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Preface

Fossils are among the most highly prized natural objects in the world. They figure
in our everyday lives as decorative objects in our homes, and as the dinosaur
products which fill the toy and book shops and which periodically appear in the
cereal packets at our breakfast tables. Collecting fossils is an absorbing pastime
which grades into a passion for weekend geologists, and many students enter
higher education through their interest, reading for degrees in the earth sciences
which have a direct benefit for the national economy.

Despite this, palaeontology is often one of the most neglected, misunderstood
and poorly promoted subjects on the geological curriculum. It suffers from two
preconceived ideas: that it is a subject steeped in Latin names, and that learning
lists of species and genera is at the core of any teaching strategy. The names are
important, of course; they are part of a truly international scientific language, but
learning them parrot-fashion should be a task undertaken by only the most dedi-
cated specialist. Palaeontology is much more than this. The reality is that each
fossil has a tale to tell, as each one is a fragment of an ancient ecosystem, a frozen
frame in an evolutionary lineage or a chronometer of geological time. Putting
aside the long names and the stupefying detail of their component parts, it is the
value of fossils in applied studies which determines that they should be included
within the text of any geology course.

This book is intended for first-level students. It is an overview and introduction,
and is not the last word on the subject. It is meant to demonstrate the geological
applications of fossils. Each of the main fossil groups is deliberately dealt with in
brief so that the tedium of unnecessary detail is pared down. Undoubtedly this
treatment may dissatisfy, even annoy, specialists, but this book is intended for
undergraduates, from those who will go on in palaeontology to those who may
never study palaeontology beyond the first level of their degree. It is a book
written out of a love for a subject born when I was a young boy collecting fossils
in North Wales and North Yorkshire. If it goes some small way in inspiring
interest in one of the cornerstones of geology, I shall have succeeded in my aim.

Peter Doyle
London, 1995
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1
What is Palaeontology?

1.1 PALAEONTOLOGY: THE STUDY OF ANCIENT LIFE

The Earth is 4600 million years old. Life has existed on Earth for at least 3550
million years, and since its first appearance it has adapted and changed the
planet. The early atmosphere, almost devoid of oxygen, was adapted by the first
organisms which produced this gas as a by-product of photosynthesis. The bodies
of countless millions of organisms, microscopic and macroscopic, form whole
rocks; the invaders of the land, plants and animals, have helped shape the land-
scape by both accelerating and reducing erosion. Life on Earth, in every form, has
contributed to the story of our planet. The story of the development of life on
Earth, of the biosphere, forms the subject of palaeontology: the study of ancient
life.

Palaeontology has its roots in two subjects: geology and biology. Geology and
palaeontology are intimately linked. The birth of both subjects can be arguably
traced to the work of one man, the Danish physician Niels Stensen, often known
as Steno (1638-1686). Stensen discovered that the fossil shark’s teeth enclosed in
the rocks of Tuscany were in fact identical with those of modern sharks, and
from this he concluded that the layered rocks forming the land surface had
themselves been formed in the sea. Significantly, he concluded that the fossils
within them were not the result of mysterious vapours pervading the Earth, as
many thought at the time, but that they were actually the remains of once living
animals. Drawing both upon geology and the biology of living organisms, Sten-
sen explained the origin and occurrence of fossils, and laid the foundations of
palaeontology.

Since Stensen’s day, palaeontology has provided important tools for geologists
and biologists alike. In geology, fossils are important in piecing together rock
successions from the same time interval across the globe, and in interpreting the
nature of ancient sedimentary environments. In biology, fossils are a legacy of the
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diversity of life in the geological past, and the most direct evidence of evolution of
life on Earth. This book is primarily concerned with understanding fossils so that
they can be widely used in these subjects.

1.2 THE SCOPE OF PALAEONTOLOGY

Palaeontology is fundamental to geology. From the study of the environmental
tolerances of their living relatives, fossils provide the clearest insight into the
nature and development of ancient Earth environments. Fossils are also un-
rivalled as stratigraphical tools. The process of evolution acts as an irreversible
clock in which the appearance of successive species through time can be used to
match and correlate rock successions. Every day, microfossils are used in industry
as routine stratigraphical ciphers, unlocking the relative age of successions of oil-
bearing rocks. Palaeontology also has a pivotal role in biology, in providing proof
of the evolution and diversification of life on Earth. Despite this, palaeontology is
not popular with students. Dinosaurs have universal appeal, but simple inverte-
brate fossils appear insignificant and dull. In many undergraduate courses, pal-
aeontology is seen by students as a necessary — or, even worse, unnecessary —
hurdle which has to be negotiated in order to pass through the course. The most
common accusation is the “plethora of long names’ pervading the subject. In
reality, palaeontology is more than a catalogue of fusty-sounding names: it is a
living subject of fundamental importance to both geology and evolutionary
biology.

The basis for any science is the accumulation and ordering of data in order to
develop and test hypotheses. The scientific approach demands a rigorous data set.
In palaeontology, this data set is based on the fossils themselves, and in particular,
their occurrence and diversity. It is encompassed in taxonomy, the scientific or-
dering and naming of fossil groups. Taxonomy provides the solid foundation of
the science of palaeontology, and geologists and biologists alike can apply the
information it provides in three fields: palaeobiology, palaecoenvironmental re-
construction and stratigraphy (Figure 1.1). It is in these fields that the value of
palaeontology lies, and these three subject areas provide the broad themes of this
book.

Examining these themes, Palaeobiology is the study of fossils as once living
animals and plants. It involves the interpretation of the function or mode of life
(the functional morphology) of fossil organisms, and the study of the pattern,
process and timing of evolution. Palaeoenvironmental reconstruction is possible
because fossils are an important part of sedimentary rocks, and, when living,
were an integral component of their environment. Through the interpretation of
their ancient ecologies, fossils serve as indicators of past climate, oxygen levels,
salinity, and a range of other environmental factors. The determination of ancient
geographies and the unravelling of complex tectonic terranes are possible using
the ancient distribution patterns of fossil organisms. Finally, fossils are important
in stratigraphy as indicators of specific time periods, and as tools by which rock
successions can be correlated.
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mode of life as living
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conditions

Figure 1.1 Taxonomy as the basis for the three main fields of applied palaeontology: pal-

aeobiology, palaeoenvironmental reconstruction and stratigraphy [Modified from: Clarkson

(1993) Invertebrate Palaeontology and Evolution (Third edition), Chapman & Hall, Fig. 1.3,
p. 6]

1.3 THE AIM AND STRUCTURE OF THIS BOOK

This book is primarily intended for geologists, but will also be of interest to
biologists. It assumes some basic knowledge of geology and biology. It is an
attempt to illustrate the use of fossils in geological studies; in palaeobiology,
stratigraphy and palaeoenvironmental analysis. It has three parts. In Part I the
key concepts in palaeontology are examined: the processes of fossilisation, the
principles of palaeoecology, the role of fossils in evolutionary studies, and the use
of fossils in stratigraphy. In Part II are introduced the most important invertebrate
fossil groups. These provide the basis for understanding the most useful fossil
groups, and serve as an introduction to further study. In Part III specific case
studies of the use of fossils in the three areas of applied palaeontology are
discussed.
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2
Fossils and Fossilisation

In this chapter the term “fossil’ is explained and the processes which lead to the
preservation of fossils in the sedimentary rocks of the geological record are de-
scribed.

2.1 WHAT ARE FOSSILS?

Fossils are the remains of once living plants and animals. Put simply, they are the
visible evidence of life on Earth during the 3550 million years or so that geologists
now know have sustained life. The name ‘fossil’ is derived from the Latin word,
fossilis, which refers to any object which has been dug from the ground. The term
was first applied in geology in the sixteenth century; at that time, and until the late
eighteenth century, a fossil could also refer to any mineral object, archaeological
artefact or curiosity dug from the ground. This is no longer the case. Since the
birth of the science of palaeontology (the study of ancient life) in the late eight-
eenth century, the term “fossil’ refers to the remains of any ancient organism.
Effectively, these remains are the physical evidence of past life found in rocks and
sediments. There are two basic types: body fossils and trace fossils.

Body fossils preserve elements of the original body of an organism, and have
undergone the process of fossilisation. This usually means that the organism has
died and been buried, and is therefore preserved, but does not imply great age, or
even the process of ‘turning to stone’. Effectively, therefore, a shell buried on a
modern beach, a man or woman interred at a funeral, or an organism incorpor-
ated in sediments formed millions of years ago is encompassed within the defini-
tion. Other fossils include “mummies’ - organisms that have been preserved
because of desiccation, without the necessity of burial. However, in practice,
many scientists would exclude recently dead and buried organisms from the
definition as a convenience, choosing as an arbitrary cut-off point the base of the
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Holocene, the most recent geological time interval (Box 1.1). The nature of the
preservation of body fossils is extremely important to palaeontologists: the better
the preservation state, the greater the information available about the nature of
ancient life and its changes through time. In essence, body fossils can be pre-
served intact or fragmented; they can be found complete with the most delicate
soft body parts and their ancient biomolecules preserved, or as fragments, eroded
and broken down.

Trace fossils are the physical evidence of the existence of plants and animals
through their traces: tracks, burrows and borings which disturb the bedding
surfaces and fabric of sedimentary rocks. Traces are defined on the interpretation
of the action of the organisms that created them: feeding, moving, resting and so
on. These traces are mostly ephemeral, created as disturbances in or on sediments.
Hence, burial is important in the preservation of surface traces, but most traces
are created in situ within the sediment. Both are effectively preserved through
rapid sedimentation. A few other traces, notably coprolites, the fossil faeces of a
variety of organisms, undergo a similar process of fossilisation to body fossils.

Together body and trace fossils furnish scientists with the information to inter-
pret mode of life: the body fossil (e.g. a dinosaur bone) illustrates the form of the
animal, the trace fossil (e.g. a dinosaur footprint) the way in which it interacted
with its environment.

2.2 TAPHONOMY: THE PROCESS OF FOSSILISATION

The process of fossilisation through which fossils are created is complex, and the
outcome is determined by a variety of interrelated physical, chemical and biolog-
ical factors. As such the subject of fossilisation is almost a science in its own right,
usually referred to as taphonomy. However, three broad stages can effectively be
identified in the fossilisation of an organism. These are: death, pre-burial, and
post-burial (Figure 2.1).

2.2.1 Death of the Organism

Death is the first process that has to occur before fossilisation can take place.
Death and illness can be caused by old age, infection, parasitic infestation, preda-
tors, and through physical, chemical and biological conditions of the environ-
ment, such as changes in climate or exclusion of oxygen from the water column.
However, few of these factors can ever be identified as the cause of death. It is
often the case, when we find a fossil, that we are at the scene of the crime - the
death of the organism in the geological past — but usually we have only circum-
stantial evidence of the cause of death, and very little idea of the motive. In some
cases, we can identify illness, infection and parasites. Dinosaurs commonly give
indications of medical conditions through their bone architecture; arthritis of
joints, for instance, is fairly common. Parasites are also fairly common in inverte-
brate animals, and crinoids (Chapter 11) appear to be particularly prone to



Fossils and Fossilisation 13

* Natural life cycle
e Interaction with environment
and other organisms

e Predators
® liiness

e Natural causes
* Environmental change

® Disarticulation

: =2))
Scavengers >

° Wind and water transport

POST-BURIAL |

® Diagenesis

® Exceptional preservation
of soft parts
¢ Preservation of hard parts

Figure 2.1 The four phases of the fossilisation process, from life, through death and on to

burial. Death can occur through a variety of factors, and the processes which act upon an

organism before and after burial determine whether it is to be preserved as a fossil in the
sedimentary record

infestation by worm-like organisms, often with swellings and pits illustrating the
parasitism. Other natural causes of death, such as old age, may be deduced from
fossil remains. For example, mammoth ‘graveyards’ can be interpreted through
the study of modern elephant bone sites in Africa caused by die-offs associated
with drought or other environmental hardships, or just the sum of deaths from
disease or old age over a long period of time. Accumulations of mammoth bones
may be interpreted as a result of similar processes (Box 2.1). Mass death in
communal organisms as a part of the natural life cycle, particularly after mating,
has been recognised in other organisms, paralleling the behaviour of modern-day
squid. However, the actual cause of death can be clearly determined in only very
few instances. Predators are sometimes found with stomach contents containing
the remains of other fossil organisms. In the Jurassic shales of Holzmaden in
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southern Germany, for example, a shark has been recovered with the remains of
250 belemnites in its stomach (Figure 2.2). This certainly illustrated the cause of
death of the squid-like belemnites, but may also have lead to the death of the
shark from some form of indigestion. Other instances of gluttony are also recog-
nised and are clear indicators of the cause of death (Box 2.2). Similarly, fossils
preserved within coprolites are also good pointers to mode of death -
demonstrating the preferred diet of an ancient predator.

ephan ‘Wﬂéswmhg%m#sh@e drought event. Bones were
jmﬁmmﬁy;m e the -sitects- e":Ti

haviour and the Fossil Record. Cambridge University Press, Cambridge. =~
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Figure 2.2 A Hybodus shark from the Lower Jurassic of Holzmaden in southern Germany.

The shark has eaten over 250 belemnites, the hard parts of which have accumulated in its

stomach. The belemnites were obviously killed by the shark — but the build-up of belemnite

skeletal remains may have ultimately lead to the death of the shark itself [Photograph: J.E.
Pollard]

Physical and chemical causes of death are, if substantiated, useful clues for the
geologist in determining the nature of ancient environments. The clearest ex-
amples of physical death are organisms trapped in the sticky resin produced by
trees as sap, or entombed in tar pits. Amber is fossil tree sap, and is common in
some river deposits close to the site of ancient forests. Occasionally, amber con-
tains the remains of fossil insects intact, preserved from the moment of entrap-
ment by the tree resin. Tar pits enclosing the remains of larger animals trapped by
upwelling asphalt represent another instance of entrapment and preservation.
The pit at Rancho La Brea, in Los Angeles, California, USA, is a gruesome ex-
ample. Here, during the Pleistocene, a variety of vertebrates came to drink from a
water hole and were trapped, sucked in and drowned in the asphalt welling
beneath its surface. In rare instances like this, geologists have an exceptionally
clear illustration of the direct cause of death.

Changes in the physical or chemical environment can promote death on a large
scale. Rapid mass mortalities are difficult to substantiate but may be represented
by great accumulations of fossils under volcanic ash, as in the case of the human
tragedy of the Roman cities of Pompeii and Herculaneum, in southern ltaly, or
associated with black shales in the sea indicating asphyxiation through low-
oxygen conditions. Over a longer time scale, the death of coral reefs through
drowning in deep water or exposure to the elements, or the inundation of forests
by the sea, is recorded by the physical remains of the dead reef or forest sur-
rounded by rocks indicating the environmental change. Even individual tragedy
may be recorded. In the Jurassic limestones of southern Germany, Eulimulus, the
king crab, is sometimes encountered at the end of a series of meandering trails, a
record of the death throes of an organism in the harsh environment of the Soln-
hofen lagoon (Figure 2.3).
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