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PREFACE

IN England, in the sphere of Jurassic geology, we are wardens of a classic
area, for our cliffs and quarries are the standards of comparison for the
whole world. A German authority, Dr. Hans Salfeld, remarked after a brief
study in 1914: ‘Research on the faunas and their succession shows that the
English Upper Jurassic can be taken as the type of that of North-West Europe,
in the most complete development anywhere yet known.” He had studied only
the Upper Jurassic, but the same could with equal truth be said of the Lower.

This is no mean heritage. In our Jurassic rocks all the principles of strati-
graphy are illustrated perhaps more clearly than in any other part of the
geological record. Palaeontologically, too, the system contains an unequalled
wealth of materials; and for the evolutionist, the ecologist and the palaeogeo-
grapher no more favourable field exists.

The aim of this book is, first and foremost, to provide a general description
of the Jurassic rocks of the British Isles, indicating what work has been done
and where the information is to be obtained, and to illustrate some of the
magnificent type-sections. It has been found that to give even an outline
account of the rocks and the various changes that they undergo as they are
traced across the country, pointing out the presence and significance of dis-
cordances, and arranging the facts in sequence as data for the elucidation of
earth-history, is a matter of considerable difficulty within the limits of one
volume.

Although such gigantic compilations as The Furassic Rocks of Britain (in
5 volumes, although Scotland and Ireland are not included) have long re-
mained invaluable sources of facts for those who knew how to interpret the
information they contain in the light of subsequent discoveries, it is hardly
likely that they will be repeated or brought up to date. They labour under a
fundamental disability, for by striving after an illusory completeness they
become more and more encumbered with detail as new discoveries are made
—a negation of progress. Unless the endless description of sections and
listing of fossils be regarded as a worthy aim in itself, it will be agreed that the
discovery of new exposures, the filling in of gaps, should lead to the elimina-
tion of detail and enable generalizations to be made.

I have not attempted, therefore, to compile a summary of everything
known to date concerning the Jurassic System, or to write a handbook suitable
for taking into the field, with descriptions of quarries for the illustration of
local geology. It is assumed that any one who wishes to ascertain the exact
succession displayed at any particular exposure will consult one of the many
excellent Sheet or District Memoirs of the Geological Survey, or the detailed
papers cited in the bibliography and footnotes.

The difficulties experienced, especially by foreigners, in extracting any
coherent story from the existing literature of the Jurassic System are illustrated
by several authoritative treatises on stratigraphy that have been published on
the Continent in the last twenty or thirty years. Haug’s Traité de Géologie and
the equally comprehensive work with the same title by De Lapparent contain
perhaps the most complete reviews of the Jurassic System yet written; and
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although both are twenty years out of date and familiarize the reader with
classifications and terminologies that have been superseded, they still remain
the best introductions to the subject extant. But when the British Isles are
considered, the statements are not twenty but forty years out of date. The
reader might think that the type-localities of the Lias, the Bathonian, the
Oxfordian, the Kimeridgian, the Portlandian and the Purbeckian—names
used the world over—were in a little-known land unfrequented by geologists.”
For this we, or at least our predecessors, are largely to blame. It is un-
reasonable to expect a foreigner to search through scores of back numbers of
the journals of country field-clubs, unknown to him and virtually inaccessible;
or to read the exhausting reports of innumerable excursions, in which, among
accounts of the weather and the tea, so many conclusions are interred. And if
the specialist, as has been proved, will not undertake this work even though he
have a definite object in view, how much less will the student do so, when he
can make his choice from many attractive sciences ?

I think, therefore, that the need for some co-ordinating work will hardly be
questioned ; but any such attempt as this is so largely dependent on the per-
sonal factor of selection that it is too much to hope that the result will find
favour with all. Nevertheless, I take heart from the thought that if a score of
geologists were to make their own selections of relevant facts, there would be
as many differences of opinion.

One or two points need explanation. I have striven hard to avoid uneven-
ness of treatment in the Stratigraphical Part, but am aware of having failed
to eliminate it altogether. A good deal of unevenness, however, is independent
of the writer and reflects inconsistencies in our knowledge. Some formations
are much better known than others and are likely long to remain so; yet,
paradoxically, it is not these that require the most space in description:
rather it is the formations about which there is still considerable uncertainty
in some parts of the country, and in which correlations are not always firmly
established. The Great Oolite Series and the Corallian Beds, for instance,
cannot be so readily summed up as the Inferior Oolite. Thanks to the work
of the late S. S. Buckman and Mr. L. Richardson, the Inferior Oolite Series
from Dorset to Northamptonshire is so thoroughly known that almost perfect
generalization is possible: a detailed section of the beds can be drawn right
across the country. Where there have been no recent revisions, on the other
hand, it is necessary to give more details and also to document the statements
more fully. Quite apart from this, it is obvious that the oolites, with their
numerous transformations of facies, occupy more space in treatment than
relatively uniform deposits like the Lias.

A different form of unevenness that is difficult to avoid entirely is geographi-
cal. The emphasis laid on Dorset, however, is intentional. The description

! Haug was able to write so recently as 1911: ‘Malgré que les coupes de I'ile de Portland
et des environs de Swanage et de Kimeridge soient classiques, les nombreuses divisions
locales établies par les géologues anglais ne permettent guére de parallélismes précis avec les
autres régions, car les Céphalopodes sont rares et la plupart des espéces que ’on a citées sont
basées sur des figures trés médiocres et auraient besoin d’une sérieuse revision’ (Traité, p.
1081). That the cephalopods were not the only matters about which he was misinformed is
shown by a statement on the next page, to the effect that in Dorset: ‘Le Purbeckien repose en
discordance sur le Portland Stone et supporte lui-méme en discordance le Wealdien.” Both
assertions are untrue. Similar instances may be multiplied almost indefinitely when foreign
literature is consulted.
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of every formation has been started from there, using its cliffs as a standard,
because they undoubtedly show the full marine sequence of the Jurassic
System incomparably better developed and better exposed than any other
sections in the British Isles.

I am conscious of having perhaps dwelt in the first chapter too long for
some tastes on the stratigraphical and chronological terms in modern use and
on the refinements of meaning attached to them. But I hope that if these
terms are unmasked at the outset they will have ceased to trouble the reader
when he comes across them in the ensuing chapters, and afterwards in other
works. The terms have their uses in clarifying our conceptions. Moreover, it
is essential to realize from the beginning that, formidable though they seem at
first, and fraught with weighty possibilities, they all lead to nothing. Although
we have built up an imaginary time-scale as a pure abstraction, entirely
separate from any known sequence of strata at any one place, yet it advances
us no further towards the measurement of earth history by an absolute chrono-
logy; for the units are still of unknown and unequal duration, whatever scale
we employ. Whether we speak of hemerz, of biochrons or of zone-moments,
is a matter of personal choice or local expediency, but whichever we choose we
are only, as it were, playing a game, in which we decide beforehand what are
to be the rules. Asif to compensate themselves for their ignorance of the real
values of their units, geologists have made much of the theoretical differ-
ences between them and have invented wonderful words to distinguish them.

One day, perhaps, it may become possible to attach our present chronology
to an absolute time-scale, measured in fixed, definite units. Either we may
gain some conception of the average duration in years of ammonite species,
or we may discover the frequency of the pulse of earth-movements controlling
the cycles of sedimentation (and so, indirectly, the life-succession). The realiza-
tion of this ideal seems as far off as ever, but meanwhile it is something to
perfect our shadow-chronology and have it ready, awaiting the time when the
key will be supplied to interpret its relative conceptions in absolute terms.

Any value this book may have is largely due to the help I have received from
a number of kind friends. First and foremost I am indebted to Prof. W. J.
Sollas, F.R.S., in whose department the work has been done, and on whose
students much of the matter has been tried out in lectures. He and Mr. L.
Richardson, F.R.S.E., Prof. A. E. Trueman, Prof. A. Morley Davies,
Dr. R. H. Rastall, Dr. J. A. Douglas, Dr. F. L. Kitchin, F.R.S., and Dr. J.
Pringle, have very kindly read through one or more chapters in manuscript or
typescript and have made valuable comments and corrections. How much
the stratigraphical part owes to conversations and correspondence with
Mr. Richardson, I cannot attempt to assess. I will only say that without his
interest and collaboration in certain researches in the field it would have been
impossible to write the chapters on the Inferior Oolite and Great Oolite in a
form presentable for publication. He has also given me reprints of many
papers and put at my disposal his collections and the manuscript of his
recently published revision of the Inferior Oolite of the Sherborne district.
To Dr. J. Pringle I am also indebted for his help in replying to inquiries on
various points and for kind gifts of rare papers; and to Dr. L. F. Spath for
much information imparted in the course of discussions on the ammonites.
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Professor P. F. Kendall, F.R.S., generously lent me some of his note-books;
Dr. R. H. Rastall put at my disposal the results of his work on the heavy
minerals of the Yorkshire Estuarine Series; Dr. Vernon Wilson kindly helped
with the Yorkshire Corallian, and Mr. Malcolm MacGregor with the rocks of
Northern Trotternish.

To the skilful collaboration of Mr. J. W. Tutcher is largely due the series of
plates at the end of the volume, illustrating the zonal species of ammonites. It
was my own experience to be familiar for years with the names of some of the
zonal ammonites, which appear in every paper and memoir, before being
able to discover to what the names actually applied. The lack of figures of
even the most commonly quoted species is astonishing. It was therefore my
intention to figure all the principal species, from either the type-specimens or
properly authenticated material, or, failing both, from the protographs; and
to this end Mr. Tutcher readily consented to collaborate. Since the zonal
indices are frequently foreign and are by no means always abundant in this
country, even when the proper zones are developed, absolute authenticity
cannot be claimed for every species figured; but it is believed that most of
the identifications are close enough to fall within the range of individual varia-
tion. Mr. Tutcher has been almost entirely responsible for selecting the speci-
mens from the Lias and Inferior Oolite, and nearly all of them are from his
own collection; for the higher formations I have been mainly responsible.
Where the exact identification of a species is notoriously a matter of controversy
(as with the Perisphinctids of the Corallian) I have thought it better to refigure
the type-specimens, even though they may provide indifferent material, and
thus to make the characters of the types more familiar, rather than to risk
adding to the confusion by publishing yet another mis-identification. It is
to be regretted that the figures of some of the species are of necessity greatly
reduced in size, but it was considered better to give a reduced figure of the
larger ammonites than none at all. The amount of the reduction and the
dimensions of the original are always stated. For the loan of specimens or
the gift of casts, photographs and advice, I am indebted to Dr. F. L. Kitchin,
Dr. W. D. Lang, Dr. L. F. Spath, and Prof. A. Morley Davies.

For permission to reproduce or use drawings or photographs from their
works throughout the book, my thanks are due to Prof. A. E. Trueman,
Mr. J. W. Tutcher, Dr. R. H. Rastall, Mr. L. Richardson, Prof. P. F. Kendall,
Dr. F. A. Bather, Dr. R. Brinkmann, Dr. E. Neaverson, Mr. M, Black,
Prof. S. H. Reynolds and Prof. A. Morley Davies (who has also kindly
supplied a revised map of the outcrop of the Arngrove Stone); for further
permission to make use of figures I am indebted to Prof. A. Gilligan (for
allowing me to select some photographs from the Godfrey Bingley Col-
lection), to Mrs. Buckman, and to the Councils of the Royal Society, the
Geological Society of London, the Geologists’ Association, the Palaeonto-
graphical Society, and the Yorkshire Geological Society, the Director of the
Geological Survey, and the Controller of H.M. Stationery Office.

Finally, the unfailing courtesy and patience shown by all at the Clarendon
Press have made the production of this book a pleasure.

W.J. A.

OxFORD, Fanuary 1933.



CONTENTS

PART I
CLASSIFICATION AND CHRONOLOGY

Chapter 1. THE CLASSIFICATION OF THE ENGLISH JURASSIC ROCKS AND THE PARTI-
TION OF JURASSIC TIME . . . . . . .

PART II
DISTRIBUTION AND TECTONICS

Chapter II. THE GENERAL STRUCTURE OF THE TROUGHS OF DEPOSITION
Chapter III. CONTEMPORANEOUS TECTONICS AND THEIR EFFECTS ON SEDIMENTA-~
TION . . . f . . . . . . B .
PART II1

STRATIGRAPHY
Lower Furassic or Lias
Chapter 1v. RHZETIC BEDS . . . . . . .
Chapter V. LOWER LIAS . . . .
Chapter vI. MIDDLE LIAS . . . . . . . . .
Chapter V1I. UPPER LIAS . . . . . . .
Middle Jurassic: Lower Oolites or Dogger
Chapter VIII. LOWER AND MIDDLE INFERIOR OOLITE . .
Chapter 1X. UPPER INFERIOR OOLITE . . . .
Chapter X. GREAT OOLITE SERIES . . . . . .
Chapter XI. CORNBRASH . . . . . .
Upper Furassic: Middle and Upper Oolites or Malm
Chapter XII. OXFORD CLAY AND KELLAWAYS BEDS . . . .
Chapter XIII. CORALLIAN BEDS . . . . . .
Chapter XIV. KIMERIDGE CLAY . . . . . . . .
Chapter xv. PORTLAND BEDS . . . . . . .
Chapter XVI. PURBECK BEDS . . . . . . . .
Chapter XvII. THE TRANSITION TO THE CRETACEOUS . . . . .

PART 1V
PALAEOGEOGRAPHY
Chapter XVIII. PALAEOGEOGRAPHICAL CONCLUSIONS . . .

ILLUSTRATIONS OF ZONAL INDEX FOSSILS . . .

Appendix I. CORAL REEFS, GEOSYNCLINES, PENEPLAINS

Appendix II. LIST OF STAGES . . . . . . .
BIBLIOGRAPHY . . . . . . . . . . .
INpEX . . . . . . . . . . . .

CORRIGENDA . . . . . . . . . . .

39

1

97
11y
153
165

230
248
326

340
376
440
481
518
540

557
6o1
615
617
623
671
681



LIST OF PLATES

West Weare Cliff, Isle of Portland

I,
1.
IIr.

VI,

VII,

VIIIL.
. Inferior Oolite at Leckhampton Hill Quarry, Cheltenham .

XI.
XII.
XIII.
XIv.

Xv.
XVi.
XVII,
XVIIL.
XIX.
XX.

XXI.

XXIII.

XX1V,
XXV.

XXVI.
XXVII.

XXVIHI.

XXIX.
XXX.
XXXI.

Cliffs of Blue and White Lias, thay Bd), Lyme RCng
Garden Cliff, Westbury on Severn, Gloucestershire

Black Ven, Stonebarrow Cliff, and Golden Cap from Lyme Regls
Charmouth and Stonebarrow Cliff from Church Cliffs, Lyme Regis

. Frodingham Ironstone Workings, near Scunthorpe Lincolnshire .

Blue Lias cliffs west of Lyme Regis

. Golden Cap (619 ft.) from Seatown, Dorset

Down CIiff and Thorncombe Beacon from Eypes{nouth

|

i

Cliff of Bridport Sand capped with Inferior Oolite, West Bay,
Bridport Harbour }

Golden Cap and Thorncombe Beacon from Burton Bradstock

Cliffs of Whitbian Shales and Middle Lias, Hawsker Bottom,}
Whitby . .

Cliffs of Bndport Sands near Burton Bradstock

Inferior Oolite at Leckhampton Hill, near Cheltenham

Pea Grit Series at Crickley Hill, near Cheltenham

. Bearreraig Bay, near Portree, Isle of Skye

Dun Caan and the east coast of the Isle of Raasay, from Rudha
na’Leac .

Upper Inferior Oolite overlymg Carbomferous leestone Eastem
Mendips . .

Fuller’s Earth and Forest Marble Watton Cliff, Bndport

Fuller’s Earth Rock, Shepton Montague rallway-cuttmg, Somerset}

Great Oolite Series at Kirtlington Cement Works, near Oxford .

Chipping Norton Limestone-equivalents, Fritwell cutting, Oxon. . }

Dun Caan and the east side of the Isle of Raasay . . .

Fascally Coal Mine, Brora, Sutherland }

Lower Oxford Clay, Calvert Brickyard, Buckmghamshlre

Osmington Oolite Series, east of Osmington Mills, Dorset

Corallian Beds at Redcliff, near Weymouth, Dorset

Gristhorpe CIliff and Carr Naze, near Flley, Yorkshire

Hounstout Cliff, Dorset . .

Hen Cliff, Kimeridge

Klmendge Bay from The Flats

Ringstead Bay and White Nothe Head .

Junction of Kimeridge Clay and Corallian Beds, ngstead Bay

. The ‘Fallen Stack’, Portgower, near Helmsdale, Sutherland

Kimeridgian Boulder Bed, Portgower, Sutherland }

Portland Beds at Winspit Quarry, near Worth Matravers, Dorset

Portland and Purbeck Beds, Dancing Ledge Quarry, Langton}
Matravers, Dorset .

SwyredHead Hounstout Cliff and Emmlt Hill, from St. Albans}
Head .

West Weare Chﬂ' Portland

Portland and Purbeck Beds, Gad Cllﬂ' Dorset }

Titanites and silicified tree-trunks from the Portland Dlrt Bed .
Purbeck Beds, Bacon Hole and Mupe Rocks, Dorset
The Fossil Forest Lulworth, Dorset

Durdle Door, near Lulworth .
Vertical Purbeck Beds, Durdle Cove, Lulworth

Characteristic lamellibranchs of the Rhetic and Pre-planorbzs Beds
Zonal ammonites of the Lower Lias .
Lower and Middle Lias .

» » 3

Frontispiece
Facing p. ¢8

’

99

120
121

153

166

167
200

201

226

238
250
288
318
350
380
381
428
446
450
451t
474

488

489

492
493
528

529

At end



Xit

LIST OF PLATES

xxxi1. Zonal ammonites of the Upper Lias

XXXIII.
XXXI1V,
XXXV,
XXXVI.
XXXVII.
XXXVIII.
XXXIX.
XL.

3y

”

Lower and Middle Inferlor Oollte

Middle and Upper Inferior Oolite

Great Oolite Series and Cornbrash .
Kellaways Beds and Lower Oxford Clay .
Oxford Clay

Corallian Beds

Kimeridge Clay . .

Upper Kimeridge and Portland Beds

XLI. Zonal ostracods of the Purbeck Beds

Figures 15, 30, 35 are folders facing pages 84, 165, 197 respectively.

At end



PART 1
CLASSIFICATION AND CHRONOLOGY

CHAPTER I

THE CLASSIFICATION OF THE ENGLISH JURASSIC
ROCKS, AND THE PARTITION OF JURASSIC TIME

‘England, by reason of the simple stratigraphical relations of its beds, the usually
marked lithological peculiarities of each individual member of the series, and the
extraordinary wealth of its fossil remains, became the classic ground of the Jurassic
System. Thus the classification of the British Jurassic strata, laid down by William
Smith and but little modified by Conybeare, Phillips, Buckland and de la Beche,
supplied the names under which geologists have endeavoured to range the contem-
poraneous formations all over the world.’

K. von Zittel, 1899, Geschichte der Geologie und Paldontologie, p. 659.
IN the early stages of the inception of this book it was proposed to translate
all our haphazard terms, such as Inferior Oolite and Corallian Beds, into the
properly systematized stage-names used on the Contment—Bajoaan Batho-
nian, Argovian and the rest. But the difficulties soon began to pile up to such
an extent that they formed a mountain of polemical matter barring further
progress: the objects of the book began to be in danger of being lost sight
of amid the monstrous and sterile problems of stratigraphical nomenclature.
These problems have obstructed geologists for a century and they can only
be solved by an international committee with dictatorial powers, similar to
that which has in some measure introduced order into the nomenclature of
zoology. My object never was to attempt a solution of these problems single-
handed, but to give descriptions and correlations of the Jurassic rocks of the
British Isles, properly arranged as documents of history, and to draw as many
historical conclusions from them as possible. The system of classification is

therefore a secondary consideration, and all that is required of it is efficiency.

Although many of the systematized stage-names used on the Continent are
taken from English localities (for example Oxfordian, Kimeridgian) they do
not correspond even approximately with the strata which English geologists
have always associated with those names. Directly we begin to apply them to
the English rocks we are faced with fundamental difficulties. Issuch aterm as
Portlandian to be used as if it were synonymous with Portland Beds, or as its
author, d’Orbigny, used it, to embrace about half of our Kimeridge Clay?
Is Oxfordian to be applied only to the Corallian Beds and uppermost Oxford
Clay because it was so used by d’Orbigny, although he was oblivious of the
fact that he was excluding the bulk of the Oxford Clay from the Oxfordian?
Or, alternatively, which of the numerous subsequent attempts at adjustment
are to be accepted? Once we deviate from the original meanings of the terms
and abandon the principle of priority, we lose our hold on the only lifeline that
can save us from the slough of conflicting opinions.*

If we are to describe our rocks under names defined according to the

! It must be remembered that a rigid application of the rule of priority would invalidate
nearly all d’Orbigny’s stage- names, for most of them had been previously used as strati-
graphical terms with different meamngs There seems no reason why the addition of -ien or
-tar to a name should justify an author in overriding all previous usages (see p. 13).
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development of the strata on the Continent, a close study and revision of the
foreign rocks must precede any attempt to classify our own. Even were such
an undertaking possible, or the necessary postponement of work on our own
rocks desirable, we should often find that when a French or German term had
at last been thoroughly understood and defined, the development of the strata
in the place of its origin would be so different from anything we know in
England as to render the term quite unsuitable and indefinite in our own
country. The tribulations that beset the English stratigrapher, attempting to
use d’Orbigny’s stage-names conscientiously, resemble those of a Chinese
historian struggling to marshal his dynasties into such vague and exotic
periods as The Renaissance, The Perpendicular, The Hyksos, or The Pre-
Raphaelite.

When geologists of every nation have studied, described and redescribed the
succession of rocks, and above all of the fossil faunas, in their own countries,
bringing their correlations up to date with the advances of the sole inter-
national medium, palacontology, only then will the time be ripe for stan-
dardizing stratigraphical nomenclature. Meanwhile each country must use
its own terminology, evolved to suit its own particular circumstances. The
multiplication of local names is no evil, for no one need learn them all. On
the other hand, the more detailed they are, the more accurately will they
enable foreigners to comprehend the palaeontological succession, on which
alone correlations can be made, and which must eventually form the basis of
any international classification.

We need not, therefore, despise our own indigenous terminology in speaking
or writing of the English rocks. Apart from the advantage of their perfectly
definite meaning, the names by which the Jurassic formations in England have
been known for so long are worthy to be preserved because they are the
earliest terms ever used in stratigraphical geology. They embody the first
beginnings of the science, and most of them are a direct heritage from its
originator, William Smith. Sir Archibald Geikie wrote in 18g7:

“The growth of stratigraphical nomenclature is eminently characteristic of the
early rise and progress of the study of stratigraphy in Europe. Precisians decry this
inartificial and haphazard language, and would like to introduce a brand new har-
monious and systematised terminology. But the present arrangement has its
historical interest and value, and so long as it is convenient and intelligible, I do not
see that any advantage to science would accrue from its abolition. The method of
naming formations or groups of strata after the districts where they are typically

developed has long been in use and has many advantages, but it has not supplanted
all the original names, and I for my part hope that it never will.”!

I. WILLIAM SMITH AND THE STRATAL TERMS

As the history of the familiar names Cornbrash, Great Oolite and the rest
is closely bound up with the history of William Smith and the development of
his fundamental theory of the constant order of superposition of the strata
and the possibility of recognizing them by means of their organic contents, it
is of no small interest to trace the origin of what Adam Sedgwick called ‘those
arbitrary and somewhat uncouth terms which we derive from him as our
master’.?

1 A. Geikie, 1897, The Founders of Geologv, p. 244.

2 Adam Sedgwick, Address to the Geological Society at the presentation of the first
Wollaston Medal to William Smith, Feb. 18th, 1831.
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A manuscript note of William Smith’s, dated ‘Scarborough, May 17, 1839’,
throws interesting light on their origins.’

‘For several years after the foundation of the earth’s history was securely laid’, he
wrote in reminiscence, ‘we had no words for the science, no language in which we
could convey our ideas; its present comprehensive name of Geology remained un-
noticed in dictionaries and unuttered in England, and usage had scarcely settled
whether the word strata should not have an s appended; but how numerous are
now the words from the dead languages which geology has revived and brought
into common use all over the world!

‘Much doubt remained for a long time whether the science, like chemistry, should
not have a language of its own; and I, so very incompetent to the task, thought much
about a new nomenclature, and have been at different times strongly urged to it by
deep-learned men; but having dictated, off-hand, in the plain language of the
country, a tabular view of the science to my two first pupils, the Rev. Benjamin
Richardson and the Rev. Joseph Townsend, that crude manuscript, without any
revision whatever, was faithfully transcribed from one to another, and soon des-
patched to remote parts of the world.

‘The new cultivators of the science found, as I had done, the necessity of accom-
modating their language to those in the country from whom they had to collect the
facts; and so, in transmitting by the press the knowledge acquired, some old Saxon
and British words have been brought into use. .. ." 2

The crude manuscript referred to was the first stratigraphical table, a “Table
of the Order of Strata and their embedded Organic Remains in the vicinity
of Bath, examined and proved prior to 1799’. It was designed to accompany
the first geological map ever made, showing the country within a radius of five
miles round Bath. Both were presented to the Geological Society of London,
by whom they are still preserved in Burlington House? (see p. 4, col. 1).

The story of how this table came to be drawn up has been interestingly told
by William Smith’s nephew, John Phillips, who wrote the Memoirs of his
illustrious uncle.

During the years 1794-9, when Smith was living near Bath as resident
engineer of a branch of the Kennet and Avon Canal, and was compiling this
first geological map, he made the acquaintance of an enthusiastic collector of
fossils, the Rev. Benjamin Richardson of Farleigh Hungerford.

“The result of a meeting between two such reciprocally adjusted minds was an
electric combination; the fossils which the one possessed were marshalled in the
order of strata by the other, until all found their appropriate places, and the arrange-
ment of the cabinet became a true copy of nature.

! Printed in Phillips’s Memoirs of William Smith, 1844, pp. 72—3.

2 For instance: marl, clunch, lias, brash. Martin Lister used the words clunch, marle and
Fuller’s Earth as early as 1683, but only as types of clay in general.

3 This can be truly said to be the first geological map, in which colours were used to denote
strata as distinct from mere soils, and to show their order of superposition. Claims have been
made for several others: Zittel asserts that the first coloured geological maps were those of
Gottlieb Gliser (Leipzig, 1775) and Wilhelm von Charpentier (Chur-Saxony, 1778), (Zittel,
History of Geology and Palaeontology, English ed., 1901, p. 38), but these are only soil-maps or
agriculture maps, of the kind suggested by Martin Lister ac early as 1683 (‘An Ingenious
Proposal for a new Sort of Maps . . .°, Phil. Trans. Royal Soc., 1684, vol. xiv, No. 164, pp.
739—46). Of the same kind are the county survey maps published by the Board of Agriculture
in 1794, 1796 and subsequent vears, of which Conybeare and Phillips uphold the priority in
their Geology of England and Wales (1822, p. xlv). Mr. T. Sheppard remarks that, although
these may have suggested to William Smith his system of colouring, they give no indication
of stratigraphical structure (‘William Smith: his Maps and Memoirs’, 1915, Proc. Yorks.
Geol. Soc., N.S., vol. xix, pp. 100-1).
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"TABLE I.—COMPARISON OF THE EARLIEST TABLES OF STRATA (JURASSIC PORTIONS)

Smith's MS. Table 1799
(unpublzshed)

Smith’s' MS. Map Table,
1 8 12 (unpublu‘hed)

Purbeck Stone, Ken-
tish Rag

_taceous]

Limestones of the Vales
of (Pickering and)
_Aylesbury

Townsend's
Table 1813.

Smith's Improved
Table 181 5— 16

Bucklund's
7ablc 1818.

Divisions now used.

B Superior Oolite

(Iron Sand and Car-
stone) [misplaced; Cre-

3. Clay

Dark blue shale

Calcareous Grit
Coral Rag

9. Portland Rock
10. Sand

11. Oaktree Clay

l Purbeck Beds

Portland Stone

PurBeck Beps

Limestone
Sand

I’ORTLAND
Beps

‘| Kimmeridge Clay

(from Webster, 1816)

Kimeripge CLay

[j[;[-;er or Oxford Oo-

t2. Coral Rag and
Pisolite lite, Coral Rag
13. Sand Calcareous Grit
l‘;._?ju-nc.ﬁ Clay “and Oxford,iForest or Fen
Shale

Clay

U.pper Cale. Grit

Oolites
Lowcr (,alc (Jnt

CoRaLL1AN

Oxrorp Cray

17. Marlstone, indigo
and black marls

1 ;.-Kello;éi's_ Stone _Kelloway Rock KLu AWAYS San_qs_m_ng
4. Sand and Stone ) L Bros Clay
Cornbrash 16. Cornbrash Corn Brash CORNBRASH
5. Clay Forest Marble Rock | Forest Marble 17. Sand and S‘and- Forest Marble Forest Marble
6. Forest Marble Great Oolite Rock Great Oolite or Bath stone [Hinton Sand] | Stonesfield Slate GREAT
7. Freestone Stone 18. Forest Marble Great Oolite OoLrte Li ¢
19. Clay over Upper g L 1mestones
Oolite [Bradford Clay] SERIES |
20. Upper Oolite Stonesfield Sl._
8, 9. Blue and yellow clay Clay 21. Fuller’s Earth and | Fuller’s Earth Clay
10. Fuller's Earth Rock FULLER'S Rock
11. Bastard Fuller’s Earth EArRTH
and sundries Clay
12. Freestone Under Oolite Inferior Oolite 22. Under Oolite Inferior or Bastard Oo-| Inrrrior | Upper
lite QoLITE Middle
SeRIES Lower
13. Sand Sand 23. Sand Sand of Inferior Qolite
Uprer Lias
14. Marl, blue Blue Marl Blue Clay{ 24. Marlstone
, ' - 25. Blue Marl MippLe Lias
 15. Blue Lias . Blue Lias Lyas 26. Blue Lias Lias Lower Lias
16. White Lias White Lias 27. White Lias

RuzTtic Beps
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“That such fossils had been found in such rocks was immediately acknowledged
by Mr. Richardson to be true, though the connection had not before presented itself
to his mind; but when Mr. Smith added the assurance that everywhere throughout
this district, and to considerable distances around, it was a general law that the
“same strata were found always in the same order of superposition and contained
the same peculiar fossils”, his friend was both astonished and incredulous.’

A number of excursions were undertaken, and Smith soon convinced his
friend of the reality of his discoveries. His first triumph consisted in correctly
forecasting both the nature of the rock and the contained fossils that would be
found on the Inferior Oolite outlier of Dundry Hill.

About this time he also became associated with the Rev. Joseph Townsend,
a man of letters, and later Rector of Pewsey, Wilts., who accompanied them on
their geological excursions in the neighbourhood of Bath.

‘One day, after dining together at the house of the Rev. Joseph Townsend,’
Phillips narrates, ‘it was proposed, by one of this triumvirate, that a tabular view
of the main features of the subject, as it had been expounded by Mr. Smith, and
verified and enriched by their joint labours, should be drawn up in writing. Richard-
son held the pen and wrote down, from Smith’s dictation, the different strata
according to their order of succession in descending order, commencing with the
chalk, and numbered, in continuous series, down to the coal, below which the strata
were not sufficiently determined.

“To this description of the strata was added, in the proper places, a list of the most
remarkable fossils which had been gathered in the several layers of rock. The
names of these fossils were principally supplied by Mr. Richardson, and are such
as were then, and for a long time afterwards, familiarly employed in the many col-
lections near Bath. Of the document thus jointly arranged each person present took
a copy, under no stipulation as to the use which should be made of it, and accord-
ingly it was extensively distributed, and remained for a long period the type and
authority for the descriptions and order of superposition of the strata near Bath.’ !

In consequence of this liberality with which Smith shared his ideas with his
friends, he was anticipated in the publication of all his stratal terms. The Rev.
Joseph Townsend printed the first list in 1813, at the same time paying a
handsome tribute to his teacher.

‘To a strong understanding, a retentive memory, indefatigable ardour, and more
than common sagacity, this extraordinary man unites a perfect contempt for money,
when compared with science. Had he kept his discoveries to himself, he might have
accumulated wealth: but with unparalleled disinterestedness of mind, he scorned
concealment, and made known his discoveries to every one who wished for in-
formation.’ 2

In the same year, 1813, the list of strata quoted by Townsend was copied in a
text-book.?

This first published list (see p. 4, col. 3) is in some respects more complete
than the manuscript table of 1799, and partly anticipates the revisions pub-
lished by William Smith with his map of England and Wales in 1815 and in
the Stratigraphical System of Organised Fossils (1817), but there are serious
omissions and errors. It will be seen that the manuscript table of 1799 is
incomplete, for it has a large lacuna between the Clunch or Oxford Clay and

! J. Phillips, 1844, Memoirs of William Smith, pp. 28-9.

2 J. Townsend, The Character of Moses Established for Veracity as an Historian, recording

events from the Creation to the Deluge, 1813, vol. i, preface. Tables of Strata, pp. 100 et seq.
3 Bakewell’s Introduction to Geology, 1813, p. 259.
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the Sand beneath the Chalk (Upper Greensand). William Smith was per-
fectly well aware of the existence of the Corallian Beds, Kimeridge Clay and
Portland Beds, but his table referred to the country on the road from Bath to
Warminster, and along this line the strata which he failed to show are wanting,
for the Gault and Greensand overstep on to the Oxford Clay. The Cornbrash,
which he added to his revised tables, was probably included in Bed 4, the
‘stone’ of the ‘sand and stone’ above the Forest Marble clay, the sand certainly
referring to the Hinton Sand (a part of the ‘Forest Marble’ Series). Townsend
attempted to make the table more generally applicable by inserting the
‘Superior Oolite’ (Portland Stone, sce p. 167) and the Coral Rag and [Lower]
Calcareous Grit, but he placed the last two in inverted relation to one another
and omitted the Oxford and Kimeridge Clays. Thus, while William Smith’s
table is accurate for the district of which it treats, although incomplete when
a wider area is considered, Townsend’s version, copied by Bakewell, is inaccu-
rate and misleading.

A new point in Townsend’s table is the first mention of the term Inferior
Opolite, in place of the Under Oolite consistently used by Smith. In it also
appeared for the first time the names Great Oolite or Bath Stone, not figuring
in the manuscript table of 1799.

In the improved tables published by William Smith in 1815 and 1810
(p- 4, col. 4) the missing strata above the Forest Marble are filled in, the
Cornbrash, Kellaways Rock (spelled Kelloway’s Stone) and other beds being
enumerated, up to the Portland and Purbeck Stones. Just as some of Smith’s
other words, such as clunch, marl, and brash, were borrowed from agriculture,
so these last two terms, Portland Stone and Purbeck Stone, were simply
adopted from the current language of quarrying, building and architectural
circles. That they were in use at least as ecarly as 16068 is proved from their
appearance in the Discourses of Dr. Robert Hooke," and they had already
been adopted in 181112 by Thomas Webster.?

Webster was a gifted artist and geologist, who came into prominence in 1814
with a treatise on the Isle of Wight Tertiaries read before the Geological
Society. In 18r1-12 he was sent on a mission to Purbeck by Sir Henry
Englefield, to study the strata and to compare them with those in the Isle of
Wight. His series of letters were published in 1816 in Englefield’s Description
of the Principal Picturesque Beauties &c. of the Isle of Wight, accompanied by
an excellent geological map and accurate drawings. One of the drawings,
showing the quarrying of the stone at Tilly Whim, where the industry has long
since died out, is reproduced here (fig. 81, p. 484). In addition to adopting the
terms Purbeck Beds and Portland Oolite, Webster seems to have been the
first to use the expression Kimeridge Clay.? The Portland Sand, although

I Posthumous Works of Robert Hooke, 1705: Lectures and Discourses of Earthquakes and
Subterraneous Eruptions (delivered 1668), pp. 289, 320. Burford-stone and Northampton-
shire-stone are also mentioned. This advanced thinker and observer, unlike his contemporaries,
Robert Plot and Martin Lister, perceived the true nature of fossils, and he figured a number of
Jurassic and Carboniferous species on admirable plates. From the surmise that ’tis not im-
probable, but that many Inland Parts of this Island, if not all. may have been heretofore all
cover’d with the Sea, and have had Fishes swimming over it’ he goes on by a comparison
between the fossils and their living counterparts to suggest that there have been changes of
climate produced by alteration in the earth’s axis. He was also the first discoverer of vegetable
cells.

2 Who was wrongly credited with the first use of them by H. B. Woodward in his Jurassic
Rocks of Britain. 3 In Englefield’s Description . . . of the Isle of Wight, 1816, Plate 47.
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entered as ‘sand’ in its proper place in William Smith’s table, was not named,
but received its name later (in 1827) from Fitton.

It is noticeable that in Smith’s revised tables the term Marlstone is for the
first time used in its present sense, having been previously applied to some
part of the Rhatic Beds or Tea Green Marls, between the White Lias and the
Red (Keuper) Marls.

The next and last great addition to the table of the Jurassic strata was made
by Dean Buckland, in 1818, the year before he was elected to the newly
founded chair of Geology at Oxford, where he already held the Readership in
Mineralogy. His table® (p. 4, col. 5) shows that the scene had now shifted
from Bath to Oxford, for we have Upper or Oxford Oolite, Oxford, Forest or
Fen Clay, and Stonesfield Slate. Oxford Clay hassurvived, while its synonyms,
descriptive of the kind of country to which it gives rise, have, like Smith’s
earlier term, Clunch Clay, been forgotten. On the other hand Oxford Oolite,
which is in many ways preferable to Corallian or Coralline Oolite, has in spite
of its priority and legitimate form been discarded, although Buckland men-
tioned as typical localities Headington (Oxon.), Calne (Wilts.) and New
Malton (Yorks.). He described it as ‘perishable freestone, composed of oolitic
concretions and shelly fragments, united by a calcareous cement, with a
waterworn surface at Headington’; clearly, therefore, he meant it to apply to
the detrital or ‘Wheatley Limestones’ facies of the Osmington Oolite Series
(see p. 405). We now know that the Coral Rag around Oxford, which he placed
below the Oxford Oolite, is in reality contemporaneous with it, and Oxford
Oolite therefore has prior claim to be the name used for the Osmington Oolite
Series (so called by Blake and Hudleston in 1877). But the Oxford Oolite of
Headington and elsewhere round Oxford is only a detrital deposit made up
of coral- and shell-fragments, and is as abnormal a facies as the Coral Rag.
There seems, therefore, to be some justification for retaining Blake and Hudles-
ton’s name for the series as a whole, embodying as it does the name of a
locality where the oolite is largely a true oolite and is far more thickly developed.
(The typical sections at Osmington are shown in Plate XVI, p. 380.)

Perhaps the chief objection to reviving the term Oxford Oolite in its original
sense (more important than the essentially non-oolitic structure of the great
bulk of the Wheatley Limestones) is the variety of meanings which the name
suggests. Phillips in 1871 used it for the whole Corallian plus Oxford Clay,
and Buckman and some foreign geologists have used it as equivalent to
Corallian Beds. The term Oxfordian, moreover, has been employed in England
and abroad in so many senses that any name including the word Oxford is
liable to be misinterpreted. :

The uncertainty prevailing at that time as to the position of the Stonesfield
Slate is indicated by Buckland’s placing it above the Great Oolite and corre-
lating it on the one hand with the sandy beds at Hinton Charterhouse, near
Bath, which we now know to be part of the Forest Marble, and on the other
with the Collyweston Slate, since proved to be Inferior Oolite. This last
mistake survived until nearly fifty years later.

Of the other terms, the Calcareous Grit was transferred to its proper posi-
tion below the Coral Rag, where it already figured in Smith’s table as ‘sand’.

t Appended to William Phillips’s Selection of Facts . . . to form an Outline of the Geology
of England and Wales, 1818.
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The prefix Lower was added by Phillips in 1829, in describing Yorkshire;
and at the same time he recognized its companion, the Upper Calcareous
Grit. Webster’s term Kimeridge (or Kimmeridge) Clay was adopted by
Buckland to replace Smith’s Oak Tree Clay, and has been in use ever since.!

II. D’ORBIGNY AND THE STAGES; A SYSTEMATIZED CLASSIFICA-
TION BASED ON A COMBINATION OF PALAEONTOLOGY
AND STRATIGRAPHY

William Smith had no claims to rank as a palaeontologist according to the
modern meaning of the word, and yet he was certainly a practical strati-
graphical palaeontologist of no mean attainments. Since the early days of his
boyhood in the Oxfordshire village of Churchill, where he played at marbles
with the Terebratulids from the Clypeus Grit and noticed that the large
Clypei were used as ‘poundstones’ or weights by the cottagers, he was a close
observer and collector of fossils. He was the first to recognize their value in
the determination of strata, and we are told how he rarely returned from his
numerous rides and walks without his pockets bulging with ‘identifying
fossils’, to guide him in entering the boundary-lines upon his map. In his
stratigraphical arrangement of the Rev. Richardson’s collection, which caused,
as we have just seen, such incredulity and later, when the principles were
demonstrated, such unbounded admiration, he showed himself to have
mastered thoroughly the successive assemblages of fossils contained in the
oolitic formations. That he could turn them to such useful account although
he had no names for most of them is an object-lesson which many modern
workers might with advantage take to heart.

The axiom that ‘the same strata are found always in the same order of
superposition and contain the same peculiar fossils’ was quickly accepted and
the correlation of the strata in other parts of England, partly by means of
lithology and partly by means of their fossils, was rapidly pushed forward by
Smith’s successors. Before 1830 there had already appeared the two mono-
graphs which remain undisputedly the prototypes of all regional strati-
graphical treatises—Fitton’s great memoir on The Strata between the Chalk and
the Kimeridge Clay in the South-East of England (1827) and John Phillips’s
Illustrations of the Geology of Yorkshire, or a Description of the Strata and
Organic Remains of the Yorkshire Coast (1829). As new areas came to be
studied it was soon realized that the lithological characters of the formations
changed from place to place, but that, even if they lost their identity entirely,
as often happened in Yorkshire, they could still be recognized by their con-
tained fossils.

This conception of the independence of fossils from facies was perfectly
familiar to Phillips by 1829 and can scarcely have been foreign to William
Smith ten years earlier, though we seldom find it formulated. It is only
occasionally that a gleam of light reveals the inner working of men’s minds
about this time, for the output of a great mass of important descriptive matter
was engaging most of their attention.

Some of the first definite attempts to formulate ideas of detailed correlation
solely by means of fossils emanated from an obscure geologist, Louis Hunton,
whose collecting (‘zonal’ in the full modern sense of the word) among the

I For note on the spelling of this see footnote on p. 441.
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Middle and Upper Lias of the Yorkshire Coast, at the same time as W. C.
Williamson’s, will be referred to later on.

If these ideas were slow to take shape in England, they soon afterwards
made rapid progress in France, led by a man of vision, Alcide d’Orbigny.
Realizing the all-important factor in the correlation of strata in different
localities to be the fauna, and impatient at the indefinite multiplication of
local names for beds of differing lithological development but of the same age,
he sought to sweep aside lithology and give to the beds containing each succes-
sive assemblage a single name. The groups of strata indicated by these names
he called stages. ‘It will be seen from the nomenclature adopted in naming
these stages’, he explained, ‘that I have endeavoured . . . to choose names
drawn from the localities where a stage is best developed,! in order to put an
end to this jumbled nomenclature, based on the local lithology, which varies
so greatly according to the place, and on the fossils which happen to be pre-
dominant at one locality, but may be wanting elsewhere.’?

Ten of these Stages were to be recognized in the Jurassic System, and
no ambiguity was left as to the basis on which they were to be established.
‘Geologists in their classifications’, wrote d’Orbigny, ‘allow themselves to be
influenced by the lithology of the beds, while I take for my starting-point . . .
the annihilation of an assemblage of life-forms and its replacement by another.
I proceed solely according to the identity in the composition of the faunas, or
the extinction of genera or families.” 3

These words are momentous ones. D’Orbigny’s stage-names have been so
widely adopted that it is important that there should be no misunderstanding
of their true nature, and it seems advisable that all who use them should have
some acquaintance with d’Orbigny’s methods and aims expressed as nearly as
possible in his own words. At the end of the first volume of the Paléontologie
[frangaise; terrains jurassiques he gives the following as part of a Résumé
géologique:

‘ Division of the Furassic Rocks in Stages.’

‘Many subdivisions have already been proposed for the Jurassic rocks, some
based on the lithological character: of the beds, others on the dominance of some
fossil or another. I do not intend to discuss the worth of the successions established
by these methods; all, when they are the result of direct observation and not of
theorizing, set forth local or general facts of great interest; but when one comes to
co-ordinate them, obstacles at once appear. How are groupings based only on
lithological characters to be dealt with, when they have been seen to be misleading ?
On the other hand, how can one rely on the nomenclature of the fossils recorded in
a succession of beds, when one sees these fossils identified by authors with such
irresponsibility that it is often necessary to ignore half of the identifications? . . .
Confronted with these insurmountable difficulties I have found only one solution
possible, and that was to consult nature herself. Since my first observations on
the rocks of France, I have realized that in crossing the successive beds from the
older to the younger, I have everywhere met with the same sequence of fossil
faunas, restricted within the same vertical limits in the geological succession,

! His system of naming the strata with terminations in -ien was started by Brongniart, who
published a remarkable Tableau des terrains qui composent I'écorce du globe in 1829, in which he
adapted some of the old names (Oxfordien, Portlandien, Purbeckien) and coined some new
(Havrien); see table on p. 11.

# A. d’Orbigny, 1842—9, Paléontologie frangaise; terrains jurassiques, vol. i, p. 604.

3 A. d’Orbigny, loc. cit., p. 9.
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whatever might be the lithological composition of the beds containing them.! T have
also recognised that the lithology has done nothing but mislead observers, by making
them see imaginary likenesses, such as between the ferruginous beds on the opposite
sides of France, which contain totally distinct faunas (nevertheless confounded)
although the same faunas are found on corresponding horizons in beds of different
lithology and often remote from one another. [ therefore set myself the task of
following up the palaeontological horizons in the beds of which I was making a pre-
liminary study, wherever they were to be found, in order to satisfy myself whether
they signalized a definite period or only a local facies, governed by bathymetrical
considerations. After having obtained in all parts of France—north, south, east
and west, in Provence as in Normandy, in the Ardennes as well as in the Vendée,—
the same results, and having found nothing but one confirmation after another over
a period of fifteen years, without encountering a single contradictory fact, I at last
became convinced that the Jurassic rocks were divisible into ten zones or stages,
demarcated as well by the different faunas they contain as by stratigraphical boun-
daries # which reappeared again and again at every point. I have followed them one
after another around the basins in France and outside; I have ascertained that in
no single locality do they become confused, and that they represent as many distinct
geological epochs succeeding one another in a constant and regular order. This fact
gained, it remained to assure myself whether these different stages established in our
country were the result of local circumstances peculiar to France, or if they were due
to general causes operative simultaneously all over the world. Happily I had the
means of solving this last problem.

“The researches carried out in Russia by Messrs. Murchison, de Verneuil, von
Keyserling and Hommaire de Hell placed within my reach the knowledge, derived
from a comparative study of the faunas in the Jurassic rocks of that country with
those of France, that from the Crimea to Moscow, and thence as far as the north of
the Urals, all the several members of the Jurassic formation observed corresponded,
in their faunas, with our French stages. The same may be said of England and
Germany, whither extend the same ancient basins as those in France. The Jurassic
fossils of Central America, collected by Messrs. Darwin and Domeiko, have led me
to the same conclusions, just as have those of the Province of Cutch in India. In
fact these isolated localities, immensely remote from one another, have in common
with our French stages not only a general similarity in their faunas, but frequently
also several identical species, which prove their perfect contemporaneity. These
distant confirmations of my own observations on the Jurassic rocks assured me at
the same time that the causes of the separation of the stages were general. . .. I was
therefore bound to adopt them for the double reason that there is nothing arbitrary
about them and that they are, on'the contrary, the expression of the divisions which
nature has delineated with bold strokes across the whole earth.’ 3

These are the words of an enthusiast carried away by his subject and un-
fettered by too much knowledge. The idea thatinspired them was magnificent,
and if d’Orbigny, without being anticipated by any one with less breadth of
outlook, had lived and launched his system half a century later, he would
probably have rendered stratigraphy the greatest service standing to the credit
of any man. By then he could no longer have entertained such an idea of
universal uniformity and simplicity, and his stages would have been far more
numerous. Like the many other aspects of nature, which have appeared to
some to offer scope for grand generalizations, this turned out to be of almost
infinite complexity.

I So far he is merely following William Smith. 2 ‘lignes de démarcation stratigraphique’.
3 Alcide d’Orbigny, 1842-9, loc. cit., pp. 600-3.
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TaBLE I1. D’Orbigny’s stages and zones, and the stratigraphical terms employed
by Brongniart,

BRONGNIART’S i D’ORBIGNY, 1842-9.
TERMS, 1829.

Etages | Zones de

Calcalre PLRBECKIE\I % — —

’ Ammonites giganteus
Calcaire PORTLANDIE\I PORTLANDIEN Ammonites irius
; Trzgoma gzbbosa

e _ I

Ammomtes lallieri
© KIMMERIDGIEN | Ostrea deltoidea

" Ostrea wrgula

I

\

Marne argileuse
HAVRIENNE

Ammom tes altenemzs

Calcaire CORALLIQUE Iceras arietina

i CORALLIEN

; Ammonites cordatus
Marne OXFORDIENNE ‘ OXFORDIEN Plicatula tubifera

Trigonia clavellata

‘ Ammonites Fason
— i| CALLOVIEN Ammonites refractus
‘ Ostrea dilatata

Ammomtes bullatus
Oolithe Miliaire BATHONIEN Terebratula digona
Ostrea acuminata

Ammonites interruptus Brug. (parkinsoni
— Bajocien Sow.)
Trigonia costata

Ammonites bifrons

- "ToARCIEN Lima gigantea
LIASIE Ammonites margaritatus
f| LAASIEN Ostrea cymbzum
, Ammonites bisulcatus
— SINEMURIEN

Ostrea arcuata

Few of the geologists working in other countries at first adopted d’Orbigny’s
stages, for with their more detailed local knowledge they were unable to
recognize any such ten divisions which might have been ‘delineated by nature
with bold strokes across the whole earth’. Quenstedt, who published his
principal work Der Fura a decade later, but had already completed a detailed
study of the Jurassic rocks of Wiirttemberg, and was undoubtedly the greatest
authority on the subject at that time, was withering in his criticism of the
superficiality and inaccuracy of d’Orbigny’s work. His ire was in large
measure aroused by the fact that d’Orbigny had ignored the priority of his
work and that of his compatriots. Nevertheless his eight pages of criticisms
are extremely telling.!

Other workers (for the most part French and Swiss) took up d’Orbigny’s
idea but made more stages to suit their own districts. By 1860 there had
already been added VESULIEN, ARGOVIEN and SEQUANIEN (Marcou, 1848),
PTEROCERIEN, ASTARTIEN and VIRGULIEN (Thurmann, 1852), DICERATIEN

! F. A. Quenstedt, 1858, Der Jura (Tiibingen), pp. 17-24.
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and SPONGITIEN (Etallon, 1857), PLIENSBACHIEN (Oppel, 1858), BRADFORDIEN
and DuBIsiEN (Desor, 1859), and MANDUBIEN (Marcou, 1860). The greatest
manufacturer of stages was Mayer-Eymar, who brought out four works in
1864, 1881, 1884 and 1888, in which he introduced no less than 30 new names,
all taken from places but differing slightly from the standard set by Brongniart
in having terminations in -on or -in." The game has not ceased since Mayer-
Eymar, and there are now at least 100 stage-names to be fitted into the
Jurassic System, defined with varying degrees of accuracy according to the
capacity or the outlook of the author (see Appendix).

Thus by their ardour the disciples of d’Orbigny have entirely defeated his
ends. They have ‘improved’ his system until nothing is left of it but a mean-
ingless complex of overlapping stages of differing values, not in the smallest
degree more efficient than the old nomenclature which it was designed to
replace.

Yetby this painful process a truer picture of nature has been achieved. There
was a cataclysmic bias which gave an inherent improbability to d’Orbigny’s
theory of ten successive faunas, occupying the whole earth for a span
and then being swept away everywhere simultaneously. The wider and the
more detailed that our knowledge grows, the more apparent does it become
that the changes took place in a continuous stream. Earth movements, like
evolution, never ceased, only varying in degree of slowness at different times,
in different parts of the globe. By their agency the environment of the forms
of life inhabiting the sea was constantly changing, and thus giving rise to
incessant migration and to the extinction of some species and the evolution
of new. A sentence written by Sir Andrew Ramsay in 1864 in reference to the
Lias might well apply in some region or other to the whole sedimentary
series:

‘I incline to the idea that, considering the frequent large percentages of passage
{of species from one part of the Lias to the next] (ranging as high as 50 per cent.),
we are justified in supposing that migration of what were old species here into new
areas elsewhere, and of certain older species from other areas into ours, may account
for the very incomplete breaks in the succession of Liassic life in England, more
especially if there were occasional pauses in the deposition of the strata.’ 2

In other respects too, there is much to criticize in d’Orbigny’s scheme of
Stages. In the first place, while decrying ‘this jumbled nomenclature, based
on local lithology . . . and on the fossils which happen to be predominant at
one locality but may be wanting elsewhere’, he not only adopts Thurmann’s
term Corallien, derived from William Smith’s Coral Rag, but also coins an
altogether new and horrible hybrid, ‘Liasien’.? That he should have left these

I These terminations were designed to show that they were only to rank as substages, and
the principle was accepted at the Third International Geological Congress at Berlin in 1883
(Compte Rendu, published in 1888, pp. 323 et seq.). The substage in -in was defined as equiva-
lent in value to the French term ‘assise’, which has no exact equivalent in English. The
higher of two substages was to end in -in, the lower in -on, in every stage subdivided.

2 A. Ramsay, 1864, Address to the Geological Society, Q.¥.G.S., vol. xx, p. li.

3 William Smith’s term ‘Lias’, in use to this day among the quarrymen of the West of
England, is often supposed to be a corruption of the word ‘layers’; Buckman, however, con-
sidered it to be an ancient Gaelic word leac, meaning a flat stone, which is embodied in such
place-names as Llechryd, Lechlade, Leckhampton, and survives in Brittany as liach, leach,
a stone. In old French it occurs as liais, meaning a hard freestone from which steps and
tombstones were made. (7Type Ammonites, vol. i, 1910, p. xv.) Buckman is probably right,
for in the West of England dialects ‘layers’ would never become ‘lias’ as it would in the
mouths of cockneys.
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inconsistencies in his otherwise uniform table of adjectival place-names is
strange. Many of his followers have been equally inconsistent, and from any
finally revised scheme of classification by stages that may be adopted in the
future will have to be expunged the terms ASTARTIEN, PTEROCERIEN, STROM-
BIEN, VIRGULIEN, CORALLIEN, CORALLINIEN, ZOANTHARIEN, SPONGITIEN,
CyMBIEN, DICERATIEN, GLYPTICIEN, OPALINIEN, and PHOLADOMYEN. Besides
these there are a few terms that stand in a class apart, for they are not founded
on place-names and so are not strictly conformable to the scheme, although
they may be useful. Among these are Woodward’s FULLONIAN (1894), which
is anyhow antedated by CapomiN (Mayer-Eymar, 1881, after Caen); and
Oppel’s TITHONIAN,' which is akin to such terms as Eocene and Miocene.
Liasien, which is equivalent to the Middle and part of the Lower Lias, has
been superseded by DoMERIAN # (Bonarelli, 1894) and CHARMOUTHIAN (Mayer-
Eymar, 1864). Oppel first suggested PLIENSBACHIEN as a substitute, but as it
included part of the Lower Lias it has fallen into disuse as being too crude.?
Charmouthian is open to the same objection, and in 1913 Dr. Lang suggested
replacing the name for the lower part of the Charmouthian, below the
Domerian, by the form Carixian (from Carixa = Charmouth).*

A far more serious criticism of d’Orbigny’s method is that he adopted names
of places in foreign countries, particularly in England, which had already been
associated for many years with a particular series of strata, without ascertain-
ing exactly what those names meant in the place of their origin. Just as any
name of a place conferred on a fossil, if confusion is to be avoided, should be
that of the locality from which the type-specimen was derived, so when a
stage is introduced into stratigraphy it should be defined according to the
development of the strata in the locality from which it takes its name. By
adding -ien to names with such old-established geological associations as
Kimeridge, Portland, Oxford, and Bath, d’Orbigny sought to change their
meanings entirely, adapting them to suit the succession where he knew it best,
in the North of France. The result is that many of his names refer to now
well-known but then only vaguely-known successions in England, while his
palaeontological definitions refer to the succession in France. There is strong
justification for the movement to redefine his stages so that they shall corre-
spond with the strata developed at the localities after which they are named,
and so with the strata bearing the same names previously.®

All this points to the fact that d’Orbigny’s scheme of classification was pre-
mature. The ideal would have been to wait until a tolerably complete record
of the succession of Jurassic faunas had been elucidated, by piecing together
the results obtained by workers in different parts of Europe, and then, bearing
in mind the original scope of the old terms, to divide up the column so that
each division should carry the name of the locality or region where its particular

! Tithon was the spouse of Eos, Goddess of the Dawn.

2 From Monte Domero, in the Lombardy Alps.

3 A. Oppel, 1856-8, Die Juraformation, p. 815. Pliensbach is a village in Swabia.

4 See, however, the terms VIRTONIAN (from Virton, Belgium) and LOTHARINGIAN from
Lothringen = Lorraine), both already applied to all or part of the Pliensbachian. (See Appendix
at end of this book.)

5 Various opinions on the necessity for consistency in the names used in stratigraphy were
offered at the Second and Third International Geological Congresses at Bologna in 1880 and
Berlin in 1883, but no satisfactory conclusions were arrived at and, as no rules were formulated,
the results of the debates have been little heeded.
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fauna or group of faunas was best developed. For this the time was not yet
ripe, and much of the confusion in international nomenclature and correlation
has been caused by d’Orbigny’s attempt to take a short cut, omitting an indis-
pensable stage in the evolution of the science.

III. QUENSTEDT AND OPPEL TO BUCKMAN; ZONES AND THE
SEARCH FOR AN INDEPENDENT TIME-SCALE

The laborious course which stratigraphy had still to take, and of which it
has not yet reached the end (the following chapters are a humble contribution
to its advance) was tersely enunciated by Quenstedt in his criticism of
d’Orbigny’s method.

“The next task which we have to fulfil in connection with the Jurassic is to draw up
sections as faithfully as possible in the different districts. . . . The accurate com-
parison of two successive beds three inches thick by means of their actual contents
can contribute more fruitfully to the development of the science than the cataloguing
of stages from the farthest corners of the earth, when it has immediately to be
admitted, as a matter of course, that they are not correct. . . . Of what avail is it if
a man has seen the whole world, and he does not understand aright the things which
lie in front of his own doors?’

And again:

‘Let us not weary of searching our strata; let each one of us collect as much as
he can in his own neighbourhood, labelling the specimens exactly with their
localities, and compare them with the material collected by others; then at least the
first goal of all geological research should not remain far from our reach—a true
table of the succession of the strata.’*

This detailed and truly scientific palaeontological method, of which Quen-
stedt was at once the leading champion and the foremost exponent, had been
pursued quietly in various parts of Europe for at least twenty years. In
England it was earliest cultivated by a band of palacontologists, far ahead of
the thought of their time, in the intellectual centres of Whitby, Scarborough
and York. A short paper published in 1836, by one of the first of them, Louis
Hunton, is a truly remarkable document. This pioneer had already perceived
that ‘Of all organic remains, the Ammonites afford the most beautiful illustra-
tions of the subdivision of the strata, for they appear to have been the least
able . . . to conform to a change of external circumstances.” He applied his
discovery to a minute study of the Middle and Upper Lias in the Whitby
cliffs and alum works, with results which show the surprising progress already
being made, at this early date, in the observation and selection of short-
ranged fossils of zonal value. Next to his paper was printed a more ambitious
project of the same type by W. C. Williamson, but this was more a catalogue
of fossils arranged according to their horizons.?

After describing the Jet Rock, and remarking that ‘on inspection of the
section, it will be perceived, that the Jet Rock has its peculiar suite of Ammo-
nites’, Hunton passes on to an accurate analysis of the fauna of the Marlstone
of the Middle Lias:

“The species of Ammonites, though few in number, are, however, highly charac-
teristic; thus we find 4. vittatus about the centre of the series, confined to a very

! F. A. Quenstedt, 1858, Der Jura, pp. 23, 823.

2 W. C. Williamson, 1836, Trans. Geol. Soc. [2], vol. v, pp. 223—42, and vol. vi, 1841,
PP- 143-52.
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small range, associated in nodules with the Cardium multicostatum, Turbo undulatus,
and Pecten planus; but the two latter occur in other parts of the formation. The
A. maculatus is constantly found at the junction of the marlstone with the lower
lias, which here pass so gradually into each other, that it is impossible to determine
where the sandstones end and the blue shale begins. 1 have long sought for A.
maculatus in the upper and central portions of the marlstone, but have never found
it many feet above the junction beds; and though this and other Ammonites from
unequal geographical distribution, may be more abundant in one place than in
another (4. maculatus is in greater number at Staithes, A. Hawskerensis at Hawsker-
bottoms), yet they constantly maintain an invariable relative position. . . .

“The above description’, he concludes, ‘may not, in some instances, exactly accord
with previous statements, but one great source of error has hitherto been the collect-
ing of specimens from the debris of the whole formation, accumulated at the foot
of cliffs or other similar situations, where they have long laid, and the inferring of
their position from the nature of the matrix.’ !

The publication of Hunton’s paper preceded by one year the appointment
of Martin Simpson to be Curator of the Museum of the Whitby Literary and
Philosophical Society in succession to John Bird. The new curator on taking
up his position found in the museum large collections of ammonites from the
Yorkshire Lias (among them perhaps Hunton’s specimens), and he set him-
self to describe them. In 1843 he published descriptions of more than 100
species,? followed in 1868 by a detailed section of the Whitby cliffs. Simpson
was a close follower of Hunton’s methods. ‘Being convinced by observation’,
he wrote, ‘that few species of the Lias fossils had existed during the deposition
of any great thickpess of strata, but, on the contrary, were often confined to
thin seams, I measured carefully, with a two foot rule, all the beds and seams
of Lias both to the south and north of Whitby, and at the same time collected
the fossils from each stratum.’ 3

These examples serve to illustrate the kind of work that was proceeding in
various parts of Europe, by means of which alone, as Quenstedt perceived,
real progress was to be made. The names of many other Englishmen could
be added to those of Simpson and Hunton; those of Leckenby, Bean and
Williamson especially should not be omitted.

The man, however, who was to place the whole science of stratigraphical
geology on a new footing and to breathe new life into it was Albert Oppel. It
was appropriate that one who accomplished so much in this sphere should
have been a pupil of Quenstedt’s at Tiibingen. A young man, gifted with more
than ordinary powers of observation, generalization and exposition, he ac-
quired world-wide fame at the age of twenty-five by his studies in the Jurassic
rocks. It was therefore the more tragic that in 1865 he fell a victim to typhoid
fever and died, at the early age of thirty-four,

After acquainting himself thoroughly with the strata at home, in Swabia
and Wiirttemberg, so lucidly and minutely described by his master, Oppel set
out in 1854 on a tour of the Jurassic regions of Switzerland, France and
England, with the object of correlating them in greater detail by means of

! Louis Hunton, 1836, Trans. Geol. Soc. [2], vol. v, pp. 216-18. For calling my attention to
the remarkable qualities of this forgotten paper I am indebted to Prof. Davies’s ‘Geological
Life-Work of S. 8. Buckman’ and H. B. Woodward’s History Geol. Soc., p. 121.

2 Many of these have been figured in Buckman’'s Yorkshire Type Ammonites, which was
originally undertaken expressly for that purpose.

% Published in 1868 in a Guide to the Geology of the Yorkshire Coast, ed. 4; reprinted in
Fossils of the Yorkshire Lias, ed. 2, 1884, pp. ix—xxiii.
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fossils especially chosen for their wide horizontal and small vertical range. He
stated the problem before him as follows:

‘Comparison has often been made between whole groups of beds, but it has not
been shown that each horizon, identifiable in any place by a number of peculiar
and constant species, is to be recognized with the same degree of certainty in distant
regions. This task is admittedly a hard one, but it is only by carrying it out that an
accurate correlation of a whole system can be assured. It necessarily involves ex-
ploring the vertical range of each separate species in the most diverse localities, while
ignoring the lithological development of the beds; by this means will be brought
into prominence those zones which, through the constant and exclusive occurrence
of certain species, mark themselves off from their neighbours as distinct horizons.
In this way is obtained an ideal profile, of which the component parts of the same
age in the various districts are characterized always by the same species.’ !

This passage represents one of the most important landmarks in the pro-
gress of stratigraphical geology, for it contains the first germ of the conception
of a detailed time-scale, abstracted from all local considerations, either
lithological or palaeontological. Before it geological history had been as
confused as the history of Assyria and Babylonia at the time of the city-king-
doms, each with its individual local chronology, overlapping those of its
neighbours. Since Oppel, historians have been provided with an orderly
system of dynasties, subdivided into reigns, and even in countries as distant
as the Himalayas it has been possible to discern marks appropriate to the
periods when the more important of the dynasties held sway, although the
influence of the individual reigns was not always felt outside North-Western
and Central Europe.

It is remarkable that Oppel nowhere defined what he meant by a zone. He
is frequently credited with the first use of the word, but it had in fact been
employed by several French geologists before him, and a definite meaning was
already attached to it. Oppel adopted the term and accepted its meaning and
no doubt it seemed to him in consequence unnecessary to give a definition.

The first occurrences seem to be in the writings of d’Orbigny (1842-52) and
Hébert (1857). D’Orbigny employed it in exactly the same way as the term
Stage, except that he reserved it for palacontological use; thus he speaks of
the Bajocian Stage as constituting the zone of a named group of fossils.*

An example will make the matter clearer:

7¢ Etage : SINEMURIEN, d’Orb.

Premiére apparition, de ’'ordre des Insectes diptéres . . . (&c.).

Régne des genres Cardinia, Spiriferina, Octoceenia.

Premiére période. De la faune spéciale aux terrains jurassiques.

Zone du Belemnites acutus, des Ammonites bisulcatus et catenatus, du Cardinia
hybrida, de I'Unicardium cardioides, de I'Ostrea arcuata, et du Spiriferina walcotii.

Hébert, on the other hand, chose index-fossils and referred to the zone of a

certain named species; e.g. ‘la zone (or assise) a Am. primordialis’ >

From these earlier uses of the term zone Oppel did not deviate. If he had

1 A. Oppel, 1856-8, Die Furaformation Englands, Frankveichs und des Siidwestlichen
Deutschlands, Stuttgart, p. 3.

2 A. d’Orbigny, 1849-52, Cours élémentaire de Paléontologie et de Géologie stratigraphique,
Paris, pp. 433 et seq. (The Palaeozoic ‘stages’ were treated in the same way on earlier pages.
The same use was made of the word ‘zone’ in the Palédontologie frangaise, but not in tabular
form; I append a tabulation in Table II, p. 11.)

3 E. Hébert, 1857, Les mers anciennes et leurs rivages dans le bassin de Paris, 1 Partie,
Terrains jurass. Paris, pp. 18, 23 (assise, p. 22).
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given a definition of what he understood by the term it would have been in
fact superfluous, for his meaning is apparent on almost every page of his book.
He even says that although he has elected to name his zones after fossils, they
could equally well have been named after places.

To Oppel, therefore, is due, not the credit for the inception of the zonal
idea, but for a very great refinement in its use, and, most important of all, for
emancipating the zones from the thralls both of local facies, lithological and
palacontological, and of cataclysmic annihilations, thus giving them an enor-
mous extension and transferring them from mere local records of succession
to correlation-planes of much wider (theoretically universal) application.

Oppel’s first zonal table for the Jurassic, here reproduced (Table III, p. 18),
is a document of considerable interest. He evidently appreciated, as had
Louis Hunton in England twenty years earlier, that ‘of all organic remains the
Ammonites afford the most beautiful illustrations of the subdivision of the
strata’, for of his 33 Jurassic zones 22 were assigned ammonites as index-
fossils. Of the remainder, 5 were named after lamellibranchs, 2 after brachio-
pods, 2 after echinoderms and 1 after a gastropod, while 1 was left to be
named later. All the zones to which Oppel originally assigned indices other
than ammonites have since had ammonites found for them.

Since the time of Oppel nearly every geologist who has pursued local studies
of the Jurassic System has found it necessary to increase the numbers of the
zones in order to bring his stratigraphical scheme into closer relationship with
nature. Oppel himself wrote: ‘The difficulty [of constructing an adequate
zonal table] arises chiefly from the insufficient number of well described
species. The more accurately the species are defined, the more exactly can
the beds be subdivided.”* Thirty-five years later Buckman was still echoing
the same complaint: ‘Anyone unacquainted with the Dorset-Somerset In-
ferior Oolite, and the richness of its deposits, could scarcely credit the
difficulty experienced in these investigations from want of names for the
ammonites. Species which have been perfectly well known for years as indi-
cators of certain horizons are altogether devoid of any specific name. They
could not, therefore, be recorded with any precision.”? Buckman in order to
make good this defect devoted much of his time in the later part of his life to
figuring and naming more and more ammonites in his work, Yorkshire Type
Ammonites, and its continuation, Type Ammonites. At the time of his death
he had figured in this series no less than 797 species, illustrated in 1,052 plates.

It need not concern us here to trace the stages by which Oppel’s first essay
in a zonal table has become elaborated by a host of stratigraphers until the
present formidable tables of zones have been evolved. Suffice it to say that, as
with the designation of beds and stages, complete independence of action is
allowed the individual author, and he is at liberty to cumber the terminology
with as many new zones as may seem to him desirable, no matter how local
his requirements, his knowledge, or his outlook.

IV. BUCKMAN AND THE MODERN CHRONOLOGY

From the examples quoted of the earliest uses of the word zone, as adopted,
elaborated and refined by Oppel, it will be evident that it is purely a strati-
graphical term—a bed or group of beds, identified by palaeontological criteria

! A. Oppel, 1858, Die Juraformation,p. 3. *S.S.Buckman, 1893, 0. 7.G.S. vol. xlix, p. 482.
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TaBLE II1. Oppel’s Table of Zones.

Dufrénoy &
Forma- Conybeare | Elie de
tionsab- Zonen (Lager oder Stufen,d. h. | & Phillips. | Beaumont.
theilun- | Etagen oder paldontol. bestimmbare 1822. 1848.
gen, Zonengruppen. Schichtencomplexe). England. Frankreich.,
igonia gi . Et. supér.
' . Zone der Trrigonia gibbosa Upper duove t% o
Kimmeridge- | Zone der Pterocera Oceani. Division
oolithique.
- gruppe. - of Oolites, | = —°
3 Zone d. Astarte supracorallina.
: . B { Zone der Diceras arietina. }?:
E _g Oxford- Zone des Cidaris florigemma. frag
€. . . gri i . €
§ 5 grupp. Low. cale. grit& S‘cyphlenkalke Middle moyen du
3 Zone des Amm. biarmatus. Division systéme
o Zone des Amm. athleta. of Oolites. | oolithique.
Kelloway- Zone des Amm. anceps.
gruppe.
Zone des Amm. macrocephalus.
Bathgr Zone der Terebr. lagenalis.
" a €.
5 upP Zone der Terebr. digona.
-]
g Zone des Amm. Parkinsoni.
2 ;60 Zone d. Amm. Humphriesianus. Dlilgiv;ie: n
g ® Bayeux- Zone des Amm. Sauzei. of QOolites. &
&R gruppe {age
2A : Zone des Amm. Murchisonae. inférieur
E . p du systéme
s Zone der Trigonia navis. oolithique,
Zone des Amm. torulosus.
Thouars- Zone des Amm. jurensis.
gruppe. Zone der Posidonia Bronni.
Zone des Amm. spinatus.
Obere Z. d. A. margaritatus.
" Pliensbach- Untere Z. d. A. margaritatus.
3 . gruppe.
3 (Liasien d’Orb.) | Zone des Amm. Davéi.
o ;
b ‘ Zone des Amm. ibex. Lias.
': 8 Zone des Amm. Jamesoni.
E; = Zone des Amm. raricostatus.
g Zone des Amm. oxynotus.
Zone des Amm. obtusus. Calcaire a
Semur- Zone des Pentacr. tuberculatus. Gryphées
gruppe. arquées ou
Zone des Amm. Bucklandi. Lias.

Zone des Amm. angulatus.

Zone des Amm. planorbis.
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(by a fossil or an assemblage of fossils). The chosen fauna is the constant
term ; the lithic characters and their concomitant facies-faunas may be subject
to lndeﬁnlte variation. Itisimportant that this conception should be perfectly
clear. Itis perhaps best stated in the form of a definition ; and one of the most
concise 1s due to Prof. Marr: ‘Zones are belts of strata, each of which is
characterized by an assemblage of organic remains, of which one abundant
and characteristic form is chosen as index.”! An official definition was
enunciated at the third session of the International Geological Congress in
1883 : ‘A zone is a group of beds, of an inferior status, characterized by one or
several special fossils which serve as indices.’> From time to time erroneous
interpretations are put forward, due to confused thinking. For instance,
H. B. Woodward, in a special article on zones, defined them as ‘assemblages of
organic remains’.* As Buckman remarked, the fossils in a museum might be
called a zone according to this definition.

It will be noticed that in all these definitions and uses of the word zone there
is no mention of time. It is, of course, implicit in Oppel’s and all other
authors’ tables of zones, stages or strata, that they occupied a certain time in
forming, and that the subdivisions probably occupied a lesser time than the
major divisions. Before 1893, however, we find no attempt to formulate any
strictly chronological ideas, or to construct a time-scale independent of strata,
whereby might be compared the relative time taken to deposit strata in
different localities. No vocabulary for any such conceptions existed.

The year 1893 saw the passing of another landmark along the path of strati-
graphical geology. This time the advance was due to the work of an English-
man, and again it resulted from studies in the Jurassic System. Sydney S.
Buckman was born in 1860 at Cirencester, Gloucestershire, where his father
was Professor of Geology at the Agricultural College, and, when three years
old, he was moved to Bradford Abbas, near Sherborne, Dorset, whither his
father retired to take up farming.* He was thus brought up amid one of the
most richly fossiliferous districts in the whole world, where the ammonites
are packed in incredible numbers in the thin beds of the Inferior Oolite forma-
tion. His surroundings had a powerful effect on him. At the age of eighteen
he was already the author of a paper on the Astartes of the Inferior Oolite,
which he followed up at the age of twenty-one with another paper on the
ammonites. These studies were only the prelude to activities of body and of
mind which were to revolutionize much of the accepted geological thought of
his time. After making himself master of his own district, the rich and intri-
cate Sherborne country, he set forth to apply his restless mind to ever-expand-
ing problems, until nothing less than the whole British Jurassic System, to the
far north of Scotland, was his undisputed province.

The work with which we are here concerned was the first of Buckman’s
stratigraphical papers, published at the age of thirty-three, and setting
forth the mature results of his researches in the Sherborne district.s The

t J. E. Marr, 1898, Principles of Stratigmphiml Geology, p. 68.

2 Compte Rendu, 3¢ Session, Congres géol. int., Berlm, 1883, p. 323.

3 H. B. Woodward 1892, P.G.A., vol. xii, p. 29

4+ A. Morley Davxes, 1930, ‘The Geological Llfe Work of S. S. Buckman’, P.G.4., vol. xli,
Pp. 221—40

5 8.8, Buck.man, 1893, “The Bajocian of the Sherborne District’, Q.%.G.S., vol. xlix, pp.
479-522.
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stratigraphical portion of this paper will be noticed in the appropriate place
(Chapter VIII); the part of greatest importance is that dealing with certain
theoretical matters. Impatient with the inadequacy of the existing terminology
to deal with any but spatial conceptions, he introduced a new term hemera
(Fpuépa).

‘Its meaning is “day”’, or “time”’; and I wish to use it as the chronological indi-
cator of the faunal sequence. Successive ‘“hemerz” should mark the smallest
consecutive divisions which the sequence of different species enables us to separate
in the maximum developments of strata. In attenuated strata the deposits belonging
to successive hemerz may not be absolutely distinguishable, yet the presence of
successive hemerz may be recognized by their index-species, or some known con-
temporary ; and reference to the maximum developments of strata will explain that
the hemera were not contemporaneous but consecutive.

‘The term ‘‘hemera’ is intended to mark the acme of development of one or more
species. It is designed as a chronological division and will not replace the term
““zone”” or be a subdivision of it, for that term is strictly a stratigraphical one.’?

And again he insists:
‘It must be particularly understood that it is used in a chronological sense as a

subdivision of an “age”.’ 2

It would be difficult to imagine anything stated much more clearly than this.
Nevertheless, from the moment of its birth, Buckman’s new term began to be
misunderstood and misrepresented. In the discussion which followed the
reading of the paper at the Geological Society all three speakers misunderstood
its import and criticized it on irrelevant grounds (perhaps because Buckman
did not himself read the communication and make the important passages
clear). The conception of a time-scale entirely independent of deposit, so
that it could be said that each hemera must have passed everywhere, whether
any deposit was formed or not, seems to have been too much for many of the
geologists of the time. The advantages of the system went unnoticed in the
general disapproval.

Nine years later, finding that there were still some who considered that a
hemera was simply a subdivision of a zone, Buckman published a fresh
explanation,’® and this is an interesting document, both because it introduces
some new theoretical considerations, and because it throws new light on the
changes and development of Buckman’s own ideas. He now gives two defi-
nitions of a hemera. One is simply a restatement in different words and an
amplification of the first—*the subdivision of an “age”, it indicates the period
of time from the rise of one dominant species to the rise of the next’; the other
is entirely different—"The hemera is the time during which a certain piece of
work, namely, the deposition of what is called “‘the zone”, was done.’

This second definition is irreconcilable with the first and must be rejected,
because it is based on a misconception of the meaning of ‘zone’. The same
word cannot be used with two different meanings, and we must keep to the
original definitions, namely that the hemera is based on ‘the acme of develop-
ment of one or more species’ (1893), that it is ‘the time during which a
particular species—generally an ammonite—had dominant existence’ (1898),*

t S, S, Buckman, 1893, loc. cit., pp. 481-2. 2 Ibid., p. 518.
3 8. S. Buckman, 1902, ‘The Term “Hemera”,” Geol. Mag. [4], vol. ix, pp. 554—7.
4 S, S. Buckman, 1898, 0.7.G.S., vol. liv, p. 443.
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or that it is the time during which one or more species gradually reached their
acme, passed it, and declined (1902).

The time taken to deposit a zone is another conception altogether. We have
just seen that a zone is not a strictly biological unit, but a bed or group of beds
characterized by an assemblage of organisms, one of which is chosen as index-
species, but need not nccessarily be either confined to its zone or found
throughout every part of the zone. It will be obvious that such a period of
indefinite length as may be required for the formation of a zone may embrace
several hemera. Buckman indicated this when he first introduced the word
hemera, for he placed several beside every zone. Jukes-Browne was misled
by this, as many others have probably been, into supposing that a hemera was
merely a subdivision of a zone, and so a synonym of a subzone. Against this
confusion of spatial and chronological conceptions Buckman rightly protested,
but there is a germ of truth in Jukes-Browne’s criticism. He would have been
very near the truth if he had said that a hemera, according to Buckman’s first
and only acceptable definition, is a subdivision of the time taken to deposit
a zone. This broader time-unit he belicved to be without a name, and he
coined for it the term secule (from seculum).! Prof. Diener, however, rejects
the term in favour of an carlier, having prior claim: the word moment was
proposed with precisely this meaning, to be the time-equivalent of a zone, by
the Swiss Committee for the Unification of Nomenclature, at the Interna-
tional Geological Congress at Bologna in 1881.% Strictly speaking, therefore,
‘moment’ should take priority over secule, and Diener adopts it, with the
variations time-moment and zone-moment.* On the other hand, it may with
justice be objected that the word ‘moment’ was already long ago preoccupied
in ordinary parlance for an indefinite but certainly small fraction of time, and
to misapply it to a period of many thousands of years duration is absurd.

Thus we have, as the unit of time corresponding to the zone, the secule, the
time-moment or the zone-moment. What, then, is the stratigraphical unit
corresponding to the hemera?

Several hemerz may be contained in one secule or zone-moment. On the
other hand, 2 hemera cannot exactly be said to be a subdivision of a secule, for
the two expressions involve different conceptions: the secule is based on the
duration or acme of the assemblage, the hemera on the acme of a chosen
species. The two are units on different scales, just as are centimetres and
feet, and each must have a separate spatial equivalent. To fill this want
Prof. Trueman in 1923 introduced the term epibole, ‘as a stratigraphical
term to cover deposits accumulated during a hemera’.* The word is a useful
one, but it has not received the recognition that it deserves, for reasons which
we shall analyse shortly.

At this point we must examine two other terms introduced by Buckman in
1902,° the biozone and the faunizone.

The biozone was introduced as a time-term ‘to signify the range of organ-
isms in time as indicated by their entombment in the strata. Thus we might

T A.J. Jukes-Browne, 1903, ‘The Term ‘“Hemera”,” Geol. Mag. [4], vol. x, pp. 36-8.

2 Compte Rendu, 2nd session, Bologna, 1881 (1383), p. 542.
3 C. Diener, 1918, Neues Jahrb. fiir Min., &c., Beilage Bd. xlii, p. 91; and 1925 Grundsiige
der Biostratigraphie, Vienna and Leipzig, pp. 217-18.

+ A E. Trueman, 1923, P.G.4., vol. xxxiv, p. 20¢.
5 S. S. Buckman, 1902, loc. cit., pp. 556-7.
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have the biozone of a species, of a genus, of a family, or of a larger group. The
biozone of Ammonites would be equal to Mesozoic time; . . . the biozone of
an Ammonite genus, Coroniceras, would be through two or three hemerz;
the biozone of an Ammonite species would be about equal to a hemera.” The
distinction between the biozone of a given species and its hemera may be
expressed as the difference between its absolute duration (as indicated by its
total range) and its acme; but since in practice neither can be very accurately
defined, owing to the imperfections of our collecting (‘collection-failure’), the
two units become virtually synonymous.

With hemerz and secules by which to measure time, there would seem to be
little necessity for a third unit which is elastic and must be qualified whenever
used. It is as easy to talk of the ‘duration of Coroniceras’ as of the ‘biozone of
Coroniceras’. In Germany, however, the term has been adopted in a spatial
or stratigraphical sense, to denote the deposit equivalent to the time-interval
for which it was originally coined. The Germans have not adopted the hemera
and consequently they have felt no want for the corresponding stratigraphical
term, the epibole. Instead of thinking in terms of acme they think in terms
of total range, using the biozone. There is a difference of theory and of words,
but in practice the result is much the same.

In this somewhat changed sense the term biozone is useful, for we have no
other word to denote the deposit formed during the total existence of a species,
as indicated by its absolute range. In Buckman’s original sense, however, it is
objectionable, for it contains the root ‘zone’, which is a spatial term, and
employs it in a chronological sense. Such misapplication may lead to still
further distortions of the meaning of ‘zone’; its insidious influence may per-
haps be detected in such definitions as that of Wedekind, who thinks a zone is
‘a time-interval based on the absolute duration of a species’.! This is indeed
precisely what Buckman meant by a biozone.

Happily the biozone in this sense was anticipated by one year by a much
better term, the American biochron, introduced by H. S. Williams in 19o01.2

‘It is essential’, Williams wrote, ‘to distinguish the geochron (expressed in terms
of feet thickness of stratified sediments of uniform lithologic constitution) from the
biochron (expressed in terms of presence in the sediments of fossils of the same
species, genus, or family). Thus the time-value of the Hamilton formation would
be spoken of as the Hamilton geochron; while the time-value of the species Tropido-
leptus carinatus would be the Tropidoleptus [carinatus] biochron.’

Again,

‘Palacontologists are familiar with the very long range of the species Atrypa reti-
cularis; Rhynchonella cuboides, on the other hand, has a very short range. In the
nomenclature proposed (so long as both are considered to be species), the fact would

be expressed by saying that the Atrypa reticularis biochron is longer than the
Rhynchonella cuboides biochron.’

It is clear that Williams intended biochrons to apply to the absolute dura-
tion of a species, genus, family, or any larger taxonomic group; or, as he put it,
that they were to be ‘units whose measure is the endurance of organic

' R. Wedekind, 1918, Centralblatt fiir Min., &¢., p. 270: and see also his book, Uber die
Grundlagen und Methoden der Biostratigraphie, 1916.
2 H. S. Williams, 1901, Journ. Geol., Chicago, vol. ix, pp. 579-80.
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characters’.! In summarizing at the end of his paper, however, he tabulated the
word under a looser definition as ‘the time-equivalent of a fauna or flora’,*
which would make it the equivalent of a secule or zone-moment. Diener
accepted this latter meaning and so dropped the word in favour of ‘moment’,
saying ‘The duration of a species I call, in agreement with Buckman, a bio-
zone’.? I think it will be agreed, however, that Williams’s earlier definitions in
the text of his paper must stand, and from them there can be no possible doubt
that in introducing the biochron he had the same idea in mind as Buckman
expressed a year later in the biozone.*

Buckman’s second term, faunizone, was defined as follows: ‘faunizones
are, to paraphrase Mr. Marr, “belts of strata, each of which is characterized by
an assemblage of organic remains’’, with this provision, that faunizones may
vary horizontally or vertically, or the strata may not vary and yet may show
several successive faunas. So faunizones are the successive faunal facies
exhibited in strata.’s The term therefore expresses almost exactly what was
originally meant by a zone. It has been adopted in Germany in the form
Faunenzone, while the simple term zone by itself has come more and more to
be dropped altogether, as not being sufficiently precise or involving ambiguity.
Biozones and faunizones were seldom, if ever, afterwards mentioned by
Buckman. He always kept to his earlier unit, the hemera,

The next step was the grouping of his hemerz into larger divisions or Ages.
In 1896 he published a paper on the Inferior Oolite of Dundry Hill, near
Bristol (where William Smith had demonstrated his law of superposition to
Joseph Townsend and Benjamin Richardson about a hundred years before)
and in it he gave his Ages the same names as the stratigraphical stages of
d’Orbigny—Bajocian, Bathonian, &c. In 1898 he submitted another paper to
the Geological Society, proposing to carry on this usage. The Council pointed
out, however, that he was using stratigraphical terms in a chronological sense,
a practice which would lead to confusion, and should be discontinued. It
was at the behest of the Council of the Geological Society, therefore, that
Buckman first introduced the dual terminology now in use.

Freed from the toils of stratigraphical nomenclature, he immediately threw
himself with zest into the elaboration of what must then have seemed a very
daring enterprise, the foundation of a time-scale based purely on zoology.

‘If the ammonites are recognized as the best indicators of the faunal sequence’,
he wrote, ‘and since the chronological subdivisions depend upon this sequence, then
the further grouping of the chronological subdivisions must be controlled by the
zoological affinities of the ammonites. For instance, the shortest geological time-
division is a hemera: that is, the time during which a particular species—generally
in Mesozoic chronology, of an ammonite—had dominant existence. A longer space
of time contains so many hemera; it is at present designated by the very faulty title
of “an Age”’; but it is obvious that, as a hemera depends on the ammonite-species,
an “Age” must depend on the duration of allied series of ammonite-species . . . As
a family has its periods of rise, of maturity, and of decline (or, in scientific language,
its epacme, acme, and paracme), so the duration of the Age would be principally

! H. S. Williams, 1901, loc. cit., p. 578. 2 p. 583.

3 C. Diener, 1918, loc. cit., p. 93; and 1925, Grundxziige der Biostratigraphie, p. 230.

+ Williams gave, incidentally, an entirely erroneous definition of a hemera (loc. cit.,
p- 583).

5 S. S. Buckman, 1902, loc. cit., p. 557.
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TasLE 1V, The Ages of Jurassic Time.

Mainly after S. S. Buckman, T.4.,vol. iv, 1922, pp. 6-13, and vol. v, 1925, pp. 71-8,
and vol. vii, 1930 (Indcx) with emendations by E. Neaverson, L. F. Spath, and the
author.

(For the upward continuation of this table see p. 546).

!
PorTLAND 42 Titanitan |
Beps 41 Behemothan

22 Parkinsonian
INFERIOR 21 Stepheoceratan
QOLITE 20 Sonninian
| . ; 19 Ludwigian
40 Pavlovian | T T T e
39 Pectinatitan 18 Canavarinan

KIMERIDGE 38 Allovirgatitan ’ v 1'(7) I(?‘fmort‘erlén
CLI‘\\. 37 Gravesian ‘ PPER 1 rrammoceratan
|
|

36 Physodoceratan Lias 15 Haugian
35 Rasenian 14 Hildoceratan

34 ?Prionodoceratan 13 Harpoceratan

. N . MippLE L1as 12 Amalthean
CORALLIAN 33 Ringsteadian _ _

i BEDs 32 Perisphinctean ‘ 11 Liparoceratan
]
f
\

31 Cardioceratan 10 Polymorphitan
30 Quenstedtoceratan 9 Deroceratan
29 Kosmoceratan 8 Oxvnoticeratan

! 28 Prophnulimn LowEr 7 Asteroceratan

Jeror e e e — Lias 6 Microderoceratan|

I CORNBRASH 27 I\Iac1ocepha11tan | 5 Agassi.ceratan

l axD GIREAT 26 Clvdoniceratan 4 Coroniceratan

| - - 25 ?Oxyceritan | 3 Vermiceratan

i OOLITE Tuli A
S . 24 Tulitan 2 Schlotheimian
SERIES ) h ;

l 23 Zigzagiceratan 1 Psiloceratan

NOTES

1-6. The first 6 Ages were introduced in 1925, T. 4., vol. v, pp. 71-8, to take the place of the two
Ages Caloceratan and Coroniceratan. Theyv are accepted by Neaverson (1928, Stratigraphical
Palaeontology) except that he uses Arietitan in place of Microderoceratan.

24. Below this Buckman placed a Gracx]mphmctean Age, based on the rare genus Gracilisphinctes, known
only from a single species found in the Stonesfield Slate; but the Stonesficld Slate was deposited
in the middle of the Tulitan Age, as it occurs between the Fuller'’s Earth Rock and the base of the
Great Oolite Limestones, which both vield Tulitidae (see Chapter X).

25. The existence of an Oxyceritan Age distinct from the Tulitan has not been proved, but is inserted
on the opinion of Buckman.

28. Synonymous (or rather contemporaneous) with this is the Reineckeian Age, always placed by
Buckmdn after it. See Spath, The Naturalist, 1926, pp. 324-3.

Synonvmous with this is Buckman’s Vertumniceratan Age. Vertumniceras being a rare genus almost
conﬁned to Yorkshire, it is more useful to retain Quenstedtoceratan, as Spath and Neaverson have
done. See Spath, The Natur alist, 1926, p. 324.

34. The separate existence of a Prionodoceratan Age is far from surely established, as the genus
Prionodoceras was coexistent with Ringsteadia and at least in England it appears before it (in the
Sandsfoot Clay). It is inserted here only because so far no other term has been found for the time
between the Ringsteadian and the Rasenian. Pictonian might be better; but if the Pictonia zone be
regarded as belonging to the Rasenian, then Prionodoceratan is redundant.

6 == the hemer® of Aulacostephanus yo and A. pseudomutabilis.

7. Above this Buckman supposed to be the position of the ‘Mazapalitan’ fauna of Mexico, but there
1s no evidence (see T..4., vol. iv, 1922, pp. 6-13).

38-40. The positions of these are according to Neaverson, 1928, Strat. Pal., pp. 373-6. As will be
explained on pp. 465-6, Buckman misunderstood the stratigraphy of the Upper Kimeridge Clay.
Pavlovian = Holcosphinctean of Neaverson and Buckman (Holcosphinctes being synonymous with
Pavlovia; see p. 440).

42 = Gigantitan of Buckman, Gigantites Buckman being, according to Spath, a synonym of the earlier
Titanites Buckman,

s L2
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governed by the period of acme, and would be less concerned with the epacmastic
and paracmastic periods of the same family. . . . Following on this again as a logical
conclusion is the recognition that any time-division larger than an Age must depend
upon the duration in time of allied ammonite-families.”

The larger time-divisions he called Epochs.'
In the first table (published in 18¢8) seven Ages and two Epochs were
introduced to cover the Lias and Inferior Oolite deposits; thus:

STAGES. AGES. EPOCHS.
Bathonian Parkinsonian
Bajocian Sonninian } Stepheoceratan
j i
Aa enian Ludwigian
Toarcian Harpoceratan Arietids
Pliensbachian Deroceratan il
Sinemurian Asteroceratan
Hettangian Caloceratan
Rhétian —

At this time Buckman advocated relegating the Hettangian as well as the
Rhaetic stages to the Trias and beginning Jurassic time with the Arietidan
Epoch. However logical this may seem from a purely laboratory study of the
ammonites, it overrides too many geological considerations to have proved
acceptable to any subsequent authors.

The elaboration of the new chronological classification was proceeded with
apace and extended to embrace the Upper Jurassic, but it was not until 1922
that a complete table of the whole of Jurassic time was ventured upon.?
Buckman now proposed 43 Ages, of which 18 occupied Caloceratan-Parkin-
sonian time, for which he had suggested only 7 Ages in 1898, and for which
22 are accepted in more recent works (see Table IV, p. 24). The new additions
resulted from a much finer discrimination in Ammonite identifications and
a hemeral table growing by leaps and bounds every year. At the same time
Buckman worked backwards from palaeontology to stratigraphy and, having
recognized 7 Ages in the Lower Lias, he proceeded to coin new stage-names
for the deposits to which they were supposed to correspond—Lymian,
Mercian, Deiran, Raasayan, Wessexian, Hwiccian.® Unfortunately he over-
looked the work of Mayer-Eymar, who had already assigned a series of sub-
stage names to the Lower Lias (Filderin, Balingin, Rottorfin, Mendin), some
of them with exactly the same meanings as Buckman’s.* As there is, moreover,
difference of opinion regarding the reality of some of the separate Ages upon
which Buckman’s Lower Liassic stages were founded, the new names are not
adopted here.

V. THE LIMITATIONS OF BUCKMAN’S CHRONOLOGY:
PRACTICAL DIFFICULTIES AND THEORETICAL CRITICISMS

Detailed collecting from the Lias and Inferior Oolite, by Dr. W. D. Lang
on the Dorset Coast, by Prof. A. E. Trueman and Mr. J. W. Tutcher in the

I'S. 8. Buckman, 1898, ‘The Grouping of some Divisions of so-called **Jurassic” Time’,
Q.7.G.S. vol. liv, p. 443. * S, 8. Buckman, 1922, T°.4., vol. iv, pp. 6-13.
3 5.8, Buckman, 1917, ‘Jurassic Chronology, I, Lias'. Q.7.G.S., vol. Ixx, pp. 259 et seq.

* K. Mayer-Eyvmar, 1881, Classification internationale, &¢., Zurich, 4°; also 1884 ‘Die
Filation der Belemnites acuti. Iierteljahrsschrift der Ziircher Naturforsch. Gesellsch. (trans-
cribed, O.%.G.S., 1917, vol. Ixxiii, p. 283); and repeated in 1888, Tabl. des Terrains, Zurich 4°.
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Radstock district and South Wales, by Buckman and Mr. L. Richardson in the
Inferior Oolite from Dorset to the Cotswolds, and by the late Dr. Lee in the
Hebrides, led to so great an elaboration of the hemeral table that many lost
patience with Jurassic chronology, and the principles on which it is based are
frequently discredited. It may, therefore, be apposite to pass in brief review
the steps by which the long lists were built up and to attempt to analyse their
meaning. ‘

For many years Dr. Lang has studied the Lower Lias of the Dorset Coast,
collecting the ammonites inch by inch through the long and perfect sections
exposed in the cliffs on either side of Lyme Regis and Charmouth. He has
proved that, as Hunton and Simpson perceived in Yorkshire nearly a century
ago, the successive species have a restricted vertical range, and that, although
their biochrons may have overlapped toa greater or alesser extent, the successive
acmes marking the hemerz of the species can be recognized and separated by
detailed collecting. Thus Dr. Lang has been able to divide up the Lower Lias
of Dorset into 38 epiboles, each representing the hemera of a certain am-
monite (see p. 28). These epiboles average between g and 10 ft. in thickness,
but some are much thinner. In the Belemnite Marls, for instance, there are
13 epiboles, with an average thickness of 5-6 ft. Some of them may be mere
layers no thicker than the ammonites. The boundaries have to be fixed arbi-
trarily, for the fossils often occur only in thin seams, separated by barren clays,
which cannot be assigned with certainty to any particular epibole.

Correlation by means of such minute subdivisions can only be attempted
where the exposures are exceptionally favourable. But it so happens that
there are several other localities in Britain where equally detailed work is
possible and has been carried out with success. The first of these was the
Radstock district of Somerset, where Mr. Tutcher and Prof. Trueman were
able to put the so-called ‘polyhemeral system’ to the test. By carefully
collecting from numerous quarries they were able to show an almost equally
detailed hemeral succession, but the details were in many instances different.
Whole blocks of epiboles appeared which were unrepresented in Dr. Lang’s
sequence, while others recognized by Dr. Lang could not be found. The same
occurred in the Inner Hebrides, where the Geological Survey collected large
numbers of ammonites from the Lower Lias in the cliffs of Pabba and Skye
and submitted them to Buckman. At the same time there was enough general
similarity to render broad correlations, by means of some dozen zones, an
easy matter.

The supporters of the polyhemeral system of correlation, led by Buckman,
interpreted these facts as indicating that the existing epiboles present at any
one locality represent only a fraction of the total number of hemera that
elapsed during the Lower Lias period. Each locality, they suppose, shows
epiboles that have been removed from all the other districts by contempora-
neous erosion, and consequently the geological record is far more incomplete
than was imagined. If this is true, we can only hope to build up anything
like a complete succession by piecing together the fragments that have come
down to us in separate localities—a process involving many dangers, since it
depends largely on preconceived notions of ammonite evolution.

This principle was often summed up by Buckman in favourite axiomatic
form; for instance ‘Different contiguous exposures show faunas of partly or
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wholly unlike facies: therefore their faunas are partly or wholly hetero-
chroneous’;? or ‘as a proved sequence shows the meaning of dissimilar
faunas, so dissimilar faunas give reason for expecting heterochroneous de-
position’.? One version was printed on the fly-leaf of Type Ammonites
(vol. iii) for all to ponder who opened the cover: ‘Additions to fauna decrease
the imperfection of the zoological, but increase that of any local geological
record: the gaps caused by destruction stand revealed more plainly.” It
was, in fact, the very key-note of Buckman’s teaching. Let us, therefore,
examine the foundations on which it is based.

When Buckman states that, if two areas are on the same latitude and a fauna
is well developed in one and absent in the other, the deposits are not con-
temporaneous (synchronous),’ he is assuming that the fauna in question
(usually by ‘fauna’ he means an assemblage of ammonites or even only one
ammonite species) was ubiquitous during the period of its acme; further that
it attained its acme for all practical purposes simultaneously in every part of
the area of its distribution.

The validity of this assumption has been challenged on various grounds,
and when the facts of animal ecology at the present day are taken into con-
sideration it seems to have little justification. An elaborate attack has been
directed by Prof. L. D. Stamp, who has marshalled all the facts he can find
to show how the local distribution of the faunas at present inhabiting the sea-
bed is governed by the depth, salinity and temperature of the water, the nature
of the bottom, the direction of the currents, the availability of food, and .all
the other familiar ecological conditions making up a suitable or an unsuitable
environment.* Without recapitulating all his arguments, it can be said that
Prof. Stamp’s thesis amounts to this: that observed dissimilarity of fossil
faunas can be explained by reference to the partial distribution of marine
organisms at the present day.

This claim makes a ready appeal to the biologist and more especially to the
beginner in geology, who may have come to the subject fresh from a study of
biology. It is, however, an impertinence to suppose that such obvious con-
siderations as Prof. Stamp enumerates have not received attention from the
field-palacontologists. As Dr. Lang, in restrained language, replied in their
defence, the palaeontologists have always kept the possibility of reconstructing
the conditions under which the fossils lived in the forefront of their investiga-
tions.® How otherwise could they hope to detect a facies fauna and to select
the fossils of value in making their correlations?

In the course of an argument with Buckman over his insertion of an exces-
sive number of hemerz into the time-table of the Corallian rocks, I attempted
to justify my view (which I still hold) that many of his hemeral indices lived
side by side on the same sea-bed, by reminding him of Lyell’s principle that
the present is a key to the past and instancing the sporadic distribution of
many modern sea-shells around our coasts. He caused considerable provoca-
tion by remarking with a smile ‘Ah! So you have been reading Lyell: a most
misleading book’. At the time there seemed no more to be said, so outrageous
was the heresy. But the remark often recurred to me and I realized that in

I S. S. Buckman, 1917, loc. cit., p. 259. 2 Ibid. 3 Ibid., p. 278.
4 L. D. Stamp, 1925, P.G.A., vol. xxxvi, pp. 11—25.
5 W

V. D. Lang, 19235, in discussion of Stamp’s paper.
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TABLE V. Ammonite Epiboles Determined in the Lower Lias.

EPIBOLES EPIBOLES
EPIBOLES RADSTOCK VALE OF EVESHAM
DORSET J. W. TuTCcHER and A. E. TRUEMAN and
FAUNIZONES. W. D. LaxG. A, E. TRUENAN, D. M. WILLIAMS.
Qistoceras spp. Qistoceras spp.
;Irialum ?brevilobatum ?reviloba!um
X ataecosta lateecosta atecosta
Davort Beaniceras sp. Beaniceras sp.
cheltiense cheltiense
sparsicosta sparsicosta
centaurus centaurus
IBEX acteon R acteon acteon .
maugenesti and valdant maugenesty maugenesti (valdani)
ibex ibex
masseanum masseanun masseanum
pettos
Jamesoni jamesont Jamesont
obsoleta obsoleta
JAMESONT brevispina brevispina brevispina
polymorphus polymorphus
Tetrasprdoceras spp.
peregrinum
taylori Phricodoceras Phricodaceras
leckenbyi leckenbyi nodoblongum
exheredatum lorioli subplanicosta
aplanatum (derived) planum
macdonnellii (derived)
RARICOSTATUM raricostatoides raricostatoides (derived)
eneum zietent
obesum and armatum subplanicosta armatum
o bispimigerum bispinigerum
densinodulum densinodulum
Gleviceras (derived) polyophyllum
OXYNOTUM lymense Oxynoticeras (derived) oxynotum
i biferum
lacunata
subpolita
denotatus
stellare stellare stellave
OBTUSUM landrioti . sagittarium
planicosta planicosta
obtusum obtusum obtusum
capricornoides
turneri turnert turnert
birchi birchi
hartmanni hartmanni
br;zo.;i
. sulcifer
SEMICOSTATUM Arnioceras spp. nodulosum
alcrinoe alcinoe alcinoe
| Agassiceras sp.
striaries
Arnioceras sp.
pseudokridion sauzeanum (desived sauzeanum
: scipionianunt scipionianum (derive: sciptonianum
BUCKLANDI gmuendense and bucklandt gm[;endeme (derived) ) gmuendense
?vercingetorix (derived)
rotiforme meridionalis (derived) rotator
convbeari Coroniceras sp. (derived) conybeart
marmorea angulatum (marmorea)
liasicus liasicus liasicus
ANGULATUM laqueus megastoma
hagenotwi
portlocki
- Johnstoni Johnstoni Johnstoni
PLANORBIS planorbis planorbis planorbis

NoOTE: the boundaries between the faunizones are fixed arbitrarily.
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this particular connexion there was at least a germ of truth in it. It showed me
that Buckman was not oblivious of ecological arguments such as those adduced
by Prof. Stamp, but that he did not consider them valid.

The whole crux of the matter upon which the two schools of opinion differ
is the factor of time. Ecological studies at the present day take no account of
time as the geologist knows it. They presuppose a stability of animal distribu-
tion which the palaeontologist cannot tolerate. Thus it is interesting to notice
that those who invoke partial distribution to explain faunal dissimilarity in the
rocks picture the past ages in which the geologist is accustomed to soar without
restriction as a series of kaleidoscoped presents, rather like a reel of motion-
picture films, each hemera small and rigid. Pref. Stamp complains that an
ammonite or a brachiopod would not have time to attain wide distribution
in ‘such a short space of time as a hemera’;' later he again refers to a hemera
as ‘a brief space of time’.?

The views of the other school are strongly contrasted with this. Prof.
Trueman believes that ‘a hemera must represent some thousands of years’,? or
again ‘must represent a very long period of time, certainly many thousands of
years’.* Buckman goes farther and says ‘What is there to prevent giving to
a hemera a length of time like a million years’.?

Given sufficient time, a floating and free-swimming species like an ammonite
would disseminate its shells, borne along by the wind and the tides after its
death, over vast areas of the earth’s surface. Moreover, the geographical
barriers, which are the principal factor in the separation of local faunas,
undergo, in the course of time, removal by erosion and earth-movements,
thus giving free play to migration.

Every serious student of palaeontology and geology comes to take this
extreme slowness of the accumulation of the sedimentary series for granted.
Buckman put the case characteristically in 1922, three years before Stamp’s
criticisms were made:

‘A hemera, though taken as the chronological unit, must be regarded as a very
lengthy stretch of time. Migration of Ammonites would be a slow process; but . . .
the rate of Ammonite migration to that of deposition was like the flight of an aero-
plane to the progress of brick-laying.

‘Present-day phenomena of deposition or of faunal dispersal are very unsafe
guides. Geological strata are made by the net result of a constant battle of addition
versus subtraction, in which are seen, locally, the small, slow victories of addition,
after many vicissitudes. The same applies to modern faunal irregularities—they
cannot be true criteria of what the ultimate geological record in the rocks will be:
they are only records of temporary local phenomena, observed during a length of
time quite negligible in comparison with the length of a hemera.’ ¢

Ammonites are not the only shells capable of wide dispersal in the course of
a hemera. Prof. Morley Davies has shown by simple arithmetic that even the
sessile brachiopods are capable of migrating a mile in twenty years during
their free-swimming larval stages.” In this way is explained the extraordi-
narily widespread occurrence of certain forms in thin zones; for instance of
Homaorhynchia cynocephala in the Scissum Beds, Acanthothyris spinosa in the

! L. D. Stamp, 1923, loc. cit., p. 19. 2 Ibid., p. 23.

3 A.E. Trueman, 1923, P.G.4., vol. xxxiv, p. 196. 4 Ibid., p. 206.

5 8. S. Buckman, 1925, T.4., vol. v, p. 70.
¢ Ibid., vol. iv, p. 24. 7 A, M. Davies, 1930, loc, cit., p. 235.
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garantiana zone, or Cererithyris intermedia at the base of the Cornbrash. Con-
trasted with these, however, are a number of brachiopods of such restricted
colonial habits that they are worthless for all but local correlation : for instance
Plectothyris fimbria and a number of others in the Inferior Oolite of the
Cotswolds, a whole group of localized Cornbrash species (Ornithella classis,
O. rugosa, O. foxlevensis, Kutchiriynchia idoneu, &c.), and certain notable
forms in the Upper Jurassic, for example Rhynchonella sutherlandice. From
such instances it is obvious that brachiopods cannot be used indiscriminately
for zonal purposes, but that each species has to be considered on its own
merits. If a widespread species is absent from any locality, its absence may
lead to the detection of stratal failure; but the absence of the many restricted
colonial forms means nothing.

The gist of the argument in favour of the utility of dissimilar faunas for the
detection of stratal failure may be summed up as follows: A certain species is
found in remotely separated localities, such as in the Lower Inferior Oolite
of Dorset and the Hebrides, and it is thus proved to have been of widespread
distribution and not merely a local form. It is contended that the period of its
dominance was so long that the species would have had time to penetrate to all
parts of the sea-bed between the places where it is found, and over a wide
area beyond, during at least some part of its hemera. If it is absent from any
area where the lithological facies is the same and there are no obvious impedi-
ments to its rigratien (such as coral reefs), then it is contended that the strata
which would have contained the missing species have been removed by
erosion.

The most serious objections to correlating by the polyhemeral system arise,
not out of the theoretical considerations advanced by what might be termed
the ecology school, but from the practical results obtained by the field-
palaeontologists themselves, in the course of their collecting in distant regions.
As, with the aid of the newly acquired refinement in discrimination of species,
detailed work is extended beyvond the classic areas, an increasing body of
evidence is being collected tending to show that the succession of ammonite
species is not everywhere repeated in the same order.

One of the most difficult anomalies to explain was found by the Survey when
they collected from the raricostatum zone of the Lower Lias in the Island of
Raasay, in the Hebrides. The beds are here developed much more thickly than
in England, and they were found to contain a remarkable alternation of Echio-
cerates and Derocerates. At the base was a horizon of Echioceras, followed by
one of Deroceras, and then another of Echioceras, and finally a second horizon
of Deroceras at the top. According to Buckman’s interpretation these horizons
represent four distinct hemerz, and he endeavoured to show that each could
be correlated with the so-called raricostatum or armatum zones of some locality
in England, and that therefore these zones were of different dates in different
places.’ With this view Prof. Trueman and Miss Williams are in agreement.>
An alternative explanation, however, which Prof. Morley Davies advances, is
that the Echiocerates and Derocerates merely migrated to and frc; or as he
puts 1t ‘that dispersal was slow in relation to species-duration—probably

1 8. S. Buckman, 1914, 7.4., vol. ii, p. 96 ¢, and in Lee, 1920, ‘Mes. Rocks of Applecross,
Raasay and N. E. Skye’, Mem. Geol. Surv., pp. 82—3.
2 AL E. Trueman and D. M. Williams, 1925, Trans. Roy. Soc. Edinburgh, vol. liii, pp. 732~6.
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owing to climatic checks of a temporary or recurrent kind’.' Some such
explanation is also preferred by Dr. Spath.*

Dr. Spath has drawn attention to far more serious anomalies resulting from
the work of Bovier in the Sinemurian (Lower Lias) near Champfromicr, in the
Department of Ain, and by Burckhardt in the Lower Lias of Mexico. If
the identifications of these observers are to be relied upon, the epiboles at
those places are arranged in entirely different order. Dr. Spath gives the
following table for comparison of the ammonite sequence at Champfromier
with that established in England; for the purpose of comparison five species
common to the two areas are selected : 3

(@) Buckman’s 12 hemera: of () Champfromier, Beds 2-13.
the Oxynoticeratan Age. (E. Bovier).

L. 3. . . .

k. . 12. stmpsont

Jo . 11. bifer

i, 0. . .

h. . 9. .

g . . . . .. . .

f. oxynotum 7. lacunata

e. bifer 6. . . .

d. simpsoni 5. gagateum

C. gagateum 4. . . .

b. lacunata 3. oxynotum

a. . 2.

The species in the Champfromier column are placed in the order of their
acmes—representing the hemeraz of the species—but the total ranges (bio-
zones) are much greater. Thus O. oxynotum ranges up into Bed 13.

If, as Dr. Spath believes, these results are soundly established, they prove
(what might have been expected) that the ascertained acme of a given species
was a local event depending on favourable local conditions. Three species
may have attained their acmes in one basin of deposition in the order A-B-C,
in another in the order C-B-A, and another B-A-C, in another C--A-B, in
another B-C-A, in another A-C-B. Such possibilities cut at the roots of
polyhemeral chronology, for if the hemera, founded on the acme of a species,
is likely to have occurred at different times in different places, it is clearly
useless as a time-unit. Epiboles therefore lose their value in correlation over
all but short distances.

The results obtained at Champfromier are not surprising when we come to
examine the idea of the acme of a species, upon which the hemera is based.
There is no evidence that the zisible acme in any district corresponds even
approximately with the complete acme of the species, in the total area over
which it migrated. Still less does it bear any constant relation to the total
range, which is the only concrete and sometimes determinable quantity.
Almost invariably the species perforce chosen as hemeral indices are unrelated
to those either above or below. They appear upon the scene without ante-
cedents and disappear as suddenly, leaving no immediate descendants behind

' A. M. Davies, 1930, P.G.A4., vol. xli, p. 239.
% L. F. Spath, 1931, Geol. Mag., vol. Ixviii, p. 184; and 1924, P.G. 4., vol. xxxv, p. 190.
3 L. F.Spath, 1931, loc. cit., p. 184, where full references are given.
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them in the succeeding strata. Now, unless all these species were spectally
created and extinguished (if evolution has been continuous), they must have
had antecedents and descendants somewhere. Itis unlikely that every species
entered our district immediately after it came into existence or left 1t at the
moment of its modification to form a new species elsewhere: it is improbable,
in other words, that every lineage remained in one particular district during
exactly the time of existence of a single species, no more and no less. Since
they did not remain longer, we must assume they did not remain so long.
Therefore all that we can see is a part, and an unknown proportion, of any
biozone.

When the epiboles are thus analysed, it is not surprising to find that many of
the species, which appear to have a restricted range in certain localities, prove
to have a much longer range—become ‘zone-breakers’—when the area of
observation is extended.! Rather, it seems inevitable that they should. It
follows from the fact that the local acme (epibole) of such a species is only a
fraction of the complete biozone, that any fraction may be represented in any
place—the epibole in different places may be on different horizons within the
much larger biozone. Put in different words, the hemera during which the
local epibole was formed may represent different parts of the biochron in
different places.

Now, in view of this, the fundamental fallacy in the polyhemeral system of
correlation seems to be, that it takes no account of the probability of several, or
even any number, of species belonging to unrelated stocks having thrived and
migrated simultaneously in the same basin. Yet if the Jurassic seas were
anything like those of the present day, this postulate should be at the fore-
front of any speculations. The paths of the migrating species and stocks would
intersect in criss-cross fashion as shown in Fig. 1, and the order of their
appearance in any given district would be entirely fortuitous.

Behind this fallacy there lies confusion of thought in the definition of
a hemera. The original definitions make no distinction between ‘local
hemerz’ and ‘ideal hemerz’. From what has just been said it will be evident
that the two are by no means the same thing. Yet Buckman, on recognizing
a thin epibole, assumed that the ‘hemera’ during which it was formed coin-
cided with the ‘hemera’ or time of acme of the species over the whole area of
its occurrence. As we have seen, such an assumption is quite unjustifiable.
The two conceptions are so entirely different that there should be two distinct
time-terms to express them.

The Germans overcome this difficulty, for they have two different words
for these distinct concepts. They do not speak of hemerz and epiboles, how-
ever, but prefer to think in terms of total range, using biozones (of which the
equivalent time-units, as we have seen, are biochrons). In practice, since
neither acme nor total range can generally be accurately defined, as has been
said, the result is the same. The ideal biochron is as elusive as the ideal
hemera. The visible range at any given places bears no constant relation to
the complete or absolute total range of the species, considered over the whole
area of its occurrence. Consequently the Germans do not use the word biozone

I ‘Such species of ammonites, that have shown themselves to indicate a distinct zone in
certain districts, but transgress the boundaries of that zone in other districts of the same

zoological province, I call zone-breaking species (zonenbrechende Spezies).’—C. Deiner, 1918,
loc. cit, p. 113.
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for the visible fragments or parts of biozones with which they usuaily have to
deal. For these they have another, an excellent, word—Teilzones.*

A Teilzone is a part, and an unknown proportion, of the theoretically
complete biozone. All so-called ‘zones’ founded on species unrelated to those
above or below (that is, on species whose antecedents and descendants are
unknown) are Teilzones. The term is therefore precisely what we want in
order to clear up the existing confuston in the use of ‘hemera’. The corre-
sponding time-unit would be most logically expressed by some such term as
‘Teilchron’.

At present almost the whole of our zonal table is built up of these frag-
mentary units or Teilzones, and it is all-important not to lose sight of their
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F1c. 1. Diagram illustrating the relations between faunizones, biozones and epiboles. At
locality 1, within a faunizone is a sequence of § local epiboles, marking the local acmes of five
unrelated species, A, B, C, D, E. At localities 2 and 3 the sequence is found to be different.
The diagram illustrates the suggested explanation of this, the spectes being represented by
long pencils.

The lineage to which A belongs is the only one that gives rise to 2 new mutation or transient
(A’) within the area covered by the three localities. All the other species both came into exis-
tence and were modified to form descendant species or transients outside the known area.
Within the known area all the species are therefore represented only by teilzones.

(The evolution of the several species is incorrectly represented as occurring in jerks for the
sake of diagrammatic clearness.)

limitations. Only very rarely can we dispense with them—only when we are
able to deal with lineages.

When we can detect lineages running up through a stratified series and so
can get to know the antecedents and descendants of a species, then only can
we define its range and be satisfied that the visible range is also the absolute
range. For obviously the biozone of a species cannot embrace either ante-
cedent or descendant species of the same lineage, and so bounds are set to the
biozone. Unfortunately, opportunities for making use of lineages in zonal
work are extremely rare. Brinkmann has been able to employ them in the
Kosmocerates of the Oxford Clay,*> and Lange has shown that they exist in
the genera Schlotheimia, Scamnoceras and Saxoceras of the angulatum and
planorbis zones of the Lower Lias in North Germany.? Famous instances

! See especially H. Frebold, 1924, Centralblatt fiir Min., &c., pp. 313-20. I am unable to
suggest an adequate and unugly English translation.

? R. Brinkmann, 1929, see p. 353 below.
3 'W. Lange, 1931, Centralblatt fiir Min., &c., pp. 349-72.
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have also been worked out in other formations, using corals, echinoderms,
gastropods, &c. Lineages are the exception, however, and usually we have to
do without them in our correlations. In the shallow epeiric seas of North-
West Europe in Jurrassic times, conditions of life seem to have been normally
too unstable for any stocks to remain long enough in one place to evolve i situ.
They continually moved to pastures new. All that we can do is to compare
the successions of unrelated forms that passed across our different districts
in the course of their migrations; and let us be under no delusion as to the in-
completeness and the inadequacy of the record with which we have to deal.

Before we pass on to other considerations, it may be useful to summarize,
by means of the following table, the various conceptions and terms which we
have been discussing. The term ‘zone’ by itself has now become a kind of
family term, which may be very ambiguous unless qualified.

ZONES BASED ON ASSEMBLAGES

Basis. Stratal Term. Chronological Term.
Acme or Duration  FAuNIZONE (German  SECULE or MOMENT (Zeitmoment
Faunenzone) or Zonenmoment)

ZONES BASED ON SINGLE SPECIES

Basis. Stratal Terms. Chronological Terms.
Acme EpiBoLE ! HeMERA ! (Bliitezeit einer Art)
Absolute Duration  B1ozong SpeCIES-BIoCHRON (Absolute Le-
bensdauer einer Art)
Local Duration TEILZONE TEeILcHRON (Locale Existenzdauer
einer Art)

There can be no doubt that in practical stratigraphy the old zones or fauni-
zones, broad enough to contain a number of epiboles or teilzones, have many
advantages. In the first place, they accord with the subdivisions universally
employed in the other systems; in the second place they are frequently all
that it is possible to recognize or map, and they usually suffice for elucidating
the structure of a district. For this reason they should be known by all
geologists, who need not trouble about (and could scarcely memorize) some
hundreds of local epiboles. Lastly, they do give a tolerably true picture of the
palaeontological sequence. They will therefore be adhered to wherever
possible in the stratigraphical part of this book.

A faunizone, however, as Lange remarks, is nothing more than the sum of
the biozones of a number of species, and its use is therefore subject to all the
same reservations and limitations as a biozone. Most of the faunizones with
which the stratigrapher has to deal are fragmentary—they are only ‘faunizone-
teilzones’, made up of bundles of teilzones (see fig. 1).

It is noteworthy that the distinction between faunizones and the smaller
local units or epiboles, founded on single species, although obvious in a

! Since neither definitions nor usage indicate which of the two alternative meanings should
be attached to the hemera and the epibole, I restrict their use to the only ascertainable values,
those based on the local or visible acme. It was from these empirical units that Buckman
built up his ‘polyhemeral’ tables, and they remain unaffected even though they were assumed

to be of universal application. It seems more logical to restrict the terms to what Buckman
actually worked with than to what he thought he was working with,
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comparatively uniform clay-formation such as the Lower Lias, breaks down
when we come to deal with strata of more varied lithology. For instance, in
the Inferior Qolite Series, a varied limestone formation, the smallest sub-
division that can be made by means of the ammonites (the epiboles) are only
11 or 12 in number (see pp. 189 and 230). But these subdivisions can be, and
have been, followed all along the outcrop in the South of England, often
without finding any specimen of the index-fossil, simply by the general
assemblage of fossils, with the aid, locally, of the lithology. Such stratal
divisions answer in every way to the definition of true zones or faunizones.
Here, therefore, the faunizones and the epiboles are in practice the same thing.

In the Great Oolite Series ammonites are so rare that they are of little
account in field-work, but it appears that certain species of Twlites range
through a thick series of varied deposits. The faunizones, on the other hand,
are numerous and thin—considerably thinner than the epiboles of the few
ammonites. The same is true also of the Corallian Beds, where certain
Perisphinctids range through almost as great a thickness of rock.

In the Upper Jurassic clays, as in the Lias, the ammonite epiboles are again
considerably thinner and more numerous than the faunizones. Moreover, as
in the Lias, lineages can sometimes be recognized.

From this a general law may be formulated, that in a slowly-deposited clay
formation the faunizones are much larger than the epiboles, while in varied
and presumably more rapidly-formed deposits, the epiboles may equal or
exceed the faunizones in thickness.

This suggests a means of answering the question: Which changed more
regularly, the ammonite epiboles or the faunizones, and so which are the more
satisfactory units for measuring the periods of earth-history? The greater
thickness of the ammonite epiboles and the greater thinness of the faunizones
in the more rapidly-formed deposits indicates that migration of the faunal
assemblages was accelerated, pari passu with the acceleration of deposition,
relative to ammonite migration. Conversely, the concentration of the ammo-
nite epiboles and the spreading out of the faunizones in the clay-formations
indicates a slowing down of both deposition and general faunal dispersal
relative to ammonite migration.

Further, the fact that lineages sometimes occur in clay-formations in such
a way that several complete successive ammonite biozones (as opposed to
mere teilzones) appear to be telescoped into a single faunizone, suggests that
in the clay-periods there was an actual slowing down of general faunal dis-
persal relative to ammonite evolution as well as to ammonite migration.

It is therefore probably true to say of ammonites that in a very general
way the frequency in the change of dominant species is some measure of the
passage of time, even though it can only be gauged by local teilzones. Their
migrations seem to have been determined by forces largely independent of
local conditions,and therefore, when they are available, they provide by far the
best zonal indices.

VI. OTHER CRITICISMS

The tables of ammonite sequences which we have been considering, based
as they are on careful field-work, represent definite and valuable additions to
knowledge; for even if the restricted vertical distribution of ammonites ob-

served in one locality be found to have changed in another, the mere discovery
854371 D
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of this fact is knowledge gained. All such detailed field-investigations carry
out the sound precept of Quenstedt, that we must get to know our successions
minutely, as the very first step in stratigraphical geology. It is absolutely
essential that this work should be undertaken, for until the detailed knowledge
of the rocks and faunas it provides is available for large areas, generalizations
are impossible. The task of establishing the palaeontological succession in
monotonous clay-formations is a thankless one. Those who delight in pro-
claiming that all the results are worthless would therefore do well to keep their
triumphant tones for more deserving objects,

Tributes to the value of the results accruing from this detailed work come
from all parts of the world, and it is clear that without Buckman’s chronology
even general correlation between distant continents would often be impossible.
The foremost authority on the American Jurassic writes: ‘The rocks of the
American Jurassic are too broken by diastrophism, too discontinuous, too
poor in fossils, to serve for the working out of the succession except by correla-
tion of their parts by comparison with a standard chronology. Buckman’s
biologic chronology provides such a standard.”* The work of McLearn in
Canada points to the same conclusion.

Hitherto, however, we have confined our attention to hemeral tables based
on actual field-work. Unfortunately other hemeral tables have been pro-
pounded without the necessary basis in fact, and for such work scorn need not
be spared. It is one of the greatest misfortunes for Jurassic geology that when
increasing age and frailty prevented Buckman from continuing active field-
work, he lost sight of the distinction between results obtained with hammer,
collecting bag and field notebook, and those arrived at by speculation and
deduction from matrices at home. The extent of the calamity is magnified
by the fact that this loss of grasp of the importance of keeping surmise distinct
from fact came when his reputation was at its highest, and the two kinds of
results are almost inextricably interwoven in his later published works. Only
those with intimate local knowledge of the English Upper Jurassic rocks can
hope to distinguish the two. Foreign geologists have been all too ready to
adopt Buckman’s conclusions indiscriminately and an appalling amount of
error has already been propagated in the world’s literature ; but they cannot
be blamed for this. If the following chapters help in some small degree to
guide future workers to distinguish between fact and fable, this book will not
have been written in vain.

That Buckman, who had tramped the Cotswolds and the Sherborne
country from end to end and knew every quarry intimately, whose earlier
work was built up solely on sound field-work, could also be the author of his
last paper on ‘Some Faunal Horizons in Cornbrash’? and of some of the later
parts of the fifth and sixth volumes of Type Ammonites, is difficult to believe.
Without any practical knowledge of the Cornbrash, without describing so
much as a single section, he proceeded to divide it up into 11 brachiopod
zones and coined for it § new stage-names. Neither zones nor stages have any
foundation in fact—one stage (‘Hintonian’) even brought together Upper
Cornbrash and Forest Marble (Hinton Sands). The zonal indices represent

t C. H. Crickmay, 1931, ‘Jurassic History of North America: its bearing on the Develop-
ment of Continental Structure’, Proc. Amer. Phil. Soc., vol. Ixx, p. 73.
2 8. S. Buckman, 1927, Q.¥.G.S., vol. Ixxxilii.
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no more than a list of the brachiopod fauna of the Cornbrash, enumerated in
no special order, while the definitions of all the stage-names, without ex-
ception, are fanciful.!

On Buckman’s privately-printed work there was not even the check of an
appointed referee (however lenient) or a publication committee. The im-
mense hemeral tables drawn up for the Corallian Beds in volume v of Type
Ammonites are entirely fictitious. Almost every ammonite hitherto named
from the Oxford district is supposed to be a separate hemeral index and there
is no observational backing for the order of succession in which most of the
species are placed. The method of analysing Blake and Hudleston’s paper on
the Yorkshire Corallian Beds, explained by Buckman, speaks for itself;? and
some of his work on the Portland Beds and Kimeridge Clay was little better.?
The more important matters will receive attention in their proper places in
the ensuing chapters.

1 For a more detailed examination see J. A. Douglas and W. J. Arkell, ‘The Stratigraphical
Distribution of the Cornbrash, Part I’, 1928, O.7.G.S., vol. lxxxiv, and Part 11, 1932, vol.
Ixxxviii.

2 S, 8. Buckman, 1924, T.4., vol. v, p. 35. For criticisms of Buckman’s work on the
Corallian Beds see Arkell, 1927, Phil. Trans., vol. ccxvi B, and 1929, ‘Mon. Corall. Lamell.’
Pal. Soc.; I have pointed out the absurd results arrived at for the Yorkshire sequence by
Buckman’s juggling with numbered slips of paper, loc. cit., 1929, p. 7.

3 See L. R. Cox, 1925, Proc. Dorset N.F.C., vol. xlvi, and F. L. Kitchin, 1926, Ann. Mag.
Nat. Hist. [9], vol. xviii, pp. 499-54.
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Black—]Jurassic outcropping at the surface or covered only by Pleistocene accumu-
lations.

Dotted—Jurassic concealed by later deposits or under the sea.



PART II

THE TROUGHS OF SEDIMENTATION AND THEIR
TECTONIC HISTORY

CHAPTER II

THE GENERAL STRUCTURE OF THE
TROUGHS

THE distribution of the Jurassic rocks in the British Isles is shown in
fig. 2, p. 38. It will be seen that the main outcrop crosses England in a
broad band from the coast of Dorset to the coast of Yorkshire, while a former
extension far to the north and west is proved by outlying patches in Shrop-
shire, near Carlisle, around the basalt plateau of Antrim, in the Inner Hebrides
and on the east coasts of Sutherland and Ross. South-eastward the system
passes underground, sweeping round the London Basin into Kent and
reappearing on the other side of the English Channel in the Boulonnais and
Normandy, whence it is prolonged southward as a continuous sheet under the
Paris Basin.

To what extent this distribution reflects the geography of the Jurassic period
is a problem upon which many have speculated. The basis of any inquiry
must be investigation of the following subjects: (1) the nature and configura-
tion of the Palaeozoic platform upon which the Mesozoic rocks rest; (2) the
extent and effects of any subsequent movements or denudations suffered by
the platform or its covering; (3) the connexion between sedimentation and
contemporaneous earth-movements, and therefore the nature of those move-
ments; (4) the lithological and palaeontological facies of the sediments and the
distribution of the fauna and flora, involving as accurate a correlation as
possible of all the surviving occurrences of Jurassic rocks.

The first three problems will be dealt with briefly in this part, while the
fourth will form the subject of the next or stratigraphical part of the book. The
final synthesis, a palacogeographical restoration, will then be briefly attempted
in the concluding chapter.

I. THE PALAEOZOIC PLATFORM ON WHICH THE MESOZOIC
ROCKS REST

In the year 1856 R. Godwin-Austen published a remarkable paper, setting
forth reasoned speculations on the possible extension of coal-basins beneath
the Secondary rocks of South-East England. He showed especially that the
anticlinal axis of Artois, in the Chalk to the south-east of the Boulonnais, could
be traced through the Boulonnais and the anticline of the Weald to the Vale
of Pewsey and the Mendips. From the occurrence of coalfields to the north
of this axis at both ends, where it emerges from beneath the Secondary cover-
ing (the Somerset coal-field in the west and the Franco-Belgian fields in the
east) he concluded that Coal Measures might be expected to run north of the
axis all the way across Southern England, and might be bored for with success
along the Thames Valley. He also prophesied that they would be met with
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‘along and beneath some of the longitudinal folds of the Wealden denudation’,!
and he complained bitterly that there was not as yet one single boring in the
South-East of England deep enough to give any certain information concern-
ing the Palaeozoic rocks below the Secondary covering.

This paper aroused general curiosity, and as the result of a realization of the
economic gain that would accrue if coal seams could be found at a workable
distance below the Chalk, borings soon began to be undertaken. The first
were the famous Sub-Wealden borings near Battle, in Sussex (1872-5), which,
however, unexpectedly proved an enormous thickness of Jurassic rocks and
were abandoned in Oxford Clay at a depth of 1,605 ft. below sea-level. As is
now well known, numerous subsequent shafts farther north and east, in Kent,
struck Coal Measures at workable depth and the economic working of the
Kent coal-field is now an accomplished fact. The data obtained in the Kentish
borings and published by the Geological Survey have been of incalculable
value to theoretical geology and stratigraphy, and most of all to the stratigraphy
of the Jurassic.

Immediately after the sinking of the Sub-Wealden shafts a deep boring was
undertaken at Burford Signet, near Burford, Oxfordshire (1875—7), which
encountered Coal Measures at a depth of 834 ft. below sea-level or 1,184 ft.
below the surface of the Great Oolite. This was followed in the late ’seventies
and early ’eighties by several borings for water in and round London—at
Meux’s Brewery in the Tottenham Court Road (1877), at Streatham (1882)
and at Richmond (1882—4). These and a number of subsequent sinkings in the
London area proved Old Red Sandstone and Devonian at depths of from
goo ft. to 1,100 and even 1,200 ft. below sea-level, without any Coal Measures.
They thus provided an explanation of a problematic deep boring for water
made at Kentish Town as early as 1853, which had passed from Gault into
red sandstones, supposed by some to be an abnormal development of the
Lower Greensand and by others regarded as Trias, but which were in fact
Old Red Sandstone.?

Farther north, at Turnford and at Ware, the Palacozoic platform was reached
at shallower depths—87g ft. and 686 ft. below sea-level—and at Ware it con-
sisted of Lower Palaeozoic strata (Silurian). In 1887 Charnian igneous rocks
were struck at Bletchley, only 159 ft. below sea-level. This occasioned such
surprise that the record was for many years misinterpreted ; but early in the
present century the matter was set at rest by two shafts sunk at Calvert,
Bucks., only 12 miles from Bletchiey, which encountered Shineton Shales
{Cambrian) at almost exactly the same level (153 ft. below sea-level or 443 ft.
below the surface of the Oxford Clay). Still more recently, Silurian has been
struck again in Buckinghamshire, at Little Missenden, at a depth of —741 ft.?

In East Anglia the platform has been reached at Culford near Bury St.
Edmunds, at three points at and near Harwich (see map, fig. 3, p. 44) and
at Lowestoft. At all of these places it consists of Lower Palaeozoic rocks
(Silurian or Ordovician or older), directly overlain by the Cretaceous.

In the South of England, therefore, there remain only two spaces beneath
which we know nothing of the Palaeozoic platform. In the more northerly,

¥ R. A. C. Godwin-Austen, 1856, 0. ¥.G.S., vol. xii, p. 73.

2 J. Prestwich, 1856, Q.7.G.S., vol. xii, pp. 6-14. The matter was complicated by Creta-
ceous fossils falling down the hole and being recorded from the lowest levels.

3 A. Strahan, 1916, Sum. Prog. Geol. Surv. for 1915, pp. 43-6.



THE PALAEOZOIC PLATFORM 41

which runs from the estuary of the Thames north-westward between Ware and
the Harwich district, the nature of the platform may in the absence of evidence
be inferred from the nearest borings on either side of it. The other blank
space concerning which we are ignorant is much larger, embracing all the
country south-west of a line drawn along the edge of the North Downs from
Brabourne to Slough and onward to Burford. Here the Palaeozoic floor is so
deeply buried that, although deep borings have been undertaken, it has never
been reached. A sinking at Southampton was stopped at 1,168 ft. below sea-
level without reaching the bottom of the Chalk, while in Sussex the borings
at Battle and Penshurst reached 1,605 ft. and 1,760 ft. below sea-level without
passing through the whole of the Upper Jurassic. Even so near the western
Palaeozoic outcrops as Lyme Regis, on the border of Dorset and Devon, a
boring started near the base of the Lower Lias was sunk for 1,302 ft. but failed
to reach the bottom of the Keuper Marl.!

The data that are available enable a general idea of the configuration of the
Palaeozoic platform under the south-eastern counties to be obtained. In 1913,
in a masterly presidential address to the Geological Society, Sir Aubrey
Strahan described its relief and presented a contoured map of its surface
(see p. 44).> .

The information as to the composition of the platform is obviously too
scattered for the insertion of geological boundaries, but it is possible to make
the general statement that older rocks take part in its formation towards the
north, All the borings proved Lower Palaeozoics north of a line running
somewhere between Ware and Turnford and again at Cliffe and Chilham in
the extreme north of Kent; a Devonian belt was encountered under London;
while still farther south, under most of Kent, and again towards the west at
Burford, Moreton in Marsh and Bradford on Avon, the Carboniferous System
comes in. As has been pointed out by Dr. Rastall, this arrangement, with the
older rocks to the east and north, the Devonian to the south and west, and the
Carboniferous forming all the southern margin, is a mirror-image, as it were,
of the Plateau of Brabant, around Brussels.?

There can be no doubt that the Plateau of Brabant and the London-East
Anglian Plateau are parts of one and the same massif. To the south of both
are important coal-basins—in Belgium that of Namur, in England those of
Kent and, farther west, of Radstock. The Carboniferous rocks of both the
Namur and the Radstock coal-fields are intensely folded and overthrust.
Those of the Kent coal-field appear to have suffered less intense distortion,
but their true disposition is not thoroughly known, although there are certain
anomalies of dip and bedding which show at least some degree of disturbance.*

The junction of the coal-basins and the London-Brabant Plateau is one
of the most important tectonic boundaries in Europe. It separates the old
territory of the Caledonian fold-system, termed Palaeo-Europe, from the
Armorican and Variscan chains thrust against it from the south. The denuded
remnants of these chains form Meso-Europe, and against them in turn surged

' H. B. Woodward and W. A. E. Ussher, 1911, ‘Geol. Country near Sidmouth and Lyme
Regis’, Mem. Geol. Surv., p. 20.

2 Sir A, Strahan, 1913, 0.%.G.S., vol. Ixix.

3 R. H. Rastall, 1927, Geol. Mag., vol. Ixiv, p. 15.
. * R. H. Rastall, 1927, loc. cit., p. 16. Published information concerning the Coal Measures
in Kent is scant, owing to commercial secrecy.
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the Alpine System, the boundaries of which enclose a tectonically still newer
territory, Neo-Europe.! Thus, as Dr. Rastall has described, ‘the plateau of
Brabant acted as a horst, against which the advancing earth-waves of the
Armorican-Variscan system broke and expressed themselves as a series of
folds and overthrusts; the synclinal of Namur; the anticlinal of the Condroz;
the synclinal of Dinant; . . . the folds of the Ardennes . .. These constituted
a mountain chain of Alpine type’.?

The conception of a mountain mass in this position, arising as late as
Permo-Carboniferous times, is clearly of profound importance for our recon-
structions of Jurassic palacogeography. It bears out in a remarkable way the
forecasts of Godwin-Austen, who in his map of 1856 marked East Anglia
north of the Thames Estuary, the Netherlands and most of the North Sea as
land in the Oolitic period.> By the Upper Cretaceous period, however, the
mountain region was completely levelled down and the Gault was everywhere
deposited over it. How much of it was still above water in Jurassic times is a
question which constantly recurs in studies on the English Jurassic, and will
now be briefly considered.

II. THE ELIMINATION OF THE EFFECTS OF TERTIARY FOLDING:
THE ORIGINAL RELATIONS OF THE JURASSIC ROCKS TO
THE PLATFORM

Before we can hope to obtain any idea of the original configuration of the
Jurassic sea-bed we have to take into account the changes which it has sub-
sequently undergone. How great these changes have been, and how mislead-
ing can be their effects, was shown by Sir A. Strahan in his well-known
presidential address, referred to on page 41.

The discovery of Charnian igneous rocks in the Bletchley boring at so
shallow a depth as 159 ft. below sea-level showed that an elevated ridge exists
there below the Jurassic covering, and it was assumed to be a south-easterly
extension of the ancient complex of Charnwood Forest. Even if the igneous
rock brought up from the bottom of the boring was only derived from
boulders, these must have been too large to have travelled far, and since they
cannot have moved upwards, still higher ground would have to be postulated
in the immediate neighbourhood. Consequently it was assumed that, as
Professor Kendall put it in 1905, ‘the Oxford Clay at Bletchley was simply
bedded round about and finally over a rocky islet of Charnian igneous rock’.*
‘The great Charnian ridge which I have shown to extend far to the south-east
of its exposure at Charnwood’, he wrote, ‘I regard as the dominant factor in
determining the deposition of the whole series of rocks from the Carboniferous
to the Cretaceous. . . . There are many considerations which make it probable
that portions of this ancient ridge stood actually above water, in late Palacozoic
times and right through the secondary period up to the time of the deposition
of the Chalk.’s

In spite of this, Prof. Kendall mentioned that he suspected the presence of
lower portions of the Jurassic Series than might have been supposed from the

' H. Stille, 1924, Grundfragen der vergleichenden Tektonik, p. 232.
2 R. H. Rastall, 1927, loc. cit., p. 13.

i R. A. C. Godwin-Austen, 1856, loc. cit., map facing p. 46*.

5

P. F. Kendall, 1905, Final Report to the Royal Commission on Coal Supplies, p. 196.
Ibid., p. 197.
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accepted record of the Bletchley boring; indeed less than 5 miles away, two
borings at Stony Stratford showed a succession of Lias and Oolites. Further,
he confessed that careful search had not resulted in the discovery of any trace
of pebbles of foreign rocks of Charnian type in any of the Liassic, Oolitic or
Neocomian deposits—a very remarkable fact.

In 1913 Prof. A. Morley Davies put forward a fresh interpretation of the
Bletchley boring, based on the new shafts at Calvert, 12 miles away in the
direction of the strike of the Oxford Clay. He was able to show almost con-
clusively that both the Bletchley and the Calvert borings passed through
Lower Oolites and Lias, and that the Charnian rocks at Bletchley formed part
of the ancient floor beneath the Lower Lias, corresponding to the Cambrian
shales in the same position at Calvert.! At the same time he published a map
showing the contours at the base of the marine Jurassic (Rhatic and Lias) in
this part of England.

Sir A. Strahan showed in the same year that the ridge at Bletchley was a
comparatively recent feature, of little account in Jurassic palaeogeography.

After reducing all the depths at which the platform had been encountered
in borings to their distance below sea-level, and from this compiling the
contoured map shown in fig. 3 (p. 44), he proceeded to correct it for post-
Cretaceous earth-movements. This was done by selecting a convenient
stratigraphical plane in the Upper Cretaceous rocks, of widespread occur-
rence and uniform lithology, and ascertaining to what extent it has been
distorted, assuming that at the time of deposition it was approximately
horizontal.

The plane selected was the base of the Gault. Its altitude was determined
at as many points as possible, at the outcrop and from numerous well-records,
and from the data so collected was constructed a second map, shown in
fig. 4. Seven contours were drawn at intervals of oo ft., relative to present
sea-level, ranging from 500 ft. (above sea) in several districts to —2,500 ft.
(below sea) in the Hampshire Basin. All the contours below —1,000 ft. were
estimated from the level of the top of the Chalk as found in borings, and by
comparison with the thickness of the Upper Cretaceous rocks as developed
at the nearest outcrops.

The map so produced represents in a striking way the long E.-W. flexures
imposed on the Mesozoic rocks in the Tertiary (?Miocene) period, at the time
of the Alpine orogeny. Their intensity is surprising, even when one is ac-
quainted with the great thrust-fault of that date in the Isle of Purbeck. In
the Hampshire Basin the base of the Gault is shown to have been forced down
to a depth of more than 2,500 ft. below sea-level, while in the Wealden
Anticline, before removal by denudation, it must have stood at not less than
1,500 ft. above sea-level—a total difference of 4,000 ft. In the London Basin
the greatest depth attained is probably —1,500 ft. in a small area north of the
Hog’s Back.

By combining this ingenious map with that showing the present depth of the
Palaeozoic platform, Sir A. Strahan then proceeded to eliminate all the folding
subsequent to the deposition of the Gault. The second map showed the
correction necessary at any point to bring the base of the Gault back to
horizontality at present sea-level. By applying this correction to the depth

! A. M. Davies, in Davies and Pringle, 1913, Q.7.G.S., vol. Ixix, p. 333.
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Fic. 3. The present depth in feet of the Palaeozoic platform below sea-level in the principal

deep bormgs in South-East England, thh contour lines drawn on the surface of the platform.

After A. STRAHAN, 1913, Q.%.G.S., vol. Ixix. F1c. 4. The contour lines in the base of the

Gault, and thus illustrating the deformation to which the Gault has been subjected. After
A. STRAHAN, 1913.



Fic. 5. The contour lines on the Palaeozoic platform at the beginning of Upper
Cretaceous times, assuming that the platform has since undergone the same deforma-
tion as the Gaulr. After A. STRAHAN, 1913, F1G. 6. The Mesozoic rocks which rest
directly upon the Palaeozoic platform in the South-East of England, and illustrating
the easterly overlap. After R. H. RASTALL, 1925, Geol. Mag., vol. Ixii, p. 211, fig. 2.



