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us to use the following images, from their Earth Science World Image Bank at http:
//www.earthscienceworld.org/images/:

Figure Studying a rock exposure. Photo ID: hf8vpp.Copyright (€) Bruce Molnia,
Terra Photographics.

Figure Crystallising salt. Photo ID: ha4T7ly. Copyright (©) Marli Miller, University
of Oregon.

Figure Cross-bedding structures in the Jurassic Navajo Sandstone of Zion National
Park. Photo ID: ha45jb. Copyright (C) Marli Miller, University of Oregon.

Figure Bedded rocks in Sedona, Arizona, USA. Photo ID: h6imm1. Copyright (C)
Chris Keane, American Geological Institute.

Figure Cross-bedded sandstones in Cambrian quartzite, USA. Photo ID: h320z5.
Copyright (©) Marli Miller, University of Oregon.

Figure Mud cracks in mudstone. Photo ID: hOwmwk. Courtesy, United States
Geological Survey.

Figure Trails and burrows in sandstone, Edinburgh, Scotland, UK. Photo ID:
hflsua. Copyright (€) Bruce Molnia, Terra Photographics.

Figure Tilted turbidite sequence. Photo ID: h31zqt. Copyright (©) Marli Miller,
University of Oregon.

Figure Granite specimen. Photo ID: i8bi3k. Copyright (©) Dr. Richard Busch,
West Chester University.

Figure Middle Cambrian trilobite. Photo ID: hszgha. Photographer, Albert Cop-
ley. Copyright (©) Oklahoma University.

Figure Ammonites. Photo ID: hn81zf. Photographer, Albert Copley. Copyright
(© Oklahoma University.
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Figure Granite cliff in Yosemite National Park, USA. Photo ID: h4v9hm. Copy-
right (©) Bruce Molnia, Terra Photographics.

Figure Vesicular basalt. Photo ID: idchfd. Copyright (©) Dr. Richard Busch, West
Chester University.

Figure [1.43| Fountains and cascades of basalt lava at Mauna Ulu on the east rift of
Kilauea in Hawaii, USA. Photo ID: hOx6uv. Photographer: D.A. Swanson U.S.
Geological Survey. Courtesy USGS Hawaiian Volcano Observatory.

Figure Pillow basalt. Photo ID: ij6iul. Copyright (C) Bruce Molnia, Terra Photo-
graphics.

Figure Slaty cleavage and bedding. Photo ID: hfyv72. Copyright (©) Marli Miller,
University of Oregon.

Figure Palaeozoic slate in the Smokey Mountains, USA. Photo ID: h2eehf. Copy-
right (©) Bruce Molnia, Terra Photographics.

Figure Folded gneiss. Photo ID: hdehnx. Copyright (©) Marli Miller, University of
Oregon.

Figure Marble. Photo ID: i8bi83. Copyright (C) Dr. Richard Busch, West Chester
University.

Figure Anticline/syncline in Pliocene rocks near the San Andreas Fault, California,
USA. Photo ID: i8bm6. Copyright (©) Bruce Molnia, Terra Photographics.

Figure [1.58) The Sheep Mountain anticline in Wyoming, USA. Photo ID: hjz82h. Copy-
right (©) Louis Maher, University of Wisconsin.

Figure Reverse faults. Photo ID: hflo30. Copyright (C) Marli Miller, University of
Oregon.

Figure Thrust fault on the beach near Santa Barbara, California, USA. Photo ID:
i8bjxx. Copyright (C) Bruce Molnia, Terra Photographics.

Figure A normal fault in Precambrian rocks near Manila, Utah, USA. Photo ID:
i8bm7y. Copyright (©) Bruce Molnia, Terra Photographics.

Figure Aerial view of a strike-slip fault in Nevada, USA. Photo ID: hfln4a. Copy-
right (©) Marli Miller, University of Oregon.

Figure Unconformity formed when folded rocks of the lower Entrada formation had
been eroded to a relatively flat surface before the Morrison Formation conglomerate
was deposited on top of and buried this erosion surface, USA. Photo ID: ho7fk6.
Copyright (©) Thomas McGuire.

Figure Goniatite showing suture line. Photo ID: hna6cg. Photographer, Albert
Copley. Copyright (©) Oklahoma University.
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Figure A scree slope. Photo ID: hdenni. Copyright (C) John Ballard.

Figure Wind transport in a sandstorm, south eastern California. Photo ID: ha45td.
Copyright (©) Marli Miller, University of Oregon.

Figure The V-shaped valley of the Frazer River, British Columbia, Canada. Photo
ID: i566u9. Copyright (©) Dr. Roger Slatt, University of Oklahoma.

Figure A U-shaped glacial valley in Montana’s Glacier National Park, USA. Photo
ID: imgsd0. Copyright (C) Larry Fellows.

Figure A ridge, Mount Rundle in Alberta’s Banff National Park, Canada. Photo
ID: i565yc. Copyright (©) Dr. Roger Slatt, University of Oklahoma.

Figure A restored opencast mine. Photo ID: h6ilei. Courtesy, US Bureau of Mines.

Figure Hazardous waste in an old metal mining area in the USA, Bunker Hill
Superfund site. Photo ID: ihOhil. Copyright (C) Stuart Jennings, Montana State
University.

Figure San Andreas Fault offsetting streams along the Carrizo Plain in the western
USA. Photo ID: ihOcai. Copyright (©) Michael Collier.

Figure An aerial view of basalt lava fountaining and flowing from Pu'u Oo in the
Hawaii Volcanoes National Park. Photo ID: h27uf0. Photographer: J.D Griggs,
U.S. Geological Survey. Courtesy, USGS Hawaiian Volcano Observatory.

Figure An explosive eruption of Mount St. Helens, USA, on March 19, 1982, sending
pumice and ash 14 kilometres into the air, and producing a lahar (the dark deposit
on the snow) flowing from the crater into the North Fork Toutle River valley. Photo
ID: h57rfy. Photographer: Tom Casadevall, United States Geological Survey.

Figure This unoccupied bus was heavily damaged by the May 18th, 1980 eruption
of Mount St. Helens and partially buried by a lahar on the North Fork Toutle River
near Camp Baker, USA. Photo ID: h6iuu7. United States Geological Survey.

Figure Damage caused by the 1985 earthquake in Mexico City, Mexico. Photo ID:
ho73gp. Albert Copley Oklahoma University Archives, (C) Oklahoma University.

Figure Seismic monitoring of volcanic activity. Photo ID: hidotv. United States
Geological Survey.

Figure Geologists at work examining drill cores, Photo ID: h6iiub. Copyright ©)
ASARCO.

Figure The Noble Kolskaya jackup rig in the North Sea. Photo ID: h6igh4. Copy-
right (©) Noble Corporation.

Figure Groundwater flowing out of bedrock in a spring. Photo ID: h4uudk. Copy-
right (©) Marli Miller, University of Oregon.
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Figure A retaining wall stabilising a highway cutting. Photo ID: h4v3eo. Copyright
(© Marli Miller, University of Oregon.

Figure A team of geologists measuring the strength of the magnetic field surround-
ing the Mt. St. Helens lava dome. Photo ID: h32ias. Photographer: Lyn Topinka,
USGS Cascade Volcano Observatory.

Cambridge Palaeomap Services Ltd — these diagrams are taken from an animation
produced by collaboration between the Earth Science Education Unit and Cambridge Pa-
leomap Services Ltd, who produced the map images used. ESEU gratefully acknowledges
the expertise and assistance of Alan Smith and Lawrence Rush of CPSL. Reproduced by
permission of ESEU.

Figure Continent distribution on the 450 million year old Earth.
Figure Continent distribution on the 375 million year old Earth.
Figure Continent distribution on the 275 million year old Earth.

Figure Continent distribution on the 100 million year old Earth.

The Earth Science Teacher’s Association (ESTA) gave permission for the use of
the following that have been redrawn by the Earth Science Education Unit (ESEU)
at Keele University, which has also given permission for their use:

Figure A constructive plate boundary

Figure Magnetic stripes off Iceland

Geopix — we are most grateful to Stephen Davies at Geopix ( http://www.geopix.org/)
for use of the following images, which are copyright to ‘Geopix’:

Figure Sandstone.

Figure Granite.

Figure Calcite crystals.

Figure Garnet crystal in a metamorphic rock.
Figure Marble.

Figure Hematite with calcite.

Figure Pink calcite.

Figure [1.14b Diamond in a ring.
Figure Garnets in schist.
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Figure [1.15a Hematite.

Figure [1.15b Pink halite.

Figure [1.15c Galena.

Figure [1.15d Mica.

Figure [1.15e Quartz.

Figure [1.18| Breccia.

Figure Angular desert fragments, Death Valley, California, USA.
Figure Dried lake bed, Death Valley, California, USA.
Figure Modern sand dunes, Death Valley, California, USA.
Figure [1.35| Fossil coral.

Figure Volcanic ash, Las Eras in the Canary Islands.

Figure Metamorphosed hornfels showing randomly orientated metamorphic min-
erals.

Figure A shelled cephalopod.

Figure Ammonite showing suture.

Figure 2.18| Hay Tor, a granite tor on Dartmoor, England, UK.
Figure The rift valley in Iceland.

Peter Kennett — we would like to acknowledge use of the following images by Peter
Kennett, available through the Earth Science Education Unit website at: http://www.

earthscienceeducation.com/. These are copyright to the Earth Science Education
Unit (ESEU).

Figure Granite.
Figure Gneiss.

Figure Conglomerate.
Figure Sandstone.

Figure [1.31] Fossiliferous limestone.

Figure Oolitic limestone.
Figure Gabbro.
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Figure Metaquartzite.

Figure The RSS Shackleton, a ship used to make geophysical measurement in the
Atlantic Ocean in the early 1960s.

David King kindly drew the following diagrams:

Figure Graptolite evolution.
Figure Coiled cephalopod evolution.

Figure Oceanic ridge offset by transform faults.
Henry Law prepared the following figures for publication:

Figure The geological time scale, used internationally.

Figure Key events in the evolution of life.

Figure Key events of life shown on a geological time line.

Figure A cladogram showing the relationships of the major groups of life on Earth.
Figure Cladogram of the relationships of major animal groups.

Figure [4.16| ‘Milestones’ in the evolution of planet Earth.
Pete Loader — we are grateful for the use of this image:
Figure Columnar basalt.

Public domain — we are very grateful for being allowed to use the following images, in
the public domain:

Figure Octahedral diamond crystal. Image from the USGS.
Figure Cement gluing’ together rock fragments. Photographer Siim Sepp.

Figure Mineral vein. Fluorite in a vein of blue john at Treak Cliff Cavern, Der-
byshire, England. Uploader, Neilwalker.

Figure [1.14c Pink feldspar in granite, Porto, Portugal. Uploader, Chmee2.
Figure [1.14d Gold nugget from California. Uploader, Reno Chris.
Figure Mudstone at Saltern Cove, Paignton, UK. Photographer, Totnesmartin.

Figure Wave ripple marks in the Moenkopi Formation rock off of Capitol Reef,
USA. Photographer, Daniel Mayer.
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Figure [1.28 Dune cross bedding in sandstones in the Dry Fork of Coyote Gulch, Es-
calante, USA. Uploader, G. Thomas.

Figure Coal seams in an open cast mine, Kai Point Coal Mine, South Otago, New
Zealand. Uploader, Kai Point Coal Mine.

Figure Glacial moraine or till, Athabasca Glacier, Alberta, Canada. Uploader,
Wing-Chi Poon.

Figure Tree trunks preserved in a fossil forest, Dunarobba, Avigliano Umbro, Italy.
Uploader, Cantalamessa.

Figure Explosive eruption of Mt. St. Helens in the USA on 22nd July, 1980. The
eruption sent ash 10-18 kilometres into the air, and was visible 160 kilometres away.
Uploader, Mike Doukas, USGS Cascades Volcano Observatory.

Figure Intersecting dykes at Devil’s Lookout Point, Black Canyon, Gunnison Na-
tional Park, Colorado, USA. Uploader, Wing-Chi Poon.

Figure [1.49| Penrhyn slate quarry at Bethesda in Wales, UK. Published by the Library
of Congress, Prints and Photographs Division, Photochrom Prints Collection before
1923 and therefore in the public domain.

Figure Manhattan schist. No attribution.
Figure Joints in a gypsum quarry in Machtesh Ramon, Israel. Uploader, Ducky.

Figure Tetragraptus fruticosus graptolites from the Ordovician Bendigonian Series,
Bendigo, Victoria, Australia. Uploader, Dlloyd.

Figure View from Glastonbury Tor, Glastonbury, Somerset, UK. Uploader, Rurik.

Figure Freeze-thaw weathering of a rock in southern Iceland. Uploader, Till Nier-
mann.

Figure Granite exfoliation in Texas, USA. Uploader, Wing-Chi Poon.
Figure Chemical weathering of rocks in Kenting, Taiwan. Uploader, Tequila.

Figure The limestone pavement at Malham Cove, near Malham in Yorkshire, UK.
Uploader, Immanuel Giel.

Figure Lichen growing on rocks in Custer State Park in the Black Hills of South
Dakota, USA. Uploader, Kelly Martin.

Figure River transport in the Kali Gandaki valley in Nepal. Uploader, Kogo.
Figure Ice transport and deposition at Mrdalsjkull, Iceland. Uploader, Helios.

Figure The meandering River Wampool near Angerton, Cumbria, UK. Uploader,
the Geograph project.
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Figure Plateau of basalt lava, Paran traps, Rio do Rastro, Santa Catarina, Brazil.
Uploader, Eurico Zimbres.

Figure A cuesta called Shawangunk Ridge, New Jersey, USA. Uploader, Jarek
Tuszynski.

Figure The valley of the Great Glen Fault, Glen Docherty, Incheril, Wester Ross
in Scotland, UK. Uploader, wfmillar.

Figure Headland and bay, the view looking over Tautuku Bay towards the Tautuku
Peninsula, in the Catlins, New Zealand. Uploader, Avenue.

Figure A chalk quarry on the Mediterranean island of Crete. Uploader, Wouter
Hagens.

Figure A working quarry, for limestone at Forcett Quarry, near East Layton, York-
shire, England, UK. Uploader, Helen Wilkinson.

Figure A modern mine; Boulby Mine in North Yorkshire, the deepest mine in the
UK. It is a major source of potash, with rock salt as a by-product. Uploader, Dave
Eagle.

Figure The Levant Mine, an old tin and copper mine in Cornwall, UK, that was
worked for more than 200 years. It was closed on October, 1930. Uploader, Tom
Corser.

Figure Dinosaur tracks preserved in an old quarry in Bolivia. Uploader, Jerry
Daykin.

Figure Trosky Castle on a volcanic plug in the Bohemian Paradise Geopark, Czech
Republic. Uploader, Wilson44691.

Figure Hutton’s unconformity at Siccar Point, near Edinburgh, where eroded gently
sloping Devonian Old Red Sandstone layers overlie older near-vertically bedded
Silurian greywacke rocks. Uploader, dave souza.

Figure James Hutton, a painting by Abner Lowe. In the public domain because the
copyright has expired.

Figure German postage stamp showing Alfred Wegener. Uploader, the postal ad-
ministration of the Federal Republic of Germany.

Figure Wegener’s map. In the public domain because its copyright has expired.

Figure An aerial view of the San Andreas fault in California, USA. Uploader,
USGS.

Figure Map of the age of ocean floor. Uploader, SEWilco.
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Figure An island arc volcano, Mount Bromo on Java, Indonesia, July 11 2004.
Uploader, Jan-Pieter Nap.

Figure A continental volcano, Augustine volcano in Alaska, USA, January 12, 2006.
Uploader, USGS.

Figure (3.24] Proterozoic stromatolites from the eastern Andes south of Cochabamba,
Bolivia, South America. Uploader, SNP.

Figure Global temperature change over the last 500 million years. Uploader,
Robert A. Rohde.

Figure Ice age temperature changes. Uploader, Robert A. Rohde.
Figure Global climate change over the last 2000 years. Uploader, Robert A. Rohde.

Figure Carbon dioxide in the atmosphere over the last 40,000 years. Uploader,
Robert A. Rohde.

Figure Computer prediction of global warming. Uploader, Robert A. Rohde.
Figure Projections of sea level change. Uploader, Robert A. Rohde.
Figure Atmospheric carbon dioxide. Uploader, Robert A. Rohde.

Figure James Lovelock in 2005. Uploader, Bruno Comby of the Association of
Environmentalists for Nuclear Energy.

Figure James Lovelock’s daisyworld simulation. Uploader, Alexander.stohr.

Figure William Smith’s map of England/Wales. Uploader, the Library Foundation,
Buffalo and Erie County Public Library.

Figure |4.4] Fossils of Scaumenacia curta and Bothriolepis canadensis, two extinct fishes.
Uploader, Ghedoghedo.

Figure A fossilized frog, from the Czech Republic. (possibly Palaeobatrachus gigas).
Uploader , Kevin Walsh, Oxford, England.

Figure [4.6] Fossil reptile Monjurosuchus splendens displayed in Hong Kong Science Mu-
seum. Uploader, Laikayiu.

Figure [4.8] The Berlin specimen of Archaeopteryz, in the Museum fiir Naturkunde (Berlin).
Uploader, Raimond Spekking.

Figure Fossil mammal Eomaia scansoria displayed in Hong Kong Science Museum.
Uploader, Laikayiu.
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Figure [4.9] The changes in biodiversity since the Cambrian (the beginning of Phanero-
zoic time). Grey = total known genera from Sepkowski’s catalogue (cited by Rohde
& Muller); green = “well-defined genera”, i.e. known genera excluding those rep-
resented by “single occurrences” and those whose dates are uncertain; red = trend
for “well-defined genera”; yellow = the “Big Five” mass extinctions; blue = other
extinction events. Uploader, Albert Mestre.

Figure A school in San Salvador destroyed by the earthquake in 2001. Uploader,
the United States Agency for International Development.

Figure The Yamabe Bridge, damaged by the Chuetsu earthquake in Japan. Not
attributed.

Figure A picture of the tsunami on the 26th December, 2004 in Ao Nang, Thailand.
Uploader, David Rydevik (email: david.rydevik@gmail.com), Stockholm, Sweden.

Figure Ascending eruption cloud from Redoubt Volcano as viewed to the west from
the Kenai Peninsula, Alaska, USA, April 21, 1990. Photographer, R. Clucas. Up-
loader, Janke.

Figure [5.10] Hazard zone map of the Nevado del Ruiz volcano, above Armero, Columbia.
Public Domain work of US GOV Agency USGS. Uploader, Zero Gravity.

Figure [5.9) Pyroclastic flows on the Mayon Volcano in the Philippines, 1984. USGS.
Uploader, C.G. Newhall.

Figure Landslide caused by the 2001 El Salvador earthquake. USGS.

Figure A GPS monitoring station used by the volcanological observatory on Runion
Island to monitor the deformation of the Piton de la Fournaise volcano. Uploader,
B.Navez.

Figure An earthquake interferogram produced for the 17th August Izmit earth-
quake, Turkey, 1999. The image was created using pairs of images, acquired at two
different times, by the Synthetic Aperture Radar (SAR) on the European Space
Agency’s Remote Sensing satellite. Photo ID: PIA00557, NASA /JPL-Caltech.

Figure [5.17] The windfarm north of Kilmuckridge, adjacent to Ballinoulart in County
Wexford, Ireland. Uploader, Sarah777.

Figure Solar panels on a hotel in Capdepera, Mallorca, Illes Balears. Uploader,
ca:Usuari:Chixoy.

Figure [5.19| Fossil and model of an Archaecopteryx on display at Geneva Natural History
Museum in Switzerland. Uploader, Rama.

Figure [5.20| Fossil specimen of Wiwaxia from the Burgess Shale on display at the Smith-
sonian Museum in Washington, DC, USA. Uploader, Jstuby.
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Figure Excavations at the dinosaur site of Lo Hueco, Cuenca, Spain in 2007. Up-
loader, Mario modesto.

Figure Reproduction of two ornithischian dinosaurs from the late Cretaceous, ex-
hibited in the Natural History Museum, London, UK. Uploader, Elapied.

Figure Casts of the parts of the three million year old Australopithecus afarensis
skeleton ‘Lucy’ found in Ethiopia. Exhibited in the Natural History Museum, Paris,
France. Uploader, 120.

Figure A reconstruction of the ‘Lucy’ fossil in the Senckenberg Museum, Frankfurt,
Germany. Uploader, Gerbil.

Figure A working quarry between Artemonas and Troullaki on Sifnos, Greece.
Uploader, Phso2.

Figure Panoramic view of the ‘biome’ dome structures of the Eden Project, a large-
scale environmental complex in an old china clay pit near St Austell, Cornwall, UK.
Uploader, Jrgen Matern.

Figure A landfill site in Hawaii. Not attributed.

Figure [6.5| Electrical surveying by a geophysicist from the Department of Earth Science
at Aarhus University, Ulstrup, Denmark. Uploader, LinuxChristian.

Figure Aquifer diagram. Uploader, Hans Hillewaert (Lycaon).

Figure A windpump with reservoir and drinking trough on farm near Winburg, Free
State, South Africa. Uploader, Gregory David Harington.

Figure Acid mine drainage causing severe environmental problems in the Rio Tinto
river, Spain. Uploader, SeanMack.

Figure A slab foundation. Uploader, Peter Kapitola.
Figure [6.11] Deep foundations for a building in Barcelona, Spain. Uploader, vicens.

Figure Stone-filled gabion cages lining a stream bank. Uploader, the United States
Department of Agriculture:
http://www.al.nrcs.usda.gov/technical/photo/urb_rec/StreamSt/gabion2T.

JpPg

Figure NASA illustration of hypothetical asteroid impact; note that the depicted
asteroid is extremely large, far larger than would reasonably be expected to impact
Earth in the forseeable future. Uploader, Yaocihuatl.

Figure An illustration showing the extinction of dinosaurs in the Deccan Traps
in the Western Ghats, India. Uploader, the National Science Foundation, Zina
Deretsky.
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United States Geological Survey (USGS) — we are grateful for permission to use
the following images, which have been redrawn by the Earth Science Education Unit
(ESEU) at Keele University, which has also given permission for their use:

Figure The structure of the Earth.

Figure Mantle convection.

Figure The Mid-Atlantic Ridge.

Figure The formation of magnetic stripes.

Figure Subduction of an oceanic plate at an oceanic/oceanic plate margin.
Figure A continental /oceanic plate margin.

Figure A continental /continental plate margin.

Figure Formation of the Hawaiian island chain.
Figure A global plate map.

We are grateful to the UK Offshore Operators Association (UKOOA) for permission
to use the following from their ‘Britain’s Offshore Oil and Gas’ publication (revised edition,
1997, published by the Natural History Museum).

Figure Different types of hydrocarbon traps, available on the ‘Oil and Gas UK’ web-
site at: http://www.ukooa.co.uk/education/storyofoil/geological-03.cfm

Figure A seismic trace, available on the ‘Oil and Gas UK’ website at: http://www.
ukooa.co.uk/education/storyofoil/geological-03.cfm
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