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PREFACE

I have sought to give an account of the principles of correlation
and classification of the sedimentary rocks with brief reference to
their history. In describing terminology and classification I have
confined myself to practice in English-speaking countries, and have
noted some of the chief differences between British and North
American usage. Some controversial matters are treated briefly or
omitted. It would have been wrong to ignore past and present
differences of opinion, but equally inappropriate to give detailed
accounts of them in an elementary textbook.

Some countries have codes of stratigraphical practice and others
are debating the introduction of codes. Furthermore, past Inter-
national Geological Congresses have from time to time discussed
stratigraphical usage, and the Nineteenth Congress (1952) set up a
Subcommission on Stratigraphic Terminology which hopes that an
International Code may eventually result. There is a large measure
of agreement between recent codes but differences do exist between
codes and also between what is laid down in the codes and what is
actually done. I have not, therefore, followed any one code rigidly
although I have referred to some of them.

I am grateful to Dr J. H. Callomon, Dr W. T. Dean, Prof. 1.
Hessland, Mr M. Mitchell and Dr G. A. Oldershaw for reading
parts of the book and suggesting improvements. Mr R. Dean has
drawn most of the figures, Mr B. Nettleton has done photographic
work in connection with the illustrations, and Mrs E. Walker has
typed the text.

I acknowledge, with thanks, permission to reproduce or adapt
illustrations from the following: Prof. O. M. B. Bulman; Dr J. H.
Callomon; Dr G. Henningsmoen; Prof. I. Hessland; Dr B. F.
Howell; Dr P. B. King; Dr J. A. McGowan; Dr R. C. Moore;
and Dr C. Teichert; The American Association of Petroleum
Geologists; Messrs Birkhiduser; British Railways Board (Historical
Records Office); The Bureau of Economic Geology, Texas; the
Geological Society of London; the Geological Society of America;
the Geological Survey of Great Britain; the Hydrographer of the
Navy; the Illinois State Geological Survey; Messrs Oliver & Boyd;

.the Service de la Carte géologique d’Alsace et de Lorraine; the
- Systematics Association; the University of Stockholm; and Messrs
John Wiley.
D. T. D.
9th December, 1965
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ESTABLISHING
THE SUCCESSION

STRATIGRAPHY is the study of the stratified or sedimentary
rocks: their nature, arrangement, and correlation from place
to place. It enables geological events, as recorded in the rocks,
to be placed in their correct sequence and is thus the key to the
history of the earth’s crust. Stratification, or arrangement in
layers, had been observed by a number of geological pioneers in
the eighteenth century, and several of these, notably John
Strachey in England (1719) and J. G. Lehmann in Germany
(1756), made the further observation that layers of different
kinds occurred in the same order within a particular area. With
the realization that the sedimentary rocks were laid down layer
by layer, it was clear that the upper layers, in an undisturbed
section, must be younger than the lower: the principle of
superposition. From a sequence of rocks could be inferred a
sequence of events. This was the theoretical approach developed
by James Hutton (1726-1797) who laid the philosophical
foundations of modern geology in his famous work, Theory of
the Earth (1788: 1795). Hutton showed that the rocks recorded
events which had occupied an immensely long period of time
and established many of the principles by which this record
could be interpreted. He saw that there had been periods of
upheaval separated by times of denudation and of sedimenta-
tion, and that these had alternated not once but many times—
his ‘succession of former worlds’. He appreciated the signifi-
cance of unconformities as proving this succession. He lacked
only one thing: the means of correlating or identifying his
succession of worlds in different parts of the globe. He could
recognize the Old Red Sandstone in different parts of Scotland
by its characteristic rock-types, but was unable to recognize
rocks of the same age in different facies. Thus, although Hutton
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established the principles of relative dating, he was unable to
put them into practice to establish a general history of the
earth’s crust.

The deficiency was made good by William Smith (1769-1839).
Smith discovered the principles of stratigraphy independently
while surveying and building the Somerset Coal Canal south-
west of Bath from 1793 onwards. As well as understanding
stratification and superposition, he began to collect fossils,
and by about 1795 had made the discovery for which he is
famous, that each group of rocks, or stratum (in modern usage
a formation), is characterized by its own distinctive set of
fossils. Smith used the principle to trace strata over compara-
tively short distances. Soon it was extended to correlate strata
of the same age which were formed of dissimilar kinds of rock,
often over long distances. This is discussed further in Chapter 2.

Smith’s criteria for defining a stratum were, then, twofold:
a distinctive series of rocks, containing (in most cases) a
distinctive fauna. When, in 1799, Smith dictated his first table
of strata he was able to list no less than twenty-three distinct
strata from the Coal to the Chalk. The original written copy of
this document, preserved by the Geological Society of London,
is almost illegible. An early printed copy is reproduced opposite.
It is a model stratigraphical table, with lithology, thickness,
characteristic fossils and typical localities for many of the
strata. We can learn an interesting lesson by comparing it with
the modern version of the table for southern England. Certain
parts of it are very detailed: the strata numbered 8, 9 and 10, are
all part of what is now called Upper Fuller’s Earth, which is
not subdivided today because it is seldom exposed. No doubt
the beds were familiar to Smith in excavations. Similarly
strata 4, 5 and 6 are now included in undivided Forest Marble.
By contrast other prominent formations are absent altogether.
Throughout much of its outcrop the predominantly marly and
clayey Lias (no. 14) is divided by a highly fossiliferous lime-
stone, the Marlstone, which forms a conspicuous feature in the
landscape. Unfortunately for Smith, the Marlstone is absent
around Bath, and was therefore omitted from his earlier tables
of strata. He first noted it in his published work in 1817.
Several Upper Jurassic and Lower Cretaceous strata, which
occur between nos. 3 (Oxford Clay), and 2 (Upper Greensand),
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16 STRATIGRAPHY

were likewise omitted because they have been removed by
pre-Upper Greensand erosion from the country between Bath
and Warminster (Wilts.) where Smith evidently first studied the
upper part of his succession (fig. 2, line A-A). If he had gone
only a few miles to the north-east (line B-B) he would have seen
three more formations, the Corallian Beds, Kimmeridge Clay
and Portland Beds, although for the full sequence in the
Upper Jurassic and Lower Cretaceous he would have had to
go to the south coast and the Weald.

Thus we see that a local succession is liable to be incomplete.
To establish the full sequence in an area, one must compare
and combine a number of local successions. The method was
described by Lyell in his Elements of Geology (1838, p. 278):

‘In order, therefore, to establish a chronological succession of
fossiliferous groups, a geologist must begin with a single section,
in which several sets of strata lie one upon the other. He must
then trace these formations, by attention to their mineral
character and fossils, continuously, as far as possible, from the
starting point. As often as he meets with new groups, he must
ascertain by superposition their age relatively to those first
examined, and thus learn how to intercalate them in a tabular
arrangement of the whole.’

The sequence recorded by Smith was not based on direct
observation, but on inference. Only a small part of it is actually
exposed around Bath In 1793, while levelling along the line of
the proposed canal, Smith had discovered that strata which
occurred on the hilltops at the western end of his line lay in
the valley at the eastern end; in other words, there was an
easterly dip. By making the assumption that this dip was general
throughout the area, beyond the valleys in which it had been
proved by levelling, it was clear that the strata lying further to
the east must be the higher, even if sections showing their actual
order of superposition were not seen. Thus the Chalk, the
easternmost stratum known to Smith at the time, must be the
highest. The assumption proved to be justified and the inference
correct. It was confirmed by mapping, for by tracing his strata
across country Smith found the extension of their outcrops,
the strike, to lie roughly north and south, at right angles to
the dip. This indirect method of establishing the succession by
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mapping is, in fact, the usual one in areas where extensive
exposures are uncommon.

Where exposed sections are lacking and the order of super-
position cannot be established by mapping because of complex
tectonics, other criteria may have to be found. If formations
are fossiliferous and the faunal sequence is well known from
other areas, the succession may be established beyond doubt
even though it cannot be observed directly or mapped. Thus
in many parts of the world there is little difficulty in deciding
upon the relative ages of fossiliferous formations. If fossils are
absent difficulties are much greater. Radiometric dating, dis-
cussed in Chapter 4, can be used where a series of sediments
contains intrusive or interbedded igneous rocks which can be
dated, or glauconitic rocks which can be dated by the potassium-
argon method.

The phenomenon of contained fragments is sometimes useful.
If a formation contains pieces of another formation it must be
younger than that formation. The method may be applied
both to large fragments and, by microscopical study, to the
constituent grains of medium and fine grained clastic rocks. It
has many limitations, the chief being the difficulty of finding
fragments whose source is beyond doubt. It is thus most
successful when the fragments are of complex and unusual
rock types, most uncertain when they are mineral grains.
Contained fragments have figured largely in the attempts to
work out the geological succession in the Pre-Cambrian rocks
of the Welsh Borderland, and prove that the sedimentary Long-
myndian is younger than the highly distinctive Uriconian
volcanics, of which it contains pebbles.

In regions of complex tectonics sedimentary sequences may
be turned upside down. In piecing together a succession one
must know whether beds at individual exposures are the right
way up or not. This may be determined in various ways, re-
viewed in detail by R. R. Shrock (1948).

Improvements to our knowledge of the stratigraphy of well-
known areas are coming to depend more and more upon
boreholes, as witness the extensive programme of drilling
undertaken for research purposes by the British Geological
Survey since the war. In areas being studied for economic
reasons exploration often includes boreholes at an early stage.
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