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The multi-coloured rocks in the walls of the Yellowstone Canyon illustrate the derivation of the name of the Yellowstone National Park. The
brightest patches of colour are due to hot springs and fumaroles that have hydrothermally altered the thick sequences of rhyolitic volcanic ashes
and pyroclastics erupted from the Yellowstone Volcano during the most recent of the caldera events. Thin basaltic flows (a subordinate
component of the volcanism) that display prominent columnar jointing are intercalated with the rhyolitic ashes and pyroclastics. The
hydrothermal features, including the famous geysers, are driven by heat associated with a shallow magma chamber located beneath the
Yellowstone Caldera



Roger N. Scoon

The Geotraveller
Geology of Famous Geosites and Areas
of Historical Interest

123



Roger N. Scoon
Department of Geology
Rhodes University
Grahamstown, South Africa

ISBN 978-3-030-54692-2 ISBN 978-3-030-54693-9 (eBook)
https://doi.org/10.1007/978-3-030-54693-9

© Springer Nature Switzerland AG 2021, corrected publication 2021
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduction
on microfilms or in any other physical way, and transmission or information storage and retrieval, electronic
adaptation, computer software, or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication does not
imply, even in the absence of a specific statement, that such names are exempt from the relevant protective laws and
regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book are believed
to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors give a warranty,
expressed or implied, with respect to the material contained herein or for any errors or omissions that may have been
made. The publisher remains neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

Cover photograph: Delicate Arch is the most photogenic of the sandstone monoliths in the Arches National Park,
northern Utah. Differential erosion of the gently-dipping Entrada sandstone (Middle Jurassic) is a key component
in formation of arches

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-54693-9


Preface

The Geotraveller describes the geology of famous geosites and areas of archaeological and
historical interest from the USA, Africa, and Europe. Geological descriptions are supported by
simplified geological maps and colour photographs. Many of the geosites occur in national
parks and reserves, some of which have been upgraded to world heritage sites, while others are
located in newly formed geoparks. A Geopark is a unified area that advances the protection
and use of geological heritage in a sustainable way and promotes the economic well-being
of the people who live there (definition from Wikipedia). There are Global Geoparks and
National Geoparks. Many of the geosites not located in parks or reserves could be protected as
areas of special interest. The creation of geoparks in areas of outstanding natural landforms is
indicative of a growing interest in geological heritage and geotourism.

The Geotraveller is largely based on published geological articles that are not readily
accessible to the non-specialist. A short commentary on historical and archaeological features
is provided where appropriate. The book is directed at both the professional geologist and the
educated layperson. A short glossary is included to assist with the increasingly complex
geological nomenclature. The geosites are located on a map (Map A) with the rock sequences
indicated on a stratigraphic chart (Map B).

The first section of the book deals with geosites located in North America. Amongst these,
the state of Utah in the southwestern USA contains some of the most spectacular landforms on
Earth. Giant canyons, free-standing monoliths, and natural sandstone arches are associated
with thick sequences of mostly flat-lying Mesozoic strata. Differential erosion of resistant
sandstone formations that are interbedded with relatively soft shales and mudstones is a key
process in development of landforms at the Canyonlands National Park, as well as at Mon-
ument Valley. The natural rock arches at the Arches National Park, possibly one of the most
recognizable geological phenomena on Earth, have formed in thick sequences of jointed
sandstones associated with the Jurassic-age Entrada Formation (Cover). The Dinosaur
National Park contains a museum built over a quarry face where an unusual concentration of
dinosaur fossils can be observed in situ within mudstones and shales of the Jurassic-age
Morrison Formation. The landscapes of the Yosemite National Park in California have been
carved out of Mesozoic granitic batholiths by the action of glaciers and ice sheets. The Late
Pleistocene Ice Ages were a global phenomenon, and the deep valleys, waterfalls, and Alpine
lakes of Yosemite offer an idealized version of a glaciated landscape. The Yellowstone
National Park is not only the world’s most well known national park but is also the oldest. The
creation of Yellowstone to protect the world’s greatest concentration of geothermal features
provided the impetus to conserve wilderness areas throughout the world. The geysers, hot
springs, and mud pots are driven by heat from an active magma chamber situated beneath the
Yellowstone Caldera (Frontispiece). The Yellowstone National Park also offers the opportu-
nity to examine the relationship between geology and large mammals that include bears and
bison. The landforms and mountain scenery of the Canadian Rocky Mountains attract millions
of tourists annually. The 232 km-long Icefields Parkway in the Banff and Jasper National
Parks reveals captivating views of giant U-shaped valleys, snow-clad peaks, icefields and
glaciers, and lakes and waterfalls. The Yoho National Park includes exposures of marine
fossils associated with the “Cambrian Explosion of Life”.
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Descriptions of the spectacular geology of East Africa make up the second part of the book.
Commentary is provided on the way the geology has influenced the evolution of life, including
early hominids. Many of the national parks and reserves in southern Uganda are associated
with the Albertine Rift, the western branch of the East African Rift System. The rifting
severely impacted drainage patterns within the heart of the African continent, including the
upper reaches of the Victoria Nile. The rifting and associated volcanism, a relatively recent
phenomena, also impacted the speciation and distribution of fauna and flora, examples of
which can be observed in the Murchison Falls and Queen Elizabeth National Parks. The
endangered Mountain gorilla is postulated to have evolved in the relatively ancient Bwindi
Forest (Uganda), spreading to the younger forests of the Virunga Mountains (Democratic
Republic of the Congo, Rwanda, Uganda) in more recent times. The Nyiragongo Volcano in
the southern part of the Virunga National Park, Democratic Republic of the Congo, includes a
summit crater that contains probably the world’s largest and most active lava lake. The
Ngorongoro Conservation Area in northern Tanzania reveals a diverse range of landforms,
including regional plateaus, volcanic uplands with giant calderas, alkaline lakes, and active
and quiescent volcanoes. The biannual migration of grazers on the Serengeti Plains is in part
related to nutrient-rich grasses which grow on ashes associated with the Oldoinyo Lengai
Volcano. The coexistence of multiple hominid species is an intriguing feature of the
palaeoanthropological sites of Oldupai Gorge and Laetoli, localities which have greatly
influenced our understanding of human evolution. Initiation of new species by Darwinian
evolution during the Pliocene and Pleistocene epochs (5.3 Ma-11,500 BP), including homi-
nins, occurred in remarkably short time intervals. In East Africa, the two epochs were char-
acterized by intense volcanism and extreme climatic cycles (e.g., the Ice Ages).

The third part of the book deals with the complex geology of the Mediterranean. Large
parts of the central and eastern Mediterranean remain tectonically active and the volcanoes of
southern Italy and the Italian Islands, including Etna and Stromboli, have helped shape the
science of volcanology. Parts of southern Italy and eastern Sicily are subjected to severe, even
catastrophic earthquakes related to crustal extension. The volcanoes, however, are driven by
proximity to an active subduction zone related to collision of the African and Eurasian Plates.
The geological features of this region may in part be associated with historical and classical
sites, some of which are described in Greek mythology, including Homer’s Odyssey. The
region proximal to the Bay of Naples contains three active or dormant volcanoes, Campi
Flegrei, Ischia, and Vesuvius. The historical eruption of Vesuvius in 79 AD affected the
Roman cities of Herculaneum and Pompeii, which are of special interest to volcanologists and
archaeologists. Many of the famous historical sites and antiquities of southeast Greece,
including the Acropolis of Athens, Delphi, and Thermopylae, occur in regions subjected to
active tectonism. Tectonism has in part reshaped landscapes, and recent geomorphological
reconstructions generally substantiate the classical descriptions. Northwest Greece includes
mountainous terrains related to the Alpine Orogeny, in which antiquities and monasteries,
including the Meteora, occur in seemingly inaccessible locations. The ancient settlements
of the Peloponnese, including Mycenae, typically occur in valleys created by grabens asso-
ciated with the crustal extension which has followed the Alpine Orogeny. The juxtaposed
Alpine tectonic zones are dominated by limestone mountains which supply groundwater to
settlements in the valleys. Active and dormant volcanoes of the Hellenic Volcanic Arc include
the Methana Volcanic Complex in the Peloponnese and the islands of Milos and Santorini in
the Aegean Sea. Milos offers an unparalleled opportunity for geotourism and mining heritage,
with geotrails accessing sites including deposits of pumice and agglomerate in spectacular sea
cliffs. The Santorini archipelago reveals a large, partially submerged caldera, the formation of
which is ascribed to one of the most explosive volcanic eruptions in the historical record. The
eruption buried the Minoan city of Akrotiri and may have initiated Plato’s legend of the lost
continent of Atlantis.

vi Preface



The ancient city of Troy in western Turkey, which reveals nine levels, including the
Homeric city of the Iliad, is similar to the Greco-Roman antiquities of Ephesus and Pergamum
in being located in an active graben. The grabens are subjected to relatively rapid rates of
sedimentation which adversely affected harbours in ancient times. The Hierapolis-Pamukkale
archaeological and geosite in southwest Turkey includes one of the world’s largest deposits of
travertine. The travertine, which is a hard, compact variety of limestone, was deposited from
hot springs or geothermal waters associated with active graben faults. The travertine has
covered large sections of the Hierapolis antiquity. The Cappadocia region of central Turkey
contains innumerable natural rock monoliths and pinnacles, together with the largest con-
centration of underground rock dwellings reported in the world. Many of the most remarkable
landforms in this region, including the “fairy chimneys” in the Göreme Historical National
Park, are related to differential erosion of recent volcanic deposits.

The Lake District National Park in northwest England is dealt with in the fourth section
of the book. This is the most widely visited rural area in the British Isles, with tourists attracted
by outdoor activities including a network of mountain footpaths. The national park includes
rugged peaks associated with extinct volcanoes and ice-sculptured landforms made famous by
painters and writers. The Lake District has a rich mining heritage with the opportunity to visit
historical slate and copper mines.

Two examples of layered mafic igneous intrusions are described in the fifth and final part
of the book. Layered mafic igneous intrusions are large plutons characterized by
sub-horizontal rock layers. The first example is the Skaergaard Intrusion in Greenland, which,
despite its relatively small size, has had a substantial influence on the development of con-
ceptual thinking regarding layered intrusions. The other example of this category of geological
phenomena is the giant Bushveld Igneous Complex in South Africa. There is no consensus on
the formation of igneous layering, despite intensive studies. The Bushveld Igneous Complex
includes important layered orebodies, or “reefs”, including the platinum-rich Merensky Reef,
together with layers of chromitite and vanadium-rich Ti-magnetite. The history of the dis-
covery of the platinum in the Eastern Limb makes a fascinating read.

Grahamstown, South Africa Roger N. Scoon

Preface vii

The original version of the book was revised: Belated corrections have been incorporated. The
corrections to the book are available at https://doi.org/10.1007/978-3-030-54693-9_18



Map A Location of geosites
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Preface ix

Map B Stratigraphic chart. The Lower Carboniferous in North America is referred to as the Mississippian and the Upper Carboniferous is the
Pennsylvanian period. The base of the Pleistocene is located at 1.8 Ma (older usage), rather than 2.58 Ma as is currently recommended to indicate
the start of the Quaternary
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