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THE LITERATURE OF BOTANY
Guide to the Literature of Botany. Being a Classified 

Selection of Botanical Works, including nearly 6000 
titles not given in Pritzel’s “ Thesaurus,” By Ben­
jamin Daydon Jackson, Secretary to the Linnean 
Society. Pp. xl. 626. (London: published for the 
Index Society by Longmans, Green and Co., and 
Dulau and Co., 1881.)

Vegetable Technology. A Contribution towards a Biblio­
graphy of Economic Botany, with a comprehensive 
Subject index. Pp. xii., 355. (Same Author and 
Publishers, 1882.)

AX ZE have here two books of unequal importance 
' ' which nevertheless have so much in common 

that they may fitly be noticed together. Both are pro­
duced by the same author, and under the auspices of the 
same Society -a Society, by the way, which has not 
escaped severe criticism of the cui bono order, but which 
goes far towards justifying its raison d'etre by the publi­
cation of works like those now to be considered. The 
“Guide to the Literature of Botany” was issued about 
a year since, but has not been noticed in these pages; so 
that the appearance of the later work furnishes an oppor­
tunity for some reference to the former.

We have referred to the two volumes as unequal in 
importance—seeing that one offers itself as a guide to the 
whole of botanical literature, while the other only occupies 
a small portion of the same wide field. But the inference 
that “Vegetable Technology” was merely a portion of 
the larger work would be very incorrect; the two volumes 
are quite distinct, and are treated in a different manner, 
and neither covers the ground occupied by the other. The 
arrangement of the two books is also different. The “ Guide ” 
is a list of books classified under headings expressing dif­
ferent branches of the subject, the index consisting of the 
authors’ names, with reference to the titles (abbreviated) 
of their works. By the time Mr. Jackson had completed 
the “ Guide,” he was fully conscious of the inconveniences 
of this plan ; and formed a resolution that, if again 
engaged in any similar labour, he “would steadily adhere 
to the practice of ranging the works under an alpha­
betical sequence of authors’ names” ; this resolution 
he has carried out in “ Vegetable Technology.” There 
can, we think, be little doubt as to the advantage of this 
latter plan. It is by no means easy to classify some 
works ; and Mr. Jackson’s grouping in his earlier volume, 
although at least as good as could have been expected, 
is sometimes not quite satisfactory. One docs not quite 
know what to expect under such headings as “ Maturiza- 
tion” (p. 101), “ What is a Species ?” (p. 97), or “Sundry 
Phenomena” (p. 107). A reader searching for references 
to works on the bamboos would find one such treatise 
under Bambusa ; but he would hardly think of searching 
further under the heading “Textile Plants,” where, 
nevertheless, is a second book on the subject, “ Bamboo 
and its Uses,” by S. Kurz. A cross reference here, as in 
many other cases, is almost essential; on the system 
adopted in “ Vegetable Technology,” a help of this kind 
is supplied by the index of subjects. The island of St.
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Croix is not in Oceania (p. 404), but in the West Indies. 
Ellis’s “ Directions for bringing over Seeds ” would be 
better under “Plant-collection” (p. 217) than under 
“Botanical Gardens” (p. 405); Crdpin’s “Guide du 
Botaniste,” if placed among “local Floras,” should cer­
tainly be also referred to under the first-named heading; 
Lemaire’s Flore des Serres has so much in common with 
the Botanical Magazine, that it seems strange to find the 
former under “ Botanical Gardens” (p. 406) and the latter 
under “Serial Publications’’(p. 473). Criticisms of this 
kind might, if needed, be almost indefinitely extended; 
but probably enough has been said to show that a classified 
list is open to considerable objections, of which, as has 
been already shown, the author himself is fully aware.

We have alluded to cases in which a cross-reference 
would have been of great use ; this is very noticeable in 
the section devoted to “Monographs.” Under Com­
posita, for example, only two memoirs are noted ; but in 
the same section are at least twenty papers or treatises 
devoted to plants belonging to the same order. There 
are four entries under Solanacea j references to Capsicum, 
Datura, and Nicotiana would have been useful.

But allowing that there are matters of detail which 
might have been improved, there cannot be two opinions 
as to the great value of Mr. Jackson’s work. The mere 
fact that it includes “ nearly 6000 titles not given in 
Pritzel’s ‘Thesaurus’” testifies not only to its useful­
ness, but to the industry of its compiler in hunting up 
omissions ; for although many of the works have been 
issued since the publication of the “ Thesaurus ” (1871), 
the proportion of treatises omitted from that invaluable 
work is very considerable. There may be some who 
regret that Mr. Jackson did not give us a new edition 
of Pritzel while his hand was in; but as he tells us that 
“the Guide is meant to be suggestive, not ex haustivf.,” 
we have no right to complain that he docs not give more 
than he intended ; and indeed the general feeling will 
be one of satisfaction that he has given us so much.

In the preface to his second volume Mr. Jackson tells 
us that “a complete bibliography of Economic Botany 
would need the labour of years ; ” and this seems at least 
probable if we accept his previous statement that “ the 
bibliography of the vine in all its bearings would require 
a lifetime for its compilation.” As we hope to have much 
more good work from Mr. Jackson—notably the new 
edition of Steudel’s “ Nomenclator,” upon which vast 
undertaking he is now, with characteristic energy, en­
gaged—we do not blame him for putting the exacting 
vine on one side. Besides independent works, “Vegetable 
Technology” includes the titles of papers in the Journal 
of the Society of Arts and the Pharmaceutical Journal, 
with some from the Journal of Applied Science, and the 
Technologist. We could have wished that the many 
excellent papers in the various botanical journals edited 
by Sir W. J. Hooker,1 as well as others published in the 
Journal of Botany during recent years had been in­
cluded : the Gardeners Chronicle, too, is only quoted 
at second-hand, when papers have found their way from 
its pages into those of the Pharmaceutical Journal. In 
many cases Mr. Jackson has added the scientific name of

» It is much to be regretted that there is m index worthy of the name to 
any of thr.se journals, which contain a va-t amount of useful matter. Will 
the Index Society at some later date place botanists under still further obli­
gations to them by undertaking this work ?

T 



the plant under discussion, and this is very useful; not 
every one knows off-hand that “ Kafurkachri ” = Hedy- 
dium sficatum, or that “ I’inde ’’ —■ Strophanthus hispidus. 
Of course these are omissions we do not find in Mr. Kurz’s 
book on the Bamboo, mentioned above ; the volume on 
the “ Eatable Funguses of Great Britain,” illustrated by 
Mr. W. G. Smith, is not referred to, although Mr. Bad­
ham’s " Esculent Mushrooms’’is mentioned; while on 
the other band such books as Loudon's “ Hortus Britan- 
nicus” seem hardly to deserve a place. The Index, to 
which reference has already been made, is all that an 
index should be, and fully justifies Mr. Jack-on's belief 
that “these entries supply a very fair starting-point for 
almost every question in vegetable technology.”

Space will not allow us to enter further upon the merits 
of these Guides. Enough has, however, been said to 
direct attention to their importance and practical utility, 
and to encourage the happiest auguries for the su-cess of 
the magnum opus upon which Mr. Jackson is at present 
engaged.

James Britten

OUR BOOK SHELF
Talks about Science. By the late Thomas Dunman. 

(London : Griffith and Farran.)
Under an unpretending title are here collected a number 
of lectures that were delivered to popular audiences, 
chiefly in and about London, by one whose decease, 
recently, in the early prime of life, has been much de­
plored. At the time of his death, Mr. Dunman held a 
post of tuition in Physiology and Animal Morphology in 
the Birkbeck Institution, and his labours there and else­
where were attended with growing popularity and suc­
cess. The biographical sketch by his friend, Mr. Charles 
Welsh, with which the book opens, tells of the zeal and 
well-directed energy with which he applied himself to 
overcoming the obstacles that for some time barred his 
path to what he considered his true life-work, viz. the 
teaching of science. These lectures—thirteen in num­
ber, deal with a considerable variety of topics, the me­
chanism of sensation, the star-lit sky, prehistoric man, 
volcanoes and coral reefs, atoms and molecules, and so 
on. The style is terse and lucid, and appears to have 
been carefully formed on the best models. The happy 
gift of relieving the strain of which many minds are 
conscious under mere scientific exposition, by some 
passing allusion to a familiar human experience, by the 
homely figure, the apt quotation, the play of imagination 
and humour, Mr. Dunman seems to have possessed in 
rich measure.

The lectures entitled “Two Life Histories” and “How 
the Earth is Weighed and Measured,” may be taken as 
good examples of abstruse matters expounded without 
technical language, and made clear for a working-class 
audience. Mr. Dunman’s going down a coal-pit in order 
to qualify himself more thoroughly for his lecture on 
“ Coal,” is typical of much of his work, which in this 
respect (the “ testifying that which he had seen”) mani­
fested, no doubt, the inspiration of his admired teacher, 
Huxley. Exception might be taken to a few passages in 
the lectures, e g. to the account of ocean temperatures, in 
“ Depths of Ocean ” which seems inadequate ; and occa­
sionally the author seems to affirm more confidently than 
the facts warrant. But as a whole the book is a good 
specimen of sound popularised science, and eminently 
engaging. As a present to a young artizan with a 
nascent love of science, it could not fail to be much 
appreciated.

LETTERS TO THE EDITOR
[ The Editor dots not hold himself responsible for opi nions expressed 

by his correspondents. Neither can he undertake to return, 
or to correspond with the writers of, rejected manuscripts. 
No notice is taken of anonymous communications.

[ The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it is impossible otherwise to ensure the appearance even 
of communications containing interesting and novel facts.}

The “Eira” Arctic Expedition
I AM confident that the anticipation, contained in your article 

on Mr. Leigh Smith's expedition (p. 387), that he has been able 
to make some addition to our knowledge of geography, has been 
realised.

1 he object of Mr. Leigh Smith’s voyage was a reconnaissance 
to accumulate evidence respecting the advantages offered by 
Franz Josef Land as a base of operations for future exploration. 
He din not intend to winter; but the accident which forced him 
to do .so had the useful result of <nabling him to extend his 
valuable observations over two seasons. The knowledge he thus 
acquired of the movements of ice, of its character along the 
shores and in the fiords for sledging purposes, of the prevailing 
winds and currents, of the amount of animal life to be obtained 
in the different months, will be very useful. This knowledge 
will be welcomed by the geographical student, and will also be 
of great value to future explorers. The loss of natural history 
collections is to be regretted, I ut the main object of Arctic 
exploration is geographical, and that object has been fully 
secured.

The crew of the Eira passed through the winter in perfect 
health. Yet they hod no lime juice and, from want of warm 
clothing, comparatively little exercise during the coldest period. 
This fact must modify the theories based on the report of the 
Scurvy Committee. Here we have additional proof that- it is 
fresh meat, and not lime juice, which is the chief preservative 
of health.

Another interesting point which the cruise of the Eira will 
throw further light upon, is the directi' n from which the ice- 
bearing currents come. In a former letter I called attention to 
the evidence of Sir Edward Parry on this point, and to the fact 
that his conclusions had been corroborated by subsequent obser­
vation. Mr. Leigh Smith’s voyage will furnish additional evi­
dence upon this geographical question. As regards the advantages 
of Franz Josef Land as a base for future discovery, Mr. Leigh 
Smith has shown that in 1881 and in 1882 that land could easily 
be reached ; so that we now have proof that in five consecutive 
years Franz Josef Land was accessible, that it has suitable bays 
for winter quarters, that the shore-ice in the fiords offers good 
sledging surface, and that there is abundance of animal life. 
Mr. Leigh Smith’s voyage will be found to have been most 
useful to geographical science, and fully to have secured the 
object of a reconnaissance, for which it was undertaken.

Clements R. Markham
21 , Eccleston Square, S.W., August 28

Markree Magnetic Dip
I have made the following determinations of the magnetic 

dip by aid of one of Dover’s excellent Kew-pattem dip-circles 
(No. 67). As I am observing on a pier in the open air 1 am not 
able to always use both needles simultaneously. On August I 1 
observed within a few feet of the wall of the meridian room. 
The other observations were made at a distance of over too feet
from any Wall:—

Date. Time, 
h. m.

Dip.
• 11,1882 August I . . I 47 p.m. . ., [70 26 50]

>> 2 . .42,, . 27 38
■ 52,, . .. 25 16

» 3 ■ • 2 50 „ . .. 26 27
. 3 56 >. • 27 37

” >5 • . 5 22 „ . 26 8
„ 16 . • 3 32 „ • 26 58
» 2t . • 1 37 .. • 25 37
>» • . 3 0 » 25 1

Needle- 
No. 2

„ >
,, 2
» '
,, 2 
„ I

Prof. Lloyd determined the magnetic dip at this place forty- 
seven years ago on he same date as follows:—

1835, August 21 ... 2h. 22m. 72° 4' 48".



Comparing this with the dip 70° 25' 19" to day. I find for the 
annual decrease, 2,-il7. W. Doberck

Markree Observatory, August 21

and speech languages, but beta een the characters and speech 
and the manner in which characters were applied to the spoken 

। languages, and modified by them.
Among my later investigations have been those relating to the 

| applications of Mr. Walhce’s formula to characters, syllabaries, 
and alphabets. It may be remembered that one means by which 
I was enabled to apply Mr. Wallace’s remark was by means of 
previous observations on the O and + series in be Chinese and 

j other ancient charac'ers. Speaking concisely ve have for labials 
I Ot (□), ©, d, 0, p, &c. ; for nasals (which are male)

+, x, T, -j-, N, N, A, &c ; for dental-, A , A, t, &c.
If we examine a syllabary or alphabet, more । articularly one 

of ancient form, then we shall generally find that the labials, &c., 
conform They are, howevc-, be.ides transla i mi of the original 
word, subject to interference, became where tbe general idea 
involves a labial, the labial may have been excluded by a dental. 
Doorway is a labial, but door, as in English, a dental, doorway 
being taken from the mouth, and the door from the teeth within, 
and although the words are distinct in many linguages, yet in 
some one only has survived. The character for mountain, 
country, &c., is tooth, A or A A A, but other relations for 
mountain are navel, drum.

In its application for the examination of characters this 
Wallace formula is very useful. Thus the Korean conforms to 
it, and the Vy or Vy, supposed to be modern, conforms to a test 
of antiquity.

Nothing can be more true than Col. M.dlery’s description of 
the rapidity of gesture-language. Any one who observes the 
mutes of the Seraglio at Constantinople, who in my opinion 
transmit the system of the ancient pantomimes, will at once 
perceive how quickly thought is portrayed under conventional 
representations. Much of their conver ation is naturally on 
political topics, and they have not only signs for each indi­
vidual, but it is reputed for each city of the empire, as they un­
doubtedly have for foreign countries. Incidentally I may men­
tion that they apply lip-reading for giving names, as in all pro­
bability they have for centuries.

C >1. Mallery suppo-es that gesture language in its pre ent shape 
originated spontaneously and sporadically, but in legend there is 
the suggestion of a diffusion of gesture-language as of speech. 
Thus we have two epochs in tradition, that of creation, and that 
of the propagation of speech, which appears under the form of 
the deluge traditions. Some interesting illustrations of the 
whole matter will be found in Mr. Man’s monograph of the 
Andamanese, now being published by the Anthropological 
Institute.

With the great advantages of gesture-languages, Col. Mallery 
has not explained how they have succumbed to speech-language, 
nor is his suggestion of their value as a common language among 
spoken dialects adequate. Where a speech-language becomes a 
common language it also extirpates the sign-languages, and a 
great language swallows up the numerous smaller brood. Europe 
was at one time as thick with languages as North America or 
Africa, and now a few of one family dominate.

32, St. George’s Square, S.W. Hyde Clarke

Orange Culture in Florida
In reply to the inquiry in your columns regarding orange 

culture in Florida, I venture to recommmd an agreeably written 
account of that State, entitled “ Florida : for Tourists, Invalids, 
and Settlers ; containing Practical Information regarding Climate, 
Soil, and Productions ; Cities, Towns, and People ; the Culture 
of the Orange, and other Tropical Fruits; Farming and Garden 
ing ; Scenery and Resorts; Sport ; Routes of Travel, &c.,” by 
G. M. Hari our (New York : Appleton and Co., 1882.) I had 
this volume in hand during a stay of a few days in Florida last 
May, and found it, s> far as I could judge, fully entitled to the 
“ Testimonial ” from the State officials which graces its opening 
pages. It has a chapter, of thirteen pages, devoted especially 
to “Orange-culture,” besides constant references throughout its 
pages to this branch of the rising industry and development of 
that delightful sub-tropical region. In the same chapter there 
is a note as follows: “Much the best work on the subject is 
Rev. T. W. Moore’s • Treatise and Handbook on Orange Culture 
in Florida,’ of which a new revised and enlarged edition has ju-t 
been published by E. R. Pelton and Co., 25, Bo d Street, New 
York.” Mention also occurs of a “Guide to Orange Culture ” 
by “the Manville Brothers”—but I do not find a more precise 
indication. J. Herschel

Collingwood, Augud 26

The Gesture Speech of Man
The valuable paper of Col. Mallery (Nature, vol. xxvi. p. 

333) is deserving of much attention, l.ut his de cription of the 
relations of gesture language and speech-l anguage is calculated 
to cause misconceptions, on account of tbe view he has taken of 
the origin and propaga ion of speech. Admitting the general 
accuracy of his description of the ges ure-language or dialects of 
man, then that descripti n is really applicable to speech.

Setting aside all theories and looking at facts, all spoken 
languages have psychological relations, as gesture-languages 
have, and in their early stages are founded on the same prin­
ciples of having several repre entalions for one idea, and several 
ideas for one representative 'sign. With regard to sounds 
applied as representative signs, as a general law these are the 
same for all languages, and tbe diversity observable arises from 
the diversity of selection and distribution.

It can be seen by the commonest observer that among the 
remotest languages there arc like words, but as it is assumed 
they cannot be related, these identities are put down to chance 
and disregarded. On the other hand, many are led astray by such 
identities to set up relationships and to form schemes of classi­
fication between languages, which arc not justly admissible. 
Nothing has been more ridiculed than the identities of words 
set forth between Quichna, for instance, and various languages 
of the old world, and yet nothing can be more ju t than the 
identities, which speak for themselves to the unprejudiced.

A great argument against the relationship of languages has, on 
the other hand, been derived from the diversities which arc 
equally apparent as tbe identities among such languages, and the 
supposed negative evidence derived is used as conclusive against 
any relationship.

The phenomena are very complicated, as are the phenomena 
of gesture language, but the soluti in is Io be found in those 
remarks of Mr. A. R. Wallace, of which I have given the 
application as the Wallace formula (Nature, vol. xxiv. pp. 244, 
380). I repeat this, became further observations and a long 
course of investigation leave no doubt as to the facts and their 
application.

Proceeding on the basis of a system of sign-languages generally 
existing in the world, we obtain the explanation of the engrafting 
of sounds in defined series. Mr. Wallace’s labial for mouth, 
nasal for nose, and dental for tooth, provides labials for every 
idea based on the round form of mouth, or on its opening and 
closing, as head, face, eye, ear, sun, moon, egg, &c. The e, 
again, w ere in relation with defined m)thologictu and numeral 
characteristic-, affotding abstractions.

Thus, a whole apparatus of speech was provided, but it was 
complicated first by the condition, imparted from gesture 
language of plurality of signs, and next by the faculty of apply­
ing various labials, &c. What Col. Mallcry states to have taken 
place in ge-ture language is precisely that which took place in 
speech language. In the process of selection, the apparatus of 
each class was ultimately diminished so far as the common stock 
was concerned, and each language acquiring only a por ion of 
the common 1 tock, has at present the appearance of a separate 
and indi criminate vocabulary in relation with all, but not 
identical with any except its own immediate congeners.

Thus the effective comparative philology of any language 
ultimately depends on its relationship to all, and not to one 
family.

As all speech languages are of common origin, so we must 
admit a common diffusion of them over the world. The result is 
seen in the relationships of the languages of America with those 
of Africa, for instance, but it is attested by a community of 
verbal forms in traditions and in mythylogy, and even in geo­
graphical nomenclature. It is the traditions of this diffusion 
of speech which underlies many of the deluge legends.

The epoch of this diffusion is sufficiently clear, for the words 
widely distributed show that it was in an epoch of considerable 
culture.

Col. Mallery accurately states that there is a relationship 
between tbe gesture languages and some of the ancient cha­
racters, and this supposes that characters may have co-existed 
with gesture before the diffusion of spoken languages. Admitting 
this, we have to regard not only the relations between gesture



WILLIAM STANLEY JEVONS
WILLIAM STANLEY JEVONS, whose tragical 

death was recorded in our issue of the 17th inst., 
(p. 377), was born at Liverpool in 1835. As in the case 
of most men of intellectual work, the facts of his life are 
few and simple. He was educated partly in Liverpool, 
partly at University College, London, where he particu­
larly distinguished himself in the classes of mathematics 
and natural science. For University College Jevons ever 
retained feelings of the warmest loyalty. He was proud 
of his connection with it and with the London University, 
and doubtless these feelings weighed with him when in 
1876 he resigned his chair at the Owens College and 
accepted that of Political Economy at University College. 
Before completing his career as a student, Jevons accepted 
an appointment in the Sydney Mint and spent five years 
(1854-59) in practical work abroad. At the close of that 
time his disinterested determination to devote his life and 
energies to intellectual work of the highest kind prompted 
him to return to England and to resume his interrupted 
studies. He graduated at London in 1862 with the 
highest distinction in logic and political economy, and a 
year later began his active career as a teacher in the 
capacity of general teacher at the Owens College, a post 
he occupied for three years. Even at this early period of 
his life, however, he had already produced not only an 
earnest of his great powers but the germs of all the best 
work he afterwards accomplished. A pamphlet on the 
Fall in the Value of Gohl and an important work on the 
probability and consequences of the exhaustion of coal 
sufficiently attested his mastery over concrete problems of 
economics. But of even greater significance was the 
short paper presented in 1862 to the British Association 
on quantitative reasoning in economical theory and the 
little noticed volume on Pure 1 ogic (1864). The one 
contains the fundamental notions of the author’s later 
work in theoretical political economy, the other the first 
principles and outlines of the development of his well- 
known symbolical logic. In 1866 Jevons was appointed 
to the combined chair of Philosophy and Political 
Economy at the Owens College, and for ten years he 
discharged with the greatest ability and success the 
onerous duties of the office. During this time his practical 
activity was incessant and his intellectual labour con­
tinuous. In political economy his occasional contribu­
tions in the shape of papers in the Statistical Society's 
Journal, addresses or reviews, his important treatise, the 
Theory of Political Economy (1871), and his excellent 
manual on logic, his tract Money; or, The Substitution of 
Similars, his Elementary Lessons on Logic, and his great 
work, the Principles of Science (1874), raised his reputa­
tion to the highest point, and it may be confidently said 
that no man ever obtained or deserved so thoroughly to 
obtain more widespread recognition as a master in these 
departments of knowledge. In 1876 the feeling that his 
time might with greater advantage to himself and the 
public be devoted to continuing his original researches, 
prompted his resignation of the laborious chair at Owens 
College. In that year he migrated to London and to 
University College, and for five years he continued to hold 
the chair of Political Economy in that institution. The 
same desire for more time induced him in 1881 to resign 
the comparatively light duties of his London chair, and 
he was doubtless enjoying the feeling of perfect freedom 
to devote himself to his beloved work when the abhorred 
shears cut short the thin spun thread of his life. A great 
force for good and a noble type of the man of science has 
been lost to us in Jevons.

The feature which perhaps impresses onemost in review­
ing the products of so busy a life, apart altogether from 
the fine and most lovable character of the man, is the 
combination of multifarious interests with uncommon 
tenacity in working out certain definite lines of thought.

It is a feature peculiar to what is called genius and its 
presence, even when in less than a pre-eminent degree 
stamps the mind, exhibiting it as one of the highest 
order. Jevons’s scientific training was excellent, his 
knowledge of the details of scientific work in many 
diverse branches truly universal, his interest in scientific 
questions and his love of scientific research of the 
keenest. A full record of the many contributions made 
by him to the great dictionary for the library of Chemistry 
and Philosophical Society in Manchester, to the Philoso­
phical Magazine, and to our columns, it is hardly possible 
yet to produce, but it may be said that the character of 
his work, whether it be upon gold assaying, upon the 
forms of clouds, upon the motion of minute particles in 
liquids (a phenomenon named by him pedesis and 
examined with long continued and loving care), or upon 
the connection of sun-spot periods with economic changes, 
is such as to prove him amply endowed with the finest 
qualities of the investigator of nature. Indeed there can 
be little doubt that had Jevons devoted himself to 
physical inquiry he had all the ability to secure a reputa­
tion possibly not inferior to that gained by him in other 
departments. He was an exact thinker, in the best sense 
of that term, and brought to bear upon great and 
economical problems a power of methodical, patient re­
flection comparable with that displayed by any of his 
contemporaries in the field of physical research.

In logic and political economy his numerous and varied 
writings have secured him a very distinct place in the 
first rank of writers. In both subjects he united, to a 
quite unusual extent, wide and comprehensive knowledge 
of details, with rare originality in handling scientific 
principles. His treatment of questions of detail, apart 
from his original contributions to the theory of either 
subject, would alone have secured for him a high reputa­
tion. Thus the Principles of Science contains a most 
exhaustive and penetrating analysis of the methods of 
scientific work, illustrated from all branches of scientific 
research with a fulness and precision that leave little to 
be desired, while his various works and papers on 
economic and social problems, in the treatment of which 
he exhibited a most happy talent of effective exposition, 
constitute a contribution of very high value to the litera­
ture of political economy.

The permanence of his fame as a writer of the first 
order in his special subjects, however, must naturally 
depend upon the character and value of his original re­
searches in the first principles of logic and political 
economy. As was above said these researches occupied 
Jevons throughout the whole of his active career as a 
writer, and his successive works arc but the amplification 
and development of thoughts which had presented them­
selves to his mind at a very early period of his life. In 
political economy this thought was the reference of the 
laws of complex phenomena, such as prices, interest, and 
so on, to the simpler laws of pleasurable and painful feel­
ing, the subjection of their simpler laws to quantitative 
treatment and the consequent application of exact, even 
of mathematical, methods to economics. He was too far- 
seeing and too judicious to overlook the enormous gulf 
that separates abstract economics from the domain of 
practice, and he was under no delusion as to the practi­
cability of applying exact methods to phenomena so im­
mensely complex as those of society, but within the 
domain of abstract theory he perceived the need for some 

1 more vigorous method than that usually employed, and 
1 his contribution is of rare value. Here indeed, as in 

logic, Jevons had to suffer a fate common to thinkers of 
undoubted originality, that of discovering that their new 
principles and new methods are not absolutely new. But 
in cither science, it maybe safely said that if Jevons’s con­
tributions cannot claim novelty, they can always claim 
originality in the honest sense. They were thoroughly 
his own and were developed by him with ingenuity and



exhaustiveness such as amply to establish his title to 
them. No man, it may be added, was ever more anxious 
than Jevons to do justice to the labours of his prede­
cessors, and he was ever ready to welcome in the most 
generous fashion any indication of an anticipation of 
some favourite thought. His work was good enough, 
and he knew it was good enough, to stand upon its 
own merits.

In logic the system of formal or mechanical reference 
which Jevons worked out in great detail, was founded 
upon the antecedent researches of Boole. The processes, 
however, were presented by Jevons in such a fashion, the 
principles were so simplified and the capabilities of the 
method so ingeniously developed that his work has a 
secure place of its.own alongside that of Boole. This is 
not the place for discussing the permanent worth of the 
new analysis of inference, but it may be said that hardly 
sufficient justice has yet been done to many of the specu­
lations into which Jevons was naturally led in the 
development of his analysis. His treatment of the rela­
tions of logical and numerical quantity, and his attempt 
to deal with induction apart from all quasi metaphysical 
principles arc bold and subtle contributions to logical 
theory and, in connection with his other work in this 
department they sufficiently establish his place as an 
original and thoughtful logician.

For philosophical speculation, in the wider sense, Jevons 
had little inclination, and possibly from the character of 
his intellect, little ability. Dealing with ultimate logical 
and economical questions he was often driven to the verge 
of inquiries such as fall under the designation of philoso­
phy, to problems of the theory of knowledge and of ethics, 
but he never crossed the boundary, and indeed seemed 
somewhat impatient of the existence of a land beyond 
the formal relations of logical terms or the quantitative 
variations of pleasure and pain. This lack of interest in 
problems going to the root of logical and economical 
theory makes itself apparent in almost all his works, and 
probably, for many reasons, deprives them of some of 
their value. It is impossible to say, however, what 
genuine contribution to English philosophising might not 
heve been made had so original and well endowed a mind 
been spared longer to us.

THE BRITISH ASSOC1A T10N
A LTHOUGH the numbers at the Southampton meet- 

ing have little exceeded 1200, still so far as the 
essential work of the Association is concerned, it has 
been up to a fair average. The New Forest excursion 
was an especially enjoyable one, though that to the Isle 
of Wight was most interesting from a scientific point 
of view.

During the meeting the reception rooms and the rooms 
in which the Sections have met have been connected by 
telephones. In each room was a board on which were 
painted in a line the letters indicating the Sections. 
Below each letter there was space for a figure to be in­
serted to indicate the number of the paper in the day’s 
programme that was under discussion ; if it were No. 3 
in Geology, the attendant there sent the number to the 
reception room. Here the attendant marked the board, 
and then sent the information to all the other Sections, 
so that it could be known in all the rooms what was the 
subject under discussion in each Section.

There was a sharp discussion on the question whether 
the Association should meet in Canada next year, seeing 
that Oxford has withdrawn its invitation, but the meeting 
decided on Southport, with Prof. Cayley as President. 
Canada (Montreal) was, however, selected for 1884.

There is a very strong feeling that the vote of the 
General Committee binding the Association to go to 
Canada in 1884, was not a representative one. The first 

vote taken was adverse to crossing the Atlantic, though it 
was felt that if this were done it would be specially de­
sirable to do so while the Marquis of Lorne is President, 
as he has done much in founding the most important 
scientific institutions in Canada, and his tenure of office 
terminates next year. When Southport gained the 
majority the larger number of the Committee left the 
room, not being aware that the place of meeting for 
the following year, 1884, was going also to be determined, 
and the supporters of the Canada invitation, led by 
an able tactician, Capt. Bedford Pim, secured an easy 
victory. It is worthy of note that the Members of 
the General Committee, who contributed to this result, 
with few exceptions, did not include Presidents and Secre­
taries of Sections, or indeed many of the working 
members of the Association, and it is therefore greatly 
feared that should the proposed visit be made, the 
meeting will not be a representative one.

It is satisfactory to learn that theCouncil arc taking steps 
to learn the real wishes of the Members, by asking every 
Sectional Committee to send up three or four representa­
tives to constitute a committee to confer with the Council 
as to the means of carrying out the proposal, if found to 
be feasible. It is worthy of note that previous to the 
meeting at Southampton, the Council sent out a notice to 
the whole of the General Committee, inquiring their 
views on the subject, and that the replies obtained from a 
far larger portion of the Committee than that attending 
the meeting was distinctly adverse to leaving the British 
Isles. It was felt that the proposed departure would be 
unfair to Life Members, who had purchased a right to 
attend meetings in that area, and would prevent the 
greater number of sectional officers and working members 
from attending, their movements being controlled by 
considerations of time and expense.

The following is the list of grants voted for next 
year:—

A —Mathematics and Physics
Scott, Mr. R. H,—Synoptic Chart of Indian Ocean ... 45° 
Darwin, Mr. G. H.—Harmonic Analysis of Tidal Obser­

vations ........................................................................... 5°
Brown, Crum—Meteorological Observations on Ben Nevis 5°

B— Chemistry
Tilden, Prof. W. A.—Investigating Isometric Naphthalene 

Derivatives ........................................................... r 5
Odling, Prof.—Photographing the Ultra-Violet Spark 

Spectra ................................................................... 20
Pye-Smith, Dr.—Elimination of Nitrogen........................... 30

C—Geology
Etheridge, Mr. R.—Earthquake Phenomena of Japan ... 50
Williamson, Prof. W. C.—Fossil Plants of Halifax........... 20
Sorby, Dr. H. C.—British Fossil Polyzoa........................... 10
Etheridge, Mr. R.—Fossil Phyllopoda of the Palaeozoic 

Rocks ............_.................................................... 25
I lawkshaw, Sir John—Erosion of the Sea Coasts of England 

and Wales ... .. ................................................. 10
Hull, Prof. E.—Circulation of Underground Waters ... 15
Evans, Dr. J.—Geological Record ................................... 50
Ball, Prof. V.—Carboniferous Limestone Caves in the 

South of Ireland ................................................... 20
Etheridge, Mr. R.—Llandovery Rocks of Central Wales ... 10

D—Biology
Pitt-Rivers, General—Photographs of the Races and prin­

cipal Crosses in the British Isles ... ................... Io
Stainton, Mr.—Record of Zoological Literature ........... 100
Cordeaux, Mr. J.—Migration of Birds ........................... 20
Lanke-ter, Prof. Ray—Table at the Zoological Station at

Naples .......................................................................... 80
Pye-Smith, Dr.—Scottish Zoological Stations ................... 25
Hooker, Sir J.—Exploring Kilimandjaro and the adjoining

Mountains of Eastern Equatorial Africa ................... 500
Meldola, Mr. R.—Investigation of Loughton Camp ... 10
Sclater, Mr. P. L.—Natural History of Tiinor-Laut ... 50



G—Mee ha nits
Bramwell, Sir F. J.—Relation between the Pressure at 

different Points of a Structure on which Water and 
Air impinge ......................................................... Z25

Whitworth, Sir Joseph—Screw Gauges ........................... 20
Bramwell, Sir F. J.—Patent Legislation .................. .. 5

SECTION C
GEOLOGY

Opening Address by Robert Etheridge, F.R.S., F.G.S., 
President oe the Section.

For some years it has been the rule or practice that the 
Presidents should open the sectional meetings with an address, 
selecting any subject which may seem to them best adapted to 
the occasion. This custom I believe had its origin in this 
Section, when the Association met at Aberdeen, and was due to 
Sir C. Lyell, who was the first to deliver an opening address. 
He selected for his theme the discoveries of M. Boucher de 
Perthes, chiefly with relation to the occurrence and association of 
flint weapons with the b ncs of extinct animals in the gravels of 
the valley of the Somme.

The Geological Section, over which during the present meet­
ing I have the honour to preside, embraces a wide field of 
research, and therefore allows selection from a large range of 
subjects, so large indeed that it would be difficult to choose an 
original one that would be acceptable and useful to those mem­
bers of the Association who may be present. It is thirty-six 
years since the British Association last met in Southampton, and 
probably not half-a-dozen members who attended the meeting of 
1846 arc now present, if living. We are, however, fortunate in 
having with us to-day one or two who contributed papers to this 
Section thirty-six years ago.

The Geological Section may be congratulated on its place of 
meeting this year. Hampshire presents a wide range and field 
of research to the practical, as well as the less advanced student 
in geology. Truly may it be said that this area is classic ground. 
No less than six distinct formations, with their subdivisions, occur 
in the immediate neighbourhood and within reach of those mem­
bers who have honoured the Association with their presence this 
year. Be it remembered that it is thirty-six years since the 
British Association met in this city. Since then, or the year 
1846, geology has indeed advanced with strides unsurpassed by 
any other science. The Tertiary rocks of the Hampshire basin 
alone have received from the hands of private and learned 
physicists, as well as the long-continued labour of the Geological 
Survey, the most careful and detailed research. It may well be 
said that this rich field has not wanted competent labourers, 
earliest and foremost of whom must be named Webster, Sedg­
wick, Prestwick, and Edward Forbes, who with Mr. Bristow 
mapped out with so much care and accuracy the intricate struc­
ture of the Isle of Wight. To these must be added, through 
later research, the names of Searles Wood, Wright, Fisher, 
Tawney, Keeping, Judd, and others. Other portions of 
Hampshire and Sussex bearing upon the question of the Anglo- 
French Tertiary basin, have been elab irately treated upon by 
Dixon, Godwin-Austen, Sir C. Lyell, and others.

It may be a fitting preliminary to local communication which 
will most probably come in, during the course of this meeting, 
that I should summarise what has been done in this area. This 
may be familiar to many, but there are others who may wish to 
examine certain geological localities, the mention of which may 
induce them to visit spots of much interest. It is scarcely the 
duty of the president of this Section to devote the time allowed 
to an opening address to the discussion of any original subject, 
while work of unusual local interest has transpired during the 
past year to justify him in drawing attention to a subject of much 
importance connected with tbe stratiirraphical position of certain 
beds in the Eocene strata of the Lie of Wight; a question of 
local geologist interest, as well as bearing upon the correlation of 
the Tertiary rocks of Hampshire with tho-e of France, Belgium, 
and Germany. Instead, therefore, of offering to the Geological 
Section an address on some special subject or branch of general 
geology, I have deemed it more interesting, and certainly more 
useful, to lay before you an outline of certain physical features 
occurring within the immediate neighbourhood, and district in 
which we are now assembled.

I purpose therefore to call attention to the local geology of 

this area, especially as regards the Tertiary deposits of Hamp­
shire and Sussex, as forming orconstiuting the northern portion 
of a vast series of deposits once continuous to Northern France, 
the area now covered by the English Channel and the Solent, 
and lying in the depression of jurassic and cretaceous series. 
The relation also of the Hampshire and Anglo-French basin 
and its teniary fauna to that of the London or Anglo-Belgian 
area will receive notice, as being part of the history of one great 
period, the strata comprising the two areas being also once con­
tinuous, much of it being subsequently removed or denuded 
away from those areas now occupied by the English Channel and 
German Ocean.

Before especially noticing the Isle of Wight and the neigh­
bouring c asts, I must state that by laborious search over both 
old and new ground, and through the very careful examination 
of collected specimens during the past twenty years, great light 
has been throw n on the geological structure of many local areas 
hitherto ob.-curc from want of critical palaeontological knowledge 
being brought to bear upon the fossil fauna or flora characteris­
ing the various marine and freshwater deposits with which the 
surrounding district abounds. Greater precision has of late 
been arrived at in the chronological arrangement of the cretaceous 
and tertiary strata which occur bolh in the Isle of Wight and on 
the mainland.

Doubtless you are all aware that the strictest investigation as 
to the distribution and organic contents of the Fluvio-marine Ter- 
tiaries of the Lie of Wight, was undertaken by Professor Edward 
Forbes, when attached to the Geological Survey from the years 
1848-56, and subsequently Mr. II. W. Bristow, F.R.S. com­
pleted nil the older tertiaries and cretaceous rocks of the island, 
thus producing a complete geological guide to this portion of the 
Hampshire basin. The structure of the opposite coast to the 
east, or that embracing Bracklesham Bay, Selsea, and Bognor, 
was critically treated by Mr. Frederick Dixon in the year 1850, 
(“ The Geology and Fossils of the Tertiary and Cretaceous For­
mations of Sussex." By F. Dixon, 1850, 1st ed., 2nd ed 18.) 
who was most ably assisted in his paleontological researches by 
the most distinguished naturalists then living, each faunal group 
receiving critical supervision and description. A second edition 
of this valuable work appeared in 1878, wherein much new 
geological and paleontological matter is added ; both the Cre­
taceous and Tertiary reptiles were figured and de cribed by 
Professors Owen and Bell, the fishes by Sir Philip Egerton, the 
Cretaceous echinodermata, by Professor Forbes. Mr. Sowerby 
described the mollusca, and the large Crustacea were described 
by Professor Bell, and the corals by Lonsdale.

Selsea.
I now draw your attention to a locality of extreme interest 

both to the geologist and archeologist, and where cause and 
effect are manifested in both investigations, the historical portion 
being based upon physical causes and changes that have long 
been, and are still going on, to modify the form, extent, and 
structure of the Sussex coast, from the mouth of Chichester 
Harbour to Littlehampton and Bognor. In the year 1855 Mr. 
Robert Godwin-Austen, F.R.S. and G.S., read before the Geolo­
gical Society an elaborate paper upon the “ Newer Tertiary 
Deposits of the Sussex Coast,” in which he also noticed some 
peculiar features in the parts of the Isle of Wight and South 
Hants bordering the Solent.

From Beachy Head to Selsea Bill, the coast line lies east and 
west, so that there intervenes a tract between the chalk range 
and the tea which ultimately acquires a width of ten miles, as 
from Lavant to Selsea. This tract is low and level, presenting 
a series of superficial accumulations, remnants of a definite 
Tertiary period, of w hich at no other place in England is there 
any such record, and to which I ask your attention should any 
journey to inspect the phenomena exposed along the shore of 
Bracklesham Bay, or between Wittering and Pagham Harbour, 
or Bognor be proposed. Especially may I refer to interesting 
evidence as to local conditions during the glacial period. It may 
not be known to many, or all present, that the peninsula of 
Selsea is celebrated in English history as one of the places where 
Christianity was first taught in this country. It was one of the 
most ancient Saxon establishments. This peninsula was granted 
by Edilwalch, King of the South Saxons, to Wilfred the exiled 
Bishop of York, about the year 680. At that time it is stated 
to have contained 5,220 acres of land, with 85 families and 250 
slaves. The parish now contains only 2,880 acres ; 2,340 having 
been slowly denuded away by the action and encroachment of 



the sea. This encroachment and destruction during the past 800 
years has been very extensive.

The creek called Pagham Harbour, on the south-east side of 
the Bill or peninsula, was due to an irruption before the year 
1345> " hen 2,700 acres of land were destroyed. The site of the 
ancient cathedral and episcopal palace of Selsca, believed to have 
been situated to the south-east of the present church of Pagham, 
is no longer to be determined, but there is no reason to doubt 
but that it stood nearly a mile out in what is now sea. Camden, 
in his “Britannia,” states that “in this isle remaineth only the 
dead carcase as it were, of that ancient little citie (where those 
bishops (of Sclsea) had their seat), hidden quite with water at 
every tide, but at low water evident and plain to be seen.”

The Bishop’s Park, as the shore and sands are still called, 
extended for many acres on the south-east coast, and the remain­
ing fragment has still the name of Park Coppice. The sea has 
gained more than a mile on this coast since the see and cathedral 
of Selsea was established, a.d. 680 ; Wilfred was the first Bishop 
of Selsea in that year, and Stigand was the first Bishop of 
Chichester, A.D. 1070. No less than twenty-two Bishops had 
occupied the episcopal chair of Selsea, and resided there, before 
the removal to Chichester. The parish that divides Selsea from 
Bognor is called Pagham, and the extensive estuary, which is a 
mile long and broad in places, Pagham Harbour. The remark­
able church is dedicated to St. Thomas a Becket, and the rains 
of the archiepiscopal palace arc still visible south-east of the 
church. Archbishop Becket resided here with a large retinue, 
and his interference with a manor within his lordship, gave rise 
to his dissension with Henry II. which terminated in his assas­
sination. That part of the coast marked “the Park,” now 
covered by the sea, was part of the prelate’s extensive estate, 
and is still visible at low water. The houses of the village arc 
built of an arenaceous limestone almost entirely made up of 
microscopical shells, of the genera Miliola and Alveolina. This 
stone was formerly procured abundantly from an extensive range 
or ledge of rocks (calls the Clibs and Mixen) south of Selsea 
Bill, and extending some distance cast and west. In 1830 the 
removal of this bed of stone was forbidden, forming as it did 
and does-, a barrier to the encroachment of the sea.

This digression and somewhat archaeological dissertation is 
neces ary for my purpose, w hen drawing your attention to those 
recent geological changes that have taken place along that coast 
almost within modern times.

Thorney, Ham, and Medmeney marches, behii d Bracklesham 
Bay, and between Bracklesham and Selsea, are of marine or 
estuarine origin, separating Selsea from the mainland, making it 
what its name expresses, an island, “ Seles-eu,” or “ Island of 
the Sea-calf." We are thus led to believe that when Selsea 
became known to the English nation it was an island, and that 
in Bede's time the process of silting up the estuary must have 
commenced, and the completion of this process would seem to 
have been before the Conquest. The attion of the tides on this 
coast carries the sand and shingle from west to east, therefore the 
f;radual wasting w hich has taken place on the shore of Brack- 
esham Bay has served to supply a large portion of the material 

of which these marshes are formed.
The ground on which Selsea, Bognor, I.ittlehampton, Worth­

ing, and other places on the Sussex coa t westward of Brighton 
are built, is of very recent formation, being composed of gravels, 
rands, and loam belonging to the |ost-Pleiocene or Pleistocene 
series. There superficial post-PJeiocene beds overlie the well- 
known Eocene series in patches, and contain a large fauna. No 
less than 66 genera and 142 species, chiefly mollusca, occur here. 
The remains of the mammoth or elephant (E. primigenius, or 
antiquus) occur in the muddy deposits [mud-deposit]. With 
these are associated marine shells of existing species, but some 
not known now ns such on the Sussex coast. East of Bognor, 
at low tides we have the remains of a sunken forest, and west of 
Selsea the trunks and roots of trees, &c„ may be examined at 
low water. There trees in both areas are not fossilized, but 
evidently destroyed by the encroachment of the sea, probably 
since the time when “the Park ” existed. In July, 1877, Mr. 
H. Willett, of Brighton, obtained from the beach below high- 
water mark, near East Wittering, a large number of bones of 
rhinoceros associated with several species of land and freshwater 
shells of existing species. The bones lay in the midst of decayed 
trees in a peaty deposit beneath the glacial beds of Selsea. An 
almost perfect skeleton of the Elephas antiquus is in the Museum 
at Chichester, which was obtained from the “ mud beds ” or 
“mud deposit” off Selsea Bill; multitudes of the shell Pholas 

crispata, occur in the same bed. Teeth of the mammoth have 
occurred in the “mud deposits” of Bognor, I.ittlehampton, and 
Worthing ; and we have again the well-known “ Elephant bed ” 
at Brighton, doubtless of the same age.

At the British Association meeting in 1851, Mr. Godwin- 
Austen, F.R.S., then president of the Geological Section, called 
attention to the evidence of repeated oscillations of level of no 
very remote date which were to be observed in parts of the 
coast of Cornwall, Devon, the Channel Islands, and the Cotentin, 
an area comprising the western opening of the English Channel. 
As before stated, the same distinguished physicist, four years 
later, in his paper “On the newer Tertiary Deposits of the 
Sussex Coast,” exhaustively described the phenomena of the 
later movements of the land, and interchanges bet« een the sea 
and the coast. The oldest of the newer-Tertiary deposits of the 
Sussex levels in ascending order is to be seen only at extreme 
low-water in Bracklesham Bay; thence eastward round Selsea 
Bill, as far as the entrance into Pagham Harbour.

This portion of the Sussex series forms the “mud deposit ”of 
Mr. Dixon. Its character and composition distinguish it from 
the beds above. Is is composed of an extremely fine tenacious 
dark grey sandy mud, which resists the action of the sea ; it 
rests upon the well-known Eocene Nummulitic strata.

The thickness of this Lutraria clay or “ mud-deposit,” can 
only be estimated at low-water spring tides ; in places it is from 
18 to 20 feet thick ; it increases seawards and passes away be­
neath the sea-bed. On the coast near Medmeney (west side of 
the Bill) the surface of this clay is occupied by the remains of 
a colony of Pholas crispata, which has burrowed into it. This 
species attains here to great dimensions, and from its restricted 
range and littoral habit serves to determine the level of the tidal 
waters at the commencement of the Selsea deposits. The relative 
age of this old estuarine deposit of Selsea is determined by its 
mammalian remains. Those of Elephas primigenins are toler­
ably abundant, and the interest attached to them is enhanced by 
the fact that they do not occur here as single and detached teeth, 
or portions of tusks (as occurs on the higher gravels), but so 
many j arts have been found together as to leave no doubt but 
that entire skeletons still lie embedded in this deposit. The 
head with the teeth and tusks and numerous bones have been 
found in close juxtaposition, and are now placed in the Chichester 
Museum. No less than sixty-six gencia and 151 species of 
mollusca have been found here, or thirty-three genera and 
eighty-nine species of gasteropoda, and thirty-three genera and 
sixty-two species of pelycipoda, have been obtained from the 
Lutraria clay or “mud-bed.” 1 may mention, among so many, 
the rarer shells that occur.

Cerithium reticulatum, da Costa. = C lima Brag.—A Spanish, 
Portuguese, and Mediterranean shell, comparatively recent 
within our aren.

Fusus turricula (Pleurotonra).—A boreal Atlantic species, 
occurs in the Red crag. Scarce in the baluns and Bridlington.

Pecten polymorphus, Bronn.—Lisbon, Mediterranean, very rare 
fossil in Italian and Sicilian beds.

Tapis decussata, ranges south but not north of British Islands. 
Common in the Mediterranean.

Lutraria tugosa.—Algeria and Morocco (living), also Canaries. 
South of Spain and Portugal.

Syndosma Boysii (Amphidesma).—Atlantic; rare ; ranges to 
coast of Spain.

Pholas crispata Linn.—Rare on south coast of England, a 
Scandinavian species, and is found in the Crag.

From “ the assemblage ol mollusca, and the patch of Pholas 
crispata in conjunction with conditions of the deposit, we may 
infer that the relation of the land to sea-level was then much 
what it is now, or that these ledges of mud-beds in which this 
shell is found, then lay between tides.” Many of the bivalve 
mollusca (Peylicipoda) lived in and on this mud, which is evident 
from the position in which the shells are now found, especially 
the Mya, Lutraria, and Pullastra (Tapes).” “This area,’ 
according to the views of Mr. Godwin-Austen, “must have been 
an enclosed salt-water lagoon. The list of shells must be con­
sidered a special one, the result of local conditions subordinate 
to, but indicative of a much larger marine fauna which had its 
full development in some adjacent sen,” and this fauna as a whole 
differed as much from that of the present Channel waters, as the 
fossil contents of the Selsea mud-deposits do from the mollusca 
now inhabiting the series of large creeks and lagoons extending 
from Fareham to Pagham.” As regards the molluscan fauna of 
Sclsea, some of which, now found on the Sussex coast, are es­



sentially southern mid western, do not range further north, or 
into the German Ocean area, and this southern relation of the 
fauna of the Lower Selsea deposit (Lutraria mud deposit} is still 
further strikingly illustrated by the presence of the before-men­
tioned two remarkable species, Peden polymorphic and Lutraria 
rUfvsa, neither of which are now known to range further north 
than I .isbon. “ We therefore have indications of a warmer condi­
tion of the waters of the English Channel, which allowed southern 
forms to range to a more northern latitude than now, and then a 
limitation of these forms to the area where now found, or in the 
Sussex deposits." The inference drawn by Mr. Godwin-Austen 
as to the manner in which the elephant’s remains occur in this 
Lutraria clay is an obvious and an interesting one, as it enables 
us to arrive at a relative geological date, showing that the lower 
estuarine beds of Selsea and of the Sussex levels generally were 
contemporary with what is known as the period of the large 
mammalian fauna.

Overlying this Lutraria or mud deposit, there occurs a tough, 
ca'cireous, sandy clay ; with chalk, and chalk flints—waterworn 
and of large size. This Yellow Drift clay is of marine origin, 
determined by the associated molluscs ; Littorina and Mytilus 
being disseminated through the mass. This deposit occurs over 
the whole of the Selsea peninsula, and extends inland beneath 
the Sussex levels. Besides the large masses of flints and ma­
terials from the chalk, oolitic rocks, and chert-sandstone from 
the Upper Greensand, resembling that occurring at Lyme and 
Charmouth, there are other rocks which, from their “ ages, com­
position, origin, size, and condition,” render the mode of accu­
mulation a problem of great geological interest. “ The rocks 
in question consist of grey porphyritic granites, red syenites, 
syenite, hornblendic greenstones, micha-schists, green fissile 
slates, masses of quartz from veins, siliceous sandstones,” such as 
occur in the Palteozoic series (Lower Silurian) of Normandy, 
micaceous sandstone with orthides, probably from the Devonian 
beds, and blocks of compact limestone, whether from the 
Devonian series of Devon or the Cotentin (France), is 
uncertain.”

In size these older rocks range from coarse shingle up to masses 
of 20 tons weight, the granitic rocks being the most numerous 
mid of the largest dimensions. A mass of porphyritic rock was 
exposed near Pagham by coast-line denudation, mca-uring 27 
feet in circumference. Whence came they, and how brought, 
or what the transporting agent beyond that of floating ice, we 
know not. I must refer you to Mr. R. Godwin-Austen’s original 
paper for matter of the highest interest relative to the original 
history of the yellow clay aud the conglomerate bed, and later 
deposits in Sussex, as well as other phenomena bearing upon the 
present aspect of this singular area—a description of the 
complex nature of the structure of which would here be out of 
place. “ What was the condition of the English channel as to 
its coast-line when certain marginal accumulations were being 
formed ? ” To answer this demands a profound acquaintance 
with the old physical geography of the district bath of Northern 
France and Southern England.

The Brick-earth.—Above the yellow clay and mammalian 
gravels, the highest or uppermost deposit on the coast, there 
occurs a uniform bed of dark chocolate coloured unstratified 
clay, averaging about 3 feet in thickness. This clay forms part 
of that great layer of earthy matter which overlies all the gravel 
and other beds of the Sussex levels, and is extensively used for 
brickmaking. This brick-earth is a subaerial deposit, probably 
occurring as the wash of a terrestrial surface under a greater 
rainfall than we have now. This deposit is conspicuously 
shown along the shore, and forms the low cliffs of Brackle­
sham Bay. To this period Mr. Godwin-Austen refers the 
" Combe rock" of Selsea. He then refers to the condition 
of the English Channel area, at the period of the Crag­
deposits of the German Ocean. The author is disposed 
to the belief that this Channel area was mostly in the con­
dition of dry land at the time that the area of the German 
Ocean was occupied by the Crag sea. The peculiar molluscan 
fauna of the Sussex deposits point to a limitation of n marine 
province in that direction, whilst their habits indicate at the same 
time shallow water and marginal conditions. The temperature 
of the water of the English Channel during the period of the 
Elephas primigenius, and its associates, was such as now occurs 
12 degrees or nearly 800 miles further south. In 1871 Mr. 
Alfred Bell examined with great care the fo-sil contents of the 
Lutraria clay or mud-deposit ; he has added materially to the 
hitherto published li ts of contents of this deposit. The result 

proves it to be unique as regards the fauna. “Of the 144 
species of shells Mr. Bell states that 30 do not exist nearer than 
the West of England, the Channel I-lands, north of Spain, 8 
or 10 not passing this side or north of Gibraltar, all being littoral 
(or sub-littoral) species. As British Quaternary fossils 45 are 
peculiar to Selsea, and 20 others probably find here their earliest 
place in British geological history.” Numerically the contents 
of this mud deposit are as follows : mammalia, 5 genera and 6 
species ; mollusca (bivalves), 33 genera and 62 species ; univalves, 
32 genera and 80 species; polyzoa, 2 species; Crustacea, 8 
genera, and 10 species ; echinodermata, 2 genera and 2 species ; 
foraminifefa, 9 genera and 10 specie*. Most of the fossils occur 
opposite Thorney coastguard station, where the Lutraria clay 
rises at intervals in low hummocks. The elephant remai is 
appear to be those of E. antiquus. The tooth of E. meridiomdis 
has also occurred here, an association resembling the Forest-bed 
of Cromer. In the Chichester Museum there exists the greater 
portion of a fine skeleton E. antiquus obtained from this mud 
deposit.

I have thus dwelt at some length upon these post- 
Pleiocene or Pleistocene beds at Selsea, owing to their local 
interest, and hope by so doing to induce any present who may ne 
interested in the Quaternary geology of the British Island-, 
especially that of Sus ex, to visit Bracklesham Bay and Selsei, 
near to which we are now assembled.

The Eocene Formations of Selsea and Bracklesham 
Bay.

It is impossible to pass unnoticed the Eocene tertiaries that 
occur in Bracklesham Bay, the stratigraphical position of which 
has long been settled, comprising the middle portion or fossilife- 
rous division of the Bagshot Series. The Bracklesham beds 
take their name from the Bay in which they arc so charac­
teristically developed, yet difficult to clearly understand. The 
main divisions extend from Wittering, on the west, to the Barn 
Rocks, east of Selsea Bill, a distance of seven miles.
The Hampshire basin alone, in England, contains the nummulitic 
series, no fossiliferous representative being known in the London 
basin.

About a mile to the east of Selsea Bill is situated the “Park 
bed.” This Park bed is analogous or equivalent to the “ Calcairc 
grossier ” of Grignon, in the Paris basin.1 It contains thousands 
of Nummulina laevigata associated with Perna;, Bulla;, Cypraa, 
Solens, besides the well-known coral Litharea Websteri. The 
Park bed is situated close to the shore, and is accessible at low 
water. It is here at low spring tides that the very recent 
post-Plciocene beds may be seen overlying the Eocene deposits. 
At the Bill the Eocene beds are shown at low water in large 
detached portions called the “Clibs,” the larger portion lying to 
the south west, and the so-called “Mixen Rocks,” marked by 
the “ Mixen Pole,” trend about a mile out into the sea. From 
these rocks, which extend a mile and a half east and west, and 
varying from 200 to 400 yards wide, is procured the Alveolina 
or foraminiferal limestone ; the “ Clibs ’’ rock contains scarcely 
any other fossil remains. The Houngate Rocks, the same as the 
Mixen, are situated opposite Old Thorney Station House, and are 
visible at low water ; they are nearly a mile in extent, and vary 
from 50 to 60 yards in width. Certain fossils have given names 
to the beds that range through the bay. The remarkable shells 
Cypraa Coombsi, the great Ceritheum (C. giganteum), and C. 
cornucopia, Venericardia planicosta Turritel'a terebellata Conus 
diadema, &c., amongst many others, aid us to determine 
the beds stratigraphically—locally the “Barn bed,” “Palate 
bed,” “Venericardia bed,” the “Park,” &c , serve to mark 
horizons of importance.

Opposite the New Thorney Station are the Scrobicularia or 
Lutraria clays or mud deposits from which the elephant remains 
were obtained.

The Rev Osmond Fisher, in his description of the “ Brackles­
ham beds ” of the Isle of Wight basin, restricts the name to a 
group of strata rich in organic remains, the greater part of which 
arc displayed at low water upon the shore at Bracklesham Bay 
in Sussex. He also includes under that name higher beds than 
any seen at Bracklesham Bay that occur at Stubbington and the 
New Forest. He groups certain strata which appear to inter­
vene between the base of the Barton scries and the highest beds 
at Bracklesham Bay on account of their containing an assemblage

1 Four hundred species of Mollusca .have been found .in the French 
deposits.



of fossils more akin to the fauna of the Bracklcsham than the 
Barton.
“No marine fossiliferous beds are known below the lowest at 

Bracklesham Bay, until we reach the Bognor Rock of the 
London clay—at Bognor—excep it be a thin stratum of clay at the 
very base of the Bracklesham scries at the Whitecliff Bay. The 
following shells range through the Brackle ham group, and arc 
confined to it, viz,, Vcncricardia planicosta, Sauguinolaria 
Hollowaysii, Solenobliquus, Ctherea suberycinoides, Valuta cithara, 
Turritella sulcifera, and Pecten corneas; the last-named species 
occurs in the High Cliff beds.” The Rev. O. Fisher, through 
the confined range of certain species, has divided the whole 
series into four principal groups. Vide Quarterly Journal op the 
Geological Society, vol. xviii. pp. 66—75.

Gr t;p A " h ■ upper, abounding in gasteropoda, and has one 
oj its fossil beds in the eastern part of its range full 
of Nummulina variolaria.

Group B is more sandy in its general condition, and dis­
tinguished by the presence of the large gasteropoda. 
Cerithium giganteum, Nummularia variolaria, oc­
curs in this member nt Whitecliff Bay.

Group C Sandy like the last, but its chief fossil bearing bed is 
pr fu>ely crowded with Nummulina laevigata.

Group D embraces the lowest fossiliferous sands of Bracklcs­
ham Bay the distinctive shells are Cardila acuticosta, 
and Cyprcta tuberculosa.

Bracklesham beds at Whitecliff Bay.—These beds rest on the 
Lower Bagshot sands, and agree with bed No. 6 of Professor 
1’re-twich’s section, their i-ase being distinguished by a bed of 
rolled flint pebbles about one fcot in thickness.

Reading in descending order Mr. Fisher’s group A. including 
the beds xix., xviii., xvii., xvi., xv., xiv., and xiti., correspond 
with the beds numbered 17, 16, 15, and 14 in Profes or Prest­
wich’s ; together they mca-ure 254 fee*. The position of the 
beds here renders them ea ily accessible at Bracklesham Bay, but 
they are nearly horizontal, and consequently must be paced to 
be understood. Beds No. xvii. and xiv, of Group A are the 
most fossiliferous, and both contain Nummulina variolaria,

Mr. Fisher’s Gioup B includes beds xii., xi., x,. and ix., or 
Professor Prestwich’s No. 13. No. ix. of Fisher and 13 of Prest- 
wich is the chief fossilliferous bed. Nummulina variolaria, 
Valuta nodosa, and Sauguinolaria JJollowaysii, are the chief fossils 
in this bed, the thickness of the group is only 27 feet

Group C with beds viii., vii., and vi., correspond to 
Professor Prestwich’s Nos. 2 and it. No. vii. contains the 
distinctive and characteristic nummulite, N. kevigata, also 
equally abundant at Bracklesham Bay with Sauguinolaria 
llollcnuaysii, bid No. vi. of Fisher, aid No I of Prestwich is 
very fossiliferous. These three beds measure 123 feet.

Group D is composed of beds No. v., iv., iii., ii., and i., or 
Nos. to, 9, 8, 7, and 6 of Prest« ich. The only fossiliferous bed in 
this group is No. iv. of Fisher, and 9 of Prestwich, in which the 
great Vencricardia planicosta abounds, as at Bracklesham Bay, the 
fine shell Cyfraa tuberculosa not occurring at Whitecliff Bay. 
rhe beds comprising this group arc 251 feet thick ; in all, the 
Bracklcsham beds at Whitecliff Bay measure 653 feet. I have 

deemed it important to partly particularize this remarkable section 
at Whitecliff Bay by way of comparison with the fine section 
shown at low water in Bracklesham Bay, where the beds occupy 
'he shallow shore for three and a half to four miles, and arc 
nearly horizontal, or dip S. by E., with a strike of W. by S. 
and E. by. N. So nearly level arc the beds, that there is no 
oqportunity given to measure the dip or thickness with accuracy. 
Mr. Fisher, in his excellent sec ion, lias given the order of 
succession of the beds, and the distances between the outcrops. 
The beds exposed towards, or near Selsea Bill, belong to the 
upper members, and their strike is nearly tangential to the 
shore, consequently we continue our walk upon the same out­
crop for a long distance in step-like planes. I give the Rev. 
0. Fisher's section and sequence round Selsea Bill, as he 
observed them, as a guide to those who may visit the area. 
Vide Quarterly Journal of tic Geological Society, lot. cit.

Commencing at a spit of gravel seen at low water off 11 the 
Bill," brought together by the meeting of the tides from the 
“ Park ” and Bracklesham Bay, and going westward or towards 
Wittering, we have the following ascending section :1—

1 Every yard of this bay and its extended beds were measured and paced- 
and the map constructed by Mr. Bristow and myself, and the fossils observed
in the numerous thin beds comprising the sect-on.

“ Beds then covered with sea sand .
Outcrop of septaria, on sandy clay weathered 

green beds covered with sea sand
Hard dark grey, sandy bed, nummulitic in 

upper part (nummnlitcs abundant at 216 
paces, concretions at 226 paces) .

Nummulina variolaria, and other foraminifera in

Pace*
600

'27

420

clay .___ day..................................................................324
“ Taking up this last-named bed again as being the highest 

distinguishable at this place, wethen have the general descending 
series along nearly three miles of the shore ’’ westwards.
Descending Section of Bracklesham Beds at Bracklesham Bay

A. (

'2 2. Clay.—Nummulina variolaria, Alveolina 
sabulosa Quinqueloculina, Hawerina, Bilo- 
culina ringens, Rotalia obscura, Turbinalia 
sulcata, &c. ......

21. Hard calc, sand; “Hard Bed” forami­
nifera, Tellimr. .

20. Greyish clay w ith Corbuhe and Nummulime
19. (d). Dark clay (Cyprrca bed, Dixon)
18. Sandy clay containing same shells as 19 (d) .
17. ,, ,, green foss. in upper part

Pleistocene mud 1 
Green sandy clay

/16. (<•). Sands full of casts, bivalves .
Pleistocene mud ' .

B.

>5- 
14.

<3-

12.

Hard sand, weathered green
Shelly sand, greenish-brown, full of fossil-, 

Cerithea and Cytherea striatula (Little 
bed)....................................................

Dark sandy clay with Turritella imbricata . 
Pleistocene clay, laminated Ostrea edulis, 
&C.1 . ......................................

(/). Dark Clayey sand with numerous Ceri­
thium giganteum, Pectunculus pulvinatus, 
&c., &c......................................................

Septaria, resting on shelly sand with black 
flint pebbles...........................................

10. Laminated liver-coloured clays, sandy to­
wards the bottom..........................

9. Ostrea tenera bed, 18 inches thick
8. Dark green sand, full of broken shells, 

Pectunculus futvinatus, Lucina, Bulla 
Edwardsii ... ...

Towards upper part (79 paces less)
Shelly in the middle (48) abounding in Tur- 

ritella terebetlata at the base
7. Soft laminated dark-coloured clay

t 6.

5-

C.< 4-

3-

2.

D.(

Pleistocene mud, out of which places pro­
trudes a clay weathered green 1

(f). Nummulina hevigata bed, with numerous 
fossils (Little Park bed) .... 
Sandy clay, weathered green
Beds covered partly with sea-sand and partly 

with Pleistocene mud ....
(/;). Dark mottled clay, shells and scattered 

nummulites, fish and serpent remains 
(" Palate Bed ”)..................................

Covered with sea sand .....
Dark sandy clay...............................................

,, ,, „ with broken shells
Covered........................................................
Turritella bed, T. imbricataria and T. sulci- 

fera .......
Septaria containing shells and occasionally 

Rostellaria ampla (68 paces), resting on a 
mass of I'encricardiaplanicosta and C. acu- 
tirostra ; the lower part of the bed is Green­
sand crowded with shells, among which 
immediately beacath the Cardita, the 
Cyprcea tuberculosa occurs. The bed then 
become less fossiliferous, and passes into a

324

140
120
460
66

194
112
300
218
80
70

29
240

124

'63

'5°
246

52

'75-

'77

288

4°
107

105

'34
96
53

3®
92

dark grey laminated clay, broken up and 
re-arranged, mixed with dark sand and 
black pebbles (“ Barn bed,” Dixon) . 330 

5,016
1 These clay, beds are nearly modern in age, and cover up unconfortnably 

the underlying Bracklesham beds.



Below this no fossils found.

The Park on East side of Selsea and the Mixen Rocks.
On the east side of the Selsea peninsula, the highest bed seen 

is the Nummulina laevigata bed, rich in fossil. AU the succeed­
ing beds down to the Venericardia planicosta bed are usually 
exposed at “the Park."

Mixen Rocks.—A ledge, one mile south of Selsea Bill, com­
posed of a Miliola and au Alveolina, continuation of No. 22(b) 
only more calcareous.

Bournemouth Area.
The geology of this remarkable area has received attention 

from several explorers. Sir Charles Lyell in 1826, Professor 
Prestwich in 1848, the Rev. O. Fisher in 1861, and in the year 
1878 Mr. JohnStarkie Gardner prepared and read an able paper 
on the “Description and Correlation of the Bournemouth Beds.” 
Part I., the Upper Marine Series (Quarterly Journal of the 
Geological Society, vol. xxxv. pp. 202-228. 1879.), treating of 
the coast section between Bournemouth and Uighcliff; and a 
second paper, Part IL, on the lower or Freshwater series 
(Quarterly Journal of the Geological Society, vol. xxxviii, pp. 
1-15.). Me states his reason for differing from the previous 
writers upon the succession of the beds and their correlation 
with other localities. Mr. Gardner's researches endeavour to 
show that the celebrated Bournemouth leaf-beds immediately 
underlie the true Bracklesham series, and are, unlike those of 
Alum Bay, of Middle and not of Lotver Bagshot period, hitherto 
the received view as to their age. The author has also ascer­
tained that a great portion of the cliffs between Mengistbury 
Head and Bournemouth are of marine origin, and highly fos- 
silifcrous. These marine beds comprise two distinct characters, 
which the author traces across to Alum Bay in the Isle of Wight. 
Mr. Gardner also differs from the Geological Survey in believing 
“that the so-called Upper Bagshot beds of the London ba-in 
do not belong to that series, but arc the equivalents of his 
Boscombe sands, these sands, and the marine Bournemouth beds 
being, according to his researches, the western equivalents, or 
extreme shore-condition of the Bracklesham sea."

At Uighcliff, nearly under Rothsay Castle, both the Barton 
and the Bracklesham series are exposed, the Barton being not 
more than to feet in thickness, and the subjacent Bracklesham 40 
feet. The section is revealed to the sea-level, and therefore 
highly instructive. The Uighcliff sands conformably underlie 
the Barton and I lord well series at an angle of 2° to the E. The 
remarkable promontory of Mengistbury Head is mainly composed 
of strata contemporaneous with the Bracklesham series ; and 
which Mr. Gardner would for convenience call the Bournemouth 
beds. Mengistbury promontory in shape resembles a parallelo­
gram obliquely truncated at its northern extremity. The cliffs 
facing the sea on the south areabout 50 feet high, increasing to 
too feet on the north, both presenting bold escarpments to the 
sea. “The succession of the strata at Mengistbury Head, read­
ing upwards, comprises, l, the Boscombe sands; 2, a lower 
series of sand with green grains, and an upper bed with iron­
stone; and 3, the white Uighcliff sand. The white sands at 
Uighcliff are 30 feet thick, being 12 feet thinner than the equiva­
lent beds at Alum Bay, where they measure about 42 feet.” The 
lowest series in the cliffs at the headland Mr. Gardner terms the 
“ Boscombe sands,” which without any doubt repiesents the 
chief mass of brilliantly coloured sands, about 750 feet thick, at 
Alum Bay, known to all explorers of the island. These coloured 
sands are numbered 25 and 26 in Professor Prestwich’s section of 
the vertical beds in Alum Bay (Vide Quarterly Journal of the 
Geological Society, vol. ii.). Mr. Gardner also notices another 
hill similar in contour to that of Mengistbury, about three miles 
to the north of the Head. This, Sr. Catherine’s Hill, possesses, 
like the headland, similar physical features, being flat-topped 
and having abrupt escarpments on all side-’, and 160 feet high. 
Both the Uighcliff sand and the Mengistbury beds occur in this 
hill, showing their connection and continuity inland with the 
coast section. “The correlation of the Mengistbury Head series 
on the mainland with those of Alum Bay across the Solent 
admits of little doubt, and they Would appear to be represented 
at Alum Bay by the Uighcliff sands, 25 feet in thickness, and 
equivalent to bed No. 28 in Prof. Prestwich’s section. The 
Mengistbury Head beds appear to be the equivalents of bed No. 
27 in the Alum Bay section. The Boscombe sands represent 
beds No. 26 and 25 of Prestwich in Alum Bay, where they are 
1^0 feet thick. It can be conclusively seen from examination of

the cliffs in the Bay from Mengistbury to Bournemouth that there 
is a general sequence, and that the strata have an amount of dip 
or inclination, sufficient in so extended a distance to expose two 
complete series of beds, the upper series, being the continua­
tion of the Boscombe estuarine sands, too feet thick, and the 
lower series of sands and clays, of marine origin, which Mr. 
Gardner has provisionally termed the Bournemouth marine 
beds.” With Mr. Gardner’s paper in hand the most minute 
details of the coast may be followed (Loc. cit. 217-226 ), from 
the Head towards Bournemouth. These, both for physical and 
palxontological details, I must therefore refer to you, as giving 
step by step an analysis of the structure of the cliffs, and the 
flora contained in the clays and sandy scries of which they are 
composed. This flora of the Bournemouth bed 11 arine may be 
referred to the Middle Bagshot series, and the Bracklesham 
division, possibly representing the same stage in the Loudon 
basin, and it would appear from careful consideration of the 
Middle and Upper Bagshots that no Eocene beds younger than 
the Bracklesham arc met w ith in the London area, a geological 
fact of much significance as compared with the complete succes­
sion of the Eocene series as developed in the Hampshire basin, 
and that of their equivalents in the basin of Paris. Mr. Gardner 
believes that “the fossil plant remains of the Bournemouth beds, 
especially those in the marine series, are of the same age as 
tho e in the Bovey Tracey deposits, which have been wrongly 
assigned to the Miocene period, believing, in fact, that they are 
simply an outlier of the Bournemouth series, now 80 miles to the 
west,” but formerly and originally connected as a western 
extension of the Bournemouth deposits.

Comparison of the flora of the two areas shows a close 
affinity, if not identity of species, Usmunda lignata, Lastraa 
/lunbvyi, Palmacites diemonorops, the fruit, conifers, and dico­
tyledons being not only specifically identical, but occur in the same 
combinations and manner of preservation,” loc. cit. pp. 227, 
228. Polypodium, Chrysodium, Pteri', and Osmunda, amongst 
the ferns ; Eucalyptus, branches of Sequoia, po.ls and leaves 
of the Legumino x, Nipadites, Dryandra Cacti, Anona, 
J/ightea, &c., occur in the beds constituting the western termi­
nation of the Bournemouth marine scries. The fauna testifies to 
its marine derivation: the genus Osina, Area, Modiola, Tellina, 
Calyptrcea, Phorus, Natica, and Ceri hium. The Crustacea, 
through Callianassa, and a shore crab, with Bryozoa (Flustra), 
needs no other comment. The changing physical characters of 
the beds of the Bournemouth series, both horizontally and 
vertically, the mar.-hy character of the flora, “as represented 
by the ferns, aroids, Eucalyptus, &c., the patches of clay, in 
which the water-plants, ferns, &c., may have rooted, the local 
patches of ironstone, the intercalated marine beds and their 
fauna mingled with uni s, clearly shows that this was the debate- 
able ground between sea and river, beyond which to the west it 
would appear the sea never then penetrated.” In February of 
the present year, Mr. Gardner communicated to the Geological 
Society bis second paper on these Bournemouth beds, being a 
continuation of his former notice, but in this his researches are 
confined to the history of the “ Lower or Freshwater Series" 
(Quartc ly Journal of the Geological Society, vol. xxxviii.) of 
the Bourn.’mouth area. The author describes the geological 
structure of the Eocene cliffs as far as Poole harbour. All the 
strata between ILmnemouth and Poole harbour are of fresh­
water origin, and are highly interesting on account of the fossil 
flora recently obtained from them by Mr. Gardner—undoubtedly 
the most extensive, richest, and most varied hitherto discovered 
or extracted from the Tertiary formations. No less than nine­
teen species of ferns have been described from these beds. 
Only ten species have been met with in all the other British 
Eocene deposit-, including the famous Bovey Tracey beds, and 
three of these ten are also found at Bournemouth. Sir C. 
Lyell, in 1827, the Rev. P. B. Brodie, in 1842, Mantell, •“ 
1844, Prof. Prestwich, in 1847, Trimmer, in 1855, De 1* 
Harpe, in 1856, and Heer, in 1859, have all written upon the flor* 
and its associated conditions, origin, &c. In 1862, the Geologic*1 
Survey, through the Memoir by Forbes and Bristow upon the 
Isle of Wight, held the view that the fos-il flora of Bournemouth, 
Corfe, and Alum Bay, were identical, although few specie* 
were common to these localities. “The cliffs comprising the 
Bournemouth freshwater series extend from Poole harbour on 
the west, to beyond Bournemouth, and pre.-ent escarpment* 
averaging about too feet in height, composed of yellow, whlte> 
orange and black sands and clays, crowned with fir-trees or 
pine woods.



Mr. Gardner places these Bournemouth beds in the Middle 
Bagshots, drawing the line between these and the Lower 
Bagshots at the pipe-clay beds of Corfe, Studland, and Alum 
Bay in the Isle of Wight. This line of division is drawn on 
account of the great dissimilarity of the flora contained in each. 
The Bournemouth flora, which is distinct from the older, or 
Alum Bay series, passes up into the so-called Oligocene without 
any perceptible change or break ; but few, or none of the same 
species pass down or occur with the Alum Bay beds.

These Middle Bagshots are represented in Alum Bay by the 
unfossiliferous beds marked 19 to 24 in Professor Brest- 
wich’s section, (Quarterly Journal of the Geological Society, 
vol. x. p. 56,) and are 240 feet thick. Paleontologically, 
these beds may be correlated with the continental Eocene, pro­
bably those of Aix-la-Chapelle. The cliffs fronting the sea 
may be divided into three groups. The first extends from 
Poole Harbour to Bateman’s Chine, the second group extends 
from the Sugar-loaf Chine to Watering Chine, the third section 
or group extends from Watering Chine to the Bourne Valley.' 
The chief interest attached to the Bournemouth beds is the 
flora distributed chiefly through the Lower or Freshwater Series. 
None of the prevailing Alum Bay types are found at Bourne­
mouth, nor are any of the well known Bouremouth types found 
at Alum Bay, and according to Mr. Gardner, their affinities are 
completely with the floras ascribed in France to the Oligocene, 
and the forms of flora as at present known, chiefly Australian 
and tropical American.

The author has endeavoured to show that “a great river 
existed throughout the whole of Eocene times, bringing deposits 
from the westward, and that the Bournemouth cliffs present a 
section across its bed, these deposits being formed during a con­
tinued period of subsidence." The sudden change observed in 
the beds from fine to coarse sediment, and the thickness of the 
deposit, cannot be explained by the floods and fre-hets inci­
dental to changing seasons, but are such as would occur whenever 
subsidence exceeded, in however trifling a degree, the silting— 
up power of the river,” loc. cit. p. 13.

It is a question of impor'ance whether the continental floras 
similar to our own at Bournemouth have been correctly deter­
mined. “ For while all the strata that have yielded dicotyledo­
nous leaves or fruits below our Headen series are admitted to be 
Eocene, scarcely any of the beds on the Continent resembling 
them are ascribed to that age,” but to the Miocene. “ For as 
all Eocene floras approximate more or less to Miocene, it has 
been a kind of rule in the absence of stratigraphical evidence, to 
assume that all isolated patches with dicotyledons, belonged to 
the latter period, and had the stratigraphical evidence at Bourne­
mouth been inconclusive, the whole of that Eocene formation 
must also upon plant evidence (for we have no other) have been 
classed as Miocene.

The Lower Freshwater scries are seen in the neighbourhood 
of Corfe and some parts of the cliffs at Studland. It is 
characterised by abundance of pipe-clays, and is about 2CO 
feet thick.

The Middle Fseshwa'er series also occurs at Cofe and Stud­
land, and form the whole thickness of the cliffs between 
Poole Harbour and Bournemouth, thus constituting a fine 
section, 4 miles long and too feet in height,

The next series is marine, and about 400 to 500 feet thick. 
This marine group occupies the cliffs between Botcombe and 
High Cliff.

The Bournemouth flora appears to consist principally of 
trees or hardwood shrubs, few remains of herbaceous plants 
being preserved. The ferns are rare in the lower part of 
•he scries, but become more abundant, almost to the exclu­
sion of other vegetation, towards the close of the middle 
period.

The prevailing group appears to be that of Acrostichum, 
of which there were many species. Angio/dcris, Nepro- 
dium, Gleichenia, and Lygodium, and other undescribed forms 
occur.

Among the Conferee, Cuprcssus, Taxodium, and Daeri- 
dium, with indications of pinus. The Cycade seem to have 
di-appeared.

The monocotyledons are well represented by reeds and rushes. 
Fipadites, represents the screw pines. The pal s are very 
abundant, especially in the lowermost beds of Corfe and Stud­
land and the upper middle beds of Bournemouth ; many

for particulars of these three croups, see Quarterly Journal of the 
Ceolopcal Society, xxxviii. pp. 5-8.

Flaiellaria, Sahal, and F/urnicitcs, occur ; the Smilacesc 
occur in all the fossiliferous beds, and are represented by five 
or six species.

The Apetale, illustrated by Populus, Ulmus, Laurus, 
Quercus, Artocarpidium, and Daphnogena, with Carpinus, 
Fagus, Castanea, .halix, and Ficus, and numerous Proteaceae.

Elasodendron, Rhamnus, Pruttus, Juglans, Cluytia, Cerato- 
petalum, with Dodonaa, Celastrus, Eucalyptus, and many 
Leguminoscr, illustrate and characterise the Polypetale.

Cactus and Stenocarpus are added for the first time to the 
Eocene dicotyledons.

Mr. Gardner believes that we have probably represented 
almost every genus descended from Continental floras.

The Eocene flora presents us with types peculiar to the 
Southern Hemisphere, and related to those of Australia and the 
adjacent islands. We have examples of this southern flora 
through the Proteaceee, Leguminoscr, Conifera, and the Myrtacea, 
through Eucalyptus?

Isle of Wight.
The present rhomboidal form or configuration of the Isle of 

Wight is due partly to the unequal ac'ion of the sea on its coast 
line, and partly to those disturbances or movements which have 
thrown some of its strata into the positions exhibited at 
Scratchell's Bay, Alum Bay, and Whitecliff Bay.

The rapid waste of the cliffs going on at Sandown and 
Freshwater Bays is due to the action of the sea, the Lower 
Greensand and Wealden strata there exposed being more easily 
destroyed than the chalk.

The leading physical feature in the structure of the Isle of 
Wight consists in the ridge of high and bare chalk downs near 
the centre of the island extending from the Needles on the west 
to Culver Cliff on the east. Another chalk range parallel to the 
former, but on the south of the island, extends from St. 
Catherine's Down on the west to Boniface Down on the cast. 
In the space occupied between these two chalk ranges or upper 
cretaceous rocks, there occurs the complete succession of the 
lower cretaceous and lacustrine Wealden groups, comprising the 
Hastings sand and Weald clay exposed at Compton Bay and 
Rock Point on the west, and Sandown Bay on the eastern side. 
The central ridge is depressed and cut through by transverse 
valleys ; such occur at Freshwater Gate, Shalcombe, Calbourn, 
and by the Carisbrook, Medina, and Brading valleys. “All 
these breaks may possibly be on lines of faults running or 
cutting through at right angles to the strike of the chalk.”

The part of the Isle of Wight which lies to the north of the 
central chalk range is entirely composed of the older Tertiary or 
Eocene strata. The only fault of magnitude known in the 
island is that occurring along the line bf the Medina valley. 
Those on the eastern side of the river are the Ileadon, Osborne, 
and St. Helen’s series. The rocks at West Cowes, or west of 
the Medina, belong to the Bem ridge marls or fluvio-marine 
series. “ From the known thickness of the several groups the 
amount of displacement which takes place on the line of fault 
between East and West Cowes, or along the Une of the Medina, 
cannot be le s than 200 feet.”

The longitudinal undulations affecting or disturbing the 
Tertiary strata north of the chalk ridges are less obvious than 
those above described. The chief flexures which are in imme­
diate sequence with the chalk are exhibited both at Whiteclift 
and Alum Bays, where the Lower and Middle Tcrtiaries are 
inclined at very high angles.

The first set, or the east and west undulations, are connected 
with the movement that elevated the chalk vertically. The north 
and south undulations also affect the chalk, since each north and 
sou h valley formed by the synclinal curve or hollow of the roll, 
corresponds to the division between the two chalk downs, and 
each down to an anticlinal. All the Lower Tertiary strata, 
including the fluvio-marine beds, arc affected by these move­
ments.

The gravel beds, which rest upon the older Tertiary strata, 
whether the oldest or higher level gravels, or the newer, such as 
those which occupy the combes and transverse va’leys, arc un­
affected by these movements, showing that their origin is subse­
quent to the disturbing forces which affected the Secondary and 
Tertiary rocks below them or on which they rest.

1 Mr. Gardner has been greatly aided in his floral researches by Constantin 
Baron Ellingshausen, Ph D., who has brought to bear his great knowledge 
of fossil plants and their distribution through the higher Tertiaries. The 
joint monograph by Mr. Gardner and Ettingshausen on the “ British 
Eocene Flora,1’ in the Palxonto^raphical Society’s volumes for 1879 are 
of the highest value to Palxobotanicaf students.



Lower Tertiary Strata ok the Isle ok Wight.
The Lower and Middle Eocene strata of the Isle of Wight, 

especially up to the base of the fluvio marine series, may be 
better studied in the cliffs in Alum Bay and Whitecliff Bay than 
in any other part of the island.

In these remarkable sections the whole of the strata from the 
chalk to the fluvio-marine formation are displayed in unbroken 
succession.

Plastic Clay.
“The lowest member of this group of strata in the Isle of 

Wight is the Plastic Clay, or Woolwich and Reading series of 
Mr. Pre twich.” These beds are best examined in Whitecliff 
Bav and Alum Bay, especially the former, where the mottled 
beds are well exposed. No fossils have occurred in the plastic 
clay of the island. Seven beds have been recognised, the whole 
measuring 85 feet; they constitute a narrow belt striking across 
the island, resting on the chalk.

The London clay succeeds the plastic clay, and also foi ms a 
narrow belt extending across the island from the west coast at 
Alum Bay to the east at Whitecliff or Culver Cliff; its thickness 
is about 200 feet. A band of flint pebbles only 2 inches thick 
divides the plastic clay from the London clay, representing the 
basement bed of Mr. Prestwich. Nowhere in Britain can the 
London clay be so advantageously studied as at Whitecliff Bay, 
or where the characteristic fossils are better exposed. Twenty- 
five to thirty characteristic species may be collected here. 
Amongst others may be named Pinna afinit, Pectunculus 
brevirostris, Pholodamya margaritacea, Panopea intermedia, and 
Modiola elegant. Theannelida Ditrupa plana belongs es-entially 
to the London clay.

Middle Eocene.
Lower Bagshot Beds.

Joshua Trimmer, in 1850, first applied the term Bagshot to the 
whole series of strata in Alum Bay arid Whitecliff Bay. dividing 
it into upper, middle, and lower, thus correlating it with the 
corresponding series in the London area which had been 
previously established by Mr. Prestwich.

The Lower Bagshot beds are greatly developed in the Isle of 
Wight, attaining a thickness in Alum Bay of 660 feet, the most 
important Geneva being Elreodendron, Taxites, Qtiercus, Juglans, 
Daphnogene, Laurus, Cmsalpina, Cassia, Ficus, Dryandra, 
Rhamnas and Sabal, &c. They comprise a series of variously- 
coloured unfossiliferous sands and clays, with acc impanying iron 
sand tone and clay. These l ist bed. are in one place crowded 
with the leaves of sub-tropieal land plants illustrating no less than 
19 families, 26 genera, and about 50 species. The Araliacea, 
Casuarinacea, Celastracea, Conifera, Cornacca, Cunoniacta, 
Cupulifera, Cycada, Eb<mcea, Enphorbiacea, fuglanda, 
Laurineo:, Leguminosa, Morea, Palma, Pnteacea, Rhamnea, 
Sapmdacea, and Tiliacea. The same strata at Bournemouth 
and Corfe Castle in Dor.-etshire exhibit an identical but also 
richer flora. Out of the great series found at Bournemouth 
through the researches of Mr. J. Gardner, fifteen or sixteen 
species occur in the pipe clays of Alum Bay. As a whole they 
indicate a rather high temperature. The flora of the Lower 
Miocene beds, well known in Central Europe, has some affinities 
with that of our Hampshire basin.

The tropical or sub-tropical character of the London clay 
plants was long ago worked out by Dr. Bowerbank, but it was 
reserved for Dr. De la Harpe to carry his comparison into the 
Middle Eocene bed--, and to show that there had been only a 
moderate decrease of temperature, so far as plants could show, 
in the time occupied by the deposition of the Bagshot or 
Bracklesham sands. The marine fauna of the same period fully 
bears out this conclusion, there being no essential difference 
between the fossils of the London clay and those of the Bagshot, 
or even the Barton beds, which would indi ate a marked change 
of climate.

The flora of the Alum Bay beds is especially distinguished by 
the number and variety of its Leguminoste. The plant contents 
of the Lower Bagshot beds of Alum Bay approximate to that of 
the London clay by the predominance of plants of this family, 
forty-seven species of which were obtained by Mr. Bowerbank.

The junction between the London clay and the I^ow er Bagshot 
is clearly seen in Whitecliff Bay. The brown ferruginous clay 
representing the former, and the latter by pale grey or white 
sands about 40 feet thick. In the 640 feet of these Lower Bag­
shot beds at Alum Bay no other fossils are known than plants, 
and about 60 species occur.

Middle Bagshot Series. 
Bracklesham Beds.

The strata comprised between the sands at the base of Headon 
Hill, and the pipeclay bearing sands and clays (Lower Bagshots), 
overlying the London clay, are subdivided into Bar on clay and 
Bracklesham beds. The Bracklesham beds in Alum Bay are 
represented by clays and marls in the lower part, and by white, 
yellow, and crim-on sands above. The lower beds are remark­
able for the quantity of lignites, coaly or vegetable matter con­
tained in them, constituting beds from 15 inches to 2 feet in 
thickness. The black and c >al-bkc appearance of four of these 
beds are conspicuous and marked objects in the cliff, and deter­
mine the position of the Bracklesham series.

The uppermost beds of the series, or the yellow, white, and 
crimson sands, are totally devoid of organic remains, or are un- 
fossiliferous. At Whitecliff Bay the lower part of the Bracklesham 
beds are green, clayey sands, containing Venericardia planicosta, 
Turritella imbricataria, Hummulites lavigattu. Six zones of 
fossils nre there recognised. A hard bed of conglomerate 
composed of rounded flint pebbles in a ferruginous cement is also 
a marked feature in the cliffs at Alum Bay, defining the division 
between the Bracklesham and overlying Barton clay.

Barton Clay,
The Barton series, contpo-ed of sandy clays and sand with 

layers of septaria, is sufficiently shown in Alum Bay, where it 
attains a thickness of 300 feet, and is rich in fossil remains, the 
whole of which are marine, 48 genera ; and 90 species of 
mollusca alone have occurcd at Alum Bay.

At Barton Cliff, on the mainland, or opposite coast of Hamp­
shire, a rich and abundant marine molluscan fauna occurs. The 
lower beds at Alum Bay contain Valuta luctatrix, Ximella, 
(Roitellaria) rimosa, Conus or Conorbis dormitor, and Fusus 
longavus, with Crassatella sulcata, &c.

Upper Bagshot Sands.
These are the unfossiliferous sands below the Lower Headon 

beds, used extensively for glass-making, which may be 150 feet 
thick at Alum Bay. In Whitcclifl Bay the junction between the 
Upper Bagshot sands and the Barton clay is sharp and well 
defined ; a few casts of fossils occur here, but are in so friable a 
state that they cannot be removed.

Examination of the cliffs at Alum Bay will at once show that 
the (strata from the chalk to the Upper Bagshots are highly 
inclined, caused by the force that produced the anticlinal axis 
which traverses the i-land east and west, and this axis brings to 
the surface the Wealden beds in Brixton and Sandown Bay , 
thus revealing the extent and continuity of the Wealden scries, 
and determining its presence westward to the Isle of Purbt ck 
along the same east and west line of elevation. Eastward of the 
Isle of Wight this axis is lost under the waters of the English 
Channel, and we have no visible proof of its influence towards 
Beachy lie d ; it may have aided in preparing a weakened line 
for the cour.-e of the Channel towards the .Straits of Dover. 
These beds at Horwell Cliff have been the subject of a notice 
by Mr. Tawney in the “ Proceedings of the Cambridge Philo­
sophical Society,” and will be referred to in the latter part of 
my address.

Fluvio-marine Series.
Of the fluvio-marine strata of the Isle of Wight, the Bembridge 

series is by far the most constant in lithological characters. The 
lower part, calcareous (marineand freshwater.) The upper part 
(largest) consist of alternations of marls and laminated clays.

By far the larger portion of the Tertiary surface of the Isle of 
Wight is occupied by the Bembridge series, which overlie the 
Headon beds, or Headon Hdl group. Stratigraphically, or in a 
scientific point of view, they possess high interest, being re­
presentatives of extensive continental formations, through which 
we are enabled to correlate or throw considerable light on the 
classification of foreign Tertiary strata.

Through these Bembridge strata we arc also made acquainted 
with and acquire much information respecting the terrestrial 
fauna of our own area during the later portion of the Eocene 
epoch. . ,

Paheontologically the Upper Bembridge marls are characterised 
by the abundance of Melania turritissima These marls are 
finely shown in Whitecliff Bay, on the shore at Hempstead, and 
at Thorness, containing Cyrena fulchra.

The upper beds of the second group are exposed in *h"- 
clearest manner through fine sections at the same places an 



also at, or near Brading harbour, below St. Helen’s. Remains 
of Trionyx, or the fresh-water tortoise, large cerithia (C. vari- 
abile), and Cyrena pulchra characterise these beds.

The third group, or the Bembriilge oyster beds, forms ‘ a 
narrow but constant band between the marls and the limestones. 
Marine conditions set in here, characterised by the abundance of 
Ostrea vectensis, Nucula similis, Cytherea incrassata, Mytilus, 
and Cerithium. These beds were long mistaken for the “upper 
marine" or Middle Headon strata. At Whitecliff Bay and 
Brading harbour this group may be advantageously studied.

The fourth subdivision, or Bembridge limestone, includes 
those beds exhibited at Binstcd, Cowes, Calbourn, and Sconce 
(but not the limestones of the Headon series). It is important to 
remember this when correliting the British Upper Eocene 
deposits with those of the Continent.

This remarkable limestone in Whitecliff Hay, forms a con­
spicuous feature in the cliffs ; it is also the marked feature at 
Bembridge ledge. When closely inspected it is found to be 
composed of a number of distinct beds or strata. In ascending 
order we readily recognise seven divisions, each characterised by 
freshwater mullusca and some few land plants.

Bed No. I. Concretionary limestone containing the fresh­
water plant Chara tuberculata, with Lymnata 
longiscata.

„ 2. Greenish marly clay, Lym. longiscata and
Planorbis.

, , 3. Compact creamy yellow limestone, Lym. longis­
cata and Planar bis oligyratus.

, , 4. Pale marly limestone, compact in places, full of
Paludina globulouies, Lym. longiscata, Hyd- 
robia, and Cyclostoma mumia.

„ 5. Greenish white limestone, concretionary and
fossilifcrous, containing Lym. longiscata, 
Planorbis discus. P. rotundatus, P. Sowerbyii, 
P. obtusus, Helix occlusa, Helix labryrinthica.

, , 6. Crumbly white marl, with globular concretions,
Chara tuberculata, Planorbis obtusus.

„ 7. A similar bed to 6, with Planorbis discus. The
whole about 25 feet thick.

The strata along the coast and section are in many places 
beautifully shown, and present peculiarities not elsewhere seen 
in the island.

The difference between the upper and lower portions of them 
is considerable, and may be separated—

1. The Upper, Forbes termed the St. Helen’s Sands.
2. The Lower, the Nettlesome Grits.
The St. Helen’s Beds, or Osborne and St. Helen’s.
These lie between the Upper Hetdon series proper, containing 

Potamomya and the Bembridge limestones. The-e beds are of 
freshwater and brackish-water origin.

Paludina (P. lento), Melania (M. costata, M. excavata), 
Melanopsis brevis and M. carinata. Chara Lyellii is the 
Gyrogonite of this limestone band, which on the east side 
divides the Upper or Nettlestone beds from the Lower or 
St. Helen’s sands.

Between the Bembridge limestone and the bracki h- water beds 
with Potamomyte, that terminate the Headon beds, a great series 
of stra'a intervenes, which on account of their mineralogical and 
pakeontologieal peculiarities, deserve and hold an intermediate 
position between the middle and upper Eocene strata.

Osborne Series in Whitecliu’ Bay.
Thickness 100 feet.—Dark red clays and bright red and 

variegated clays occur. (Helix occlusa, Planorbis discus, and 
Lymnaa longiscata.)

Osborne Series between St. Helen’s and Ryde.
Between Brading Harbour and Ryde sections occur, and on 

shore are seen the rocky ledges below Seafield, and from St. 
Helen’s to Nettlestone. At Watchhouse Point, below St. 
Helen's, the Bembridge limestone forms an extensive arch.

Headon Series. 170 febt thick.
Best sem al Headon Hill, Colwell Bay, and at Whitecliff Bay, 

and their lowest divisions at Hordwell. Everywhere Planorbis 
euomphalus characterises the fresh water bands.

Potamomya plana, and Cerithium pseudocinctum abound in the 
brackish-water beds. Cytherea (Venus) incrassata, accompanied 
by many shells, occur in the marine division.

The group may be divided into three sections, Upper, Middle, 
and Lower Headon.

Upper Headons.—These constitute the greater portion of the 
Upper Freshwater series. The mass of freshwater limestone in 
Headon Bill belongs to this section. Brackish in the upper part, 
abounding in Potamomya and Cyrena obovata, at Cliff End they 
contain a cyrena (like C. pulchra). Cerithium trizonatum occurs 
here abundantly, and Bulimus politus and Melania muricata 
abound.

Middle Headons. “ The Headon inter marine or Upper marine 
formation."—At Headon Hill these deposits were deposited 
under brackish-water conditions, for, although Ostrea, Cytherea 
incrassata, Nucula de/toidea, Natica depressa, Buccinum labiatum, 
and other sea shells are common, the upper and lower beds 
abound in Cerithium ventricosum, Cerithium concavum, Ceri­
thium pseudocinctum, Neritina concava, Nematura, Spc. which 
arc brackish or estuarine. A short distance further north, in 
Colwell Bay, the upper and lower beds contain brackish-water 
shells ; but the central part assumes a distinctly marine character. 
Ostrea velata, S. Wood, is a characteristic species with numerous 
marine genera, many of which arc of Barton types. This central 
part is known as the “ Venus bed," from the presence of Cytherea 
incrassata. The marine character of the Middle Headon beds is 
still more strongly marked at Whitecliff Bay (22 genera). The 
lower portion of this series at Whitecliff Bay contains many 
Brockenhuist species, but at Colwell Bay we have no evidence 
of characteristic species from this horizon, or in the western side of 
the island.

Lower Headons, fresh and brackish-water series.
These beds arc 70 feet thick in Totland Bay, and 40 feet thick 

in Whitecliff Bay.
They consist of fresh and brackish-water beds abounding in 

fossils resembling those of the upper division. Unio Solandri 
and Cyrena cycladiformis occur here and are characteristic.

At Headon Hill the thick bed of limestone in the Upper 
Headon is conspicuous in the cliffs, but it thins out rapidly 
towards the north and disappears in an easterly direction. The 
Lower Headon contains a much less thick limestone at Headon 
Hill, and it is represented by the band forming How Ledge 
between Colwell and Totland Bays. 120 species have been 
obtained from the Headon series ; 104 mollusca, 9 Crustacea, 
4 annelids, and three plants, land, freshwater ; and marine the 
fossils of the Headon fluvio-marine series, are 2, gasteropoda;

pclycipoda; polycipes 1, balanus 1, Crustacea J, plants j, 
fish^.

Professor Judd, in a paper communicated to the Geological 
Society in May, 18S0, on the Oligocene strata of the Hampshire 
basin, having reference to the beds at Headon Hill and Colwell 
Bay, in the Isle of Wight, endeavoured to show that the Colwell 
Bay marine beds are not, as has been hitherto supposed, the 
equivalents of those of Headon Hill and Hordwell Cliff, butthat 
they occupy a distinct and much higher horizon in the Eocene 
series. Assuming this to be the case, a new classification and 
nomenclature for the U pper Eocene series of Britain was proposed 
by the author (Quarterly Journal of the Geological Society, vol. 
xxxvi. 1880.)

Professor Judd traced the history of previous opinion upon the 
succe sion of the Tertiary strata down to the time of Professor 
Edward Forbes and the Geological Survey, with the subsequent 
labours of Mr. Bristow . Edward Forbes confirmed the previous 
determinations of Professor Prestwich in his el .borate researches 
in the Isle of Wight Tertiarics. Forbes’s life, however, was not 
spared to enable him to complete his researches in this division 
of the British strata ; his attention was chiefly confined to the 
four uppermost Eocene members, or the Hempstead, Bembridge, 
Osborne, and St. Helen’s, and the Headon beds. These 
divisions were accepted and worked upon as a basis by the 
Geological Survey. With regard to these strata, Forbes main­
tained, as almost all previous observers had done, that the beds 
at Colwell and Totland bays are on the same horizon as those at 
the base of Headon Hill and nt Hordwell Cliff.

Professor Judd’s view has been questioned and refuted by 
Messrs. Tawney and Keeping, in an elaborate paper also read 
before the Geological Society in May, 1881, (Quarterly Journal 
of the Geological Society, vol. xxxvii. 1881.) and in a subsequent 
communication to the Cambridge Philosophical Society in the 
same year, “On the Beds at Headon Hill and Colwell Bay in 
the Isle of Wight.”

The importance of a correct reading and classification of these 
Middle Eocene strata in the Isle of Wight, ai d their correlation



with beds of the same age in France, Belgium, and Germany, 
cannot be overlooked or over-estimated, and often as it has been 
attempted, the papers by the two above-named authors have still 
greatly added to < ur know ledge of the stratigraphy of the Eocene 
series of the Isle of Wight. It is impossible to dispute the 
validity of their researches and value of their sections. The 
publication of Mr. Judd’s paper disputing the correctness of 
Forbes’s work and that of the Geological Survey, and the pro­
posal of a fresh classification, drew immediate attention to the 
labours of the older authors, but especially that by the Geological 
Survey—which was answerable for the latest, indeed the only 
known extended and complete analysis of the Upper Eocene 
strata of the Isle of Wight.

We owe a debt of gratitude to the late Mr. F. Edwards and 
Mr. S. V. Wood, for tneir valuable additions to our knowledge 
of the palm-ontology of the fauna of the fluvio-marine beds of the 
Hampshire basin. Since the publication of Professor Forbes’s 
memoir upon the Isle of Wight, the tnolluscan fauna alone is at 
least three times as great as noticed by him, and since which the 
remarkable fauna of Brockenhurst in the New Forest, discovered 
by Mr. Edwards, has been carefully studied by Von Konen for 
the mollusca, and Dr. Duncan for the corals. These naturalists 
have shown the relation an I agreement of this fauna w ith that of 
the Lower Oligocene in North Germany. This Brockenhurst 
fauna is also identical with certain strata at the base of the 
Middle Headon beds at Whitecliff Bay, in the Isle of Wight.

Professor Judd in his paper de cribes the s'ra'igraphical 
positi >n of the Colwell Bay and Headon Hill beds, and their 
relation to each other, pointing out what he believed to have been 
an error on Forbes's part, relative to the correlation of the “ Venus 
bed ” nt two places, in what is really a continuous section, 
Edward Forbes and the Geological Survey having carefully and 
correctly determined that only one set of marine strata occurred 
between the two brackish or estuarine and freshwater scries. 
This fact has been again most carefully worked out by Messrs. 
Tawney and Keeping, leaving no doubt as to the interpretation 
and accuracy of the w ork of Forbes and the Survey, and estab­
lishing upon a firmer basis the continuity and equivalency of the 
Colwell Bay and Headon Hill marine series, through the “Venus 
bed,” all being strut igrapbically and pulaeontologically the same. 
Professor Judd insists upon 250 feet of strata intervening 
between the Bembridge lime-tone and the marine band of Headon 
Hill, but Forbes and the Geological Survey in their section 
show less than one half of that thickness. Recent research con­
firms this view. At pp. 148-150, the author also endeavours to 
how that palmontological evidence is in accordance with, and as 

complete as the stratigraphical. This of course is based upon 
the belief that both are read or interpreted rightly. The com­
parison is between the collective fauna of Whitecliff, Colwell 
Bay, and Brockenhurst on the one hand, and Htadon Hill and 
Hordwell on the other hand, but Messrs. Keeping and Tawney 
have shown the illogical nature of conclusions drawn from such an 
admixture of beds. Each bed should be compared separately.

Professor Judd (on pp. 150-164) correlates the British fluvio- 
marine strata with that of the Continent, adding at p. 153 of 
this paper a list of his so-called Brockenhurst species from 
Whitecliff Bay, Colwell Bay, Brockenhurst, and Lyndhurst, 
with those species common to the Barton beds below and Hemp­
stead series above. This so-called Brockenhurst, but really 
Middle Headon fauna, numbers 84 genera, and 187 species (6 ; 
are MS. names). Four of the 13 corals of the Brockenhurst 
beds also occur in, or are representatives of the Oligocene stra a 
of North Germany, This conclusion was arrivid at by Dr. 
Duncan, independently of the work of Von Konen upon the 
mollusca in the same beds.1 The author also prepared a list of 
the Hempstead or so-called Middle Oligocene fauna, in which no 
less than 40 genera and lot spee’es are named, 40 of these are 
manuscript names, by Mr. F. Edwards, thus reducing the de­
scribed fauna to 61 species. The sub-division and nomenclature 
of the series is next given, and the author proposed to extend 
the “ name of the Headon series, so as to embrace all the beds 
between the Barton and the Brockenhurst series, and to call all 
those strata said to belong to the zone of Centhium eonravum 
the Headon group,” doing av ay with the smaller subdivi-ion of 
Lower, Middle, and Upper. To all the beds between the 
Brockenhurst and Hempstead series Mr. Judd w uld apply the 
name Bembridge group ; including the series both above and

1 A. v. n KOncn on “ The Correlation of the Oligocene Deposits of 
Belgium, Northern Germany, and the South of England.” Quarterly 
Journal 0 the Geological Society, vd. xx. p. 97.

below the “ Bembridge series of Edward Forbes, nnd also beds 
referred by him to the base of the Hempstead, the Osborne and 
St. Helen’s, and to the Upper Headon.” Such a proposal 
labours under the error of altogether failing to recognise the 
position which the Brockenhurst fauna occupies in this interesting 
series Professor Judd in fact places the Brockenhurst beds not 
only above the Middle Headon, but above the Upper Headon 
and Osborne beds of Headon Hill. It occupies, however, in 
fact, a place at the base of the Middle Headon, as is well seen 
at Whitecliff Bay, and Brockenhurst itself.

This change in the nomenclature and classification has not 
met with approbation, and is strongly opposed by Messrs. 
Tawney and Keeping in their exhaustive paper, and by Mr. 
Lucas in his con munication to the Geological Magazine, (Geologi­
cal Magazine, decade ii. vol. ix.) Me srs. Keeping and Tawney 
elaborately defend the labours and views of the Geological 
Survey, giving a mass of evidence, both as to the order of the 
strata and the distribution of life forms, c'early showing that the 
relations of the whi le gtoup can I e determined by examination 
of the continuityof the Colwell Bay and Headon Hill beds, and 
that the brackish marine beds of Colwell Bay correspond with the 
brackish marine beds of Headon Hill in every essential particu­
lar, being, in fact, one continuous and unbroken si quence, as 
laid down by the Geological Survey, and which the author.- have 
again so clearly demonstrated in the text <f their Memoir, and 
laid down in their clear and continuous section from Cliff End 
or Lyrichen Chine to near Alum Bay Chine, and synthetically 
proved in their vertical sections.

The following general and condensed description ■ r analysis 
of the IL adon series of Holwell Bay and Headon Hill, a« given 
by Messrs. Tawney and Keeping, will aid those wishing to 
examine the section, prior to reading or posses-ing themselves of 
the original paper in the Quarterly Journal of the Geological 
Society, vol. xxxvii. or that of Profe-sor Judd, loc. cit., Note I.

Vertical Section at the North-east Corner of Headon Hill.— 
One hundred and ten feet of stra a occur fix m the top of the 
Bembridge I imestone to the top of the Great Litne tone (Upper 
Headon). The Brockenhurst series does not exist here. Not 
a single marine fo-sil occurs in that interval. Nor is there any 
bed having the least re-emblance either lithologically or pa'sc- 
ontologically to the Colwell Bay Venus bed.

The Upper Headon at Headon Hill measures 50 feet and con­
tains the thick Lymrtcan limestone (27 feet), 'ihe united or 
combined thickness of the Osborne and Upper Headon beds 
(Ge logical Survey) is 119 feet, i e. adopting the top of the 
Cerithium ventricosum bed as the boundary. The Osborne beds 
at Headon Hill arc below the Bembridge limestone and extend 
up to it, so there is no room.

The Middc Headon.—The uppermost and lover portions of 
the Middle Headon arc brackish-water beds abounding in 
Cerithium ventricosum, C. pseudocinctum, C. concavum, Neritina 
concava, and Nematura. The beds or series in Headon Hill 
richest in Cytherea incrassata (Venus bed proper), exhibit identi­
cally the ame fossils as at Colwell Bay.

Below the oyster band in grey randy clays is the Venus bed, 
extremely rich in marine fossils. Cytherea, Mya, Mactra, 
Corbicula, Nucula, 7rigonoeadia, Fusus, Canrellaria, Valuta, 
Vicarra, und Natica ; Mya angustata and Cytherea incrassata 
scattered throughout and abundant. The Middle Headon of 
Headon Hill is 32 feet thick. The Survey vertical section gives 
35 feet for the same boundaries. The height of the Middle 
Headon above the sea level at the north-east end is 72 feet, and 
not below the sea level, as seems required on Professor Judd’s 
theory.

Lower Head in,—The first bed is a Lymrtca lime-tone, and is 
the same well-known bed which forms the top of the Lower 
Headon in Warden Cliff. It is traceable to How Ledge, where 
it disappears below the sea, and clearly shows by its course that 
it is the How Ledge bed of Warden Cliff. Although this lime­
stone is denuded from the top of the anticlinal curve between 
West n and Widdirk Chines, some of the 1 over beds are 
traceable the whole distance; accordingly ve can join on the 
section in Headon Cliff to that in Warden Cliff. This gives a 
continuous section and series of beds from the lowest seen of 
the Lower Headon, through the Middle and Upper Headon of 
Colwel Bay to the Bembridge limestone both north and south. 
There is therefore only one marine (Middle Htadon} series lying 
between two fre hwater series, or “the Lower and Upper 
Headon.” The Rev. O. Fisher has discovered the Venus bed 
in the Totland Bay brickyard, some sh rt distance above anti



behind the top of the cliff, between the chines. This being the 
only part where it is missing from the cliff is proof of its con­
tinuity from Warden Cliff to the north-east corner of Headon 
Hill.

The authors describe in the most careful manner the Lower 
Headon beds of the cliffs between We t nt and Widdick Chines, 
much of the space in which is hidden by grassy slopes, but the 
connection cannot be doubted.

The Lower Headon 0/ Wa'dcn Cliff.—“ The lowest I eds of 
this series are seen below the Totland Bay H del at Weston 
Chine, and all are below the Venus bed. A remarkable feature 
in the -lowest portion are five thin Lymnatan limestones, con­
taining chara seeds. These five limestones at low wa-er form 
five submarine ledges parallel to the great ledge at Warden cliff” 
(Warden ledge). Above the e five beds and the sands containing 
Potamoma comes the concretionary calcareous sand rock which 
forms Warden Ledge. It crops out at the top of the cliff 
below the flagstaff ot the coastguard station. Succeeding these 
is the Unio bed {U. Solandri} and associated with Melania 
turritissima. The How Ledge limestone succeeds and forms 
the summit of the Lower Headon series. This limestone is 
denuded away in the centre of Totland Bay, where we have 
evidence and may infer the summit of the anticlinal t > be near 
the old wooden pier. The thickness of the Low er Headon in 
Warden cliff is 72 feet, and from that to 87 feet before reaching 
the yellow sands of the U pper Bagshot.

The whole of ihe cliffs between West n and Widdick Chines 
ara occupied solely and throughout by Lower Headon beds, and 
the Colwell Bay marine bed extends all through Warden point 
and cliff, where it rests upon, or is supported by the How Ledge 
limestone. Between Warden Battery and Weston Chine the 
Colwell Bay marine bed ( Middle Headon) is maintained in all its 
integrity.

Middle Headon of Colwell Bay.—“The Neritina bed at the 
south-west end of the bay is well seen a little short of Colwell 
Chine. Above this comes the richest part of the ‘ Venus bed ’ 
—the fossil in which (Cytheria incsassata) strew the tumbled 
clays and commingle with recent shells on the shore.” Ostrea 
velata, as at Headon Hill, is abundant above the part richest in 
Cytherea. This oyster occurs in vast abundance in the centre of 
the bay between Colwell and Bramble Chine-, crowding out 
other fossils and forming a massive oyster bank about 20 feel 
thick. The Venus bed here is altered in character, and abun­
dantly occurring with Cytherea incsassata are Murex srxden- 
tatus, Pisania labiata, Natica labellata, Nerita aperta, Ccnthium 
variable, and Ostrea velata."

Upper Headon of Colwell Bay.—The horizon of Cyrena 
Wightii is a marked feature here, associated with Corbicula 
obovata; Cerithium triwnatum also occupies one horizon just 
below the buff-c doured Lymnise limestone forming a narrow­
band with green clays ; Serpula tenuis is equally char, cteristic, 
occurring at the same horizon both here and at Headon Hill, 
viz. in the Upper Potamomya clay just above the Lymntea lime­
stone.

Palaeontological Evidence
Having noticed the stratigraphical successi m of the several 

divisions in the beds at Headon Hill and Colwell Bay, I now 
proceed to draw at ention to the distribution of the fossils,

The authors of the paper have di-cussed the question as to 
whether the Colwell Bay has any more affinity with the Brocken- 
hurst fauna than has the Headon Hill bed ; and they compare 
the fauna both of the Colwell Bay and Headon Hill marine 
beds. This they do by separating in tabular form the fauna of 
all the localities which are to be compared together. The 
splendid collection of Tertiary fossils belonging to the late Mr. 
F. Edwards, and now in the British Museum, has formed the 
basis of their comparison, while their own researches have added 
occurences still more conclusive as to the correlation of species 
in the areas under examination and consideration. The authors 
obtained during their re earch in the Isle of Wight many species 
in the marine bed at Headon Hill which do not exist in the j 
Edwards collection from that locality. “Ihe test as to the 
contemporaneity of the beds in question is not to be obtained 
from the rarer forms only, but from a comparison of the 
commoner and more characteristic species.” No less than fifty, 
eight species were obtained by the authors from the Middle 
Headon of two localities, Colwell Bay and Headon Hill, nine­
teen of which appeared in and came up from the Barton beds, 
and with seven exceptions all the fifty-eight forms came from 
both horizons.

It has been stated that the “strata at Colwell Bay ase of 
purely marine origin, while the so-ca led Middle Marine beds ot 
Headon Hill and Hordwell Cliff are of totally different character. 
Mes rs. Tawney and Keeping obtained from the marine series at 
Colwell Bay the brackish-water genera Cerithium, Cyr.na, 
Hydrobia, /ymnaa, Paludina, Pianos bis, Melania, a d Me- 
lanopsis, although said to be Lund only at Headon Hill. It has 
also been stated that certain species of Cerithium are confined 
to Headon Hill, and do not occur in Colwell Bay, and that 
through this serious errors in our cla-silication have been 
detected, as well as in the correlation of the strata under 
consideration.

'Ihe presence of Cerithium concavum in the Venus bed al un- 
dantly at Colwell Bay, and we may add from private infoima- 
lion from Mr. Keeping that he hrs found it also at Whiteclift 
Bay in the same position, removes all doubt as to the non-occur- 
rence of the z< ne in that locality. As has been stated, the 
species is not so common as at Headon Hill.

There is but one marine bed, and that is known only in the 
Middle Headon. The place of the Brockenhurst bed is at the 
lowest horizon in the Middle Heador, but it does not appear at 
Colwell Bay or anywhere in the west end of the island.

Middle Headon of Whited ff Bay. It has been stated that the 
Colwell Bay bed is placed in the Brockenhurst, which is said to 
occupy a higher horizon than the Headon Hill and Hordwell 
marine bed. The true place of the Brockenhurst fauna in the 
Isle of Wight is confined to one zone, and that at the base of the 
the Middle Headon serie--, and only at Whitecliff Bay or in the 
New Forest.

The Geological Survey do not mention by name the Brocken­
hurst bed in their verticil section [Sheet 25] of Whitecliff Bay, 
as its peculiar fauna had not been r-cognised at that time. It is 
easily identified, however, in their section as the basement bed of 
their Middle Headon, the whole of which is given as 90 feet 
thick.

Brockenhurst Zone al Whitecliff Bay.—At the time the Gec- 
logicil Survey section was ma le, this bed at Brockenhurst was 
unknown, and its fauna undescribed. Subsequent observers 
have recognised the Brockenhurst fauna in the lowest bed (2 
feet thick) of the Middle Headon at Whitecliff Bay. Sixty-nine 
species arc known here, and 104 occur at Brockenhurst.

Affinities of the Brockenhurst Fauna.—If we take the whole 
Brockenhurst fauna, including the lighteen corals (special to the 
zone) we obtain a total of 151 species, of which from 74 to I 1 
pass up from Barton.

Mes rs. Tawney and Keeping supply a list of 53 species from 
the Brockenhurst zone obtained from the Whitley Ridge Rail­
way Cuttiig, New Forest. Fifty-one of these 53 forms have 
occurred in the 2-foot bed at Whitecliff Bay, 27 of which pass 
up from the Barton or Bracklesham beds.

The palaeontological evide ce therefore accords with the 
stratigraphical.

Rdationof Colwell Marine to Brockenhurst Fauna.—Examina­
tion gives us 29 per cent, of Barton forms in the Colwell Bay 
bed. In the Brockenhurst bed the ratio was a'-out 50 per cent , 
and in the Headon marine bed, 29 per cent. Examination also 
of the more characteristic Colwell and Headon marine fossils 
shows that these faunas are practically identical—and also shows 
that only certain Brockenhurst species occur at Colwell Bay, and 
n >t at Headon Hill. They are Scalaria lessellata and Tellina 
affinis, this latter a Barton Crm, while those occurring at 
Headon Hill, and not at Colwell Bay, are Marginella testuarina 
and Cardita paucicostata, only ‘two in each case, which 
amounts to perfect equality.” If we take into account those 
common to the Colwell and Headon marine beds, and not 
occurring at Brockenhurst, we fi. d twenty-.ix species. It is 
therefore evident th it the Brockenhur.-t fauna is not identical 
w ith that of the Colwell Bay bed, and not newer than that of 
Headon Hill.

Thus fossil as well as stratigraphical evidence shows that the 
Colwell Bay bed is identical with the Headon Middle Marine.

The same twofold proof demonstrates that the Brockenhurst 
bed, where present, lies at the base of the Middle Marine 
Headon beds, r.nd immediately above the Lower Headon. 
This Brockenhurst bed is absent at Colwell Bay and Headon 
Hill, but occurs at Whitecliff Bay, Brockenhurst, and Lynd­
hurst.

The propo al by Prof. Judd to extend the name of the 
Headon series so as to include all the beds between the Barton 
and Brockenhurst series, ami call them the “ Headon Group,” 



would cause great inconvenience. The term Middle Headon, 
based as it is on the classical work of Edward Forbes, is clear 
and definite. Again, it would entail the abandonment of the 
names Upper and Lower Headon also ; and the non-occurrence 
of the Brockenhurst series, or its representative, in Colwell Bay 
admits of no recognition on the west side of the island, and 
therefore the classification would be based upon a defective 
appreciation of the beds.

Von Konen, in 1864, justly correlates the fauna, and since 
then, in 1866, the coral fauna has been described by Dr. 
Duncan.

Messrs. Tawney and Keeping, in their paper on the beds at 
Headon Hill and Colwell Bay in the Isle of Wight, uphold the 
work done by the Geologinal Survey, maintaining the correctness 
and integrity of the two Survey Memoirs, and the horizontal 
and verlical sections of the Tertiary beds of the Isle of Wight. 
Prof. Judd differs from the identifications and stated succession 
of the beds in Totland and Colw ell Bays. He introduces two 
now series at Headon HUI, a marine and a freshwater (?) in addi­
tion to those which have been universally accepted for the last 
twenty-five years {Quarterly Journal of the Geological Soeiety, 
vol. xxxvi.).

The sections prepared by Prof. Judd also differ very consider­
ably from that of the Geological Survey, or those lately pre­
pared by Messrs. Keeping ami Tawney, durirg their late exami­
nation of the beds under notice. These are the marine scries 
known as the Middle Headon or Middle Marine. Prof. Judd 
places them at the sea level near Widdick Chine. Conse­
quently, between the top of the marine bed and that of the Hem- 
bridge limestone, there would be, on Prof. Judd’s theory, 250 
feet of beds, such being the altitude of the cottage on the 
Warren which marks the summit of the Bembridge limestone. 
This thickness must, however, be reduced by tco or 105 feet, 
which is the altitude of the top of the Middle Headon at this 
point. This 105 feet of beds, or another fre-hw ater and another 
marine have no existence; they can only be accounted for by 
counting the Lower and Middle Headon twice over. Now the 
only marine beds are those of the Middle Headon, inclosed 
between the altitudes of 70 feet above the sea level; the others 
are all fresh water.

The point wherein Prof. Judd’s section differs from the 
Survey, and that of the authors, arises from the belief that a 
second marine series, termed the “ Brockenhurst series," with 
another freshwater below, in all 105 feet, is intercalated above 
the Upper Headon—these two believed new formations having 
that portion of the section allotted to them which is occupied by 
the freshwater Usborne marls and part of the U pper Headon. 
It must be remembered that there is no positive evidence of the 
existence of this second marine (Brockenhurst) series at the spot 
where the Geological Survey place the Osborne marls. Careful 
examination fails to reveal these said to be additional beds-. It 
is clear, therefore, that no bed having the । eculiar fauna of the 
Brockenhurst bed occurs at the west end of the i-la- d ; its place 
too, if found, would beat the tor/0/ the Middle Headon, and 
not above the Upper, where it has been wrongly assigned. 
Messrs. Keeping and Tawney, in their paper, object to the 
correlation ol the Brockenhurst with the Colwell Bay bed— 
which is identical with the marine (Middle Headon) bed of 
Headon Hill. Thus the 105 feet of strata have no existence.

The Middle Headon, which is denuded away from the top of 
the cliffs in the centre of Totland Bay between Western and 
Widdick Chines, has been discovered in the Totland Bay brick­
yard, which lies a little inland of this portion of the cliff, thus 
conclusively showing that this bed w as continuous above the top 
of the cliff, consequently linking the Warden Cliff expo ure to 
that of Headon Hill. They are visibly and absolutely con­
tinuous with tnose of Colwell Bay.

Pahcontological Evidence.—The equivalency of the Colwell 
Bay and Brockenhurst beds is a point to be definitely settled. 
Most careful lists of fessils have been prepared from collec ions 
made both from the Middle Headon at Colwell Bay, and 
Headon. Wc find that out of fifty-seven species at Colwell 
Bay, fifty-three occur in the Middle Marine of Headon Hill, or 
93 per cent. This clearly proves the identity of the horizon in 
the two localities.

The well-known shells Cerith urn concavum and C. ventri- 
cosum occur both in Colwell Bay and Headon Hill, and on the 
same horizons. C. concavum appears to have a less restricted 
range at Headon Hill than C. ventricosum, occurring abundantly 
there through the greater part of the Middle Headon series. It 

has also been found in the “Venus bed” of Colwell Bay. 
Thus both stratigraphical and palaeontological evidence are in 
harmony. All evidence tends clearly and conclusively to show 
that there is only one marine series in this section, viz. the 
Middle Headon of Edward Forbes, which is interstratified 
between the freshwater Lower and freshwater Upper Headon; 
w hile there is no evidence of the Brockenhurst bed occurring 
anywhere in the west of the island.

Whitecliff Bay and the New Forest.—The Brockenhurst bed 
was recognised at Whitecliff Bay by the Rev. O. Fisher in 1864, 
where it occurs in the lowest 2 feet of the Middle Headon series. 
No less than 70 species have been collected here out of 104 
known at Brockenhurst. Many species are peculiar to it, but all 
are identical with those of the well-known section in the railway 
cutting near Brockenhurst. Many species are confined to this 
horizon and do not pass up into (he “Venus bed.” Thus the 
Brockenhurst fauna at Whitecliff Bay number 70 species, at 
Brockenhurst 104, and of these only 18 occur in the Middle 
Marine beds of Colwell Bay, or are common to Whitecliff Bay and 
type locality. Eighty three Barton or Bracklcsham species pass 
up, 25 to the Middle Marine of Colwell Bay, and 36 to the 
Brockenhurst bed of Whitecliff Bay, <r these two localities 
yield the above number of 1 artoman forms. To still further 
illustrate the value of the Middle Headon series of the Isle of 
Wight and elsewhere, I may mention certain characteristic fossils 
that occur in several zones. The “Venus bed” of the Geo­
logical Survey Is about 30 feet thick at Colwell Bay, Headon 
Hill, and Whitecliff Bay, and contains the following well- 
marked shells, Murex sexdentatus, Melania fasciata, Ccrilhium 
duplex, C. ventricosum, C. concavum, ond Nerita aperta. 
Shells characteristic of the Brockenhurst bed and confined to it 
are Valuta suturalis, Leiostoma ovatum, Pecten bellicostatus, 
Modiola njsti, Cyprina nysti, and Cytherea solandri, var. 
att.nuata. In ihe Roydon zone occurs Valuta geminata, and 
nowhere else in England. Pleuroloma tronssmaria, P. subdenti- 
Culala, Cardita delloidca, and Protocardsum hantoniense are in 
both the Roydon and Brockenhurst zones, but not known in the 
Venus l ed. Certain species range through the Middle Headon 
series and occur nowhere else. These are Pisania labiata, 
PUurotoma headonensis, Cancellaria murieata, C. elongata, Leda 
prop nqua, Cytherea suborbicularis, Psammcbia eestuarina, and 
Cvrbicula obovata. The Brockenhurst zone is restricted to the 
lower 2 feet of the Middle Headon, and it lies immediately on 
the eroded surface of the Lower Headon. An error certainly 
has been committed in the New Forest Section, in assigning the 
place of the Brockenhurst series above the Middle Marine or 
Middle Hendon. This is at variance with facts at Brockenhurst 
and Whitecliff Bay, and this misapprehension as to the strati­
graphical position of the Brockenhurst bed refutes the theory as 
to the occurrence of this bed high up in the Headon Hill. It is 
not in existence there.

With reference to the affinities of the Brockenhurst fauna it 
has been stated that “ nearly one-third of the Hordwcll and 
Headwell Hill marine shells are Barton fo-ms, and not more 
than one-fifth of those occurring a> Brockenhurst, Colwell Bay, 
and Whitecliff Bay, are found at Barton.” We should not 
expect the Venus Bed or Middle Marine would have more 
Barton species than the Brockenhurst Bed, seeing that the 
former occupies a higher zone in the Middle Headon series. 
The percentage of Barton forms, according to Mr. Tawney, in 
the Whitley Ridge bed, i- 42 per cent. ; alower proportion than 
at Whitecliff Bay, arising from the number of corals being special 
to the Whitley locality. At Whitecliff Bay the Barton group 
has 52 per cent., and the proportion of Barton forms from all the 
Brockenhurst localities including the Roydon zone, is 48 per 
cent., and the percentage of the Barton forms in the Middle 
Headon of Headon Hill is found to be 29 percent. ; the conclu 
sion, therefore, from fossil evidence is that the Headon Hill 
marine bed is later in age, and higher stratigraphically than the 
Brockcnhurt bed, the proportion of Barton forms in the latter 
being nearly 50 per cent., and not one-fifth, as stated. The 
result is in strict accordance with their stratigraphical positions. 
It is equally important to test by fossil evidence whether the 
Colw ell Bay Venus bed (Middle Headon) is more nearly related 
to the Brockenhurst than is the Headon Hill bed. In Colwell 
Bay the observed Barton forms are 29 per cent, in common, and 
the same percentage in the Headon Hill bed, while in the 
Brockenhurst bed they were 48 per cent. To test still more the 
proof from palaeontological evidence, it is stated, on the same 
authorities, that there are only two sbecics in each case common 



to either Colwell Bay, or Headon Hill and Brockenhurst, and 
not occurring at Barton; whde there are twenty-six species 
common to Colwell Bay and Headon Hill, and not occurring at 
Brockenhurst. It is clear, therefore, from all fossil and physical 
or stratigraphical evidence, that the position of the Brockenhurst 
bed has been misconceived, and it would be fatal to re-name the 
whole scries of strata hitherto so well known and well deter­
mined as the Middle Marine or Middle Headon of the Isle of 
Wight, and call it the “ Brockenhurst scries.” The classifica­
tion and nomenclature of the Geological Survey must therefore 
be restored and maintained, all recent examination having 
strengthened the previous labours of Forbes and Bristow, and 
the later researches of Messrs. Tawney and Keeping, have still 
more firmly established the succession and correlation of the 
Middle Headon series of the island, and affording a ba-is for 
further research and analysis for the “Anglo-Parisian or Hamp­
shire Tertiary Basin.”

Mr. Tawney prepared an important paper upon the Upper 
Bagshot Sands of Hordwcll Cliff, which was read before the 
Cambridge Philosophical Society, and published in their Pro­
ceedings. The object of the communication was to discuss the 
affinities of the Bagshot series with a view to their classification, 
and also to endeavonr to show their correlation and equivalents 
in the Paris basin. “ All observers arc agreed as to the actual 
position of the sands being below the fresh-water Lower Headon. 
Edward Forbes and the Geological Survey distinctly ally it to 
the Marine Bagshot beds. They place it in the Middle Eocene 
Bagshot series, terming it Upper Bagshot (instead of Headon 
Hill Sands). Forbes noticed its containing Barton species at 
Whitecliff Bay. This leads to or shows its affinity to Barton 
beds. Dumont favoured a similar classification in his essay, and 
in his table the Headon Hill sands are grouped with the Barton 
clay as being respectively equivalent to the upper and lower 
divisions of the Belgian /.aekenian, while the Headon Hill 
limestones and marls are | laced longrien. Lately these views 
have been questioned by the author ot the " Oligocene Strata of 
the Hampshire Basin,” in the Quarterly Journal of the Geo­
logical Society, vol. xxxvi., who regards them as constituting the 
lowest member of the Headon group, stress being laid upon the 
occurrence of Cerithium concavum as a test. The author also 
places the whole of the Upper Bagshot sands and the Lower 
Middle Headon beds as the equivalents of the Mortefontaine 
sands, placing them above the St. Ouen limestone; these St. 
Ouen beds representing perhaps the Osborne, and all three 
Headon divisions, which come above the Mortefontaine beds. 
Cerithium concavum is said to occur both in the Bagshot and 
Headon series. Careful research and examination shows that 
the shell in question is Lamarck’s C. p/eurotonioides in the one 
case, and not C. concavum, which species has evidently been 
confounded with the Lamarckean shell. Examination of equi­
valent beds in France by Mr. Tawney, and the researches of 
Prof. Hebert and M. Munier-Chalmas clearly show that the 
Mortefontaine sands do not contain Cerithium concavum, the 
shell so commotion that horizon being C. pleurotomoides 1 amk.” 
Comparison of the Headon shell with tho-e brought from near 
Mortefontaine shows that the Long Mead End species agrees 
with the French form. It would appear that there is much 
greater parallelism between the French and English series than 
we havehiiheito expected. The Mortefontaine sands are the 
upper part of the Sables de Beauchamp, representing our 
Barton beds ; above this comes the Calcaire de St. Ouen, chiefly 
of freshwater origin. Connected with the St. Ouen limestone 
are sands and marls, containing at the top and bottom Cerithium 
concavum abundantly.

'I he St. Ouen period, therefore, without doubt represents our 
Headon series. “ In our Hampshire basin the freshwater and 
marine condition in the Headon series are not in the same order 
as in the St. Ouen beds.” “The marine facies in Hampshire, 
with C. concavum, comes between the freshwater Lower and 
Upper Headon deposits, near Montjavoult; the bulk of the 
freshwater limestone is in the centre or between two deposits with 
this Cerithium concavum.” “In the Paris basin, therefore, the 
rone of C. concavum is not connected with the zone of C.plcuroto- 
moidcs, but comes immediately above it.” Thus C. concavum 
characterises the Middle Headon of Colwell Bay and Hordwcll, 
while C. pleurotomoides is found only in the Upper Bagshot of 
Long Mead End. That the Long Mead End sands, and those 
of Mortefontaine are equivalents few can doubt. Both succeed 
or constitute the uppermost portion of the Barton beds, and 25 
per cent, of the fossils are in common. These affinities show 

that the term Upper Bagshot sands is the most appropriate, and 
expresses the relationship of these sands, since the Barton and 
Bracklesham beds together are usually considered as the equi­
valents of the Middle Bagshots. The author believes, therefore, 
that it would be wrong to reject Edward Forbes’s name of 
“ Upper Bagshot” for the Long Mead End sands, and accept in 
place of it the older term of Headon Hill sands.

Mr. A. H. S. Lucas, M.A., in his concise but valuable paper 
“ On the Headon Beds of the Western Extremity of the Isle of 
Wight ” (Geological Magatine, n.s. decade ii. vol. ix.), correctly 
states, upon referring to the recent “ answer to the present 
questioning of the hitherto accepted correlations of the beds of 
the Lower fluvio-marine Tertiaries of the Isle of Wight and 
South Hants, that it is obviously impossible for foreign geo­
logists to institute useful comparisons between British and'foreign 
subdivisions so long as we in England are quite at variance on 
the stiatigraphical and paleontological facts si the beds in 
question.1

“The general relation of the whole group can only be satis­
factorily determined after the primary question of the continuity 
or discontinuity of the Colwell Bay and Headon Hill beds is 
settled. At present there are two very definite, yet different 
views, having a perfectly distinct issue ; first, that the brackish- 
marine beds of Colwell Bay correspond to the brachieh-marine beds 
of Headon Hill which have been seen; or, secondly, that they 
correspond to some higher marine beds which have not been seen.” 
Both these views at d arguments are now fairly before those 
competent to judge. In 1880, however, Prof. Judd, in his paper 
“ On the Oligocene Strata of the Hampshire Basin ” (Quarterly 
Journal of the Geological Society, vol. xxxvi., p. 137, &c.), 
questioned and denied the succession as determined by Forbes 
and the Survey; this paper dealt with str.ita or higher marine 
bed -, stated above by Mr. Lucas as " not having been seen." On 
the other hand, in 1881, Messrs. Tawney and Keeping brought 
to bear upon the question a mass of evidence in support of the work 
of Edward Forbes and the Survey (Quarterly Journal of the 
Geological Sacicty, vol. xxxvii. p. 85), showing conclusively the 
identity and continuity of the Colwell Bay and Headon Hill 
fluvio-marine beds. Still more recently, however, Prof. Blake 
(Proceedings of the Geological Association, vol. vii.) has “ ad­
vanced an entirely new correlation, adducing stratigraphical 
evidence in its favour.” His observations do not agree in 
certain cases either with tho-e of Prof. Judd or Messrs. Tawney 
and Keeping. It is hoped, however, by or through evidence at 
the present meeting, that the questit n of the succession will be 
finally determined. Mr. Lucas docs not attempt any solution as 
to the relation of these beds at Colwell Bay and Headon 
Hill to the deposits exposed at Hordwell, Brockenhurst, or 
Whitecliff Bay ; they do not concern the succession. But the 
standard or synthetic sections at different localities, like those 
prepared by Messrs. Tawney and Keeping, have tended to clear 
up the succession, fully testing the continuity of these beds under 
dispute under their several aspects along the plane of deposition. 
This independent nt ide fully bears cut the exact work of the 
Survey, showing differences in degree as regards accumulation, 
yet continuity as regards succession. Mr. Lucas gives measured 
sections of the freshwater beds, and the brackish marine series 
(p. 99 loc. cit.), which confirm the work of the above authors.

The Headon beds were long ago “measured by Dr. Wright, 
lately by the authors just quoted, and the Osborne series by 
Edward Forbes, and the main divisions are so conspicuous that 
there can be no doubt about the succession.” A third paper 
upon the fluvio-marine beds of the Isle of Wight was read 
before the Geologists’Association in June 1881, under the title, 
“ On a Continuous Section of Oligocene Strata from Colwell 
Bay to Headon Hill ” (Proceedings of the Geological Associa­
tion, vol. vii.), by Prof. J. F. Blake, M.A., F.G.S. The 
author contends for a difference between the faunae of the 
Colwell Bay beds and those of Headon Hill, and states that the 
“ fauna of the so-called Oligocene group is chiefly to be found 
in the 'Venus bed" of Colwell Bay; but the assumed other 
‘Venus bed’at Headon Hill contains rather the fauna of the 
uppermost Eocene, or zone of Cerithium concavum." The 
question, however, turns upon the identity of the two so-called 
Venus beds. In other words, the Colwell Bay “Venus bed”

1 A concise and important paper on ” The Classification of the Tertiary 
Deposits,” by Prof, Judd, appeared in the Popular Science Review ,or 
1880, accompanied by a table showing the correlation of the Lower Tertiary 
strata of Western Europe. The Headon and Brockenhurst beds are placed 
under the Lower Oligocene, and the Bcmbridge and Hempstead series under 
the Middle Oligocene. 



is said by the author to have one fauna, and the Headon Hill 
Venus bed another. This determination I hold to be untenable, 
all fossil and physical evidence being to the contrary, and show 
that they are one and the same bed. On both sides of Bi amble 
Chine the “ Venus bed" is fully developed. Mr. Blake calls it 
the “oyster bed." Below these come thin bands of .-tratified 
marl, with abundance of Cerithia and Cyrena (not Cyclas, as 
stated). The Widdiek Chine sands can be no other than the 
Headon Hill sands, and not the Upper Bagshots. The altitude 
of these sands above the sea Mr. Blake estimated at too feet ; 
this is certainly too great an elevation, 70 feet being the received 
measurement by independent ob ervers. Such difference, if it 
existed, would alter the reading anil sequence of succeeding and 
higher beds in the section. The author seems to have omitted 
the Triginoccelia and Neritina bed immediately above the How 
Ledge limestone and below the thick oyster band. These cor­
respond with the Warden Cliff section, and determine continuity 
of deposition, or are a confirmation of the identity of the beds. 
This is a crucial point in the continuity and equivalency of the 
marine series in Totland and Colwell Bays. The Trigonocadia 
bed here is on the same horizon as in Warden Cliff and Colwell 
Bay, associated with Cerithium pseudocinctum, Melanopsis fusi- 
formiit and Natica labillata, &c. The lower or Neritina concava 
bed, with Melanopsis fusiformis and Coibicula ovata, occurs also 
in the same position near the base of the series at Warden Cliff 
and Colwell Bay. “ This can only be explained by admitting 
that the Marine series in Totland Bay and Colwell Bay are 
identical." The occurrence of “Cerithium ventricosum at the 
top, and the Neritina [zV. concava] and T>igonocaclia [T. 
deltoidea] at the base—identical in physical and fossil characters, 
are strong pre.-umptivc proof of this. It is extremely doubtful 
if Ceritheum margaratacetnn, mentioned on p. 6 of Mr. Blake’s 
paper, occurs in the Colwell Bay secti >11, or in the western area 
of the Isle of Wight—the Ceritheum cincium is really C. pseudo- 
cinctum, and Cyclas obovata should be Cyrena obovata. The 
genus Cyclas does not occur. In correlation these are important 
items, especially with a continental fauna. It will also be found 
that the oyster beds do not rest immediately on the How Ledge 
limestone as asserted—the Trigonocalia and Neritina beds inter­
vene, and as at Colwell Bay, determine or prove the succession 
and identity of the series. At pp. 156-7 Mr. Blake remarks upon 
the similarity of the succe.-sion of the Colwell Bay beds with 
those of Headon Hill, and is “ tempted tocome to the conclusion ” 
that the two "Venus beds are identical;’’ [they have always 
been so believed and recognised] ; he at the same time states 
that "it would be absurd to argue that they are identical because 
they contain similar common fossils,” when it has been " deter­
mined by Prof. Judd that the faunas are remarkably distinct.” 
We have no other method whereby to determine the age and 
synchronism of deposits except through organic remains, and the 
fauna.- of the “ Venus beds ” at botti localities are to me identical, 
and Prof. Blake depends upon fossil evidence all through his 
paper, yet evidently he has not carefully examined the more 
complete fauna of the “Venus bed” at both localities. In 
another paragraph, on p. 157, the author states the proposition 
“that the Colwell Bay ‘Venus bed’ is not certainly identical 
with that at Headon Hill, but may occupy a higher horizon. 
Mr. Blake suggests that the Headon Hill bed correspond. to the 
series intervening between the Colwell Bay bed and the How 
Ledge limestone; and that the Colwell Bay bed corresponds to 
the slightly fossiliferous sands immediately below the Headon 
Hill limestone. This position 1 r suggestion certainly cannot be 
received. In this case the so-called two “ Venus beds” would 
be superposed on each other and nothing to separate them. 
The sands referred to are those at the base of the Upper Headon 
series, and are freshwater, for they contain Unio. Again, Prof. 
Blake’s suggestion would thus place the Colwell Bay “Venus 
bed" below the Great Limestone, whereas Piof. Judd in his 
paper would place it above.

The author does not find any equivalents of the Colwell Bay 
opster beds above the Headon Hill limestone at Headon Hill, 
indeed that would be impossible, for they are indisputably the 
Osborne marls of Prof. Forbes, and capped by the Bembridge 
limestone.

As regards the terms Eocene and Oligocene, and their relation 
to each other, and the correlation of British strata and fossils 
with that of Germany, &c., it is far too intricate a question to be 
passed over, although without doubt the fluvio-marine strata of 
the Hampshire basin will ere long receive ciitical supervision 
with reference to similar deposits on the Continent. So far back 

as December, 1863, Herr Adolf von Konen prepared and read 
his paper on the correlation of Oligocene deposits of Belgium, 
North Germany, and the South of England, and endeavoured 
to show that in Britain we had an assemblage of fossils in our 
so-called Middle Eocene at Brockenhurst, Lyndhurst, and 
Roydon in the New Forest, that could be stratigraphic-ally corre­
lated with beds of the same age termed Oligocene in Northern 
Germany. The author believed that these Brockenhurst beds 
were of the same age as the Middle Headon beds of Colwell 
Bay and Whitecliff Bay. This view has led to much controversy, 
arising from the fact that no Brockenhurst species occur in 
Colwell Bay. The rich cabinet of Mr. F. Edwards then afforded 
von Konen every facility for the comparison and determination 
of the species occurring common to Britain and Germany. Bi y- 
rich established the name Oligocene for the fossils of this age in 
Germany. The Lower Oligocene is well developed, with a true 
marine fauna, in Belgium, near Tongres (North of Liege), and 
in the North of Germany, between Magdeburg, Bernberg, 
Egeln, and Helmstadt (near Brunswick). This Lower Oligocene 
contains 700 species of mollusca besides other groups. The 
most characteristic of these, the author asserts, are found 
at Brockenhurst, and in Mr. Edwards’s cabinet, fifty-six 
species occur, twenty-one of which are Barton clay forms, and 
forty-three of the fifty-six species occur in the Lower Oligocene 
of Germany.

SECTION D
BIOLOGY

Department of Anthropology
Address by W. Boyd Dawkins, M.A., F.R.S., F.G.S., 

F.S.A., Professor of Geology and Paleontology 
in the Victoria University, Vice-President of 
the Section.

On the Present Phase of the Antiquity of Man—In taking the 
chair in this department of the biological section of the British 
Association, two courses lie o,.en before me. I might give an 
address which should be a history of the progress of anthro­
pology during the last year, or I might devote myself to some 
special branch. The swift development of our young and 
rapidly growing science, which embraces within its scope all 
that is known, not merely about man, but about his environ­
ment, in present and past times, renders the first and more 
ambitious course peculiarly difficult to one, like myself, labour­
ing under the pressure of many avocations. I am therefore 
driven to adopt the second and the easier, by choosing a subject 
with which I am familiar, and which appears to me to be appro­
priate in this place of meeting. I propose to place before you 
the present phase of the inquiry into the antiquity of man, and 
to point out what we know of the c mditions of life—though 
our knowledge of them is imperfect and fragmentary—under 
which man has appeared in the Old and in the New Worlds. 
The rudely chipped implements left by the primeval hunters in 
the beds of gravel of Hampshire and Wilt hire, aud along the 
shores of Southampton Water and elsewhere, are eh quent of 
the presence of man in this district, at a time when there was no 
Southampton Water, and the elephant and the reindeer wandered 
over the site of this busy mart for ships ; when the Isle of Wight 
was not an island, and the River-drift hunter could walk across 
from Portsmouth to Cones, with no obstacle excepting that 
offered by the rivers and morasses. 1 propose to enter up m the 
labours of Prestwich, Evans, Stevens and Blackmore, Codring­
ton, Read, Brown, and other investigators in this country, and 
to combine the results of their inquiries with those in other 
countries, and with some observations of my own which I 
was able to make in 1880, during my visit to the United 
States.

The Limitation of the Inquiry.—The most striking feature in 
the study of the Tertiary period is the gra ual and orderly 
succession of higher types of Mammalia, so well defined and so 
orderly, that I have used it as a basis for the classification of 
the Tertiary period. We find the placental mammals becoming 
more and more specialised as we approach the frontier of history. 
The livii g orders appear in the Eocene, the living genera in the 
Meiocene, a few living ipecies in the Pleiocene, and the rest 
in the Pleistocene. The characteristics of this evolution of living 
forms may be summed up in the following table :—



Definition of Tertiary Period by Placental Land Mammals.

VI. Historic ; in | 
which theevents 
are recorded in 
history.

V. Prehistoric; in 
which domestic 
animals and 
cultivated fruits 
appear.

IV. Pleistocene ; in 
which living 
species of pla­
cental mammals 
are more abun­
dant than the 
extinct.

Ill Pleiocene ; in 
which living 
species of pla­
cental mammals 
appear.

II. Meiocene ; in 1 
which the al­
liance between 
liv.ng and pla­
cental mammals 
is more close 
than before.

I. Eocene ; in 
which the pla­
cental mammals 
now on earth 
were repre­
sented by allied 
forms belong­
ing to existing 
orders and 
families.

Events included in 
history.

Man abundant; do­
mestic animals, 
cultivated fruits, 
spinning, weaving, 
pottery - making, 
mining,commerce; 
the neol'thic, 
bronze, and iron 
stages of culture.

Man appears ; An- 
thropida ; the 
palmolithie hunt­
er ; living species 
abundant.

Founded on discove­
ries, documents, 
refuse - heaps, 
caves, tombs.

I Camps, habitations, 
tombs, refuse­
heaps, surface ac­
cumulation, caves, 
alluvia, peat-bogs, 
submarine forests, 
raised beaches.

Living species ap­
pear ; apes, Simi- 
add, in Southern 
Europe.

Living genera ap­
pear ; apes, Simi- 
a'd, in Europe and 
North America.

Refuse-heaps, con­
tents of caves, 
riverdeposiis, sub­
marine forests, 
boulder - clay, 
moraines, marine 
sands, and shingle.

Fresh - water and 
marine strata ; 
volcanic debris 
(Auvergne).

Fresh - water and 
marine strata ; 
volcanic debris 
(Auvergne) ; lig­
nites.

Living orders and 
families appear; 
\vmvas\Lemurida) 
in Europe and 
North America.

! Fresh - water and 
marine strata ; 
lignites.

The orders, families, genera, and species in the above table, 
when traced forward in time, fall into the shape of a genealogical 
tree, with its trunk bidden in the Secondary period, and its 
branchlets (the living species) passing upwards from the 
Pleiocene, a tree of life, with living Mammalia for its fruit 
and foliage. Were the extinct species taken into account, it 
would be seen that they fill up the intervals separating one 
living form from another, and that they too grow more and more 
like the living forms as they approach nearer to the present day. 
It must be remembered that in the above definitions the fossil 
marsupials are purposely ignored, because they began their 
specialisation in the Secondary period, and had arrived in the 
Eocene at the stage which is marked by the presence of a living 
genus—the opossum (Didelfhys).

It will be seen, from the examination of the above table, that 
our inquiry into the antiquity of man is limited to the last four 
of the divisions. The most specialised of all animals cannot be 
looked for until the higher Mammalia by which he is now sur­
rounded were alive. We cannot imagine him in the Eocene age, 
at a time when animal life was not sufficiently differentiated to 
present us with any living genera of placental mammals. Nor 
is there any probab lity of his having appeared on the earth 
in the Meiocene, because of the absence of higher placental 
mammals belonging to living species. It is most unlikely that 
man shou'd have belonged to a fauna in which no other living 
species of mammal was present. He belongs to a more ad­
vanced stage of ev hit ion than the mid-Meiocene of Thenay, 
as may be seen by a reference to the preceding table. Up to 
this time the evolution of the animal kingdom had advanced no 
farther tban the Siinadoc in the direction of mm, and the apes 

then haunting the forests of Italy, France, and Germany, repre­
sent the highest type of those on earth.

We may also look at the question from another point of view. 
If man were upon the earth in the Meiocene age, it is in­
credible that he should not have become something else in the 
long lapse of ages, and during the changes in the conditions of 
life by which all the Meiocene land Mammalia have been so 
profoundly affected, that they have been either exterminated, or 
have assumed new forms. It is impossible to believe that man 
should have been an exception to the law of change, to which 
all the higher Mammalia have been subjected since the Meiocene 
age.

Nor in the succeeding Pleiocene age can we expect to find man 
upon the earth, because of the very few living species of pla­
cental mammals then alive. The evidence brought forward by 
Professor Capellini, in favour of Pleiocene man in Italy, seems 
both to me and to Dr. Evans unsatisfactory, and that advanced 
by Professor Whitney in support of the existence of Pleiocene 
man in North America, cannot in my opinion be maintained. It 
is not until we arrive at the succeeding stage, or the Pleistocene, 
when living species of Mammalia begin to abound, that we 
meet w ith undisputable traces of the presence of man on the 
earth.

The Pleistocene Period.—As a preliminary to our inquiry we 
must first of all define what is meant by the Pleistocene Period. 
It is the equivalent of the Quaternary of the French, and the 
Postpleiocene of the older works of Lyell, and it includes all the 
phenomena known in latitudes out-ide the Arctic Circle, where 
ice no longer is to be found, under the name of glacial and inter­
glacial. It is characterised in Europe, as I have pointed out in 
my work on “Early Man in Britain,” by the arrival of living 
species, which may be conveniently divided in'o five groups, 
according to their present habi'ats. The first consists of those 
now found in the temperate zones of Europe, Asia, an l North 
America. It includes the following animals : —

Mole, musk shrew, common shrew, mouse, beaver, hare, pika, 
pouched marmot, water-vole, red field-vole, short-tailed field- 
vole, Continental field-vole, lyrx, wild cat, wolf, fox, marten, 
ermine, stoat, otter, brown bear, grisly hear, badger, horse, 
bison, u ut, saiga antelope, stag, roe, fallow-deer, wild boar.

The second consists of animals of arctic habit:—
Russian vole, Norwegian lemming, arctic lemming, varying 

hare, musk sheep, reindeer, arctic fox, glutton.
The third is composed of those which enjoy the cold climate 

of mountains:—
The snowy vole, Alpine marmot, chamois, and ibex.
These animals invaded Europe from Asia, and as the cold 

increased, the temperate group found their way into Southern 
Europe and Northern Africa, while the arctic division pushed 
as far south as the Alps and Pyrenees.

The fourth group of invading forms is represented by animals 
now only found in warm countries :—

Porcupine, lion, panther, African lynx, Caffre cat, spotted 
hyena, stiiped hyena, and African elephant.

This group of animals is found as far to the north as Yorkshire, 
and as far to the west as Ireland. Among the southern animals, 
too, must be reckoned the hippopotamus, which Jived as far 
north as Britain in the Pleiocene age, and in the Pleistocene occurs 
in caves and river deposits, in intimate association with some 
arctic species, such as the reinJeer.

The fifth group is composed of extinct species, hitherto unknown 
in Europe in the Pleistocene age, such as—

The straight-tusked elephant, mammoth, the pigmy elephants, 
woolly and small-nose rhinoceroses, the Irish elk, pigmy hippo­
potamus, and the cave bear.

The question as to which of these groups the River-drift 'man 
belongs must be deferred till we can take a survey of the evidence 
elsewhere.

The early Pleistocene division is characterised by the presence 
of the temperate and southern species in Britain ; the middle 
stage by the presence of ihe arctic, but not in full force; and the 
late Pleistocene by the abundance of arctic animals, not only in 
Britain, but on the Continent as far as the Alps and Pyrenees, 
and the lower valley of the Danube.

The Early Pleistocene Forest an t Mammals of East Anglia.— 
The first view which we get of the Pleistocene Mammalia in this 
country is offered by the accumulations associated with the buried 
forest of East Anglia. It extends for more than forty miles along 
the shores of Norfolk and Suffolk, from Cromer to Kessingland, 
passing into the cliff on the one band and beneath the sea on the 



01 her. The forest was mainly composed of sombre Scotch firs 
and dark clustering yews, relieved in the summer by the lighter 
tinted foliage of the spruce and the oak, and in the winter by 
the silvery gleam of the birches, that clustered thickly with the 
alders in the marshes, and stood out from a dense undergrowth of 
sloes and hazels. Among the animals living in this forest of (he 
North Sea were sjecies which haunted the valleys of the upper 
Seine at the time, such as the southern elephant, the Etruscan 
rhinoceros, the deer of the Carnutes, extinct horses, and the 
large extinct beaver. There were in addition the shaggy-maned 
mammoth, the straight-tusked elephant, and the big-nosed 
rhinoceros. The stag, the roe, the Irish elk, were in the glades, 
Sedgwick's deer, with its many-pointed antlers, the verticorn 
deer, and the gigantic urus. The undergrowth formed a covert 
for the wild boar, and for beasts of prey, many in species and 
formidable in numbers. The cave bear, the hugest of its kind, 
the sabre-toothed lion, the wolf, the fox, and the wolverine. 
Among the smaller animals were to be noted the musk shrew, 
the common shrew, and a vole. In the trees were squirrels. 
Underfoot the moles raised their hillocks of earth, and from 
between the lofty fronds of the Osmund royal beavers were to be 
seen building their lodges, and the hippopotamus as he emerged 
from the water and disappeared in the forest. Out of thirty 
species identified, no less than seventeen are living in some part 
of the world, and we have there obviously the stage in the evolu­
tion of mammalian life when the living species were becoming 
more abundant than the extinct. We may note, too, the 
absence of arctic animals in this fauna, more particularly of the 
reindeer.

The presence of these animals in Norfolk and Suffolk implies 
that at this time Britain was united to the Continent, and the 
presence of fossil species found in France indicate a southern 
extension of land in the direction of the Straits of Dover. The 
forest covered a large portion of the area of the North Sea, and 
in all probability the Atlantic seaboard was then at the 100- 
fathom line of the west coast of Ireland.

No traces of man have as yet been discovered in these deposits, 
although the large percentage of living species of higher Mam­
malia indicates that the geological clock had struck the hour when 
he may be looked for.

The Appearance of the River-drift Hunter at Crayford and 
Erith.—The living species in the forest bed are to be looked 
upon as an advanced guard of a great migration of Asiatic and 
African species, finding their nay into North-western Europe, 
over the plains of Russia, and over barriers of land connecting 
Northern Africa with Spain by way of Gibraltar, and with Italy 
by wayof Malta and Sicily (see “Cave Hunting and Early Man").

In the course of time the other living'species followed, and 
extinct species became more rare. In the deposits, for instance, 
of the ancient Thames, at Ilford and Grays Thurrock in Essex, 
and at Erith and Crayford in Kent, out of twenty-six species, six 
only belong to extinct forms—the new-comers comprising the 
lion, wild cat, spotted hyena, and otter, the bison, and the musk 
sheep. A flint flake discovered by the Rev. Osmund Fisher, at 
Crayford, and a second discovered by Messrs. Cheadle and Wood­
ward, at Erith, prove that man was present in the valley of the 
Thames at this time ; while the more recent discoveries of Mr. 
Flaxman Spurrell indicate the very spots where the palnc >hthic 
hunter made his implements, and prove that he used implements 
of the River drift type, so widely distributed over the surface of 
the earth. The arctic animals at this time were present, but not 
in full force, in Southern Britain, and the innumerable reindeer 
which characterise the later deposits of the Pleistocene age had 
not, so far as we know, taken possession of the valley of the 
Thames.

To what stage in the Pleistocene period are we to refer these 
traces of the River-drift hunter ? The only answer w hich I am 
able to give is that the associated animals are intermediate between 
the Forest-bed group and that which characterises the late Pleis­
tocene division in the region extending from the Alps and the 
Pyrenees as far north as Yorkshire. Nor am I able to form an 
opinion about their relation to the submergence of Middle .or 
Northern Britain under the waves of the glacial sea. They are 
quite as likely to be pre- as post- glacial.

The Relation of the River-drift Hunter of the late Pleistocene to 
the Glacial Submergence.—The rudely chipped implements of the 
River-drift hunter lie scattered through the late Pleistocene river 
deposits in Southern and Eastern England in enormous abundance, 
and as a rule in association with the remains of animals of arctic 
and of warm habit, as well as some or other of the extinct species 

of reindeer and hippopotamus, along with mammoth and woolly 
rhinoceros. What is their relation to the submergence of the 
land and the lowness of the temperature, which combined to­
gether have resulted in the local phenomena known as glacial 
and interglacial ?

The geographical change in Northern Europe at the close of 
the Forest-bed age was very great. The forest of ihe North Sea 
sank beneath the waves, and Britain was depressed to a depth of 
no less than 2,300 feet in the Welsh mountains, and was reduced 
to an archipelago of islands, composed of what are now the higher 
lands. The area of the English Channel also was depressed, and 
the “silver streak” was somewhat wider than it is now, as is 
proved by the raised beach at Brighton, at Bracklesham, and 
elsewhere, which marks the sea line of the largest island of the 
archipelago, the southern island, as it may be termed, the northern 
shores of which extended along a line passing from Bristol to 
London. The northern shore of the Continent at this time ex­
tended eastwards from Abbeville north of the Erzgebirge, through 
Saxony and Poland, into the middle of Russia, Scandinavia being 
an island from which the glaciers descended into the sea.

This geographical change was accompanied by a corresponding 
change in climate. Glaciers descended from the higher moun­
tains to the sea level, and icebergs, melting as they passed 
southwards, deposited their burdens of clay, sand, and erratics, 
which occupy such a wide area in the portions then submerged 
of Britain and the Continent.

This depression was followed by a re-elevation, by which the 
British Isles, again formed a part of the Continent, and all the 
large tract of country within the too-fathom line again became 
the feeding-grounds of the late Pleistocene Mammalia.

An appeal to the animals associated wiih the River-drift imple­
ments will not help us to fix the exact relation of man to these 
changes, because they were in Britain before as well as after the 
submergence, and were living throughout in those parts of Europe 
which were not submerged. It can only be done in areas where 
the submergence is clearly defined. At Salisbury, for instance, 
the River-drift hunter may have lived either before, during, or 
after the southern counties became an island. When, however, 
he hunted the woolly and leptorhine rhinoceros, the mammoth, 
and the horse in the neighbourhood of Brighton, he looked down 
upon a broad expanse of sea, in the spring flecked with small 
icebergs, such as those which dropped their burdens in Brackle­
sham Bay. At Abbeville, too, he hunted the mammoth, rein­
deer, and horse down to the mouth of the Somme on the shore 
of the glacial sea.

The evidence is equally clear that the River-drift hunter fol­
lowed the chase in Britain after it had emerged from beneath the 
waters of the glacial sea, from the fact (hat the river deposits in 
which his implements occur either rest upon the glacial clays, or 
are composed of fragments derived from them, as in the oft- 
quoted cases of Hoxne and Bedford. Further, it is very probable 
that he may have wandered close up to the edges of the glaciers 
then covering the higher hills of Wales and the Pennine chain.

The severity of the climate in winter at this time in Britain is 
proved, not merely by the presence of the arctie animals, but by 
the numerous ice-borne blocks in the river gravels dropped in the 
spring after the break-up of the frosts.

The Range of the River drift Alan on the Continent and in 
the Alediterranean Area.—The River-drift man is proved, by the 
implements which he left behind, to have wandered over the 
whole of France, and to have hunted the same animals in the 
valleys of the Loire and the Garonne as in the valley of the 
Thames. In the Iberian peninsula he was a contemporary of 
the African elephant, the mammoth, mid the straight-tusked 
elephant, and he occupied the neighbourhood both of Madrid 
and Lisbon. He also ranged over Italy, leaving traces of his 
presence in the Abruzzo, and in Greece he was a contemporary 
of the extinct pigmy hippopotamus (//. PentlanJi). South of 
the Mediterranean his implements have been met with in Oran, 
and near Kolea in Algeria, and in Egypt in several localities. 
At Luxor they have been discovered by General Pitt-Rivers in 
the breccia, out of which are hewn the tombs of the kings. In 
Palestine they have been obtained by the Abbe Richard between 
Mount Tabor and the sea of Tiberias, and by Mr. Stopes between 
Jerusalem and Bethlehem. Throughout this w ide area the im­
plements, for the most part of flint or of quartzite, are of the 
same rude types, and there is no difference to be noted between 
the haches found in the caves of Cresswell in Derbyshire, and those 
of Thebes, or between those of the valley of the Somme and those 
of Palestine. Nor is our survey yet ended.



'Ihe River-drip Man in India.—The researches of Foote, 
King, Medlicott, Hacket, and Ball, establish the fact that the 
River-drift hunter ranged over the Indian peninsula from Madras 
as far north as the valley of the Nerbudda. Here we find him 
forming part of a fauna in which there are species now living in 
India, such as the Indian rhinoceros and the arnee, and extinct 
types of oxen and elephants. There were two extinct hi opopotami 
in the rivers, and living gavials, turtles, and tortoises. It is plain, 
therefore, that at this time the fauna of India stood in the same 
relation to the present fauna as the European fauna of the late 
Pleistocene does to that now living in Europe. In both there 
was a similar association of extinct and living forms, from both 
the genus Hippopotamus has disappeared in the lapse of time, and 
in both man forms the central figure.

The River-dr ft Hunter in North America.—We are led from 
the region of tropical India to the banks of the Delaware in New 
Jer-ey by the recent discoveries of Dr. C. C. Abbott in the 
neighbourhood of Trenton. After a study of his collections in 
the Peabody Museum in Cambridge, Mass., I have had the 
opp ortunity of examining all the specimens found up to that time, 
and of visiting the locality in company with Dr. Abbott and 
Professors Haynes and Lewis. The implements are of the same 
type as those of the river gravels of Europe, and occur under 
exactly the same conditions as thoeof France and Britain. They 
are found in a plateau of river gravel f irming a terrace over­
looking the river, and composed of materials washed down from 
the old terminal moraine which strikes across the State of New 
Jersey to the westward. The large blocks of stone and the general 
character of the gravel point out that during the time of its accu- 
rnula-ion there were ice-rafts floating down the Delaware in the 
spring, as in the Thames, the Seine, and the Somme. According 
to Professor Lewis it was formed during the time when the glacier 
of the Delewaie was retreating (‘ late glacial ’), or at a later 
period (‘post-glacial’). The physical evidence is clear that it 
belongs to the same age as deposits with similar remains in 
Britain. The animal remains also point to the same conclusion. 
A tusk of mastodon is in Dr. Cooke’s collection at Brunswick, 
New Jersey, obtained from the gravel, and Dr. Abbott records 
the tooth of a reindeer and the bones of a bison from Trenton. 
Here, too, living and extinct species are found side by side.

Thus in our survey of the group of animals surrounding man 
when he first appeared in Europe, India, and North America, 
we see that in all three regions, so widely removed from each 
other, the animal life was in the same stage of evolution, and 
•the old order’ was yielding ‘place unto the new.’ The River­
drift man is proved by his surroundings to belong to the 
Pleistocene age in all three.

The evidence of Palaeolithic man in South Africa seems to me 
unsatisfactory, because as yet the age of the deposits in which 
the implements are found has not been decided.

General Conclusions.—It remains now for ns to sum up the re­
sults of this inquiry, in which we have been led very far afield. 
The identity of the implements of the River-drift hunter proves 
that he was in the same rude state of civilisation, if it cm be 
called civilisation, in the Old and New Worlds, when the hands of 
the geological clock pointed to the same hour. It is not a lit'le 
strange that his mode of life should have been the same in the 
forests to the north and south of the Mediterranean, in Palestine, 
in the tropical forests of India, and on the western shores of the 
Atlantic. The hunter of the reindeer in the valley of the Delaware 
was to all intents and purposes the same sort of savage as the 
hunter of the reindeer on the banks of the Wiley or of the Solent. 
It does not, however, follow that this identity of implements im­
plies that the same race of men were spread over this vast tract. 
It points rather to a primeval condition of savagery from which 
mankind has emerged in the long ages which separate it from 
our own time.

It may further be inferred, from his wide-spread range, that 
the River drift man (assuming that mankind sprang from one 
centre) must have inhabited the earth for a long time, and th it 
his dispersal took place before the glacial submergence and the 
lowering of the temperature in Northern Europe, Asia, and 
America. It is not reasonable to suppose that the Straits of 
Behring would have offered a free passage, either to the River­
drift man from Asia to America, or to American animals from 
America to Europe, or vice vers&, while there was a vast barrier 
of ice or of sea, or of both, in the high northern latitudes.

I therefore feel inclined to view the River-drift hunter as having 
invaded Europe in pre-glacial times along with the other living 
species which then appeared. The evidence, as I have already 

pointed out, is conclusive that he was also glacial and post­
glacial.

In all probability the birthplace of man was in a warm if not 
a tropical region of Asia, in ‘ a garden of Eden,’ and from this 
the River-drift man found his way into those regions where his 
implements occur. In India he was a member of a tropical 
fauna, and his distribution in Europe and along the shores of the 
Mediterranean prove him to have belonged either to the temperate 
or the southern fauna in those regions.

It will naturally be asked, to what race can the River-drift 
man be referred ? The question, in my opinion, cannot be 
answered in the present stage of the inquiry, because the few 
fragments of human bones discovered along with the implements 
are too imperfect to aflbrd any clue. Nor can we measure the 
interval in terms of years which separates the River-drift man 
from the present day, either by assuming that the glacial period 
was due to astronomical causes, and then proceeding to calculate 
the time necessary for them to produce their result, or by an 
appeal to the erosion of valleys or the retroces-ion of waterfalls. 
The interval must, however, have been very great to allow of the 
changes in geography and climate, and the distribution of animals 
which has taken place—the succession of races, and the develop­
ment of civilisation before history began. Standing before the 
rock-hewn tombs of the kings at Luxor, we may realise the 
impossibility of fixing the time when the River-drift hunter lived 
on the site of ancient Thebes, or of measuring the lapse of time 
between his days and the splendour of the civilisation of 
Egypt.

In this inquiry, which is all too long, I fear, for my audience 
and all too short, 1 know, for my subject, 1 have purposely 
omitted all reference to the successor of the River-drift man in 
Europe—the Cave man, who was in a higher stage of the hunter 
civilisation. In the course of my remarks you will have seen 
that the story told by the rudely chipped implements found at 
our very doors in this place, firms a part of the wider story of 
the first ap, earance of man, and of his distribution on the earth 
—a story which is to my mind not unfitting as an introduction 
to the work of the Anthropological Section at this meeting of 
the Briti-h Association.

SECTION E 
Geography

Opening Address by Sir Richard Temple, Bart., G.C.S.I., 
D.C.L., F.R.G.S., President op the Section

The Central Plateau of Asia
The subject chosen for this address is the Plateau of mid-Asia. 

This area, which is one of tire most wonderful on the surface of 
the earth, contains nearly 3,000,000 of English square miles, 
and is equal to three-fourths of Europe. Its limits, its exterior 
configuration, its central and commanding situation in the Asiatic 
continent, will be clearly perceived from the large diagram of 
Asia which is exhibited here. As compared with some of the 
more favoured regions, it is singularly destitute of natural advan­
tages. Though it has several deep depressions of surface, yet 
its general elevation is very considerable, and some of its large 
districts are the most elevated in the globe. It is walled in from 
the outer world and excluded from the benign influences of the 
sea by mountain chains. Its climate then is very severe on the 
whole, more distinguished for cold than for heat, but often dis­
playing extremes of temperature high as well as low. It offers, 
from the character of its contour, extraordinary obstacles to 
communication by land or water. Though seldom inaccessible 
to courageous explorers, it is generally hard of access, and in 
several respects very inhospitable. In the progress of civilisation 
it is, with reference to its historic past, excessively backward. 
Its capacities for the production of wealth have been but little 
developed. Its population is scanty, scattered, and unculiured. 
Its agriculture comprise! only a few areas widely segregated 
from each other, and many of its largest districts are amazingly 
desolate.

Nevertheless this plateau has eminent claims on the attention 
of geographers, for several reasons which may be summarised 
thus:—

1. A mountain system which dominates the greater part of 
Asia, and includes stupendous ranges with the loftiest peaks yet 
discovered in the world.

2. A series of heights and depressions almost like the steps



of a staircase within the mountainous circumvallation of the 
plateau.

3. The sources and the permanent supply of rivers which, 
passing from the plateau, fl rw through densely populated 
regions, and help to sustain the most numerous families of the 
human race.

4. A lacustrine system, comprising lakes of which some are 
saline while others have fresh water, and of which many are 
situated at great altitudes.

5. The home of conquering races, whence warrior hordes 
poured during several centuries over nearly all Asia and a large 
part of Europe.

6. Natural products of value, variety, or interest, and pastoral 
resources su-ceptible of indefinite development.

7. An enormous field for scientific research, with many regions 
which, though not wholly undiscovered, yet need much further 
discovery.

8. An imperial jurisdiction offering many problems for the 
consideration of social inquirers.

I shall now offer a brief explanation regarding each of the 
eight points stated above.

In the first place it will be seen from the diagram that the 
plateau, in shape somewhat of an irregular rhomboid, is com­
pletely enclosed by six grand ranges of mountains, namely, the 
Himalayas looking south towards India, the Pamir looking west 
towards Central Asia, the Altai looking north towards Siberia, 
the Yablonoi looking north-east towards Eastern Siberia, the 
Yun-ling and the Insban (inclusive of the Khingan), looking 
towards China. These several ranges preserve generally a con­
siderable altitude varying from 6000 to 25,000 feet above sea­
level, and reaching in the Himalayas to more than 29,000 feet. 
The tallest of these summits have been accurately measured by 
the Great Trigonometrical Survey of India. Their altitude is 
about double that of the highest mountains in Europe, and sur­
passes any al'itude yet observed in any quarter of the globe. 
But as a great part of these several ranges is as yet unsurveyed 
by trigonometry, it is pos-ible that still greater heights may be 
discovered, and that “excelsior” may ;be the proud answer 
rendered by the everlasting hills to human investigation.

Regarding these and the other chains yet to be mentioned, it 
must be borne in mind that there are many cross ranges and 
transverse lines of mountains. Even the chains, too, often con­
sist of detached groups separated by deep valleys. It is by 
observing the position of the groups relatively to one another 
that the tendency of the chain can be discerned.

Such being the outer barriers of our | latcau, there are within 
it two great ranges mainly parallel and running from vest to 
east, namely, the Kuen-lun and the Thian Shan.

While the Himalayas form the southern flank of the great 
Tibetan upland, the Kuen-lun constitutes the northern. The 
modicum of knowledge possessed by us regarding the Kuen lun, 
a most important factor in the geography of our plateau, is 
largely due to the praiseworthy travels of the Russian Preje- 
valsky. This range may be said in a certain sense to overlook 
the Tarim basin ending in Lake Lob, though the mountains are 
actually distant more than a hundred miles from that lake. It 
forms the southern boundary of the Tarim basin, which contains 
some of the few beautiful tracts in our plateau. If there be such 
a thing as a backbone to these regions, or anything like a dorsal 
ridge, it consists of the Kuen-lun.

’t he Thian Shan starts from the Pamir, and runs westward for 
full 1500 miles, till it joins with some of its spurs the uplands of 
Mongolia proper, or touches with others the dreary desert of 
Gobi. As the Kuen-lun forms the southern boundary of the 
Tarim basin, so the Thian Shan constitutes the northern.

Connected with the north-western part of the Himalayas is 
another range which some regard as an offshoot, but which 
others treat separately under the name of Karakuram. Together 
with the Himalayas it joins the Pamir.

Thus three of the greatest mountain ranges in Asia converge 
upon the Pamir, or according to some are there interlaced ; 
namely, the Himalayas, the Kuen lun, and the Thian Shan ; to 
which perhaps two others might be added, namely, the Kara­
kuram just mentioned and the Altai. But it may be more accu­
rately said that the outer border of our plateau north of the Pamir 
is formed bv the terminal spurs of the Thian Shan. It is to be 
remembered also that the Indian Caucasus—which does not 
concern our plateau diiectly enough to fall within this address— 
probably joins the Pamir. In general terms, the convergence of 
mountain ranges on the Pamir renders it geographically the most 

important position in Asia. Tire uninstructed Asiatics have 
evinced a hazy admiration of its grandeur by calling it “ the roof 
of the world.” The comparatively instructed Europeans have 
revered it as the source of the classic Oxus, and as fraught with 
political considerations. Unless further discoveries shall alter 
existing information, we may expect that completely informed 
geographers will consider that this Pamir is the mother of 
mountains, that other ranges are to it as the branches arc to 
the root, and that here if anywhere is the tnie boss of the 
Asiatic shield.

In the second place the vast surface of our plateau, though 
almost uninterruptedly environed by its rocky walls, presents an 
extraordinary series of elevations and depressions. In the heart 
of the plateau there is the depression known to geographers as 
the Western Gobi, sometimes called the Tarim basin. Within 
this there is the Lob Lake or Lob Nor, truly an inland sea into 
which the waters of several rivers ultimately flow, finding no 
vent towards the ocean The total length of the Tarim River 
with its affluents debouching into Lob Nor, cannot be less than 
800 miles. This curiou. and interesting lake is not more than 
2000 feet above sea-level and forms almost the lowest dip in our 
plateau. It is like the bottom of a vast platter, or the centre in 
the hollow of a mighty hand. Around this depression there are 
on all sides uplands of various heights like gradations in the 
Asiatic terrace terminating in the intermediate ranges, or in the 
outer circumvallation of mountains already described. On the 
east side of it there is the tract called Eastern Gobi, partly 
desert, and Mongolia, averaging 4000 feet above sea-level; on 
the north the Altai uplands, exceeding 5000 feet. On the west 
the Pamir rises abruptly, exceeding 13,000 feet ; on the south 
Tibet, with equal abruptness, having an average altitude of 
15,000 feet above sea-level, thus being the loftiest expanse in 
the world; and on the south-east the tract around the Kuku 
Nor Lake, 10,000 feet.

Further, there is a detached depression known as the Zun- 
garian Strait, extending to the northern confine of our plateau 
between the Thian Shan and the Altai ranges. This strait, 
hardly exceeding 2000 feet above sea-level, is as low as, perhaps 
even lower than, any part of our plateau, and is very near 
breaking its continuity, which may be considered as being just 
saved by the comparatively humble altitude above mentioned. 
The depression is geographically important as forming the only 
broad pass between our plateau and the world without. It runs 
from Mongolia, the most important tract within our plateau, to 
Siberia outside. Great value was, in early times, attached by 
the Chinese to it, as being the only natural highway on a large 
scale between Northern and Central Asia.

The existence of this and the other depressions above de­
scribed has led to interesting speculations among geologists as to 
their having been in primeval times within our plateau at least 
one inland sea as large as the Mediterranean of Europe.

Be that as it may, there is no doubt that a process of desicca­
tion has been going on within our plateau during historic ages, 
whereby the climate is considerably affected, and many signs or 
evidences show that this process is still in operation.

On most of its sides our plateau is extraordinarily inaccessible, 
the parses being steep in the extreme, and culminating in ridges 
18,000 to 20,000 feet above sea-level. Towards Siberia the 
Altai passes are easier, and on the north-east between Mongolia 
and China there nre several passe; that have witnessed the his­
toric outpourings of the Mongol hordes, and which are ominously 
remembered by the Chinese as the openings through which their 
invaders rushed like the great river in flood, or the landslip from 
the mountain side, or the avalanche sweeping along the boulders 
and debris to the destruction of the valleys beneith.

I he great desert of Eastern Gobi occupies the eastern portion 
of our plateau. With its accumulating forces of sand and pow­
dered earth it has a tendency to encroach, and is regarded by 
man with a vague awe. Its present extent is enormous, being 
not less than half a million of square miles. Nor does it exist 
alone within our plateau, for between the Tarim basin and the 
Kuen-lun spurs there is a lesser desert called Takla-makan, with 
ico,000 sqare miles of area. It may probably be found that 
these two deserts join or are otherwise connected.

In the third place we have noted that while the prevailing 
characteristics of our plateau are wildness, ruggedness, or deso­
lation, yet within it are the sources of several great rivers which 
sustain the most teeming peoples on the face of the earth. The 
monarch as it were of all these noble waters is the Yang-tse- 
Kiang. Though its head streams have been but imperfectly 



explored, yet its tiue source is known to be in the Kuen-lun 
Mountains already mentioned. After quitting our ] lateau and 
passing out of its prison-house in the mountains through natural 
gates of the utmost magnificence, it permeates the most thickly- 
peopled provinces of China—provinces inhabited by about 120 
millions of souls. It sustains the life of this enormous popula­
tion by supplying the necessary moisture and by affording the 
means of irrigation and of water-traffic. No river has ever in 
ancient or modern times played so important a part in the 
increase of the human race as the Yangtse-Kiang. Its supply 
of water is immense and unfailii g, and this most essential 
characteristic is caused by its connection with the snow-clad and 
ice-bound regions of our plateau, within which it has a course of 
700 mdes before entering China proper. Amidst the :ame 
Kuen-lun range, the Hoang-ho rises, from unexplored springs, 
which the Chinese figure to themselves as "the starry sea.” 
After bursting through several water-sheds, making wondrous 
bends from its main direction near the base of cur plateau, and 
changing its course more than once to the confusion of com­
parative geography, it traverses Northern China and confers 
agricultural prosperity on some 70,coo,000 of souls. It also has 
a cour e of some 400 miles within our plateau, in consequence 
of which its water-:upply is perennially snow-fed. Again, the 
Irawady and the Mekhong, tbe former watering Burma, and the 
latter watering Cambodia, rise in the offshoots of the Kuen-lun. 
That region, then, in respect of the parentage of important 
rivers stands in the first rank. This beneficent circumstance 
ari es from thedirection of subsidiary ranges which admit to this 
I art of our plateau some of the moisture-laden breezes from the 
Pacific Ocean.

Similarly the two Indian rivers, the Brahmaputra, and the 
Indus with its affluent, tbe Satlej, have their origin at a great 
distance within our plateau, and their water-supply is indefinitely 
augmented in consequence. Notwithstanding the vast volume of 
their waters, these rivers play an economic part w hich, though 
great, is much less than that of the main Chinese rivers. Tbe 
Brahmaputra above its junction with the Megna cannot be said 
to sustain more than 15,000,000 of people; and the Indus, 
together with the Satlej, may support 12,000,coo. The Ganges 
and Jamna, issuing from masses of snow on the southern scarp of 
our plateau, sustain before their junction at Allahabad a popula­
tion of 30,000,000—quite irrespective of the deltaic populate n 
of the lower Ganges for whom moisture is supplied from other 
sources. Of these Indian rivers the waters, perpetually snow- 
fed, are largely drawn away for canals of irrigation on a grand 
scale. Taken all in all, despi e delects, the Ganges Canal is the 
most imposing example of hydraulic engineering that has yet 
been seen. From the glaciers of the Pamir and the western 
terminus of the Thian Shan there spring tbe head-streams of the 
Oxus, the Jaxarte--, and other livers, ending in the inland sea of 
Ara). To these, in Persian phra e, the epithet of “ gold- 
scatterer” or " wealth dispenser ” is felicitously applied by the 
natives.

Of the rivers rising in the northern section of our plateau, the 
Amur has possibilities of which the future may see the develop, 
ment. But the great rivers of Siberia, such as the Obe, the 
Yenisei, and the Lena, though flowing through rich soils and 
affording marvellous facilities for several systems of inland navi­
gation to be connected with each other, yet have their long 
estuaries in the permanently frost-bound lands of the Tundra, 
and their meuths in the Arctic waters frozen during most months 
of the year. Therefore they can never, in economic importance, 
vie with tbe rivers above mentioned, which flow into the Pacific 
and Indian Oceans.

In the fourth place, the lacustrine system, though not compar­
able to that of North America or of Central Africa, and not ap­
proaching in beauty or interest that of Southern Europe, is yet 
very con-iderable. It is not, however, tbe only one in Asia, 
and from it must be excluded the three great Siberian lakes of 
Issykkul, of Baikal, and of Balkash, which, though connected 
with our plateau, are beyond its actual limits. Exclusive of 
these, however, the lakes, great and small, within our plateau, 
are extraordinarily numerous. Not less than a hundred of them 
may be counted on the maps of this region. Of these lakes, 
however, some are in-ignificant, being little more than saline 
swamps. Others, again, as the Pai gong, though romantically 
beautiful—reposii g at an altitude equal to that of the highest 
European mountains, and reflecting the perennial snow of sur­
rounding peaks—do not illustrate specially any geographical 
problem, nor produce any economic result. But some may be 

: elected as having a scientific interest irrespective of beauty or of 
strangeness.

The Lake Victorio, dicovered by Wood in 1838, rests in the 
heart of the Pamir, already mentioned, at an elevation of 14,000 
feet above sea-level. It is frozen over during the greater part of 
the year, and lies with a gli tening and polished surface in the 
midst of a snow-whitened waste. In that state it powerfully 
affects the imagination of the spectator who reaches it as the final 
goal, after a pro'racted and toilsome ascent from the barren or 
deserted plains of Ariana. It is the source of the Oxus, and is 
near tbe point of contact between the British and the Russian 
political systems in Asia.

In the sharpest contrast to a highly-placed Pamir lake is the 
Lake Lob, already mentioned. Shallow water, sedgy morass, 
dreary sands, parched forests, the monotony of desolation, are 
reported to be its characteristics. It apparently consists of the 
dregs of an inland sea that is mostly dried up, and is, as it were, 
kept alive only by the Tarim river, which has its sources in the 
everlasting snows of the Pamir. Despite the proximity of saline 
tracts, the lake has fresh water. Near it is a great desert, of 
which the soil, though now arid and friable, owing to the gradual 
desiccation, was once more or less productive, and w here a 
population has probably become extinct or has disappeared by 
migration.

The Pamir then is a water-parting for two inland seas, one the 
Aral, beyond our plateau, the other Lob Nor within it—both 
saved from speedy desiccation only by the influx of rivers from 
the snow line.

Again in contrast is the Kuku Nor, a sheet of water 10,000 
feet above sea-level, in the eastern section of the Kuen-lun 
mountains, near the source of the Hoang-ho. Its waters, pro­
found and saline, have a dark azure hue, which is compared by 
the natives to that of the exquisite silks in China. It is in the 
Tangut region, mentioned by Marco Polo in his Itinerary. In 
respect to the lakes in this region, and especially the morasses of 
Tsaidam, there are geological speculations as to another Asiatic 
Mediterranean (besides that already mentioned), long since dried 
up, whereof there are a few widely-scattered remnants, among 
which the Kuku Nor is one.

Lastly, a word of pa-sing notice may be devoted to two among 
the Tibetan lakes, that of Tengri, near Lhassa, on the shore of 
which stands a venerated Buddhist convent, and the Bul-tso, from 
which have been obtained quantities of the best borax.

In the fifth place, the north-eastern part of our plateau was 
during remote ages, beyond the ken of history, the home of hardy 
and aggressive Tartars. These Tartar races, dwelling among the 
uplands in he lee of the mountain', used for many centuries to 
emerge and harry the fertile Chinese plains lying between the 
mountains and the Pacific Ocean. It was to ward off these in­
cursions that the Great Wall was constructed, winding like a vast 
serpent of stone along the ridges of mountains for 2,000 miles 
fr ,tn tbe Pacific coast to the Siberian confines. The cost and 
lab ur expended on this amazing work attest the dread w ith which 
the Tartar highlanders had in pired the Chinese lowlanders. 
Some centuries after the building of the Wall, the most warlike 
among the Tartar tribes, in the council of theirnati nal assembly, 
acclaimed Temujinas their king, in the year 1206 A.u. He took 
a title which i transla'ed by Europeans as Chinghiz Khan, a title 
which for two centuries or more was the best known name in the 
whole world. At the head of his Tartar adherent', he first 
subdued the other kindred tribes of our plateau. Then he 
organised and disciplined the whole Tartar manhood into an 
army of horsemen. This is the most wonderful instance of 
military mobilisation known to history ancient or modern. Its 
results too were equally appalling. In medieval times the 
marches of the Arabs and the Saracens, in modern times 
the expeditions of Napoleon, have dazzled Asia or Europe. 
Thee were hardly, however, equal to the di-tant conquests of 
Alexander the Great in ancient times. But even the wars of 
Alexander were perhaps surpassed by the ravages of Chinghiz 
Khan and the Tartars of our plateau. The countries of China, 
India, Afghanistan, Bactria, Persia, the Aral-Caspian basin, 
Siberia, Asia Minor, Russia, were overrun within a hundred 
years by Chinghiz Khan, his lieutenants, and his immediate 
descendants. Thus, through the hordes of our plateau there 
was established a dominion stretching from Cape Comorin near, 
the equator, to the Arctic Ocean, and from the Pacific shores to 
the banks of the Vistula in Poland. The latest historian of the 
Mongols considers that nothing but the unexpected death of the 
Tartar sovereign, and the political combinations arising in con­



sequence within this very plateau of ours, prevented the Tartar 
invasion from spreading even to Western Europe. Though it 
is often held that these terrific events have been overruled by 
Providence for the progress of mankind, still at the time they 
caused what Gibbon truly calls a shipwreck of nations. Not­
withstanding this, the Tartars won, in a certain sense, an 
unparalleled success, which is attributed to the geographical 
circumstances of our plateau.

The influence of the precipices the forests, the prairies, the 
wild sports, in forming the national character is so obvious that 
it need not be specified. We readily understand how the 
sturdy mountaineer, the daring hunter, the practised archer be­
comes the able soldier. In Mongolia, however, the local 
speciality was this, that the practically boundless extent of the 
pasturage and the nutritious richness of its quality, induced the 
people to maintain countless horses, cows, buffaloes, sheep, 
goats, and camels, neglecting the tillage of the soil, never 
building houses, but living in tents made cf warm felt, accumu­
lating a certain sort of rude wealth, still roving and roaming 
about at some seasons incessantly from one encampment or one 
grazing-ground to another, dragging with them their families 
and their effects by means of the pack animals and the roomy 
waggons drawn by many oxen yoked abreast. Thus was a truly 
nomadic existence practised on the largest scale ever known. 
Mongol armies, belter drilled, armed, accoutred, and equipped 
than any forces then known in the civilised world, would 
emerge from our plateau into the inhabited plains around, and 
would observe houses and towns for the first time. It is even 
alleged that some of them had never seen cultivated crops before.

In this state of existence the temptations to depredation of 
all sorts were exce sive, and the danger from the climate, the 
savagery of nature, and the wild beasts as always imminent. 
Consequently tbe Mongals were obliged to hold themselves to­
gether by the cohesion of families, clans and tribes. Thus by 
the force of circumstances a social organisation was established 
which । roved the foundation of a military discipline suitable to 
the genius of the people, almost self-acting, and unfailing even 
in the remotest expeditions. The horses, too, upon which the 
Mongol warriors mainly depended, naturally fell into the 
training; being always turned out to graze in herds, they 
habitually kept together, and the field manoeuvre fixed habits 
which had been already acquired. It used to be remarked that 
a line of Mongol cavalry was like a rope or a chain perfectly 
flexible but never parted.

The Mongodian food included little of cereals or vegetables, 
but consisted mainly of cheese and meat. For stimulating drink 
there w as the fermented marc's milk. The name ‘ k< umis ’ or 
‘ prepared milk,’ apparently much esteemed medically now-a- 
days, is a Mongolian word. Manifestly, men thus nurtured 
could live in the saddle day and night, carrying with them their 
sustenance in the smallest compass, and scarcely halting to eat 
ordrink. Thus the hardihood evinced on protracted marches, 
which would otherwise be incredible, can be accounted for.

It is probable that this diet while sustaining vivacity produced 
also a violence of disposition. Certainly, ruthlessness, cruelty, 
indifference to suffering characterised the Mongols and marred 
the effect of their grand quali'ies. Massacres, holocau-ts, con­
flagrations marked their warlike operations. Even famines and 
epidemics have hardly done more for depopulation than the 
Mongol conquests. A Mongolian chief would say that the 
keenest enjoymet in life was to stamp upon a beaten enemy, to 
seize his family, and despoil his encampment.

It is not the purpose of this address to describe the 
policy of the Mongols or the institutions which they founded 
tn conquered countries. A few salient points onlv have been 
indicated in reference to the geography of our plateau. It 
is here, near what is now known as the upper regions of the 
Amur, that the Onon, the Orkhon, and the Kerulen, classic 
streams in Mongol story, take their source. Here is the 
site of Kara Koron, the emperor’s head quarter encamp­
ment. Here the Kurultai assemblies were held to decide the 
fate of nationalities. Here were the camps, the Urts, and 
Urdus, rude names at first unpronounceable in the civilised 
world, but soon to become terribly familiar. Here were the 
hordes mustered under their banners, < ach standard having its 
distinctive colour, the supreme ensign being, however, the yak’s 
tail raised aloft. Hither, also, the corpse of Chinghiz Khan 
was borne in a cumbrous catafalque, dragged through the deep 
loam by oxen yoked twenty abreast, while his henchmen chanted 
a dirge which was a pathetic effusion from the heart of a valiant 

nation, and was full of poetic images drawn from the Mongolian 
surroundings.

In the sixth place, though our plateau has possessed, and still 
possesses, some patches of fine rultiva ion, such as those in the 
Upper Tarim basin, near Yarkand and Kashgar, and some near 
Lhassa in Tibet, still it has comparatively but little of agriculture, 
of trade, or of industry. Nevertheless it has many natural 
resources of value and interest, while its pastoral resources have 
proved astonishing. Its breed of horses, though by no means 
the finest, has yet been quite the largest ever know n. These 
horses have never displayed the beauty of tbe Arabian or the 
size of the Turkoman breed. They are middle sized, and do 
not attain the speed of thoroughbreds. But in nimblenes-amidst 
rugged ground, in endurance over lengthened distances, and in 
preserving their condition with scanty nourishment, they are un­
rivalled. Their numbers too may well exercise the imagination 
of modern breeders. For m.~ny years the Tartar emperors 
maintained in the field at least 500,000 cavalry, for which the 
horses were drawn chiefly from our plateau. This enormous 
cavalry force was engaged in fighting over an area of many 
thousand miles in length and breadth, during which operations 
much desperate resistai.ee was encountered. It was occupied 
in steep ascents and descents, in traversing deserts, in crossing 
frozen lakes, in swimming rapid rivers. How vastly numerous 
then must have been the casualties among these horse-, and how 
immense the breeding studs. The pasturage too was so |mtent 
in nutritive qualities that ordinarily there was risk of animals 
suffering from repletion, and emaciated creatures rapidly gained 
flesh and strength.

In other respects too the fauna are noteworthy—the sheep and 
goats, with wool or down of the softest texture—the buffalo 
herds and the yaks inured to the sharpest cold—the gazelles 
careering in thousands—the untau.eable camel of the desert 
having a speed and agility unknown in other species—the wild 
asses and the white wolves—the waterfowl at times like clouds 
darkening the air.

The flora too, though less abundant, has its specialities—the 
pointed grasses sharp enough to pierce leather, the gigantic 
rhubarb, the magnificent holly, the branching juniper.

The mineral resources of the Kuen-lun are certainly enor­
mous ; nobody yet knows how great they may prove. Indeed 
our plateau is remarkable for the antimony, the sulphur, the 
saltpetre, the borax, the gold-washings, the turquoise, and the 
clas-ic jadestone.

In the seventh place, the field offered by our plateau for 
scientific research will be apparent from even a cursory consider­
ation of the stage to which our knowledge has reached. From 
the second of the two diagtams, which shows in deep pink those 
portions of Asia that have been professionally purveyed, in light 
pink those that have been roughly surveyed, in lighter pink those 

i that have been explored only, and in white those that are unex­
plored—it will be seen that almost the whole of our plateau is 
unsurveyed, and that while much of it has been explored more 
or less, some portions yet aaait exploration. For some time, 
however, it has been the sphere chosen by many among the most 
skilful, ei during, and intrepid travellers of Europe. The journeys 
of the .Russian Prejevalsky in tbe Tarim basin and Mongolia, of 
Potanin and Rafaiioff in the same region, of Malussovski near 
Kobdo, of the French missionaries Gabel and Hue in Mongolia, 
of the Bishop Desgodius in Tibet, of tbe German Schlagintweit 
in Turkestan, of the Englishmen Forsyth, Trotter, Johnson, Shaw, 
Hayward in the Tarim basin, of Wood in the Paymir, of Ney Elias 
in Mongolia, of Delmar Morgan in Kulja, of Bogle and Manning 
in Tibet, while teaching us very much, have yet left our minds 
dazzled with a sense of what remains to be learnt. Even the 
trigonometrical determination of the Himalayan summits by tbe 
English Surveyors General, namely, Everest, Waugh, and 
Walker, the researches of Basevi, Stolicksa, Godwin-Austen, 
Thomson, Biddulph, in the same quarter, and the Siberian 
surveys by the Russians among the Altai nnd Tian Sban 
mountains, have brought us only to the verge of half-discovered 
or undiscovered countries. The greatest unexplored region in 
all Asia, namely the Kuen-lun range, lies in the very heart of 
our plateau. It is remarkable too that if the principal geogra­
phical problems awaiting solution in Asia be specified, such as 
the true and ultimate sourres of the Hoang-ho, the Irawady, the 
f alwin, the Mekhong, the relation of the San-po with the 
Brahmaputra, the connecting links between the Kuen-lun and 
the Chinese mountain chains, they will be found to concern our 
plateau.

resistai.ee


At a few points only has onr plateau been penetrated by geo­
logical surveys, namely, in some parts of the Altai and at the 
western end of the Titian Shan ; and these surveys are Russian. 
But the formations, the strata, the upheavals, the denudations, 
the fluvial action, awaiting scientific examination, are indescri­
bably great. A notion of some of the questions inviting inquiry 
from the geologist and palaeontologist may be gathered from 
what has been already said under previous headings in respect to 
the general de-iccation and the subsidence or evaporation of the 
ptimeval waters.

To the natnralist few regions present more surpri-ing oppor­
tunities for the observation of the coming, the resting, the depart­
ing of migratory birds.

To meteorologists many of the natural phenomena must prove 
highly interesting—the causation of the wondrous dryness, the 
effects produced on animal comfort by the rarefaction of the air, 
the mummified bodies dried up without undergoing putrefaction, 
the clouds of salt particles driven along by furious gusts and 
filling the atmosphere, the fires in the parched vegetation of the 
desert, the spontaneous ignition of coal beds, the caves emitting 
sulphurous gases, the rocky girdle of syenite bounding the Gobi 
desert, the gradual contraction of the glaciers, the ordinarily 
rainless zones sometimes invaded by rain-storms with a downpour 
like that of the tropics.

In the eighth place, our plateau is now under one imperial 
jurisdiction, and offers many problems for social inquirers. It 
belongs entirely to the Chinese empire with the exception of one 
small tract where the Russian authorities have crossed the 
mountain border. The geographical features for the most part 
favour national defence and territorial consolidation. The old 
Chinese Wall is still suitable to the political geography of to-day. 
In the Zungarian strait, however, in the Hi valley near Kulja, 
perhaps, also, in the line of the Black Irtish, near Zaisan, the 
Chinese empire, in its contact with Russia, has weak points 
strategically, or chinks in its armour. Though the plateau was 
originally under the Chinese suzerainty, it became, under the 
Mongolian emperor Chinghiz Khan and his successors, the mis­
tress of China, as indeed of all Asia and of Eastern Europe. As 
the Mongol power, however, shrunk and withered, the Chinese 
reasserted themselves. At length under a dynasty, from 
Manchuria, outside the mountain border, the Chinese became 
lords over our plateau. The Zungarian tribe of Eleuths 
rose, and after severe military operations were suppressed. The 
Muhammadan inhabitants of the Tarim basin rebelled against 
the Chinese government, and for a while maintained an inde­
pendent principality for Islam. It was during this time that the 
British sovereign sent an envoy to Yarkand to conclude a com­
mercial treaty, in 1873. Subsequently the Chinese broke down 
this rising independence, and the whole region of the Tarim 
receives its orders from the emperor at Pekin.

The decline and fall of the Mongol empire, the disruption of that 
wide-spread dominion, like the breaking up of the ice on its own 
frozen rivers, are historical themes beyond the scope of thisaddress. 
But the changes which have gradually come over the national cha­
racter of the Mongolians are cognate to the studies of geographers. 
As already seen, the annals of the Mongols reveal one of the 
many examples of the theory of causation, explaining how geogra­
phical surroundings mould or affect the human character. There 
remain the mountains, the sea of undulating uplands, which are 
still among the few important regions not essentially modified by 
human action. The pine forests, though hardly intact, have not 
been extensively cleared. There is the dread desert—where to 
the cars of superstitious Mongols the rolls of the mustering drums 
and the shouts of victorious battle are audible—and which has 
engulfed in sandy waves additional tracts once productive. The 
pastoral resources, the nomadic diet and exercises, the tribal 
organisation, are in kind the same as of yore, though perhaps 
modified in extent or degree. The short-lived heat may perhaps 
be gaining strength as the ages advance; but the winters must be 
nearly as long and hard as ever. Thus the same physical and 
climatic conditions which once caused the Mongolian nation to 
become one of the mightiest engines ever directed by man are 
still surrounding the politically degenerate Mongols of to-day, 
who are best represented by the tribe of Khalkas. Once audaci­
ously ambitious, the Mongols are now sluggish and narrow­
minded ; once passionately fond of an independence as free as 
their mountain air, they are now submissive to the domination of 
races formerly despised by them as inferior; once proud of a 
tribal organization and a voluntary discipline that wrought world- 
renowned wonders, they are now split up into factions like a 

faggot of sticks that has been unbound. A man who, though 
the feeblest of pedestrians, grips with his bowed legs the saddle 
of the most restive horse as with a vice, is all that remains of the 
historic Mongol. It is for the social inquirer to determine what 
have been the circumstances counteracting the climate nnd local 
causes which made this nation potential in moulding medieval 
history.

Here too may be observed the tendencies of Paganism, 
Buddhism, and Muhammadism respectively. Of all regions our 
plateau offers the best means of studying Buddhism, which still 
counts mere adherents than any other faith. Though the mid­
Ganges Valley was the birthplace of this widespread religion, 
and was for ages regarded by pious Buddhists as their holy land 
—yet during recent centuries the active centre of the faith has 
been in Tibet. Of the four incarnations of Buddha now held to 
exist, three are within our plateau, namely, two in Tibet 
near Lhassa and at Teshu Lumbo, and one in Mongolia at Urga, 
near the spot where mounds attest the burial of heaps of slain 
after one of Chinghiz Khan’s earliest battle-. In Tibet may be 
seen to the best advantage those religious ceremonies, the sight 
of which has always attracted the observation of Roman Catholic 
missionaries.

In conclusion, this brief summary of our geographical know­
ledge regarding the plateau of mid-Asia is pro risional only. For 
it avowedly deals with regions mostly unsurveyed and seldom 
even explored completely. Further exploration or discovery 
therefore may reverse some of our specific conclusions, or may 
modify the current of our topographical ideas. It is probable 
indeed that there will be such changes, inasmuch as almost every 
investigation within this vast area has revealed something un­
imagined before, or has caused disbelief of something previously 
believed. This address, then, is limited to a resume of things 
imperfectly known, with a view of bringing into strong relief two 
matters which are unquestionable, namely, the importance of 
our plateau and the grand field it offers for research. If the 
public consideration of these matters shall induce inquirers to 
direct their enterprise towards this grand region, we may hope 
that by degrees the errors in our facts may be removed, the mis­
direction of our conclusions remedied, the vagueness of our 
notions made definite. At present the physical obstacles in the 
path of such enquiries are so grave as to be almost deterring. 
But they do not finally deter those who after forethought decide 
to brave peril, distress, sickness, suffering, in order to enlarge 
the bounds of knowledge. Each inquirer, however, has the 
consolation of reflecting that he makes the rough ways smoother 
for those who shall come after him. Every journey that is 
accomplished must facilitate successive discovery in the same 
line of country. Probably as fast as one line is made good 
geographically fresh lines may present themselves, and new 
vistas will be opened to the astonished gaze of geographers. At 
length, with all the constancy and courage which arduous travel 
never fails to inspire, the inquirers of the future will doubtless 
explore this plateau till it becomes as well known as the Alpine 
regions of Europe.

SECTION G
MECHANICAL SCIENCE

Opening Address hv John Fowler, C.E., F.G.S 
President of the Section

Of all the important sections of the British Association the 
one over which I have now the honour of presiding is, you will 
all, I think, admit, at once the most practical and the most 
characteristic of the age. In future times the present age will 
be remembered chiefly for the vast strides which have been 
made in the advancement of Mechanical Science. Other days 
have produced as great mathematicians, chemists, physicists, 
warriors, and poets, but no other age has made such demands 
upon the professors of mechanical science, or has given birth to 
so many men of eminence in that department of knowledge. 
Though a member of the profession myself, I may venture before 
my present audience to claim that the civil engineer is essentially 
a product and a type of the latest development of the present 
century. Telford has admirably defined the profession of a 
civil engineer as “ being the art of directing the great sources of 
power in nature for the use and convenience of man, as the 
means of production and of traffic in states both for external 
and internal trade, as applied in the construction of roads, 



bridges, aqueducts, canals, river navigation and 'docks, for in­
ternal intercourse and exchange, and in the construction of ports, 
harbours, moles, breakwaters, and lighthouses, and in the art of 
navigation by artificial power for the purposes of commerce, and 
in the construction and adaptation of machinery, and in the 
drainage of cities and towns.” This definition, written more 
than half a century ago, is wide enough to include all branches 
of engineering of the present day, although amongst those spe­
cifically mentioned the departments presided over by the railway 
engineer, the locomotive superintendent, and the electrician will 
be looked for in vain. As Telford was beyond all question the 
most widely experienced and far-seeing engineer of his time, 
this little omission well illustrates and justifies my statement that 
the.typical civil engineer of the day is a late product of the 
present century; for even Telford never foresaw the vast changes 
which railways, steam, and electricity would evolve in the course 
of a few years.

My predecessors in this chair have on several occasions stated 
their conviction that it w as better for the author of an address to 
confine his attention to the [articular department of engineering 
in which he had special knowledge, than to wander over the 
whole field of mechanical science. A well-informed man has 
been defined to be a man who knows a little about everything 
anil all about something. If you give me credit of being a w ell- 
informed engineer, 1 will endeavour to justify ycur good opinion 
by showing, whilst presiding nt these meetings, that 1 know a 
little about steam-navigation, and machinery generally; a little 
about iron and steel, and other manufactures, and I trust a g< od 
deal about the construction of railways, canals, decks, harbours, 
and other works of that class.

There have undoubtedly been published during the last fifty 
years many works of mark and merit, but the work which above 
all others would, I think, have astonished and perplexed our 
ancestors, is the little one known to all the civilised world as 
“Bradshaw.” This indispensable handbook of the nineteenth 
century testifies that the face of the country is dotted over 
literally with thousands of railway stations ; that between many 
of these stations trains run at two-minute intervals, whilst the 
distance between others is traversed at a mean speed of nearly 
60 miles an hour. The public arc often justly indignant at the 
want of punctuality on some railways, but they should blame 
the management, and not the engineers, for the daily conduct 
of the heavy traffic between England and Scotland shows, that 
notwithstanding the constantly varying condition of wind and 
weather in this climate, a run of four hundred miles can, on a 
properly laid out railway, and w ith suitably designed rolling- 
stock, be accomplished with certainty to the minute, if the 
management is not at fault. On the Great Northern Railway, 
for instance, of which I am consulting engineer, the 400 miles 
between London and Edinburgh is traversed in nine hours, or 
deducting the half-hour allowed at York for dining, at the mean 
rate of no less than 47 miles per hour including stoppages. A 
few months ago the Luke of Edinl urgh was taken on the same 
line of railway from Leeds to London, a distance of 186j miles, 
in exactly three hours, or at a mean rate, including a stop at 
Grantham, of over 62 miles an hour. I know of no railway 
in the world where this performance has been eclipsed, and 
it will be perhaps both instructive and amu-ing to ccntrast with 
it the performance of the engines at the opening ceremony of the 
Liverpool and Manchester Railway, on September 15, 1830. 
A newspaper correspondent of the time, after describing many 
eventful incidents of his journey, proceeds as follows: “The 
twenty-four vehicles left behind were now formed into one con­
tinuous line, with the three remaining engines at their head, and 
nt twenty minutes past five o’clock we set out on cur return to 
Liverpool. The engines not having the power, however, to 
drag along the double load that had devolved upon them at a 
faster rate than from five to ten miles an hour (once or twice 
only, and that but for a few minutes, did it reach the rate of 
twelve miles an hour), it was past eight o’clock before we reached 
J’arkside. Proceeding onwards, we were met on the Kenyon 
Embankment by two of the missing engines, which were im­
mediately attached to the three which had drawn us from Man­
chester. We went still slower than before, stopping continually 
to take in water (query to take breath), and creeping along at a 
snail’s pace till wc reached Sutton inclined plane, to get up 
which the greater part of the company were under the necessity 
of alighting and making use of their own legs. On reaching 
the top of the plane we once more took our seats, and at ten 
o’clock we found ourselves again at the company’s station in

Crown Street, having accomplished the distance of 133 miles in 
four hours and forty minutes.”

The incident of the passengers de cending from a train headed 
by five engines to walk up an insignificant incline is, I think 
worthy of being recalled to the remembrance of the travelling 
public who are accustomed to see without astonishment a single 
engine rushing along with a train of a dozen heavy carriages at 
as high a speed as if it were running alone.
immediate forefathers, however, the justice to remember that 

We must do our

even they effected some considerable improvements in the speed 
of locomotion. For example, in 1763 the only public con­
veyance for passengers between London and Edinburgh was a 
single coach, which completed its journey in fourteen days, or 
at the average rate of ij mile per hour. Strange as it may 
appear, there are at the present time many large fertile districts 
in Hungary where, owing to the absence of both road and water 
communications, a higher rate of speed cannot be attained in a 
journey of seven day’s duration.

An essential condition of the attainment of high speed cn the 
railway, is that the stopping places be few and far between. The 
Great Northern express previously referred to makes its first 
halt at Grantham, a distance cf 105 miles from I.ondon, and 
consequently but little power and time are Irst in accelerating 
and retarding the speed of the train. In the instance of the 
Metropolitan Railway, on the other hand, the stations average 
but half a mile apart, and although the engines are as powerful 
as those on the Great Northern Railway, whilst the trains arc far 
lighter, the average speed attainable is only some twelve miles an 
hour. No sooner has a train acquired a reasonable speed than 
the brakes have to be sharply applied to pull it up again. As a 
result of experiment and calculation, I have found that 60 per 
cent, of the whole power exerted by the engine is absorbed by 
the brakes. In other words, with the consumption of 30 lbs. of 
coal per train mile, no less than 18 lbs. are expended in grinding 
away the brake blocks, and only the remaining 12 lbs. in doing 
the useful work of overcoming frictional and atmospheric 
resistances.

Comparatively high speed and economy of working might be 
attained on a railway with stations at half-mile intervals if it 
were ] ossible to arrange the gradients so that each station 
should be on the summit of a hill. An ideal railway would 
have gradients of about 1 in 20 falling each way from the 
stations with a piece of horizontal connecting them. With such 
gradients gravity alone would give an accelerating velocity to 
the departing train at the rate of one mile per hour for every 
second ; that is to say, in half a minute the train would have 
acquired a velocity of 30 miles an hour, whilst the speed of the 
approaching train would be correspondingly retarded without 
the grinding away of brake blocks. Could such an undulating 
railway be carried out, the consumption of fuel would probably 
rot exceed one-half of that on a dead level railway, whilst the 
mean speed would be one-half greater. Although the required 
conditions nrc seldom attainable in practice, the broad principles 
should be kept in view by every engineer when laying out a rail­
way with numerous stopping places.

Nearly thirty years ago, when projecting the present system of 
underground railways in the metropolis, I foresaw the inconveni­
ences which would necessarily result from the use of an ordinary 
locomotive, emitting gases in an imperfectly ventilated tunnel, 
and proposed to guard against them by using a special form of 
locomotive. When before the Parliamentary Committee in 1854, 
I stated that I should dispense with’firing altogether, and obtain 
the supply of steam necessary for the performance of the single 
trip between Paddington and the City from a plain cylindrical egg- 
ended boiler, which w as to be charged at each end of the line with 
water and steam at a high pressure. In an experimental boiler 
constructed for me, the loss of pressure from radiation proved 
to be only 30 lbs. per square inch in five hours, so that practi­
cally all the power stored up would be available for useful work. 
I also found by experiment that an ordinary locomotive with the 
fire “dropped” would run the whole length of my railway with 
a train of the required weight. Owing to a variety of circum­
stances, however, this hot-water locomotive was not introduced 
on the Metropolitan railway, though it has since been success­
fully used on tramways at New Orleans, Paris, and elsewhere. 
I am sorry to have to admit that the progress of mechanical 
science, so far as it affects locomotives for underground railw ays, 
has been absolutely till during the past thirty years. The loco­
motive at present employed is an ordinary locomotive, worked in 
the ordinary way, except that in the tunnel the steam is con­



densed, and combustion is aided by the natural draught of the 
chimney alone, instead of being urged by a forced blast as on 
open portions of the line. Whether a hot-w ater, a compressed 
air, or a compressed gas locomotive could be contrived to meet 
the exigencies of metropolitan traffic is a question which, I 
think, might be usefully discussed at the present or some future 
meeting of the Association.

A reference to the underground railway naturally suggests the 
wider que tion of tunnels in general. The construction of 
tunnels was not one of the novelties presenting itself to railway 
engineers, for many miles of tunnel had been driven by canal 
engineers before a single mile of passenger railway had been 
built in this or any other country. To foreign engineers belongs 
the honour of having boldly conceived and ably accomplished 
tunnel works of a magnitude which would have appalled a canal 
engineer. I need only refer to the Mont Cenis Tunnel, over 7i 
miles in length, commenced in 1857 ai d finished in 1870; the 
St. Gothard Tunnel, 9} miles in length, commenced in 1872 
and finished in 1882 ; and the Hoosac Tunnel, 4^ miles in 
length, commenced in 1854 and finished in 1875. In all cases 
rock of the hardest character had to be pierced, and it is need­
less to remark that without the aid of the machinist in devising 
and manufacturing compressed air machinery and rock-boring 
plant the railway engineer could not have accomplished his 
task. Intermediate shafts arc not attainable in tunnels driven 
through great mountain ranges, so all the work has to be done 
at two faces. In the case of the Mont Cenis Tunnel the mean 
rate of progress was 257 feet and the maximum 4C0 feet per 
month. In the St. Gothard Tunnel the mean rate was 429 
feet and the maximum 810 feet. In the Hoosac Tunnel the 
average rate was 150 feet per month.

Tunnels under broad navigable rivers and estuaries have been 
a subject of discussion by engine rs for at lea t a century, but 
the only one at present completed is the unfortunate and costly 
Thames Tunnel. Two important works of the class are, however, 
now well in hand, the Severn Tunnel at Ports'kewet, and the 
Mersey Tunnel at Liverpool. Having reference to this fact, it 
will be interesting to quote the following passage from a letter 
addressed to the press by a Mr. Thomas Deakin on March 6, 
1835, that *s *° say> morc than forty-seven years ago. Mr. Deakin 
writes: ‘ The Great Western Railroad from London to Bristol 
* ill be accomplished no doubt, and why not continue it under 
the Severn mouth, near Chepstow, Monmouthshire, through 
Glamorganshire, and to Milford Haven in Pembrokeshire? It 
would then traverse the coal-field of South Wales throughout its 
whole extent—a tract of country possessing alo inexhaustible 
stores of iron-stone. A tunnel was once so proposed to be formed 
under the Mersey at Liverpool, and had it not been for the failure 
of the Thames Tunnel would most probably have been carried 
into effect.” It is not a little singular that the two tunnels thus 
foreshadowed by Mr. Dakin should both be in hand at the present 
moment.

Undoubtedly the numerous accidents which occurred during 
the construction of the Thames Tunnel, together with its enormous 
cost of about 1,500/. per lineal yard, and the eighteen years 
occupied in its construction, destroyed the chance of any other 
projected subaqueous tunnel for many subsequent years. One 
lesson enforced by the Thames Tunnel was the necessity of 
leaving a reasonable thickness of ground between the water and 
the tunnel, In the Severn Tunnel the minimum thickness is 40 
feet and in the Mersey Tunnel 22 feet. T he width of river at 
the point of crossing of the former tunnel is 2| miles, and the 
maximum depth of rails below high water, 163 feet. In the case 
of the Mersey Tunnel the width is nearly three-quarters of a mile, 
and the depth 144 feet. The Thames Tunnel, as almost every­
one knows, was carried on by means of a special contrivance 
termed by Brunel a “shield.” No special appliances have been 
adopted in either of the Severn or the Mersey Tunnels. • Both are 
driven in the ordinary way, but of course enormous pumping 
power is required and has been provided.

When no special appliances are used in the construction of a 
subaqueons tunnel, it will be clear to all that an unknown risk is 
encountered. All may go well, and the engineer will then justly 
receive congratulations from everyone for his boldness and suc­
cess. But, on the other hand, something may go wrong, even 
at the last moment, and I fear the engineer then would be abused 
no less roundly by the unthinking public for his temerity and 
consequent failure. It would be a “ Majuba Hill ” incident over 
again, and if the accident caused much loss of life the engineer 
probably would envy the fate of the brave but ill-starred 

General Colley, who at least fell with the victims of his 
rashness.

In many cases of tunnels under estuaries, special appliances 
could be used which would obviate all risk and make the suc­
cessful completion of the work a mathematical certainty. A 
tunnel under the Humber, about ij mile in length, projected by 

• myself in 1873, the Bill for which was subsequently passed by 
the Commons and thrown out by the Lords, was a case in point. 
The bed of the Humber is of very fine silt, and I proposed to 
build the tunnel in lengths of 160 feet, under the protection of 
rectangular iron caissons 160 feet long by 42 wide, sunk by the 
pneumatic process. As the pressure of the air in the caissons 
would always be slightly in excess of that due to the head of 
water in the river, no interruption from influx of «ater could 
ever occur, and the operation of building the tunnel in lergths 
inside this huge diving-bell would l>e as certain and free from 
risk as the every-day work of sinking a bridge-pier by the 
pneumatic process.

A tunnel over a mile in length, now in progress under the 
Hudson River at New York, is being driven through a silty 
stratum by the aid of compressed air, and with a certain amount 
of success, as only some twenty men have been drowned up to 
the present time. The principle upon which the compressed air 
is used is, how ever, a false one, since it is merely forced into the 
tunnel with a view to uphold the ground by its pressure, like so 
much timbering, and not to keep out the water on the principle 
of a diving-bell. It is clear, therefore, that the completion of 
the Hudson River Tunnel, if the present system be persevered in, 
is purely a matter of conjecture, and all we can do is to hope for 
the best. The same remark applies, of course, to the Severn 
Tunnel and the Mersey Tunnel, although in those cases the 
character of the ground is such that the contingencies are small 
in comparison with those encountered in the construction of the 
Thames Tunnel and the Hudson River Tunnel. Nevertheless, 
as I have already observed, unless special appliances of ths 
nature of the pneumatic process be used, a subaqueous tunnel, 
whether it be the Channel Tunnel itself or one but a few yards 
in length, must necessarily present an unknown risk. The pro­
totype of all these tunnels is the one commenced at Rotherhithe 
in 1809, which was successfully driven a distance of 900 feet 
under the Thames, and failed when within a little more than too 
feet of the opposite shore. A tunnel about 1J mile in length 
was commenced about ten years ago under the Detroit River in 
America, but was abandoned in a similar manner. So far 
good fortune has attended both the Severn and Mersey 
Tunnels, and there is, I am gird to say, every chance of its 
continuing.

That the series of mishaps with the Thames Tunnel, and the 
consequent postponement of all other projects for subaqueous 
tunnels, were due to errors in design and want of foresight on 
the part of the engineer, is patent to everyone now, and was 
foreseen by at least one acute contemporary of Brunel himself. 
Only a few months ago, when turning over the leaves of an old 
periodical, I became aware of a fact that a scheme, identical in 
all its main features with my Humber Tunnel project, had been 
suggested for adoption in the case of the Thames Tunnel, in lieu 
of the plan proposed by Brunel. Writing in December, 1823, 
or fifty-nine years ago, the author of the project, a working 
smith of the name of Johnson, says : “I propose to construct 
the Thames Tunnel without coffer-dams by making it in parts 28 
feet in length, each part having the ends temporarily stopped up, 
and being constructed on the same principle as th diving-bell. 
The men dig from the inside round the edge as if sinking a well, 
and throw the earth towards a dredger, the buckets of which 
work some feet below the bottom of the excavation. Each length 
will be suspended between two vessels, and be conveyed to the 
place where it is let down.” A description of the mode of con­
necting the several lengths is given, and I may add that the 
tunnel blocks had a sloping face to tend to bring the faces of the 
joints together, a plan since adopted with the huge concrete 
blocks at Kurrachee and other harbours. There is not a Haw in 
the design from beginning to end, as modern experience in the 
sinking of numerous bridge-piers on precisely the same plan has 
amply demonstrated. It is beyond all doubt that if the design 
of this working smith had been adopted in lieu of that tendered 
by Brunel, the Thames Tunnel would have been completed in a 
couple of years, instead of eighteen years, and at a cost of about 
300/. per yard instead of 1,500/.

If another tuunel be constructed "T’a" " ' f Thos?" 's 
far from improbable, as the requirement.1^.%-iuw-uiioge traffic 



necessitate some such means of communication, I venture to pre­
dict it will be built in accordance with the plan suggested fifty- 
nine years ago by the working smith, and not on that of Brunel’s 
Thames Tunnel, or of any other tunnel yet carried out.

At the beginning of the present century a committee was 
appointed to consider the “ practicability of making a land com­
munication by tunnel under the River Forth, at or near Qucens- 
ferry.” In a report dated November 14, 1805, it was 
recommended that a double tunnel should be constructed at an 
estimated cost of 164,000/., or at the rate of 30/. per yard, 
exclusive of shafts and pumping. The surveyors reporting, 
grounded their belief in its practicability upon the fact that at 
Barrowstowness, coal-workings had been carried under the same 
Firth for a mile, and at Whitehaven coal was worked for the 
same distance under the Irish Sea, in both places less water being 
met with under the sea than under the land. The report con­
cludes in the following words: “ That a more easy and unin­
terrupted communication betwixt every part of a country 
increases the intercourse of commerce, arts, and agriculture, all 
must know. Ferries are still and often a formidable bar in the 
road. Of these in this country, the one under review at Queens- 
ferry is perhaps the most conspicuous. It is, in fact, the 
connecting point betwixt the north and south of Scotland, and 
indeed of the realm, and in this point of view the improvement 
of it must be considered a national object.” These words are 
ns true and as applicable to the case in 1882 as they were in 
1805. A ferry still is the only means of communication across 
the Forth of Quetnsferry, though the traffic has increased a 
hundredfold. I'arlinunt, by the passing of the Forth Bridge 
Act during the present session, has given a practical recognition 
of the truth of the statement in the above-quoted report, that 
the improvement of the Forth passage is a “national object.”

As you will receive a paper on the Forth Bridge from my 
partner, Mr. Baker, 1 will not trouble you with details of the 
proposed structure at the present moment. I may state, however, 
that after a careful consideration of the difficult problem, in con­
cert with my able colleagues, Mr. T. E. Harrison, the chief 
engineer of the North-Eastern Railway, and Mr. W.H. Barlow, 
chief engineer of the Midland Railway, we unanimously advised 
the directors of the Forth Bridge Company to abandon the pro­
ject for a suspension bridge, and to construct a steel girder bridge 
of the unprecedented span of 1,700 feet. The total length of 
the structure is 1J mile, and it includes two spans, as aforesaid, 
of 1,700 feet, and two of 675 feet, over the navigable channels 
on each side of Inchgarvie. The execution of the work has been 
intrusted to me, and my intention is that the Forth Bridge shall 
be not only the biggest, but the strongest and stiffest bridge yet 
constructed.

Although great navigable rivers offer the most serious impedi­
ments to lines of communication lying at right angles to the 
direction of the stream, and necessitate such formidable under­
takings as the Forth Bridge, with a clear headway of 150 feet 
above high water, and the Severn Tunnel at a depth of 163 feet 
below the same datum, still it must be remembered that such 
rivers were the earliest, and are yet the cheapest, highways for 
inland communication. Antwerp, the third port in the world, 
ranking only after London and Liverpool, owes its commercial 
importance undoubtedly to the Scheldt, which affords admirable 
water-carriage for a distance of 60 miles from the sea coast in­
land. London, similarly, is an inland port situated about 50 
miles up the Thames ; hence one-half of the distance between 
Antwerp and London is made up of fine rivers capable of being 
navigated by the largest ocean-going steamers. The practical 
result of the existedee of this splendid line of natural communi­
cation is, that iron girders and rails can be conveyed from the 
heart of Belgium to the metropolis at a far lower price per ton 
than from any ironworks in this country. Unfortunately, the 
southern coast of England and the opposite coast of France arc 
indented by no such rivers as the Thames and the Scheldt, or we 
should never have heard of the horrors of the “middle passage " 
in “ c ckleshcll ” boats, or of the Channel Tunnel.

To realise, however, the important part which rivers play in 
facilitating inland communication, it is necessary to glance at the 
other side of the Atlantic. In Canada, for instance, we have 
the great inland port of Montreal, where transatlantic steamers 
anchor some 500 miles from the c ast. The very term “ stream 
of traffic ” suggests a river, and the St. Lawrence well illustrate, 
it. Into some small forest tributary of the Ottawa the lutnlier- 
men slidqB-^r making usen.t' many months after will that log 
with tbous'ihidiT’ort.we. q’forming together a huge raft, with huts 

upon it for the accommodation of the care-takers, be found pur­
suing its slow- but ever continuing progress down the St. Lawrence 
to Quebec, w here it will be shipped to this country.

In Egypt for countless ages the “ ship of the desert ” and the 
boats of the Nile constituted the only means of communication. 
Wheeled carriages were practically unknown, although as long 
ago as 1832, Mehemct AJi bewildered the pilgrims by starting 
otf for Mecca across the desert in a Long-Acre barouche. But 
the Nile holds an exceptional position amongst the rivers of the 
world, for not only was it until quite recently practically the sole 
means of inland communication for the country through which it 
flows, but it was, and still is, literally the life of Egypt, since 
without Nile water there would not be a green spot in the whole 
of that now fertile land. Having filled the office of consulting 
engineer to the Egyptian Government for seven years, 1 have 
had occasion to give particular attention to the Nile, and I may 
state that in an average year that river conveys no le-s than 
too,oco million tons of water, and 65 million tops f silica, 
alumina, lime, and other fertilising soils down to the Mediter­
ranean. The Nile begins to rise about the middle of June, at 
w hich time the discharge averages about 350 tons of water per 
second, and attains in September a height of from 19 feet to 
28 feet, and a discharge of from 7,coo to 10,000 tons per 
second.

Napoleon the Great said that every drop of Nile water should 
be thrown on the land, and he was right so far as Low Nile 
discharge is concerned. The cultivated land in the provinces of 
Lower Egypt have an area of 3 million acres, and to irrigate 
this effectually at least 30 millions of tons of water per day 
would be required, an amount somewhat exceeding the whole of 
the Low Nile discharge. At present the irrigation canals are 
totally inadequate to convey this quantity, and imperfect irriga­
tion and consequent loss of crops is the result. In many in­
stances a couple of men labour for a hundred days in watering 
by shadoof a single acre of ground, all which amount of labour 
might be dispensed with if the barrage of the Nile were com­
pleted, and a few other works carried out, the whole of which 
would be paid for handsomely by a water rate of two shillings 
an acre. You will gather, therefore, that I do not think the 
resources of Egypt have been fully developed, magnificent as 
they even now are, having reference to the size of the country.

It is hardly necessary to say that a net-work of canals laid out 
with a view to irrigating the lands of lower Egypt can also be 
used at any time in the event of war for the offensive or defensive 
flooding of the whole or any part of the said lands. Except for 
the work of man, Lower Egypt for four months in the year would 
be simply the bed of a river, and for the remaining months a 
mud bank. Long before the historic period, however, the Nile 
had been embanked, and canals, such as the Bahr-Juscf, had been 
formed; the first, to jkeep the floods off the land, except in 
desired quantities; and the second, to run off the inundation 
w aters as soon as the fertilising matters in suspension had been 
deposited on the lands. Should the inhabitants of Egyyt neglect 
at any time to maintain the works of their ancestors, successive 
floods would quickly destroy the embankments and wash the 
light material into the canals. Thus the whole surface of the 
country would again be levelled, and the land of Egypt would 
revert to its primitive condition of being a river’s bed for one- 
third of the year, and probably a malarious swamp for the 
remainder.

It is hardly possible to refer to Egypt without saying a few 
words about the Suez Canal. Far-seeing people, including the 
late Khedive, have long been of opinion that another ship canal 
will be required in Egypt. In 1876 I submitted to His Highness, 
in accordance with my instructions, detailed plans and estimates 
for such a canal from Alexandria through Cairo to Suez. The 
total length of the canal was 240 miles, and with the same width 
as the existing Suez Canal the estimated quantity of excavation 
was 160 million cube yards.

An interesting and significant incident in the [history of the 
Suez Canal occurred in May, 1878, when a fleet consisting of 
ten steamers and sixteen sailing vessels passed through with 
8,412 native troops bound from India to Cyprus. During the 
same year no less than 58,274 soldiers traversed the Canal. 
Since 1878 events have marched rapidly, for no one then foresaw 
that the next important movement of British troops canal-ways 
w ould be of a nature hostile in appearance, if not in fact, to the 
inhabitants of Egypt. The announcement that French and 
not British troops w ere to hold the canal was received by the 
public withan expression of surprise and perhaps of slight resent­



ment, because no one can dispute the vital importance of 
the work to this country. Periodically the question of the 
Euphrates Valley Railway is revived, and indeed quite re­
cently I have had to reconsider the question professionally, 
but this route can never rival the existing one by the Isthmus 
of Suez.

The inauguration of steam navigation to India was much 
delayed by the vacillation of the authorities respecting the Suez 
and the Euphrates Valley routes. Happily, however, the Arabs 
stole the first bag of mails that went by the Euphrates, and so in 
1834 a Committee of •he House of 1 Commons finally resolved 
that “ steam 1 avigation between Bombay and Suez having in five 
successive seasons been brought to the test of experiment, and 
the practicability of that line being established, it be recom- 
mended to His Majesty’s Government to extend the line of Malta 
packets to Egypt to complete the communication between Eng­
land and India.” Nothing appears to have been done during the 
next two years, but in 1837 a new paddle-wheel steamer, the 
Atlanta, of 650 tons, steamed out to Calcutta, round the Cape 
in ninety-one days, and w as put on the Red 8 ea station. She 
left Bombay with the mails on October 2nd, 1837, and arrived 
at Suez on October 16th. The mails were carried across the 
desert by camels, and down the Nile to Alexandria in four days, 
where they remained until H.M.S. Volcano took them on board 
on November 7th. At Malta, on November 16th, they were 
transferred to H.M.S. Firefly, and finally were landed in this 
country on December 4th, having been in all sixty-three days in 
coming from Bombay to England. At the present time about 
eighteen days are occupied in carrying the mails from Bombay 
nA Brindisi to London.

The town of Southampton, where we are now assembled, has 
always held a distinguished position in connection with the 
development of improved communication with our Eastern 
empire. The opening of the first section of the railway from 
London to Southampton was coincident with the establishment 
of steam navigation via Egypt to India, and in the same year the 
French engineers at Cairo completed their studies for the 
proposed railway across the de. ert to the Suez.

A few months later the London public were startled by an 
advertisement headed “ Steam to New York,” and 94 pa-sengers 
were plucky enough to embark nt London, on April 4th, 1838, 
in the Sirius, of 700 tons and 320 horse-power, for New York, 
where they arrived on the 23rd, having performed the voyage in 
seventeen days from London, and fifteen days from Queenstown. 
The Great Western sailed from Bristol on April 7th, and arrived 
at New York a few hours after the Sirius, and thus was the great 
problem of steam navigation to America successfully solved by 
vessels of small size, and capable of maintaining a speed of but 
eight to nine miles an hour. I need hardly remind you that 
since the year 1838 the ships conducting the enormous traffic 
between Europe and America have been of ever-increasing 
size and speed. Thus the Britannic, built in 1874, has an ex­
treme length of 468 feet, a beam of 45 feet 3 inches, a displace­
ment of 8,500 tons, and a speed of 16 knots per hour ; whilst the 
Servia, built in 1881, has an extreme length of 530 feet, a beam 
of 52 feet, a displacement of 13,000 tons, and a speed of 18 
knots, and the City of Rome, built in the same year, has a length 
of 600 feet, a beam of 52 feet 3 inches, and a displacement of 
13,500 tons. Another Atlantic liner, the Alaska, having a length 
of 500 feet, a beam of 50 feet, and a displacement of 12,000 
tons, attained a speed of tSJ knots on the measured mile, and 
has done the distance between Queenstown and New York in 
seven days four hours and thirty-two minutes, and the return 
voyage in six days and twenty-two hours, a mean ocean speed of, 
say, 17 knots per hour, or more than double that of the first 
steam vessels trading in America.

'1 he present generation has grown so accustomed to the em­
bodied results of the progress of mechanical science, that it has 
long ceased to wonder at big ships, or at any other novelty. To 
realise what has been attained it is necessary to place ourselves 
as far as possible in the position of our immediate ancestors, and 
to look at things through their spectacles. With this view, and 
to give you some scale of comparison to measure the size of the 
present Atlantic liners by, I quote a short passage from a news 
paper of September 19, 1829, where reference is made to a 
ve-sd then under construction, of about the size of one of the 
much abused “cockle-shells” performing the Channel service 
betw een Dover and Calais : “ The Dutch have been engaged for 
the last five years in constructing and equipping a steamboat of 
extraordinary magnitude, in order to facilitate the communica­

tion between Holland and Batavia. It has four masts, is about 
250 feet long, and has been appropriately christened the Monster. 
In consequence of her great length, she hung when going off the 
slips, and it was some days before she was fairly launched ; a 
circumstance which gave the wits of Paris occasion to remark 
that their Dutch neighbours were so determined to excel all 
other nations in the magnitude of their steamboats, that they had 
built one so long that it was several days running off the stocks. 
One of the most remarkable features of this enormous vessel is 
her extreme narrowness as compared with her length ; her greatest 
breadth of beam being only about 32 feet. The great size of this 
vessel will bring to the recollection of our readers the Columbus, 
which was built in the river St. Lawrence in 1824, and made the 
passage to England in safety, but was afterwards broken up on 
account of her unmanageable bulk. We shall not be surprised 
to find that a similar fate awaits the Monster, and for a similar 
reason.”

The Channel boat, Albert Victor, now on the Folkestone 
station, is of the same length as the Monster, namely 250 feet, 
whilst the beam of the former is but 29 feet, instead of w hat 
the critic of 1829 termed the “extreme narrowness” of 32 
feet.

The successive attempts at mitigating the discomforts of the 
Channel passage by the swinging saloon and twin-steamers of 
Sir Henry Bessemer and Captain Dicey have gradually prepared 
the way for what I believe will be the next important step cf 
establishing Channel communication by means of large floating 
stations, or ferry steamers, capable of traversing the narrow sea 
between England and France in little more than an hour. Ten 
years ago I applied to Parliament for powers to carry out this 
project, and obtained the unanimous sanction of a Com­
mittee of the House of Commons. The Bill was, h< wcver, 
thrown out in the House of Lords by the casting vote of the 
chairman.

What was practicable at that time has now become compara­
tively easy, owing to the introduction of steel into shipbuilding, 
and the improvements which have been effected in marine engines 
and mechanical appliances generally.

Whether the over-sea or under sea mode of crossing the 
Channel—the ferry or the tunnel—is to be the adopted scheme 
will soon be determined. It may be that both will be carried 
out, and then at least all tastes will be met, and all anticipations 
respecting the resulting increase in traffic, both in goods and 
passengers, between the two countries will be brought to the test 
of experience. However this may be, I am very pleased to be 
able to announce that my friends Mr. Abernethy and Mr. Clarke 
Hawkshaw will read papers on the subject, the former on the 
over sea, and the latter on the under-sea plan, and I shall be 
disappointed if the papers do not lead to an interesting and 
valuable discussion.

In few departments of the engineer’s work has such progress 
been made as in that of steam navigation. When in 1820 
steamships were first used for conveying merchandise as well as 
passengers, the tonnage of the whole of the steam traders of 
this country, it is stated, amounted to but 5°5 tons. At the 
present time the corresponding figure is 2 J million tons. Did 
time permit I would say more on the subject, but I fear that in 
speaking at all upon steamships I have departed somewhat from 
my avowed intention of keeping within the sphere of engineering, 
in which I have chiefly worked. My ap logy must be that a 
discussion of railways led me to a consideration of tunnels and 
bridges, and this naturally suggested a reference to the rivers 
necessitating the construction of the said tunnels and bridges. 
From river traffic to ocean traffic is but a step, and so I have 
been insensibly led to touch upon the wonderful results 
achieved in recent times by naval architects and meclranical 
engineers.

1 will not similarly err in troubling you with any remarks of 
mine upon the no less wonderful results achieved fry electricinna. 
A description of the work done by my friend Dr. Siememj 
during the past quarter of a century would in it elf constitute a 
concise history of electrical science. Remembering, however,- 
the warning of King Solomon, that “ He who prai-eth his friend 
with a loud voice, it shall be counted a curse to him,” I will re­
frain from referring to Dr. Siemens, or to my immediate prede­
cessor in this chair, Sir W. G. Arm trong, and conclude my 
address at once with a sincere wish that the present session of 
the British Association may prove not less interesting and pro­
ductive of benefit to science than any of those which have 
preceded it.



NOTES
M. Janssen delivered with great success a long address as 

President of the French Association for the Progress of Science, 
which met at La Rochelle on the same day that the British 
Association met at Southampton. The address of Dr. Jans.-en 
was very well received, and is reported at length in the Revue 
Scientifu/ue. But La Rochelle being quite a small place, of 
about 20,000 inhabitants, the interest of the session has been in 
some respects impaired, and has been mostly confined to the 
several excursions. The finances of the Association are very 
prosperous, and its income is exclusively spent in the interest of 
science.

A Hall of Residence for Women Students at University 
College, London, and at the School of Medicine for Women, is 
to be opened next October, at No. I, Byng Place, Gordon 
Square, W.C., in the neighbourhood of these institutions. 
Students who would otherwise live in lodgings, or in non­
academic boarding houses, will welcome the opportunities thus 
afforded, whether most importance be attached to the household 
arrangements, specially adapted to secure their health and 
comfort, or to the facilities afforded for quiet study, or to that 
intellectual and social intercourse with each other which consti­
tutes the fellowship so justly valued in the older Universities. 
The degrees of the University of London are open to women, 
and the courses of study which prepare for such degrees are in 
themselves among the best attainable forms of modern training. 
University College, London, has supported the action of the 
University by admitting women on the same footing as men to 
all the classes of its Faculties of Arts and Law and of Science, 
and to its libraries, thus throwing o| cn to them a full training in 
these fields of study. The London School of Medicine for 
Women, near University College, although not connected with 
it, is the only institution in England that trains women for 
degrees in medicine and surgery, and is formally recognised by 
the University of London. Students of painting, etching, and 
sculpture have long enjoyed the advantages of the Slade School, 
which is an important part of one Faculty of Arts in University 
College, and proximity to the British Museum, with its art 
collections, willulsobe considered as another great advantage. 
On all these accounts the neighbourhood of the College has 
become a focus for women’s education. The very necessary 
condition is imposed that students applying for admission shall 
be required to satisfy the committee that their object is serious 
study ; and if any student should require private tuition, the 
principal is empowered by the committee to make the necessary 
arrangements. Communications should be addressed to the 
Principal, Miss Green, 6, Henrietta Street, Cavendish Square. 
Many well-known names appear in the list of those who approve 
the scheme ; among others, the Countess of Airlie, the Dean of 
Westminster, Sir F. Bramwell, Mrs. Henry Fawcett, Prof. 
Carey Foster, Dr. Gladstone, Prof. Huxley, Lady Stanley of 
Alderley, Mr. B. Samuelson, M.P., Dr. Siemens, Mr. W. 
Spottiswoode, Prof. Williamson, and the Misses Browne.

The Sanitary Institute of Great Britain holds its autumn 
Congress at Newcastle upon-Tyne, from September 26 to 30. 
The Exhibition of Sanitary Apparatus and Appliances in con­
nection with the Congtess will be held in the Tyne Brewery 
Buildings, Bath Lane, from September 26 to October 21. The 
president of the Congress is Capt. Douglas Galton, R.E., C.B., 
F.R.S. The sections of the Congress are : (t) Sanitary Science 
and Preventive Medicine, President, Dennis Embleton, M.D., 
F.R.C.P. ; (2) Engineering and Architecture, President, Henry 
Law, M.Inst.C.E.; (3) Chemistry, Meteorology, and Geology, 
President, Arthur Mitchell, M.D., F.R.S. On Saturday, 
September 30, a lecture to the working classes will be given by 
B. W. Richardson, M.D., F.R.S.

The Eighth Annual Conference of the Cryptogamie Society 
of Scotland will be held at Kenmore, Perthshire, on September 
4, and following days. Fellows who purpose being present are 
requested to communicate as soon as possible with Dr. F. 
Buchanan White, Perth. Kenmore may be reached from Aber- 
feldy, on the Highland Railway, or from Killin Station, on the 
Callander and Oban Railway. It is situated at the east end of 
Loch Tay (on which a steamer has now been placed). The im­
mediate neighbourhood has been favourably reported on as pre­
senting a presumably rich fungus flora, while Ben Lawers and 
other mountains are distant only a few miles, as is the cele­
brated Fortingal Yew, supposed to be the oldest living tree in 
Europe.

Capt. R. G. Morris, R.E., and Lieut. Darwin, R.E., selected 
by the Astronomer Royal to leave England to observe the transit 
of Venus, sailed from Plymouth on Saturday afternoon in the 
Liguria of the Orient line. Four German expeditions will soon 
leave Hamburg for America to observe the transit, being 
destined for different points of view on the Not them and 
Southern continents. Each party will consist of two proved 
astronomers, and a student assistant. The points of observation 
allotted to the Germans are in Connecticut, South Carolina, 
Costa Rica, and the Straits of Magellan. The observers will 
remain at their appointed stations several months, and those at 
Punta Arenas will be attended and assisted by the Imperial gun­
boat Albatross.

In the month of September two more statues will be inaugu­
rated in France—one at Nollcy (near Dijon) to Carnot, and the 
other at Serres in Ariegc, in the honour of Lakanal. We referred 
to Carnot at the time his statue was proposed ; Lakanal was the 
secretary of the nth class of the National Institute when it was 
established by the Government of the Convention. It was 
Lakanal who wrote the regulations which are now in existence 
with a few immaterial alterations. He lived a long time an 
exile in America, and returned to Paris after the revolution of 
1830, and was nominated member of the Academy of Morale8 
and Political Science. The new Minister of Public Instruction 
will be present at the ceremony, and deliver a speech, in which 
he will explain the tendency of his administration.

The mirror of ;the Leverrier telescope, more than 1 metre in 
diameter, has been silvered anew by a process employed for the 
first time with great success. A kind of circular wall in gutta­
percha and plaster was built, so that a kind of trough was made 
with the concave mirror forming the bottom. This space was 
filled up by the silvering solution, and the operation was ter­
minated as usual by the Leon Foucault process. The trouble of 
turning over the glass, which weighs 600 kilogs., was thus saved. 
This success is all the more to be appreciated that the silvering 
must take place every two or three years. The curvature of the 
mirror not being quite perfect, it will be used mostly for spectrum 
analysis of the light emanating from planets.

The work of building a new central school for “ Ingenieurs 
des Arts et Manufactures,” was inaugurated at Paris a few days 
ago in a square called Carre St. Martin, situated in the rear of 
the Conservatoire des Arts et Metiers. The laying of the first 
stone will soon take place, and will be celebrated as a public 
ceremony. This central school and the Conservatoire will form 
a “ group scholaire” of unexampled usefulness for high industrial 
studies.

We announced last week the death of the well-known Russian 
navigator and explorer, Admiral Count Liitke. Feodor Petro­
witch Liitke was born at St. Petersburg on September 29, 1797. 
He served, in 1813, as a volunteer in the fleet appointed to 
besiege Danzig, then in possession of the French, and was for 
his bravery made midshipman. In 1817-18 he accompanied 
Golowin in the latter’s voyage round the world; was commis­
sioned in 1821 to explore Kamtschatka, and in 1821 24 made 



several voyages in the Arctic region', devoting himself especially 
to a survey of the coasts of Novaya Zemlya. His narrative of 
the-c voyages still forms one of the richest sources of our know­
ledge of this part of the Polar Sea. In 1823 Liitke was pro­
moted to the rank of Captain-Lieutenant, and in 1826-28, 
commanded a Russian exploring expedition around the world, 
in which he was accompanied by a scientific staff. He explored 
the Rus-ian shores of Asia and America, and discovered several 
island groups in the Pacific. Promoted in 1829 to the rank of 
Captain, he was in 1832 made Adjutant to the Emperor 
Nicholas, and tutor of the Grand Duke Constantine, whose 
curator he was from 1847(01852. Having been promoted to 
Adjutnn'-Gcneral in 1842, and Vice-Admiral in 1845, Liitke was 
in 1851-3 Military Governor of Revel and late of Kronstadt. He 
was made Admiral in 1855. He was in 1845 founder of the 
Russian Geographical Society, and since 1864 president of the 
St. Petersburg Academy of Sciences. He was made a Count in 
1866. In 1828 Liitke published the narrative of his Arctic expe­
ditions, and in 1834 the account of his voyage round the world.

The July number of the Agricultural Students’ Gazette (Royal 
Agricultural College, Cirencester) contains an article by Prof. E. 
Kinch on the Soy bean (Soja hisfida). This bean, of which 
there are a dozen or more varieties known in the East, is very 
largely used as an article of food in Japan and China, where it 
is manufactured not only into soy, now exported in considerable 
quantities to Europe, but also into bean cheese and other forms 
of food. The soy bean in its proximate composition approaches 
more nearly to animal food than any other known vegetable 
production, being singularly rich in fat and in albuminoids, and 
it L therefore a valuable adjunct to the food of the almost vege­
tarian Japanese. Of late years, especially since the Vienna 
International Exhibition, many efforts have been made to 
acclimatise this bean in various parts of the European continent, 
chiefly in Hungary and Germany. France and Italy have also 
attempted it, and some of the experiments have been fairly suc­
cessful. We notice that Prof. Kinch is trying to grow some of 
the varieties in the botanic garden at Cirencester, and though 
our climate is probably too uncertain and the temperature often 
too low for most of the varieties to attain perfection, still if any 
of them could be acclimatised a valuable leguminous cross would 
be added to our present list. The paper contains detailed 
analyses of the bean as grown in different countries, of several of 
the foods made from it, of its straw, which is a useful fodder, 
and of the ash of the bean and straw.

In the same number of the Gazette is a useful paper by Prof. 
H. T. Little on “ Rotations,” and a short article by Miss 
Ormerod on “ Apple Weevil,” as well as much purely college 
news. The journal in its new form deserves success.

The Report has been issued of the Technological Examina­
tion, 1882, of the City and Guilds of London Institute. The 
new regulations, in accordance with w hich this examination was 
conducted, differed in many particulars from those of the previous 
year, but principally : (1) in the increased number of subjects of 
examination ; (2) in the substitution of two for three grades ; 
(3) in the permission accorded to candidates to be re-examined 
in the same grade for a certificate of a higher class ; (4) in the 
reversion to the rule which bad previously been in force of exa­
mining candidates in one subject only. These differences have 
to be considered in comparing the results of this year’s examina­
tion with those of the previous or of any other year. At the 
recent examination in technology, 1972 candidates presented 
themselves. This number represents, however, a small propor­
tion only of the number of students who have obtained instruc­
tion, during the past year, under the direction of the Institute, 
and in connection with these examinations. From the returns 
received in November last, it appears that 3467 students were at 
that time attending technical classes in different subjects, in 

accordance with the requirements of the programme; and in 
many cases the attendance was subsequently increased by 
students entering the classes after the returns bad been forwarded 
to the central office. A satisfactory increase is shown in the 
results of the recent examination as compared with that of any 
preceding year. In 1881, 1563 candidates were examined at 
115 centres in 28 different subjects, of whom 895 passed; in 
1882, 1972 candidates were examined at 147 centres in 37 sub­
jects, of whom 1222 passed. The provitfcial centres which, this 
year, sent up the largest number of successful candidates were 
Bolton with 124, Glasgow with 109, Manchester with 71, Brad­
ford with 62, and Oldham with 50. By reference to the occu­
pations of the candidates, it is found that in places where there 
has been a large proportion of failures, many of the candidates 
are not actually engaged in the industry in which they have been 
examined. In 16 subjects there has been an increase in the 
numberof candidates. In “ Mechanical Engineering,” in which 
the largest number of candidates presented themselves there has 
been an increase of 52 candidates. In “Cotton Manufacture” 
the increase is 140 ; in “Mine-surveying” 44. Of the 1972 
candidates who were this year examined, 506 have not been 
educated in any of the classes in connection with the Institute, 
the teachers of which receive payment on results. These 
students have been prepared in various colleges, such as Uni­
versity College, London, the Technical College, Finsbury, the 
Yorkshire College, Leeds, University College, Nottingham ; or 
they have supplemented the information gained in the factory or 
workshop by private study. Of the 1466 who have received 
instruction in the registered classes of the Institute, 845 have 
succeeded in passing. The percentage of failures this year, as 
in former years, is less among the outside candidates, on the 
results of whose examination no claim for payment is made by 
any teacher. But, on the other hand, it is very satisfactory to 
note that the percentage of failures in the registered classes of 
the Institute has fallen from 50 6 in 1881 to 42'3 in 1882, whilst 
the proportion of candidates taught in these classes has decidedly 
increased.

The steamer A. E. Nordenskjold, belonging to M. Sibiriakoff, 
left Tromso on the 18th inst. for the Jenisei. The vessel has on 
board a cargo of English merchandise, two steam launches, and 
an engine for the Siberian gold works. The vessel will attempt 
to save some of the cargo lost in the Oscar Dickson in Gydaviken, 
and return next year with a full cargo of tea, w hich will be 
brought from China across the Baikal sea to Kureika on the Jenisei.

The two Swedish gunboats which conveyed the circumpolar 
observation party to Spitzbergen, have just returned to Tromso. 
Capt. Palander states that it was impossible to approach Mossel 
Bay, he having made two attempts, on account of heavy pack- 
ice, and that the party had therefore settled on Cape Thordsten 
as their residence, where observations commenced on the 15th 
inst. He further reports that all the Norwegian fishermen he 
met co nplaincd of the unfavourable season and the enormous 
quantity of ice this summer, no vessel having been able to get 
higher than Amsterdam Island, from where no opening could 
be seen by telescope in any direction.

According to advice from the Geological expedition, which 
the Swedish Government has despatched to Spitzbergen this 
summer, the members were in Lcfjord on the 6th inst. pursuing 
their labours.

At a meeting of the principal Swedish herring merchants 
convened at Stromstad this month by Herr von Yhlen, Inspector 
of the Fisheries of Sweden, this gentleman urged the necessity 
of establishing a Board of Fisheries as existing in Scotland, and 
the introduction of the “branding " system in use in the Scotch 
herring trade, to which the excellent state of this industry in 
Scotland, he stated, was entirely due. Herr v. Yhlen offered to 
engage Scotch " coopers” to teach their method, a proposition 



which was accepted by those present, a sum of money being 
subscribed for the purpose.

The additions to the Zoological Society’s Gardens during the 
past week include a Campbell’s Monkey (Ccrcopithecus campbelli), 
a Diana Monkey (Cercopithccus diana) from West Africa, pre­
sented by the Rev. C. Harris; a Wool Brocket (Cariacus 
tumorivagus], a Hairy Armadillo (Dasypus villosus) from Brazil, 
presented by Mr. C. A. Craven ; a Cariatna (Cariama cristata) 
from Brazil, presented by Capt. Jones, H.M.S. Garnet; four 
Frogs (-----  sp. inc.) from Dominica, presented by Mr.
E. Scrutton ; a Greater Sulphur-crested Cockatoo (Cacatua 
galerita) from Australia, deposited ; a Weeper Capuchin (Cebus 
fatuellus} from Guiana, two New Zealand Parrakeets (Cyano- 
rhamphus novae-zealandia), two Alpine Parrakeets (Cyanorham- 
pints alpmus}, two Golden-headed Parrakeets (Cyanorhamphus 
aurietps), two ----- Parrakeets (Cyanorhamphus, sp. inc.) from
New Zealand, two Peruvian Thicknees ((Edicnemus superciliary) 
from Peru, four Common Kingfishers (Alcedo ispida), British, 
purchased ; a Cape Zorilla (Ictonyx zorilla) from South Africa, 
received on approval.

OUR ASTRONOMICAL COLUMN
The Cluster Pr/E.sepe.—At the sitting of the Academy of 

Sciences of Paris on the 14th inst., a paper was presented by M. 
Wolf, giving a description of this well-known star-cluster, and 
micrometric measures of the relative positions of its principal 
components. M. Wolf made use of the same methods and 
instruments of the Observatory at Paris which he had employed 
in 1873-75, in his elaborate scrutiny of the Pleiades. His work 
upon Pncsepe comprises three sections : I. the micrometric de­
termination of the relative positions of its principal stars, to the 
number of 82, with the filar-micrometer used in 1873 75. Th® 
positions of the 82 stars are given relatively to • Cancri, and are 
reduced to the beginning of the year 1877, for which epoch the 
place of the reference star is in R.A. 8h. 33m. 23s.75, N.P.D. 
70° 1' i8"-o; these stars are between the seventh and eleventh 
magnitudes. II. The micrometric determination of the relative 
positions of all the stars in the group to the twelfth magnitude 
comprised in a rectangle of eight minutes of time by ninety 
minutes of arc, these determinations being made with the micro­
meter constructed by M. Wolf for the rapid registration of 
groups of stars, the places being given to a tenth of a minute of 
arc by reference to the accurate positions of section I. ; this 
second catalogue includes 188 stars. III. A revision by actual 
comparison with the sky of the chart of positions so formed, and 
the insertion of stars omitted or lower than the twelfth magnitude ; 
the chart thus completed contains 363 stars.

Unfortunately there arc few ancient observations for com­
parison. The Memoirs of the Academy of Sciences (first series) 
contain two charts of the cluster, one formed by Cassini and 
J.ahire in 1692, the other by Maraldi in 1707, but they only 
serve for identification of certain stars, and give neither positions 
nor exact magnitudes. In 1790 I.e Monnier published a cata­
logue of 31 stars, of which 18 occur within the limits of M. 
Wolf’s chart; 15 of these correspond to his observed positions, 
with a mean error of ±O’4s. in R.A. and ±13" in N.P.D. Le 
Monnier’s Nos. 7, it, and 19 do not correspond within these 
limits to any existing stars, but there is no reason to infer great 
displacement, since Lalande assigns positions which nearly agree 
with M. Wolf’s.

Prof. Winnecke observed some years since with the Bonn 
heliometer the principal stars in this cluster, but his results are 
not yet published. In 1870 Prof. Asaph Hall published a cata­
logue of 151 stars observed at Washington in the years 1864- 
1870, the places being in close accordance with those obtained 
by M. Wolf.

The Expected Return of the Comet of 1812.—Ex­
tensive sweeping ephemerides prepared by MM. Schulhof and 
Bossert, after a rigorous discussion of the observations in 1812, 
have been issued by the Observatory at Paris. They find the 
most probable period 71'7 years, one year longer than was as­
signed by Encke, who first proved the impossibility of representing 
the observations by a parabola. Further, they consider the 
effect of planetary perturbation since 1812 may bring the comet 

again to perihelion about the middle of the year 1883. But 
there is an uncertainty in the actual ]ieriod of revolution in 1812 
amounting to ±34 years, so that it is desirable to institute at once 
a systematic search for the comet. The ephemerides in question 
are for the three months, August—October ; with the sun’s true 
longitude as argument (or, more approximately, with the date), 
twenty-five positions corresponding to different values of the 
comet’s true anomaly are found, which indicate the curve in 
w hich it should be sought at the time. The data are too exten­
sive to be reproduced here, and their utility would be diminished 
by curtailment. It may be presumed that the ephemerides will 
be within reach of any practised observer who contemplates 
taking part in the search for the comet. In 1812 the distance 
from the earth at the time of discovery by Pons was i’8i, and 
from the sun 1 '30, consequently the theoretical intensity of the 
light was 0'18. According to Bouvard, it became visible to the 
naked eye on August 18, with a pretty bright nucleus and a tail 
of 2°. On September 12 we read : “Laqueuede la comite est 
divisee en deux branches paralliles; sa longueur pamlt d’environ 
3 degres.”

SCIENTIFIC SERIALS
Journal of the Franklin Institute, August.—On a theory of 

Rankine relating to the economy of single action of expan-ion 
engines, first published in 1851, by Prof. Trowbridge.—The 
specific heat of platinum and the use of this metal in the pyro­
meter, by Mr. Hoadle.—Bell chimes in Philadelphia and other 
places, by Mr. Nystrom.—Electric clocks and tiine-telegraph«, 
by Mr. Spellier —Feldspar as a source of potash alum, by 
Mr. Spiller.—On the prevention of fires in theatres, by Mr. 
Hexamer.—Report of the special committee on the pollution of 
the Schuylkill River.

Journal of the Russian Chemical and Physical Society, vol. 
xiv. fascicule 6.—On the specific volumes of elements in liquid 
and solid compounds, by M. Schalfeyeff. The coefficients of 
diminution of volume of two elements entering into chemical 
combination gives, according to the author, a measure of the 
chemical energy of combination and determines the position of 
the different elements in the natural scheme of Mendeleeff.—On 
nitric ethers of the lactose, by Dr. Gue.—On the formation and 
decomposition of the acetanilide, by Prof. Menshutkin, being a 
new work undertaken in connection with the researches on 
etherification.—Barometographe by weight, by M. Kraevitch.— 
On the influence of dilatation on the electrical resistance of 
copper and brass wire, by M. Chwolson.—Demonstration of the 
distribution of electricity on the superficy of conductors, by P. 
Van-der-Vlieth.—Photo-electric battery, by J. Borgmann.—On 
the existence of a pondero-ilectro-kinetic part of energy in the 
electro-magnetic field, by R. Colly.—Necrology of G. C. Brauer, 
the able optician of the Pulkova Observatory, to whom this 
observatory, as well as the Russian General Staff and Kus-ian 
travellers generally, are so much indebted for so many beautiful 
instruments and so many remarkable adaptations of scientific 
instruments for travelling purposes.
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