west and east of Iceland has shown that their surface is widely covered by sloping lava
formations, often hidden by thick sediments. The formations probably erupted above sea level
and are very similar to the sloping lava formations in Iceland, which can be seen in the West
Fjords and East Fjords. Secondly, geologists have also tried to estimate how much the crust on
either side of Iceland has subsided since it was first formed at the plate boundary. About 280 km
separates Greenland from Iceland now, and the maximum depth down to the Greenland-Iceland
ridge is only about 600 m. The crust in this area cooled and subsided as it moved away from the
plate boundary, and by estimating the rate of crustal subsidence it is possible to come close to
knowing how long it has been since the ridge first sank below sea-level. Based on this, scientists
believe that a land bridge to Greenland existed until about 10-18 million years ago. The same
can be said about the Iceland-Faroe ridge, which is considerably longer at around 450 km and at
a maximum depth of about 500 m - although there is a somewhat deeper bit of ridge east of the
Faroe Islands. Geologists think that the Iceland-Faroe ridge first sank below sea level about
14-20 million years ago. From these numbers it can be assumed that a fairly continuous land
bridge lay between Greenland and North Europe for the first 35-40 million years of the 55-million-
year-long history of the North Atlantic.This research provides clues about the development of
Iceland, but in the field of geological palaeontology, it has proved even more useful when dating
the North Atlantic land bridge. In old sedimentary layers in Iceland, various plant remains have
been preserved, such as leaves, pinecones, seeds and needles, as well as pollen from many
plant species. By identifying these fossilised remains, it is possible to examine how they are



related to modern and ancient plant communities in North America, Europe and Asia. The oldest
plant remains in Icelandic sediments are about 15 million years old, found on the outermost tips
of the West Fjords, but obviously it is not easy to access older sediments since they have
subsided below sea level. As you go further inland towards the current plate boundary,
sediments containing younger fossilised plants are found. Icelandic geologists have in recent
years studied Iceland’s ancient flora, placing considerable emphasis on looking at how plant
species used to seed themselves and spread. When the oldest fossilised plants are examined,
plants which lived in Iceland about 10-15 million years ago, most of them dispersed their seeds
by wind. However, about 10% of the identified species used short-distance dispersal in which
the seed is carried a short way by animals or by gravity, where the fruit or seed falls directly to
ground from the plant. Examples of such plants include oak, beech and chestnut, and it is
obvious that such plant species cannot distribute themselves across wide oceans: they have to
spread by land. Their occurrence in old sediments in Iceland is therefore a sign of an accessible
land bridge between Iceland and the continents. New plant species that used short-distance
seed dispersal were still appearing in the Icelandic flora up until 6-7 million years ago; they were
probably North American species. The youngest European species came to Iceland about 9-10
million years ago; after that, the land bridge to Europe was probably broken. By contrast, new
plant species appearing in the Icelandic flora in the last six million years all use long-distance
seed dispersal by wind or bird, suggesting that all overland routes between Iceland and the rest
of the world had been cut, and the land bridge had sunk into the sea. Research in palaeontology
suggests that a land bridge all the way from Greenland to Europe existed until about 9-10 million
years ago, and from Greenland to Iceland for a few million years longer, although towards the
end the land bridge was probably only a collection of islands.Two almost conclusive bits of
evidence of the land bridge do exist though. In the summer of 1980 bones of a small species of
deer were found in 3-3.5-million-year-old sediments at Bustarfell in Vopnafjörður, and they are
the only fossilised land mammal remains of pre-glacial age that have been found in Iceland. It is
fairly clear that land mammals did not travel to Iceland across the ocean; instead they came from
the continents across a land bridge and later became trapped when Iceland became an island.
About a million years before the Ice Age began, wildlife thrived in Iceland, and ancient plant
remains show that the climate was much warmer in Iceland then. The strangest evidence for a
land bridge was found almost twenty years after the Bustarfell discovery. In the summer of 1998,
an Icelandic zoologist was researching stickleback fish in Lake Þingvallavatn when, by sheer
chance, he caught a shrimp-like freshwater amphipod. Two years later more specimens were
found, and as a result it was discovered that in Iceland there are two species of groundwater
amphipods which nobody knew about or even expected find. Extensive studies of these
amphipods have been made since then, and they are found all over the country, all the way from
the Ölfusá river estuary, north to Kópasker. And wherever they are found, they are in
groundwater springs on the edges of young and unaltered lava flows. Research teams lead by
biologists from the University of Iceland have studied the amphipods, their distribution and



genetics. The research shows that one species of amphipod has only very distant relatives, but
the other species is quite closely related to amphipods on both sides of the Atlantic Ocean, and
the Icelandic and foreign species may have been separated from each other about 10-15 million
years ago, or even earlier. Freshwater amphipods like these tolerate saltwater badly, if at all, so
they cannot have been carried across the ocean. Instead, their existence here requires a land
bridge earlier in Iceland’s geological history. Since the amphipods arrived in Iceland by land
bridge more than 10 million years ago they have survived repeated glaciations. At their largest,
the Ice Age glaciers more or less covered all of Iceland, so it can be assumed that the
amphipods survived beneath thick ice, probably in groundwater connected to a geothermal
area. It is hardly possible to call it an exciting existence though - groundwater is only two to six
degrees celsius, and the amphipods live off a bacterial film that they scrape from the surface of
rocks in the water.Iceland’s geological historyAs mentioned earlier, the oldest rocks in Iceland
are can be found on the tips of headlands in the West Fjords and East Fjords, and they are
about 14-16 million years old. The varied and interesting history of Iceland’s formation before
this period has almost completely vanished from sight, so it has to be deliberately uncovered, as
in the previous chapter. The geological history after this time is more or less on display to us in
different parts of Iceland, each with their own characteristics. Most of this book tells the
geological story as it is disclosed to us when we travel around the country. On our journey, we
must not forget that geology constantly calls on us to follow clues, even ones that seem not to fit,
and it can often prove a challenging subject. So it is good to keep in mind the dynamic picture of
Iceland that we have outlined here - where more or less all the rock is created at the plate
boundary in the middle of the country, after which it moves gradually out to the edges, taking
millions of years, and finally sinks into the sea.Iceland is reminiscent of a conveyor-belt where
the rock forms, moves and sinks. Most of the rock in the older parts of Iceland originally flowed
as fresh new lava in active volcanic belts, but time and plate tectonics have treated it so harshly
that most people are unable to tell that the rock was originally lava. About 12-15 million years
ago the West Fjords may have looked like the modern-day areas of Reykjanes or Ódáðahraun,
with vast lava fiows that had been layered on top of each other after magnificent volcanic
eruptions. However, since the Ice Age did not begin in Iceland until about 3-5 million years ago,
no mountains of móberg (hyaloclastite) rose from these old lava fields, and the glacially eroded
and dramatic landscapes now visible in the West Fjords and East Fjords were nowhere to be
seen. In periods when no lava flowed, an iron-rich and fertile volcanic soil formed, and in it were
buried plant fragments that have sometimes been preserved until the present day. In other
words, we need to constantly dismiss from our minds the idea of how Iceland looks now,
because the appearance of the landscape has been completely changed by erosion as to make
it almost unrecognisable.So how old is Iceland? What startingpoint is aimed for when trying to
decide the age of the country? In fact there is no single answer to these questions, and it is
possible to consider several stages in the continuous history of the country, each of which could
suggest a possible age for Iceland. It would be possible to start from the point of the island’s



birth of the land bridge when divergence originally began between Greenland and North Europe,
about 54-56 million years ago. Around 23-25 million years ago the boundary between the
European and North American plates drifted over the same mantle plume that we now find
beneath the centre of Iceland. This increased the rate at which the landmass built up, so that it
reached a similar size as Iceland today, and some people might want to count that as the
beginning of Iceland. Or how about using the age of the oldest rock now found at the surface in
Iceland? That is about 15-16 million years old, outermost on the headlands of the West Fjords.
Finally, it would be possible to link Iceland’s age to when the land bridge to Greenland finally
broke, around 6-10 million years ago, after which Iceland finally stood as an island in the middle
of the North Atlantic. Perhaps it is just simplest to leave the age of the country undecided. Is
there really any need to divide a dynamic history like the geological formation of Iceland?



Geoff, “Ideal for someone wanting to know more than the basics of Iceland's geology.. Great
book with lots of information.”
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