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exhaustiveness such as amply to establish his title to 
them. No man, it may be added, was ever more anxious 
than J evons 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 J evons worked out in great detail, was founded 
upon the antecedent researches of Boole. The processes, 
however, were presented by J evons in such a fashion, the 
principles were so simplified and the capabilities of the 
method so ingeniously developed that his work has a 
5ecure 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 are 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, J evons 
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 ASSOCIATION 

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 Pr.:sident. 
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 the Council are taking steps 
to learn the real wishes of the Members, by a,king every 
Sectional Committee to send up three or four representa
tives to constitute a rnmmittee 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. IL-Synoptic Chart of Indian Ocean .. . -{50 
Darwin, Mr. G. H.-Harmonic Analysis of Tidal Obs_er-

vations ... ... ... ... 50 
Brown, Crum-Meteorological Observations on Ben Nevis 50 

B- Chemistry 
Tilden, Prof. W. A.-lnvestigating Isometric Naphthalene 

Derivatives .. 
Odling, Prof.-Photographing the Ultra-Violet Spark 

Spectra ... .. . ... ... ... ... . .. 
Pye-Smith, Dr.-Elimination of Nitrogen ... 

C-Geology 
Etherido-e, Mr. R.-Earthqnake Phenomena of Japan 
Willian~son, Prof. W. C.-Fossil Plants of Halifax ... 
Sorby, Dr. II. C.-British Fossil Polyzoa ... 
Etheridge, Mr. R.-Fossil Phyllopoda of the Palreozoic 

Rocks ... ... ... ... . .. 
Hawksha w, Sir John-Erosion of the Sea C"asts of England 

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

South of Ireland . .. . . . . .. 
Etheridge, Mr. R.-Llandovery Rocks of Central Wales ... 

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

cipal Crosses in the British I~les . .. .. . .. . . .. 
Stainton, Mr.-Record of Zoological Literature 
Cordeaux Mr. J.-Migration of Birds ... . .. 
Lankeate;, Prof. Ray-Table at the Zoological Station at 

Naples ... ... ... ... ··· ··· ··· 
Pye-Smith, Dr.-Scottish Zoological_ Stations ... 
Hooker, Sir J .-Exploring Kiliman_dpro and the adJommg 

Mountains of Eastern Equatonal Atnca . . . ... . .. 
Meldola, Mr. R.-Investigation of Loughton Camp 
Sclater, Mr. P. L.-Natural History of Timor-Laut 

20 
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50 
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G-Mechanics 
Bramwell, Sir F. J.-1,elation between the Pressure at 

different Points of a Structure on which Water and 
Air impinge £25 

Whitworth, Sir Joseph-Screw Gauges 20 
Bramwell, Sir F. ].-Patent Legislation 5 

SECTION C 

GEOLOGY 

OPENING ADDRESS BY ROBERT ETHERIDGE, F.R.S., F.G.S., 
PRESIDENT OF 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 bcnes 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 meetino- of 
1846 are now present, if living. We are, however, fortunat~ 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 subdivisiom, 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, geolo,;-y 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 w~ll 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, Prestwich, 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 \Vocd, 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:,rately 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 the stratigraphical position of certain 
beds in the Eocene strata of the Isle of Wight ; a question of 
local geologist interest, as well as bearing" upon the correlation of 
the Tertiary rocks of Hampshire with those 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 

tbis area, especially as regards the Tertiary deposits of Hamp· 
shire and Sussex, as forming or consfruting 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 jura-sic and cretaceous series. 
The relation aim of the Hampshire and Anglo-French basin 
and its tertiary fauna to that of the London or Anglo-Belgian 
atea 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 sub-:equently removed or denuded 
away from those areas now occupied by tbe English Channel and 
German Ocean. 

Before especially noticing the Isle of 'Wight and the neigh
bouring coasts, 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 thrown on the geological structure of many local areas 
hitherto obscure from want of critical palaeontological knowledge 
being brought to bear upon the fossil fauna or Hora characteris
ing the various marine and freshwater cle,osits 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 both 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 Isle of Wight, was undertaken by Professor Edward 
Forbes, when attached to the Ge,,logi ,al Smvey from the years 
1848-56, and subsequently Mr. H. \V. lJri,tow, F.R.S. com
pleted all the older tertiaries and cretaceous rocks of the island, 
thus producing a complete geological guide t<> 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 pal::eontological researches by 
the most distinguished naturalists then living, each fauna! group 
receiving critical supervision and description. A second edition 
of this valuable work appeared in 1878, wherein much new 
geological and palreontological 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 archreologist, and where cause and 
e!Tect 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 tbe 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 
Rants 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 sea 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 which at no other place in England is there 
any such record, and to which I ask your attention should any 
jonrney to inspect the phenomena exposed along the shore of 
Bracklesham Bay, or between Wittering and Pagham Harbour, 
or Bognor be proposed. Espeoially 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 Edilwalcb, 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 nowcontains only2,88oacres; 2,34ohaving 
been slowly denuded away by the action and encroachment of 
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the sea. This encroachment and destruction during the past 800 
years has been very extensive. 

The creek called Pagham Haruour, on the south-east side of 
the Bill or peninsula, was due to an irruption before the year 
1345, when 2,700 acres of land were destroyed. The site of the 
ancient cathedral and episcopal palace of Selsea, believed to have 
been situated to the south-east of the present ehurch 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 Selsea) 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 coa;t, 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 , ee and cathedral 
of Selsea was established, A.D. 680; Wilfred was the first Bi,hop 
of Sehea 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 pari,h 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 ruins 
of the archiepiscopal palace are still visible south-east of the 
chur.:h. Archbishop Becket resided here with a large retinue, 
and his int erference with a manor within hi s lordship, gave ri se 
to bis dissension \\ ith 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 estat-?, 
and is still vislble at low water. The houses of the village are 
built of an arenaceous limestone almost entirely made up of 
microscopical shells, of the genera Jl,:filiola and A/veo/ina. This 
stone was formerly procured abundantly from an extensive range 
or ledge of rocks (calls the Clibs and M ixen) south of Selsea 
Bill, and extending some distance east and west. In 1830 the 
removal of this bed of stone was forbidden, forming as it did 
and does, a barrier to the encroachm ent of the sea. 

This aigres,ion and somewhat archreological dissertation is 
neces, ary for my purpose, when drawing your attention to those 
recent geological changes that have taken place along that coast 
almost within modern times. 

Thorrey, Ham, and M edmeney marches, behi r d Brack le sham 
Bay, and between Bracklesham and Selsea, are of marine or 
estuarine origin, separating Selsea from the mainland, making it 
what its name expresses, an isiand, "Scles-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 compldion of this process wculd seem to 
have been before the Conquest. The action of the tides on this 
coast carries the soud and shingle from west to east, therefore the 
gradual wasting which has taken place on the shore of Brsck
lesham Bay has serv<d to supply a large portion of the material 
of which these marshes are formed. 

The ground on which Selsea, Bognor, Littlehampton, Worth
ing, and other places on the Sussex coa, t westward of Brighton 
are built, is of very recent formation, be ing composed of gravels, 
,ands, and loam belonging to the rost-Pleiocene or Pleistocene 
series. These superficial post-Pleiocene beds overlie the well
known Eocene series in patches, and contain a large fattua. No 
less than 66 genera and 142 species, chiefly mol'lusca, occur here. 
The remains of the mammoth or elephant (E. prim,:Renius, or 
antiquus) occur in the muddy deposits [mud-deposit]. With 
these are asscciated marice shells of existing species, but some 
not known now as such on the Sussex coast. East of Bogner, 
at low tides we have the remains of a sunken forest, and we,t of 
Selsea the trunks and roots of trees, &c., may be examined at 
low water. These trees in both areas are ,1ot fossilized, bi1t 
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 rnveral species of land and freshwater 
mells of existing species. The bones lay in the midst of decayed 
trees in a y;eaty deposit beneath the glacial beds of Selsea. An 
almost perfect skeleton of the Elephas anliquus is in the Museum 
at Chichester, which was obtained from the "mud beds" or 
"mud deposit" off Selsea Bill ; multitudes of the shell Pho/as 

crispata, occur in the same bed. Teeth of the mammoth have 
occurred in the "mud deposits" of Bognar, Littlehampton, and 
\Vorthing; and we have again the well-known "Elephant bed" 
at Brighton, don btless 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 rereated 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 m ovements of the land, and interchan5es 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 Sehca 
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 tbe 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 
r8 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 Pho/as 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 r. t the commencement of the Selsta dejosits. The relative 
age of this old e, tuarine deposit of Selsea is detern1ined by its 
mammalian remain s. Those of Elephas p1-imigmins 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 tnsks (as occurs on the higher gravels), but so 
many I 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 tones have been 
found in close juxtaposition, and are now placed in the Chichester 
Mmeum. No less than sixty-six geneia and 151 species of 
mollusca have been found here, or thir ty -three genera and 
eighty-nine species of ga,teropoda, and thirty-three genera and 
sixty-two species of pelycipoda, have been obtained from the 
Lutraria clay or "mud-bed. " I may mention, among so many, 
the rarer ,hells that occur. 

Cerithium reticu/atum, da Costa.= C lima llru7.-A Spanish, 
Portuguese, and Mediterr9.nean shell, comp~ratively recent 
within our are~. 

Fusus turricu!a (Pleurotoma).-A boreal Atlantic species, 
occurs in the Red crag. Scarce in the Faluns and Bridlington. 

Peden polymorphus, Bronn.-Lisbon, Mediterranean, very rare 
fossil in Italian and Sicilian beds. 

Tap ts demssata, ranges south hut not north of British Islands, 
Common in the Mediterranean. 

Lutraria, ugosa.-Algeria and Morocco (living), also Canaries. 
South of Spain and Portugal. 

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

Pho/as C1"ispata Linn.-Rare on south coast of England, a 
Scandinavian species, and is found in the Crag. 

From "the assemblage of mollusca, and the patch of Pho/as 
crispata in conjunction with conditions of the depos it, we may 
infer that the relation of the land to sea-level ,·;us 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 s!Jells are now found, especially 
the Mya , Lutraria:, and Pul/astra (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 sea," and this fauna as a whoJ.e 
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 
Selsea, some of which, now found on the Sussex coast, are es-
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sentially southern and western, do not ranze fnrther north, or 
into the German Ocean area, and this sonthern relation of the 
fauna of the Lower Selsea deposit (Lutmria mud"deposit) is still 
farther strikiogly illustrated by the presence of the before-men
tioned two remarkable species, Pecten p1lymorphus and Lutraria 
rug~sa, neither of which are now known to range further north 
than Lisbon. '' 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. Godwln-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 dr,te, showing that the lower 
estuarine beds of Selsea and of the Sussex levels generally were 
coutemp:,rary with what is known as the period of the large 
man1rnalian fauna. 

Overlying this Lntraria or mud deposit, there occnrs 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 mollusca ; Littodna and Mytilus 
being disseminated throngh 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 questi:m consist of grey porphyritic granites, red syenites, 
syenite, hornblendic greenstone,, micha"schists, green fissile 
shies, masses of quartz fron veins, siliceous sandstones,'' such as 
occur in the Palxozoic 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 
and of the largest dimensions. A mass of porphyritic rock was 
exposed near Pagham by coast-line denudation, measuring 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. Godwi11-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 sing,1lar area-a description of the 
complex nature of the structure of which would here be out cf 
phce. "\Vhat was the condition of the English channel as to 
its coast-line when certain marginal accumulations ,'!'ere being 
formed?" To answer this demands a profound acquaintance 
with the old physical geography of the district bJth of Northern 
France and Southern England. 

T/,e Brick-earth.-Above the yellow clay and mammalian 
gravels, the highest or uppermost depos,t on the coast, there 
occurs a uniform bed of dark chocolate coloured unstratified 
clay, :weragtng 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 a 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 
E!ephcu 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 pnblished Ids of contents of this deposit. The result 

proves it to b" uniqne 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 Islands, north of Spain, 8 
or IO not passing this side or n')rth 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; mollnsca (bivalves), 33 genera and 62 species; univalves, 
32 genera and So species; polyzoa, 2 species ; crustacea, 8 
genera, and IO species ; echinodermata, 2 genera and 2 species; 
foraminifefa, 9 genera and IO specie,. Most of the fossils occu,· 
opposite Thorney coastguard station, where the Lutraria clay 
rises at intervals in low hummocks. The elephant remai 1s 
appear to be those of E. antiquus. The tooth of E. meridionalis 
has also occurred here, an association resembling the Forest-her! 
of Cromer. In the Chichester Mnseum 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 I e 
interested in the Quaternary geology of the British Island,, 
especially that of Sus ex, to visit Bracklesham Bay and Selse1, 
near to which we are now assembled. 

THE EOCENE FORMATIO"!S OF SELSEA AND BRACKLESHAM 
BAY. 

It is impossible to pass ,rnnoticed 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 are so charac
teristically developed, yet difficult to clearly understand. The 
main divisions extend from \Vittering, 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 "Calcaire 
grassier" of Grignon, in the Paris basin.1 It contains thousands 
of Nummulina lrevigata associatecl with Pernre, BulLe, Cyprrea, 
Solens, besid·es the well-known coral Litharea \Vebsteri. The 
l'ark bed is situated close to the shore, and is accessible at low 
water. lt is here at low spring titles that the very recent 
post-Pleiocene beds may be seen overlying the Eocene deposits. 
At the Bill the Eocene beds are shown at low water in large 
detached porti,ms called the " Clibs," the larger portion lying to 
the south-west, and the so-called "Mixen H.ocks," marked by 
the " Mixen Pole," trend about a mile out into the sea. From 
these rocks, which extend a mile s.nd a half east and west, and 
varying from 200 to 400 yards wide, is procured the Al veolina 
or foraminiferal limestone; the "Clibs" rock contai,1s scarcely 
any other fossil re,nains, The lloungate Rocks, the same as the 
Mixen, are situated opposite Old Thorney Station Home, 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 
Cypnea Coomb,i, the great Caitheum ( C. giganteum ), and C. 
cornucopim, Venericardia p!anicosta Turritel/a ferebellata Conus 
dzadema, &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 I?isher, in his description of the "Brackles
ham beds" of the Isle of \Vight basin, restricts the name to a 
group of strata rich in organic remains, the greater part of which 
are 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 series and the highest beds 
at Bracklesham Bay on account of their containing an assemblage 

:r Four hundred species of Mollusca have been found in the French 
deposits. 
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nf fossils more akin to the fauna of the Bracklesham than the 
Barton. 

"No marine fossiliferous heels are known below the lowest at 
Bracklesham Bay, until we reach the Bognor Rock of the 
London clay-at Bognor-excepc it be a thin stratum of clay at the 
very base of the Bracklesham series at the Whitecliff Bay. The 
following shells range through the Bruckle-ham group, and are 
confined to it, viz., Venericardia planicosta, Sauguiuolaria 
Eollowaysii, Solenoblzquus, Ctherea suberycinoides, Vo!uta cithara, 
Turritel!a su!cifera, and Pecteu corneus; the last-named species 
occnrs in the High Cliff beds." The Rev. n. Fisher, through 
the confined range of certain species, has divided the whole 
series into four principal groups. Viele Quarterly J'oHrnal oj the 
Geological Society, vol. xviii. pp. 66-7 5. 

G,c1:;:, A h, upper, abounding in gasterop.,da, and h1s one 
of 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 gigantmm, Nummularia vario!aria, oc
curs in this member at Whitecliff Bay. 

Group C Sandy like the last, but its chief fossil- bearing bed is 
prAusely crowded with Nmnmulina la:vigata. 

Group D embraces the lowest fossiliferons sands of Brackles
ham Bay the distinctive shells are Cardita acuticosta, 
and Cypra:a tuberculosa. 

Bracklesham beds at U'hitecliff BaJ,.-These beds rest on the 
Lower Bag shot sands, and agree with bed No. 6 of Professor 
l'restwich's section, their 1-ase being di,tinguished by a bed of 
rolled lhnt pebbles about one fcot in thickness. 

Reading in descending order Mr. Fisher's group A, inclnding 
th~ heds xix., xvjii., xvii,, xvi., xv., xiv., and xi1i., corre~pond 
with the beds numbered 17, 16, 15, and 14 in Profes' or Prest
wich's ; togetber they mea, ure 254 fee'. The position of the 
beds bere renders them ea-ily acce,sihle at Bracklesham Bay, but 
they are nearly horizontal, and consequently must be paced to 
he understood. Beds No. xvii. and xiv, of Gronp A are the 
most fossiliferous, and both contain Nummu!ina vanolaria. 

Mr. Fisher's G1oup 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 vario!aria, 
Vo!uta nodosa, and Sanguino!aria Hollowaysii, are the chief fossils 
in this bed, the thickness uf the gronp is only 27 feet. 

Group C "ith beds viii., vii., and vi., correspord to 
Profes 0 or Prestwich's Nos. 2 and I I. No. vii. contains the 
distinctive and characteristic nummulite, N. lavigata, also 
equally abundant at Bracklesham Bay with S,mguinolaria 
Hol!owaysii, b,d N0. vi. of Fisher, aLd No I of Prestwich is 
very fossiliferous. These three beds mea,·,ure 123 feet. 

Group D is composed of beds No. v., iv., iii., ii., and i., or 
Nos. IO, 9, 8, 7, and 6 of Prest" ich. Tbe only fossiliferous bed in 
this gronp is No. iv. of Fisher, and 9 of Prestwich, in which the 
great Venericardiaplanicosta abounds, as at Bracklesham Bay, the 
fine shell Cypra:a tubercu!osa not occurring at Whitecliff Bay. 
The beds comprising this group are 25 I fer.t thick ; in all, the 
Bracklesham 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 
the shallow shore for three and a half to four miles, and are 
nearly horizontal, or dip S. by E., with a strike of W. by S. 
and E. by. N. So nearly level are the beds, that there is no 
oqportnnity given to measure the dip or thickness with accuracy. 
Mr. F(sher, in his excellent sec_ion, has given the order of 
success10n of the beds, and the distances between tbe 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 oive the Rev. 
0. Fisher's section and sequence ronnd Selse::' Bill, as he 
observed them, as a gnide to those who may visit the area. 
Vide Quarterly J'ottrnal of the Geological Society, !oc. cit. 

Commencing at a spit of gravel seen at low water off '' 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-

:i: Every yard of this bay and its extended beds were m~asured and paced 
and the map constructed by :Mr._ Bristow and myself, and the fossils observed 
in the numerous thin beds compr:sing 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 

upptr part (nummulites abundant at 216 
paces, concretions at 226 paces) • . . 

Nummnlina variolaria, and other foraminifera in 
clay . 

Paces 
600 

127 

420 

324 
. ". Tak_ing up thi? last-named bed again as being the highest 

d1stmgu1shable at this place, we then have the general descendino
series along nearly three miles of the shore" wcst,Yecrc!s. " 

Descending Section of Bracklesham Beds at Bra,klesham Bay 
22. Clay.-Nummu!ina vario!aria, Alveolina 

sabulosa Quinqueloculina, Hawerina, Bllo
cu!ina ringms, Rota!ia obscura, 7i,rbinolia 
sulcata, &c. . . . 324 

21. Hard calc. sand ; "IIARD BED" forami-
nifera, Tellina:. . . . 140 

20. Greyish clay with Corbu!a: and Nummulinm 
19. (,t). Dark clay (Cypr::ea bed, Dixon) . . 
18. Sandy clay containing same shells as 19 (d) . 
I 7. ,, ,, green foss. in upper part 

Pleistocene mud ' 
Green sandy clay 

I 5. Hard sand, weathered green I 
16. (e). Sands fnll of casts, bivalves 

Pleistocene mud ' . . 

14. Shelly sand, greenish-brown, fnll of fossil··, 
Cerithea and Lytherea striatula (Little 

120 
46o 
66 

194 
Il2 

300 
218 
80 

bed) 29 
13. Dark sandy clay with Turritel!a imbricata • 240 

B. Pleistccene clay, laminated Ostrea eduli.c, 
&c. 1 • • • • 124 

12. (/}. Dark Clayey sand with numerons Ceri
thium giganteum, Pectuncu!us pulvinaftts, 
&c., &c. . . • . 163 

, II. Srptaria, resting on shelly sand with black 
flint pebbles 150, 

IO. Laminated liver-colonrecl clays, sandy to
wards the bottom 

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

Pectzmcu!us pulvinatus, Lucina, Bulla 
Edwardsii . 

Towards upper part (79 paces less) • . ( 175 
Shelly in the middle (48) abounding in Tur-)' 

rite/la terebel!ata at the base . • . 
7. Soft laminated dark-coloured clay , I 77 

Pleistocene mud, out of which places pro-
trudes a clay weathered green 1 • • 288 

6. {g). Nummulina !a:vigata bed, with numerous 
fossils (Little Fark bed) 

5. Sandy clay, weathered green . 
Beds covered partly with sea-sand and partly 

with Pleistocene mud . . 105 
4. {h). Dark mottled clay, shells and scattered 

C. nummnlites, fis!z and serfJmt remains 
(" Palate Bed."} • 

D. 

Covered with sea sand. 
3. Dark ssndy clay . 

with broken shells 
'' " Covered 

2. Turritella bed, T. imbricataria and T. sulci-
ferc1, . • . 

I. Septaria containing shells and occasionally 
Rostel!aria amp/a (68 paces), resting on a 
mess of Venericardia planicosta and C. acu
tiroJtra; the lower part of the bed is Green
sand crowded with shells, among which, 
immediately beaeath the Cardita:, the: 
Cypra:a tuberculosa occurs, The bed then 
become less fossiliferous, and passes into a 
dark grey laminated clay, broken up and 
re-arranged, mixed with dark sand and 

134 
96 
53 

III 

30 

92 

black pebbles (" Barn bed," Dixon) ......]10 
5,016 

r These clay beds are nearly rr.o<lern in age, and cover up unconformably 
the underlying Brncklesham beds. 
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Below this no fossils found. 

The Park on East side of Selsea and the ll1ixen Rocks. 

On the east side of the Sebea peninsula, the highest bed seen 
is the Niimmu!ina /d!vigata bed, rich in fossil. All the succeed
ing beds down to the Venericardia p!anicosta bed are usually 
exposed at "the Park." 

111ixen Rvcks.-A ledge, one mile smth of Selsea Bill, com 
posed of a iWi!io!a and a11 A lveo!ina, continuation of No. 22(b) 
only more calcareous. 

BOUR NEMOUTH AREA. 

The geology of fois remark:ible area has received attention 
from several explorers. Sir Charles Lyell i11 1826, Professor 
Prestwich in 1848, the Rev. 0. Fisher in 1861, and in the year 
1878 Mr. John Starkie Gardner prepared and read an able paper 
on the "Description and _Correlatio 11 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 Higbcliff; and a 
second paper, Part II., on the lower or Freshwater series 
( Quarterly :Journal of the Geological Society, vol. xxxviii, pp. 
1-15.). He states his reason for differing from the previous 
writers npon 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 JI-fiddle and ·not of Lower Bagsliot period, hitherto 
the received view as to their age. The author has also ascer
tained that a great portion of the cliffs between Hengistbury 
Head and Bournemouth are of marine origin, and highly fos
siliferous. 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 Bags hot beds of the London ba-in 
do not belong to that series, but are the equiva lents of his 
Boscombe sands, these sands, and the marine Bournemouth beds 
being, according to his researches, the western eqnivalents, or 
extreme sh ore-condition of Lhe Bracklesham sea." 

At Highcliff, nearly under Rothsay Castle, both the Bartor. 
and the Bracklesham series are exposed, the Barton being not 
more than IO feet in thickness, and the subjacent Bracklesham 40 
feet. The section is revealed to the sea-level, and therefore 
highly instructive. The Highcliff sands conformably underlie 
the Barton and Hord well serie., at an angle of 2 ° to the E. The 
remarkable promontory of Hengistbury Head is mainly composed 
of strata contemporaneous wi1 h the Bracklesham series ; and 
which Mr. Gardner would for convenience call the Bournemouth 
beds. Hengistbury promontory in shape resembles a parallelo
gram obliquely truncated at its northern extremity. The cliffs 
facing the , ea on the south are about 50 f~et high; increasing to 
100 feet on the north, both presenting bold escarpments to the 
sea. "The succession of the strata at Hengistbury Head, read
ing upwards, comprises, 1, the Bascombe sands ; 2, a lower 
series of sand with green grains, and an upper bed with iron
stone; and 3, the white Hi:!hcliff sand. The white sands at 
Highcliff are 30 feet thick, being 12 feet thinner than the equiva
lent beds a t Alum Bay, where they measure about 42 feet.'' The 
lowest series in the c liffs at the headland :\fr. Gardner terms the 
"Boscombe sancls," which without any doubt rep1esents the 
chief mass of brilliantly colour,d 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 uotices another 
hill similar in contour to that of Hengistbury, about three miles 
to the north of the Head. · This, St. Catherine's Hill, possesse-, 
like the headland, similar physical f~atures, bdng flat-topped 
and having abrn pt escarpments on all side,, and 160 feet high. 
Both the Highcliff sand and the Hengistbnry beds occur in this 
hill, showing their connection and continuity inland with the 
coast section. "The correlation of the Hengistbury 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 Hii;hc!ilf sands, 25 feet in thickness, and 
equivalent to bed No. 28 in Prof. !'rest" ich's section. The 
Hengistbury Head beds appear to be the equivalents of bed No. 
27 in the Alum Bay sectioP. The Boscombe sands represent 
beds No. 26 and 25 of Prestwich in Alum Bay, where they are 
I c;o feet thick. It can be conclusively seen from exam;nation of 

the cliffs in the Bay from Hengistbury to Bournemouth that there 
is a gei:eral 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 sand,, roo feet thick, and the 
lower series of sands and clays, of marine origin, which Mr. 
Gardner has provi,ionally termed the Bournemouth marine 
beds." With Mr. Gardner's paper in hand the most minute 
details of the coast may be followed (Loe. cit. 217-226 .), from 
the Head towards Bournemouth. These, both for physical and 
palreontological details, l must therefore refer to you, as giving 
step by step an analysis of the structure of the ciiffs, and the 
flora contained in the clays and sandy series of which they are 
composed. This flora of the Bournemouth bed n.arine may be 
referred to the Middle Bagshot series, and the Bracklesham 
division, possibly representing the same 5cage in the London 
basin, and it would appear from careful consideration of the 
Middle and Upper Bagshots that no Eocene beds younger than 
the Bracklesham are met with 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 plaut remains of the Bourremouth beds, 
especially those in the marine series, are of the same age as 
tho e in the Bovey Tracey deposits, which have been wrbngly 
assigned to the Miocene period, believing, in fact, that they are 
simply an outlier of the Bournemouth series, now l\o 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, O,munda lignata, Lastrma 
Eunbu,yi, Palmacites a'mmonorops, the fruit, conifers, and dico
tyledons being not only specifically identical, but occur in the same 
combinations and manner of preservation," foe. cit. pp. 227, 
228. I'olypodium, Cl,rysodium, Pieri,, and Osmunda, amongst 
the ferns; Eucalyptus, branches of Sequoia, po.ls and leaves 
of the Legumino x, 1Vipadites, Dryandra Cacti, Anona, 
Hightea, &c., occur in the beds coustituting the western termi
nation of the Bournemouth marine series. The fauna testifies to 
its marine derivation: the genus Ostrta, A,·ca, Modiola, Tellina, 
Calyptra:a, Pltorus, ,Vatica, and Ceri ·hium. The crustacea, 
through Callianassa, and a shore crab, with Bryozoa (Flustra), 
needs no other comment. The chan,;:ing physical character,; of 
the beds of the Bournemouth series, both horizontally and 
vertically, the mar,hy character of 1 h~ 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 
fauoa mingled with uni ,s, clearly shows that this was the debate
able ground between sea and r ;ver, beyond which to the west it 
would appear the sea never then penetrated." In february of 
the pnsent year, Mr. Gardner communicated to the Geological 
Society his second paper on these Bournemouth beds, being a 
con1 inualion of bis former notice, but in this his researches are 
confine,l to the history of the "Lower or Fresh\\'ater Series" 
(Quarts I,, Journal of :he Geo!og·ical Society, vol. xxxviii.) of 
the Bourns. ::onth area. The author describes the geological 
structure of t:ic Eocene cliff, as far as Poole harbour. All the 
strata between lLu , nern:iuth a nd Poule harbour are of fresh
water oriAin, and arc highly interesting on account of the fossil 
flora recen1ly obtained from them by Mr. Gardner-undoubtedly 
the mo,t extensive, riche,t, and most varied hitherto discovered 
or extracted from the Tertiary formations. No le , s than nine
teen species of ferns have been described from these beds. 
Only ten species have been met with in all the o ther British 
Eocene deposits, including the famous Bovey Tr,, cey beds, and 
three of these ten are also found at Bonrnemouth. Sir C. 
Lyell, in 1827, the Rev. P. B. Brodie, in 1842, Mantell, in 
1844, Prof. Prest" ich, in 1847, Trimmer, in 1855, De la 
Harpe, in 1856, and Heer, in 1859, have all written upon the flora 
and its associated conditions, origin, &c. ]n 1862, the Geological 
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 species 
were common to these localities. "The cliffs comprising the 
Bournemouth freshwater series extend from Poole harbour on 
the west, to beyond Bournemouth, and present escarpments 
averaging about roo feet in height, composed of yellow, white, 
orange and black s:incls and clays, crowned with fir-trees or 
pine woods. 
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Mr. Gardner places these Bournemouth beds in the Middle 
Bagshots, drawing the line between the;e 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 occnr with the Alum Bay beds. 

Thes,o: Middle Bagshots are represented in Alum Bay by the 
unfossiliferous beds marked 19 to 24 in Professor l'rest
wich's section, ( Quarterly :Journal of the Geological Society, 
vol. x. p. 56,) and are 240 feet thick. Palreontologically, 
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 Ahlm Bay types are found at Bonrne
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 wh0le of Eocene times, brin_ging 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 flood, and fre,hets inci
dentll to changing seasons, but are such as would occur whenever 
subsidence exceeded, in however trifling a degree, the silting
up p~wer of the river," loc. cit. p. 13. 

It is a questhn of impor'ance whether tbe continental fbras 
similar to our own at Bournemonth 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 stratiJ rapbical evidence, to 
assume that all isolated patches with dicotyledons, belonged to 
the latter p<!riod, 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 Lowtr Freshwater series are seen in the neighbourhood 
of Corfe and some parts of the cliff, at Stndland. It is 
characterised by abnnclance of pipe-clays, and is about 2co 
feet thick. 

The Middle F,eshwa 1er se1'i<S also occurs at Cofe ancl Stnd
land, and form the whole thickness of the cliffs between 
Poole Harbour and Bournemouth, thus constituting a fine 
section, 4 miles long and roo feet in height, 

The next series is marine, and about 400 to 500 feet thick. 
This marine group 1occupies the cliffs between Boi·combe and 
High Cliff. 

The Bournemonth 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 
the series, bnt become more abundant, almost to the exclu
sion of other vegetati:rn, towards the close of the middle 
period. 

The prevailing group appears to. be that of Acrostichum, 
of which there were many species. Angiopteris, Nepro
dium, Gleichmia, and Lygodium, and other undescribed forms 
occur. 

Among the Conifera:, C~tpressus, Taxodium, and Dacri· 
dium, with indications of pmus. The Cyc~dre seem to have 
di-appeared. 

The monoc0tyledons are well cepresented by reeds and rushes. 
Nipadites, represents the screw pines. The pal , s are very 
abur.dant, especially in the lowermost beds of Corfe and Stud
land and the upper middle beds of Bournemouth ; many 

' For particulars of these three groups, see Quarter ly Jo11n,al ef tlie 
Geological Society, xxxviii. pp. 5-8. 

F!abel!aria, Sabal, and Phmnicites, occur ; the Smilacere 
occur in all the fossiliferous beds, and are repr~sentec\ by five 
or six species. 

The Apetalre, illustrated by Populus, Ulmus, Lau_rus, 
Quercus, Artocarpidium, and Daphnogena, with Carpznus, 
Frigus, Castanea, .'Jalix, and .Ficus, and numerous Pro_teacere. 

Ekeodendron, Rhamnus, Prunus, :Jug/ans, Cluytta, Cerafo
petalum, with Dodo1uxa, Ce/ash-us, Eucalyptus, and many 
Leguminosa:, illustrate and characterise the l:'olypetalre. 

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 C?ntinental floras: 

The Eocene flora presents us with types pecuh'.'r to the 
Southern Hemisphere, and related to those of Australia and the 
adjacent islan1s. We have examples of this southern flora 
through the Proteacea:, Leguminosce, Conifert1!, and the Myrtacere, 
through Euca!yptus. 1 

ISLE OF WIGHT. 

The present rhomboidal form or configuration of the Isle of 
Wight is due partly to the unequal acrion of the sea on _ns coast 
line, and partly to those disturbances or mo~ements wh1~h have 
thrown some of its strata into the pos1t1ons exh1b1ted 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 vVealden strata there exposed being more easily 
destroyed than the chalk. 

The leading physical feature in the structure of the Isle of 
Wight consists in tbe ridge of high and bare chalk downs near 
the centre of the island extending from the Needles on the west 
to Cnlver 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 east. 
In the space occupied between these two chalk r~ng~s or upper 
cretaceous rocks, there occurs the complete rnccess10~ _of the 
lower cretaceous and lacustrine Wealden groups, compnsmg the 
Hastinas sand and Weald day exposed at Compton Bay :incl 
Rock Poirit on the west, and Sandown Bay on the eastern side. 
The central ridge is depressed and cut through by transverse 
valleys ; ;uch oc_cur at Fresh,:ater Gate, Sh~lcombe, Calb?~rn, 
and by the Cansbrook, Meclma, and Brad111g valleys. . All 
these breaks may possibly be on line? of faults runn,'.ng or 
cutting through at right angles to tbe strike of the chalk. 

The part of the Isle of Wight which lies to the no~th ?f the 
central l'halk range is entirely composed of. the older 1 ert_iary or 
Eocene strata. The only fault of magnitude known m the 
island is that occurring along the line of the Medina valley. 
Those on the eastern side of the river are the Headen, Osborne, 
and St. Helen's series. The rocks at West Co\\'es, o_r west. of 
the Medina, belong to the Bem ~riclge marls or flnv10-marme 
series. "From the known thickness of the several .groups the 
amount of displacement \\hich takes place on the lme of fault 
between East anti \Vest Cowes, or along the line of the Medina, 
cannot be le -s than 200 feet." 

The loncrituclinal undulations affectincr or di , turl,ing the 
Tertiary str; ta north of the chal_k ridges :i.-e l_ess obv(ou~ than 
those above described. The clnef flexures which are Ill imme
diate sequence with the chalk are exhibited bnth at W~iteclift 
and Alum Bays, "·here the Lower and M1clclle Terllanes are 
inclined at very high angles. . 

The first set or the east and west unc\ulat10ns, are connected 
with the move:Oent that elevated the chalk vertically. The north 
and south undulations also affect the chalk, since each north and 
soil'h valley formed by the synclinal curve or hollow of the roll, 
corresponds to the division between the two chalk '.10\\ns, and 
each down to an anticlinal. All the Lower Tertiary strata, 
including the fluvio-marine beds, are 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 c0mbes and tramvers~ va1leys, _are un
affected by these movements, showing that their ongm 1s subse· 
quent to the dL;tu:·bing forces which _affected the Secondary and 
Tertiary rocks below them or on which they re5t. 

1 ~fr. Gardner has been greatly aided in his fl oral resear~hes by Constantin 
Baron Ettingshausen, P_h.~., ~ho _has brought to be~r h1s ~re~t ½nowledge 
of fossil plants and their. d1stnbut1cm throu~h. the higher 1 eruane~i !he 
joint monograr,h by l\'fr. Gardner an~ ~t~rn~sh~usen on the Bntish 
Eocene Flora, ' in the Pab:eonto~ra.ph1cal Society s volumes for 1879 are 
of t !-. e hi _~ he~t \•:d ue to Pal~o botamc~ ! studEnt:=; . 
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LOWER TERTIARY STRATA OF THE ISLE OF 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 
~uccession. 

PLASTIC CLAY. 

"The lowe,t 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 
Bay 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 115 feet; they constitute a narrow b;lt strikino- across 
the island, resting on the chalk. "' 

The London clay succeeds the plastic clay, and also forms 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 a(Jinis, Pectunculus 
bnvirostris, Pholodamya margaritacea, Panopea inlermedia, and 
Modio!a eleRans. The annelida Ditrupa plana belongs es,entially 
to the London clay. 

MIDDLE EOCENE. 

Lower Bag:shot Beds. 
Joshua Trimmer, in 1850, first applied the term Bagsbot to the 

whole series of strata in Alum Bay and 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 Eheodendron, Taxites, Quercus, J uglans, 
Daphnogene, Laurus, Ca:esalpina, Cassia, Ficus, Dryandra, 
Rhamnas and Sabal, &c. They comprise a series of variously
colot1red unfossiliferous rnnds and clays, with ace ,mpanying iron 
sand-tone and clay. These last bed, are in one place crowded 
with the leaves of sub-tropical land plants illustrating no less than 
19 families, 26 genera, and about 50 species. The AraliacetE, 
Casuarinacece, Cdastrace«, Conifene, Cornace<E, Cunoniacue, 
CupulifertE, CycadtE, EbenicetE, Euphorbiacea:, '}"uglandtE, 
Laurinem, Legu,ninosce, /JforelE, I'almce, Proteacece, Rhan-znece, 
SapmdacetE, and Tiliacea:. The same strata at Bournemouth 
and Corfe Castle in Dorsetshire 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 
indic1te 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 tropic._) or sub-tropical character of the London clay 
plants was long ago worked out by Dr. Bowerbank, but it was 
re_;erved for Dr. De la Harpe to carry his comparison into the 
Middle Eocene beds, and to show that there had been only a 
mod~rate decrease of temperature, s0 far as plants could show, 
in the time occupied by the deposition of the Bagshot or 
Bracklesham 3ands. 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 Leguminosre. 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. Boi'erbank. 

The j,mction between the London clay and the Lower Bagshot 
i; clearly seen in \Vhitecliff 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 Bao-
shot beds at Alum Bay no other fossils are known than plant~, 
and about 60 species occur. 

MIDDLE BAGSHOl' SERIES, 

Bracklesham Beds. 
The strata comprised between the sands at the base of Head,m 

H,11, and the pipe-clay bearing sands and clays (Lower Bagshots), 
overlying the London clay, are subdivided into Bar,on clay and 
Bracklesham beds. The Brackle,ham beds in Alum Bav are 
represe,1ted by clays and marls in the lower part, and by ~bite, 
yellow, and crimson sands above. The lower beds are remark· 
able for the quantity of lignites, coaly or vegetable matter con
tained in them, constituting beds from I 5 inches to 2 feet in 
thickness. The black and c,ial-like appearance of four of these 
beds are conspicuous and marked objects in the cliff, and deter
mine the position of the Brackle,ham 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 Vtnericardiaplanicosta, 
Turritella imbricataria, Nummulites l,rvigatus. Six zones of 
fossils are 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 BracUesharn and overlying llarton clay. 

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

layers of septaria, is sufficiently shown in Alum Bay, where it 
attai,is 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 occnred 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 Voluta luctatrix, Rimel/a, 
(Rostel!aria) rimosa, Conus or Conorbis do.-mitor, and Fusus 
lonza:vus, with Crassatella sulcata, &c. 

UPPER BAGSHOT SAI\DS. 

These are the unfossiliferous sands below the Lower Headon 
beds, used extensively for glass-making, which may be I 50 feet 
thick at Alum Bay. In Whitecliff 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 \Vealden beds in Brixton and Sandown Bay , 
thus revealing the extent and continuity of the \Vealden series, 
and determining its presence westward to the Isle of Purb, ck 
along the ,ame 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 He 0 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 tbe Cambridge Philo
sophical Society," and will be referred to in the latter part of 
my address. 

FLUVIO-MAR!NE SERIES. 

Of the fluvio-marine strata of the Isle of Wight, the Bembridge 
series is by far the most constant in litlwlogical characters. The 
lower part, calcareous (marine and freshwater.) The upper part 
(lar;,:est) 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 tlie 
Headon beds, or Headon Hill groyp. 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 Bern bridge strata we are also made acquainted 
with and acquire much information respecting the terrestrial 
fauna of our own area during the later portion of the Eocene 
epoch. 

Palreontologically 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 pulchra. 

The upper beds of the second group are exposed in the 
clearest manner through fine section, at the same places, and 
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also at, or near Brading harbour, below St. Helen's. 
of Triony.x, or the fresh-water tortoise, large cerithia 
abile), and Cyrena pulchra characterise these beds. 

Remains 
(C. vari-

The third group, or the Bembridge oyster beds, forms 'a 
narrow but constant hand betwee11 the marls and the limestones. 
Marine conditions set in here, characterised by the abundance of 
Ostrea vectensis, Nucula similis, Cytherea incrassata, fofytilus, 
and Cerithium. These beds were long mistaken for the "upper 
marine" or Middle Headon strata. At \Vhitecliff Bay and 
Brading harbour this group may be advantageously st11died. 

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

This remarkable limestone in Whitecliff Bay, forms a con
spicuous feature in the cliffs ; i, is also the marked feature at 
Bembl"idge 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 mollusca and some few land plants. 

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

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

" 

3. Compact creamy yellow lime,tone, Lym. longis
cata and Planorbis oligyratus. 

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

5. Greeni h white limestone, concretionary and 
foss1liferons, containing L;,m. lonziscata. 
Planorbis discus. P. rotundatus, P. .Sowerbyii, 
P. obtusus, IIelix occlusa, lfdix labryrint!tica. 

6. Crumbly white marl, with glo!mlar concretion.", 
Chara tuberculata, Planorbis obtusus. 

7. A similar bed to 6, with P!anorbis discus. The 
whole abont 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 differe ice between the upper and lower portions of them 
is consideral,le, and may be separated-

!. 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 hetwcen the Upper Heidon series proper, containing 
Potamomya and the Bembridge limestones. The,e beds are of 
freshwater and brackish-water ori~in. 

Paludince (P. lenta), Melanice (M. costata, M excavata), 
Melanopsis brevis and M. carinata. Chara Lyellii is the 
Gyrog,mite 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 Bern bridge limestone and the bracl<i h-water beds 
with Potamomy::e, that terminate the Headon beds, a great series 
of stra · a intervenes, which on account of their mineralogical and 
pal::eoutological peculiarities, deserve a1vl hold an intermediate 
po,ition benveen the middle and upper Eocene strata. 

OSBORNE SERIES IN \VH!TECLTF F BAY. 

Thickness 100 feet.-Dark red clays and bright red and 
variegated clays occur. (Helix occ!usa, P/anorbis discus, and 
L;,mnaa lon,giscata.) 

OSBORNE SERIES BETWEEN ST. HELEN'S AND RYDE. 

Between R·adin:; Harbour and Ryde sectims occnr, and on 
shore are seen the rocky ledges below Seafield, and from St. 
Helen'., to N ettlestone. At Watchhouse Point, below St. 
Helen's, the Bembriclge limestone forms an extensive arch. 

HEADON SERIES. 170 FEET THICK. 

Best um at Beadon Ihll, Colwell Bay, and at \Vhitecliff Bay, 
and their I ,west divisions at Hord well. Everywhere Planorbis 
euompha!us characterises the fresh-water bands. 

Pota1llomya plana, and Ceri!lzium pseudocinctum abound in the 
bracki,h-water beds. Cytherea ( Venus) incrassata, accompanied 
hy 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 
Heado1; Bi~l belongs to this section. Brackish in the upper part, 
abom:drng 1l1 Potamomya and Cyrena obovata, at Cliff End they 
con tam a cyrena (like C. pulchra). Cerithium trizonatum occurs 
here abundantly, and Bulimus politus and Melania muricata 
abound. 

Middle Headons. " The Eieadon intennarine or Upper marine 
formation."-At Headon Hill these deposits were deposited 
under brackish-water conditions, for, although Ostrea, Cyth,rea 
incrassata, Nucula deltoidea, Natica dep,-essa, Buccinum labiatum, 
and other sea shells are common, the upper and lower beds 
abound in Cerithium ventricosum, Ceritltium concavum, Ceri
thium pseudocinctum, Neritina concava, Nematura, &c. which 
are brackish or estnarine. 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 are of Barton types. This central 
part is known as the '' Venus bed," from the presence of Cytherea 
incrassata. The marine character of the Middle Beadon beds is 
still more strongly marked at Whitecliff Bay (22 genera). The 
lower portion of this series at Whitecliff Bay contains many 
Brockenhurst species, but at Colwell Bay we have no evidence 
of characteristic species from this horizon, or in the western side ef 
the island. 

Lower Headons, fresh and brackish-water series. 
These beds are 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 occnr here and are characteristic. 

At Headon Hill the thick bed of limestone in the Upper 
Headen 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 Headun series ; 104 mollnsca, 9 Crustacea, 
4 annelids, and three plants, land, freshwater ; and marine the 
fossils of the Headon fluvio-marine series, are n gasteropoda; 
½} pelycipoda; polycipes 1, balanus 1, crustacea ½, plantre ~. 
fish~-

Professor Judd, in a paper communicated to the Geological 
Society in May, 1880, 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 n::,t, as has been hitherto supposed, the 
equivalents of those of Headon Hill and Hord well CJiff, but that 
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 Upper Eocene series of Britain was proposed 
by the author ( Quarterly Journal of tlte Geological Society, vol. 
xx xvi. 1880.) 

Professor Judd traced the history of previous opinion upon the 
succe.,sion of the Tertiary strata clown to the time of Professor 
Edward Forbes and the Geological Survey, with the subsequent 
labonrs of Mr. Bristow. Edward Forbes confirmed the previous 
determinations of Professor Prestwich in his el ,borate researches 
in the Isle of ·wight Tertiaries. Forbes's life, however, was not 
spared to enable him to complete his re,,earches in this division 
of the British strata; his attention was chiefly confined to the 
four uppermost Eocene members, or the Hempstead, Bembridge, 
Osliorne, and St. Helen's, and the Headon beds. These 
divisions ,,.ere accepted and worked upo11 as a basis by the 
Geological Survey. \Vith 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 at Hord well Cliff. 

Professor Judd's view bas 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 tlte 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 i•nportauee of a correct reading and classification of these 
Middle Eocene strata in the Isle of Wight, a1.d their correlation 



© 1882 Nature Publishing Group

43o NATURE [August 31, 1882 

with beds of the same age in France, Belgium, and Germany, 
cannot be over'.ooked or over-estimated, and often as it has been 
attempted, the papers by the two above-named authors have still 
greatly added to ,,ur kno" ledge of the stratigraphy of the Eocene 
series of the hie 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 Geol,,gical 
Survey-which was nnswerable for the latest, indeed the only 
known extended and complete analysis of the Upptr Eocene 
strata of the hie of Wight. 

We owe a debt of gratitude to the late Mr. F. Edwards and 
Mr_ S. V. Wood, for their valuable additions to our knowledge 
of the palaeontology of the fauna of the fluvio-marine beds of the 
Hampshire basin. Since the publication of Profesrnr Forbe/s 
memoir upon the Isle of Wight, the molluscan 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 ani agreemer,t of this fauna with that of 
the Lower Oligocene in North Germany. This Brockenhurst 
fauna is also identical with certain ; trata at the base of the 
Middle Headon beds at Whitecliff Bay, in the Isle of Wight. 

Professor J udcl in his paper deicribes the s•ratigraphical 
positim 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 <Jfthe "Venus 
bed" at 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 aud freshwater series. 
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 work of Forbes and the Survey, and estab
lishing upon a firmer b:isis the continuity and equivalency of the 
Colwell Bay and 1-Ieadon Hill marine series, 1hrou1h the" Venus 
bed," all being stutigrapaically and P"lreontologically 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 palreonlological evidence is in accordance with, and as 

complete as the stratigraphical. This of course is based upon 
the belief that both are read or i11terpreted rightly. The com
parison is bet"·een the collective fauna of Whitecliff, Colwell 
Bay, and Brockenhnrst ou the one hand, and Htadon Hill and 
Hord well on the other hand, but Messrs. Keeping and Tawney 
have shown the illogical nature of conclusions drawn from snch 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 li,t uf his so-called llrockenhurst species from 
\Vhitecliff Bay, Colwell Bay, Brockenhurst, and Lyndhurst, 
with those species common to the Barton beds helow 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 arrived at by Dr. 
Duncan, independently of the work of Von Konen npon the 
mollnsca 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 Io I spec'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 aurhor proposed to extend 
the "name of the 1-Ieadon series, so as to embrace all the beds 
between the Barton aud the Brockenhurst series, and to call all 
those strata said to belong to the zone of Cerzthium concavum 
the H eadon group," doing av. ay with the smaller subdivi-icn of 
Lower, Middle, and Upper. To all the beds l--etween the 
Brockenhurst and Hempstead series Mr. Judd w uld apply the 
name Bembridge group; including the serie:s both above and 

1 A. v,: n Konen on "The Correlation of the Oligocene Deposits of 
Belgium, Northern Germany, and the South of England.'

1 
Quarterly 

Journal o tltc Geo 7o.tical Society, vd. xx. p. 97· 

below the "Bembridge series of Edward Forbes, and also beds 
referred by him to the base of the Hempstead, the Osborne and 
St. Helen's, and to the Upper Headon." Such a proporn} 
labours under the error of altogether failing to recognise the 
position which the Brockenhnrst fauna rccupies in this interesting 
series, Professor Judd in fact places the Brockenhurst beds root 
only above the Middle Headon, but above the Upper HeadM 
and Osborne bed, of Heaclon HilL It occupies, however, in 
fact, a place at the base of the Middle Headon, as is" ell seen 
at Whitecliff Bay, and Brocke11hurst itself. 

This change in the nomenclature and classification has not 
met with approbation, and is strongly opposed by Messrs. 
Tawney and Keeping in their exhamtive 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 tbe 
strata and the distribution of life forms, clearly showing that 1he 
relations of the whole group can J- e determined by examination 
of the continuity of the Colwell Bay and Headon Hill beds, and 
that the brackiJh 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 s,quence, as 
laid down by the Geological Survey, and which the author, have 
ao-ain so clearly demonstrated in the text cf their Memoir, and 
1;\c1 down in their clear and continuons section from Cliff End 
or Lynchen Chine to near Alum Bay Chine, and synthetically 
proved in their vertical sections. 

The following general and condensed description r r analysis 
of the H, adon series of Holwell Bay and Head on Hill, as given 
by Messrs. Tawney and Keeping, will aid those wishing to 
examine the section, prior to reading or poscessing themselves of 
the original paper in the Quarterly Journal of the Geological 
Society, vol. xxxvii. or that «f Professor Judd, loc. cit., Note I, 

Vertical Section at the North-east Cor110- of lleadon IItll.
One hundred and teu feet of ,tra' a occur frcm the top of the 
Bembridge Limestone to the top of the Great Lime-tone (Upper 
Headon). The Brockenhurst series does not exist here. Not 
a single marine fossil occurs in that interval. Nor is there any 
bed having the least re-emblance either lithologically or pa1re
ontoloo-ically to the Colwell Bay Venus heel. 

The"Upper lleadon at Headon Hill mearnres 50 feet and c0n
tains the thick Lymnrean limestone (27 feet). The united or 
combined thickness of the Osbon,e and Upper Heaclon beds · 
(Gec,logical Survey) is 119 feet, i.e. adopting the top of the 
Cerithium vmtricosum bed as the boundary. The Osborne beds 
at Headon Hill are below the Bembridge limestone and extercd 
up to it, so there is no room. . 

The ll1id,Fe Headon.-The nppermmt and lo" er port10ns of 
the Middle Headon are brackish-water beds abounding in 
Cerithium ventricosum, C. pseudocinctum, C. concavum, Neritina 
concava, and Ne111atunz. The beds or series in Headon Hill 
richest in Cytherea incrassata (Venus bed prope,·), exhibit identi
cally the , ame fossils as at Colwell Bay. 

Below the oyster band in grey rnndy clays is the Vtnus bed, 
extremely rich in marine fossils. Cytherca, JWya, kfactra, 
Corbicula, Nu cul a, 7 rigonoca:lia, Fuszts, Can,dlaria, Voluta, 
Vicarra, und Natica ; Mya angustata and Cytherea incrassata 
scattered throuo-hont 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 requ:red on Professor Judd's 
theory_ 

Lower ~leadm.-The first bed is a Lymr,rea lime-tone, and is 
the same well-known bed which forms the top of the Lower 
Headon in \Varden Cliff. It is traceable to How Ledge, where 
it disappears below the sea, and clearly _shows by its cou'.se _that 
it is the How Ledge bed of \Varden Cliff. Although this lime· 
stone is denuded from the top of the antidinal curve between 
Westm and \Viddick Chines, some. of the lower beds are 
traceable the whole distance; accordingly we can join on the 
section in Headon Cliff to that in Warden Cliff. This gives a 
continuons section and series of beds from ,he lowest seen of 
the Lower HeadoP, through the Middle and Upper Headon of 
Colwel Bay to the Bembridge lime-tone both north and south. 
There is therefore only one marine (M,,ldle Badon) series lying 
between two fre hwater series, or "the Lower and Upper 
Headon." The Rev. 0. Fisher has discovered the Venus bed 
in the Totland Bay brickyard, some sh" rt distance above and 
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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 cltffs between We.,Lin and Widdick Chines, 
much of the space in which is hidden by grassy slopes, but the 
connection canuot be doubted. 

The Lower Headon o/ Wa,den Clzjf.-'' The kwest teds of 
this series are seen below the Tolland Bay Hutel at \Veston 
Chine, and all are below the Venus bed. A remarkable feature 
in the ·lowest portion are five thin Ly Jrncean limes:ones, con
taining chara seeds. These five limeoto11es at low wa•er form 
five ,ubmariue ledges parallel to the great ledge at Warden cliff" 
(Warden ledge). Above tbe.-e five beds and the rnnds containing 
Potamoma comes the concretionary caleareous ,and rock "hich 
forms \Varden Ledge. It crops out at the top of the cir ff 
below the flagstaff ot the coastguard station. Succeeding these 
is the U nio bed ( U. Solandri) and associated with Melania 
turritissima. The How Ledge limestone succeeds and forms 
the sumlllit of the Lower Headon series. This limestone is 
denuded away in the centre of Totland Bay, where we have 
evidence and may infer the snmmit of the anticlinal t,, be near 
the old wooden pier. The thickness of the L'>wer Headun in 
\Varden cliff is 72 feet, and from that to 8 7 feet before reaching 
the yellow sands of the Upper Bagshot. 

The whole of the cliffs bet>1een West,n and Widdick Chines 
ar;i occupied solely and throughout by Lower Headon beds, and 
the Colwdl Bay marine bed ex'ends all through \Varden point 
and cliff, v, here it rests upon, or i; supported by the How Ledi,e 
limestone. Between \Varden Battery and Weston Chine the 
Colwell Bay marine bed (Middle Headon) is mcJintaincd in all its 
integrity. 

1J1iddle HraJon o/ Cohoe/! 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 ric!.est part of the ' Venus bed' 
-the fossil in which (Cytheria inoassata) strew the tumbled 
clays and commingle with recent shells on the shore." 0Jtrea 
ve!ata, as at Headon Hill, is abur1dant above the part richest in 
Cytherea. This oyster occurs in vast abundance in the centre of 
the b:iy between Colwell and Bramble Chine-, crowding out 
other fossils and forming a massive oyster bink about 20 feet 
thick. The V cnus bed here is altered in character, and a bun· 
dantly occurrin; with Cytherea inc,assata are Murex sfxden
tatus, Pisania labiata, Natfra labclla!a, Nerita aptrta, Centhiunz 
variabi!e, and Ostrea vdata ." 

Upper Hcadon of Colwell Bay.-The horizon of Cyrena 
Wightii is a marked. featnre here, associated with Corbicula 
obovata; Ceritlzium trizonatum also occupies one horizon just 
below the buff-cJbured Lymnire limestone forming a narrow 
band with green clays ; Serpu!a tenuis is equally characteristic, 
occurring at the same hxizon bJth he.-e ar,d at Headon Hill, 
viz. in the Upper Potamomya clay just above the Lymnrea lime
stone. 

PAL,EO;,./TOLOGICAL EVlDENCE 

Having noticed the stratigraphical successLn of the several 
divisions in the beds at Headon Hill and Culwell Bay, I now 
proceed to draw at·ention to the distribution of the fossils. 

The authors of the paper have di- cussed the questi,m as to 
whether the Colwell Bay has any more affinity with the Bracken· 
burst fauna than has the Headon Hill bed ; and they compare 
the fauna both of the Colwell Bay all'.1 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 Musenm, has formed the 
basis of their comparison, while their own res:earches have added 
c,ccurences still more conclusive as to the correlation of species 
in the areas under examination and comideration. 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 
Ed wards collection from that locality. " The test as to the 
contemporaneity of the bed.s in question is not to be obtained 
from the rarer forms only, but from a comparison of the 
commoner and more characteristic specie-," 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 Leen stated that the "strata at Colwdl Bay a1t oj 
purely marine r,n:Rin, while the so-ca.'led hfiddle lviarine beds oj 
Headon Hill and [-;{or dwell Cliff are of totally d>ffinnt character." 
Mes rs. Tawney aud Keeping obtained from the marine series at 
Colwell Bay the bracki,h-1,·ater genera Cerithium, Cyrc1za, 
f-;{ydrubia, / ymna:a, Paludina, Planorbis, Melania, a. d Me
la11opsis, although said to l,e fruncl only at Headun Hill. It hns 
also been stated that cutain ,pecies of Cerithium are confined 
to Headon Hill, a"d do not occur in Colwell Bay, and that 
through this serious errors in our cla,sification have been 
detected, as well as in the correlation of the strata under 
cun~ideration. 

1 he presence of Cerithium concavum in the Venus bed al,un· 
dantly at Colwell Bay, and we may add from private informa
tion from Mr. Keeping that he has found it also at Whiteclift 
Ilay in the san,e position, removes all doubt as to tbe non-occnr
rence of the zone in that locality. As has been stated, tbe 
,pecies is not so common as at Headon Hill. 

There is but one marine bed, aucl that is known only in the 
Middle Headon. The place of the Brockenhurst bed is at the 
lozr•est horizon in the Middle HeadoP, but it does not appear at 
Colwell Bay or anywhere in the "est end of the island. 

ftfiddle Headon of Whiteclijf Bay. It has been stated that the 
Colwell Bay bed is placed in the Brockenburst, 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 series, and only at \Vhitecliff Bay or in the 
New Forest. 

The Geological Survey do not n:ention J-,y name the Brocken· 
hurst bed in their vertic1l sedioa [Sheet 25] of Whitecliff Bay, 
as its peculiar fauna had not been recognised at that time. It is 
easily identifiecl, however, in their section as the basement bed of 
the,r Middle I-Ieadon, the wh~le of which is given as 90 feet 
thick. 

Brockenhurst Zone at Whitxliff Bay.-At the time the Gec
bgiol Survey section w,1s made, this bed at Brockenhurst was 
unknown, and its fauna unclescribed. Suhequent observers 
have recognised the BrcJcke"hurst fauna in the lo·.,est bed (2 
feet thick) of the Micidle Hec1don at \\'hitediff Bay. Sixty•nine 
species are known here, aucl 104 occur at Brodenhurst. 

Affinities of tlze Brockenhurst faauna.-If we take the whole 
Brockenhurst fauna, inducling tbe eighteen corals (special to the 
zone) we obtain a total of IS I species, of \I hich from 74 to : I 
pass up from Barton. 

Mes rs. Tawney and Keeping snpply a list of 53 species from 
the Brockenhur,t zone obtained from the Whitley Ridge Rail. 
"ay Cuttir·g, N cw Forest. Fifty-one of these 53 forms have 
occurred in the 2-foot bed at Whitecliff Bay, 27 uf which pass 
up from the Barton or Bracklesham beds. 

The palreontological evide ce therefore accords with the 
stratigraphical. 

R,lation of Colwell lliari11e to Brockenlzurst Rwna. -Exa nina· 
tion gives us 29 per cent. of Barton forms in the Colwell Bay 
bed. In the Brockenhurst bed the ratio was a1,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 c,Ttain Brockenhurst species occur at Colwell Bay, and 
n ,t at Head on Hill. They are Sea/aria tessellata and Te!linz 
ajfinis, this latter a Barton Lrill, while those occurring at 
Headon Hill, and not at Colwell Bay, are Marginella a:Jtuarina 
and Cardita paucicos!ata, only "' two in each case, which 
amonnts 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 t"enty-."ix species. It is 
therefore evident that the Brockenhur.-t fauna is not identical 
with that uf the Coll\ ell 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 .111arine 
Headon beds, end immediately above the Lower Headon. 
This Brockenhurst bed is absent at Colwell Bay and Ileadon 
Hill, but occurs at Whitecliff Bay, Brocker,hnrst, 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 tbe Barton 
and BrocLenhurst series, and call them tlce "Heaclon Group," 
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would cause great inconvenienee. 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 tre non-occurrence 
of the Brnckenhurst 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, jmtly correlates the fauna, and since 
then, in 1866, the coral fauna has been de,cribed by Dr. 
Duncan. 

Messrs. Tawney and Keeping, in their paper on the beds at 
Headon Hill and Colwell Bay in the hie of Wight, uphold the 
work clone by the Geologinal Survey, maintaining the correctness 
and integrity of the two Survey Memoirs, and the horizontal 
and vertical , eclions of the Tertiary beds of the Isle of Wight. 
Prof. Judd differs from the identifications and , tated rnccession 
of the beds in Totland and Colwell Bays. He introduces two 
new series at rfeadon Hill, a marine and a freshwater(?) in addi
tion to those which have been universally accepted for the la,t 
twenty-five years ( Quarterly :Journal of the Geological Society, 
vol. xxxvi.). 

The sections prepared by Prof. Judd also differ very consider
ably from that of the Geological Survey, er those lately pre
pared by Messrs. Keeping and Tawney, durirg their late exarni· 
nation of the beds under notice. These are the marine series 
known as the ll1idd.'e Head on or llfidd!e J',fa,·ine. Prof. Judd 
places them at the sea level near Widdick Chine. Conse
quently, between the top of the marine bed and that of the Bem
bridgl' limestone, there would be, on Prof. Judd's theory, 250 
feet of beds, such being the altitude of the cottage on tbe 
Warren "hich marks the sinmni t of the Bembridge limestone. 
This thickness mu,t, however, be reduced hy 1co or IOS feet, 
which is the altitude of the top of the Middle Headon at this 
point. This IOS feet of beds, or anotl1C1· fre,h" ater and another 
marine have no existence; thty can only be accountt<l for by 
countirg the Lo,, er and llliddle lleaclon twice over. Now the 
Ollly marine beds are those of the Middle Headon, inclosed 
between the altitudes of 70 feet above the ,ea !eve!; the others 
are all fresh water. 

Thi:! point wherein Prof. Judd's section differs from the 
Survty, and that of the authors, arises from the belief that a 
second marine series, termed the "Brockenhurst series," with 
another freshwaler below, in all I05 feet, is intercalated above 
the Upper I:feadon-the,e two believed 1:ew formations having 
that portion of the section allotted to them which is occupied by 
the freshwater Osborne marls and part of the Upper· Head on. 
lt must be remembered that there is no positive evidence of the 
existence of this second marirn: (Brockmhurst) ,er ies at the spot 
where the Geological Survey place the O.,bonze marls. Careful 
examination fails to reveal these said to be additional beds. It 
is clear, therefore, 1hat no bed having the r eculiar fauna of the 
Brocl;enhurst bed occurs at the we,t end of the i, Ja, d; its place 
100, if found, would be at the base of the Middle H eado", and 
not above the Upptr, where it has been wrongly assigned. 
Messrs. Keeping and Tawney, in their raper, c,bject to the 
correlat ion ut the 1,'rodenlzurst with the CohYell Bay bed
which is identical "ith the marine (M ind le Headon) bed of 
Headou Hi ll. Thu, the 105 feel of ,trata have no existence. 

The Middle Headon, which is denuded away from the top of 
the cliffs in the centre of Totland Bay be tween \Vestern and 
Widdick Chine,, has been discovered in the Totland Bay brick
yard, which lies a little inland of tbi, porti°on of the cliff, thus 
conclusively , bowing that this heel "as continuous above the top 
of the cliff, cornequently linking the \Varden Cliff expo,ure to 
that of Headon Hill. They are visibly and abwlutely con
tinucus with tnose of Colwell Bay. 

Palreontolog-ical Evidence. - The eqnivalency of the Colwell 
Bay and Brodenhnrst beds is a point lo be definitely settled. 
Most careful lists of fcssils have been prepared from callee ions 
made both from the l\'1Iddle Headon at Colwell Bay, ard 
Headnn. \Ve find that out of fifty,seven species at LolwelJ 
Bay, fifty-tbree 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 Ce1·ith um concavum and C. vent~i
co,um occur both i11 Colwell Bay and Headon Hill, and on the 
same hcrizons. C. concavum appears tu 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 Col" ell Bay. 
Thus beth stratigraphical and pal::eontological evidence are in 
harmony. All evidence tends clearly and conclusively to show 
that there is onl), one marine u,ies in this section, viz. the 
Middle Headon of Edward Forbes, which is interstratified 
between the freshwater Lower and freshwater Upper Headon; 
while there is no evidence of the Brockenhurst bed occurring 
anywhere in the west of the island. 

Whiteclijf Bay and the New Forest.-Tbe Brockenhurst bed 
was recognised at Whitecliff Bay by the Rev. 0. 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 !04 
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 the "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 WhitecliffBay and 
type locality. Eighty-three Barton or Brnc\;le;lrnm >pecies pass 
up, 25 to the Middle Marine of Colwell Bay, ::usd 36 to tl:e 
Brockenhurst bed of Whitecliff Bny, er th ~s ~ two localities 
yield the above number of l c .. rtonian forms. To still further 
illustrate the value of the Middle Headon series of the Isle of 
\\'ight and elsewhere, I may mention certain characteristic fos,ils 
that occur in ,everal zones. The "Venus bed" of the Geo
logical Survey is aliout 30 feet thick at Colwell Bay, Headon 
Hill, and Whitecliff Bay, and contains the following well
marked shells, ilfurex sexdentatus, Mdania fas<iata, Cerithium 
dup!,x, C. vmtricosum, C. concavum, and Nenta aperta. 
Shell, characteristic of the Brockenhur,t bed and confined to it 
are Voluta su!ura/is, Leiostoma 01:atum, I'ecten bellicostatus, 
iv.lodio/a n; sti, (vprina ny,ti, and Cythe,·ea solandri, var. 
att,nuata. In the Roydon zone occur, Vo/uta goninata, and 
nowhere ebe in England. Pleurotoma tronsc•ersa,·ia, P. subdenti
culata, Cardita ddtoidra, and Protocard11111t hantcmimse are in 
both the Roydon and Brockenhurst zones, bnt not known in the 
Venus ced. Certain species range through the Middle Headon 
series and occur nowhere else. These are Pisania labiata, 
PN111·otoma headonensis, Cancel/aria muricata, C. elongata, Ltda 
propinqua, Cythtrea suborbicu!aris, Psammabia restuarina, and 
Corbicu!a obovata. The Brockenhurst zone is restricted to the 
l,nver 2 feet of the Middle Headon, and it lies immediately on 
the eroded surface of the Lower Headon. A t1 error certainly 
has been committed in the New Forest Section, in assigning the 
place of the BrockeQhur,t series above the J\Jiddle Marine or 
Middle Headon. This is at variance with fact s at Brockenhurst 
and \Vhitecliff Bay, and this misapprehen,ion as tu the strati
graphical position of the Hrockenhurst bed rerutes the theory as 
to the occurrence of this bed high up in the Headon Hill. It is 
not in existence there. 

vVi1h reference to the affinities of the Erockenhurst fauna it 
has been stated that "nearly one-third of the Hord well and 
Headwell H,ll marine shells are Barton fo··ms, and not more 
than one-fifth of those occurring at. Brcckenburst, Colwell Bay, 
and vVhitecliff Bay, are found at Barton." We should not 
expect the Venus Bed or ilhddle iv.larine 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 l<idge bed, i , 42 per cent.; a lower proportion than 
at Whitccliff Bay, a rising from the number of corals being special 
to the Whitley locality. At Whitecliff Bay the Bart:in group 
has 52 per cent., and the proportion of Barton forms from all tlze 
Brockenhurst localitie0 , 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 per cent. ; the conclu
sion, therefore, from fossil evidence is that the Headon Hill 
marine bed is later in age, and higher stratigraphically than the 
Brockenhur,t 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 
Colwell Bay Venus bed (Middle Headon) is more nearly related 
to the Brockenhurst than is the Headon Hill bed. In Colwell 
Hay the observed Harton 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 pal::eontological evidence, it is stated, on the same 
authorities, that there are only two stecies in eaclz case common 
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to either Colwell Bay, or Headon Hill and Brockenhurst, and 
not occurring at Barton; while there are twenty-six species 
common to Colwell Bay and Headon Hill, and not occurring at 
Brockenhunt. 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 series 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 series." 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 re, earches 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 Hordwell Cl,ff, 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 endeavour to show their correlation and equivalents 
in the Paris basin. "All observers are agreed as to the actual 
position of tbe sands being helow 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 ~f Headon 
Hitt Sands). Forbes noticed its containing Barton species at 
Wt,itecliff 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 Laehenian, while the Heacton Hill 
limestones and marls are 1 laced longn·en. 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 Socidy, 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. pleurotomoides in the one 
case, and not C. concavum, which species has evidently been 
confounded with t!Je Lamarckean shell. Examination of equi
valent beds in France by Mr. Tawney, and the researches of 
Prof. Hel:;ert and M. Mnr,ier-Chalmas clearly show that the 
Mortefontaine sands do not contain C,rithium concavum, the 
shell so common on that horizon being C. pleurotomoides Lamk." 
Comparison of the Head on shell w i1h 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 have hitherto 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. 

The St. Ouen period, therefore, without doubt represents our 
Headon series. " In onr 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. o·onravum, comes between the freshwater Lower and 
Upper Head on deposits, near Montjavoult; the bulk of the 
fresh water limestone is in the centre or between two deposits with 
this Ce,·ithium concavum." "In the Paris basin, therefore, the 
zone of C. concavum is not connected with tbe zone of C.pleuroto
moides, but comes immediately above it." Thus C. concavum 
characterises the Middle Headon of Colwell Bay and Hordwell, 
while C. pleurotomoides is found or,ly in the Upper Bagshot of 
Long Mead End. That the Long Mead End sands, and those 
of Mortefontaine are equivalents few can doubt. Both rncceed 
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 tbe 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 Head on Beds of the Wes tern Extremity of the Isle of 
Wight" (Geological Magazine, n.s. decade ii. vol. ix.), correctly 
state,, upon referring lo 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 l-Iants, that it is obviously impossible for foreign ge()
logists to institute usefnl comparisons between British andtforeign 
subdivisions so long as we in England are quite at variance on 
the stiatigraphical and pah:eontological facts of 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 co, respond to the brackieh-marine beds 
of Headon Hill wlziclt have been seen; or, secondly, that they 
conespond to some h(zher marine bed, whicl, have not been seen." 
Both these views a, d arguments are now fairly before those 
competent to judge. In 1880, however, Prof. Judd, in his paper 
"On the o;igocene Strata of the Hampshire Basin" (Quarterly 
:Journal of the Gcolcz~icat Soddy, vol. xxxvi., p. 137, &c.), 
questioned and denied the succession as determined by Forbes 
and the-Survey; this paper dealt with strata or higher marine 
bed,,, stated above by Mr. Lucas as" not having bun seen." On 
the other band, in 1881, Messrs. Tawney and Keeping brought 
t<i bear upon the question a ma's of evidence in support of the work 
of Edward Forbes and the Survey (Quarterly :Journal of the 
Geo!ogieat Sanely, vol. xxxvii. p. 85), ,hawing 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, h-owever, by or through evidence at 
the present meeting, that the questi, n of the succession "'.ill be 
finally determined. Mr. Lucas does not attempt any solut1on as 
to the relation of these beds at Colwell Bay and Headon 
Hill to the deposits exposed at Hordwell, Erockenhurst, or 
Whitecliff Bay; they do not concern the rnccession. 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 asp,cts along the plane of deposition. 
This independent mode fully bears cut the exact work of _the 
Survey, showing differences in degree as regards accnrnnlat1011, 
yet continuity as regards succession. Mr. Lucas gives measured 
sections of the freshwater beds, and the bracki,h marine series 
(p 99 !or. cit.), which confirm the work of the above authors. 

The Head on beds were long ago "measured by Dr. vVright, 
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 1:ead 
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 Assccia
tion, vol. vii.), by Prof. J. F. Blake, M.A., F.G.S. The 
author contends for a difference between the faunre of the 
Colwell Bay beds and those of Fliadon Hilt, and states that the 
"fauna of the rn-called Oligocene group is chiefly to be found 
in the 'Venus btd" of Colwell Bay; but the assnmed 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 tbe two so-called 
Venus beds. In other words, the Colwell Bay "Venus bed" 

I A concise and important paper on "The Classification of the Tertiary 
Deposits,'' by _Prof, Judd, appea_red in the PoJ:ular Science Revte'u~ ,or 
1880, accompamed by a table showmg the correlation of the Lower 1 erttary 
strata of Western Europe. The Headen and Brockenhurst beds are placed 
uncler the Lower Oligocene, and the Bern bridge and Hempstead series under 
the Middle Oligocene. 
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is said by the author to have one fauna, and the Headon Hill 
Venus bed another. This determination I hold to ue untenable, 
all fossil and physical evidence being to the contrary, and show 
that they are one and the same bed. On Loth side, of Brnmble 
Chine the " Venus bed" is fully developed. Mr. Blake calls it 
the "oyster bed." Below these come thin bands of stratified 
marl, with nb,mdance of Cerithia and Cyrena (not Cyclas, as 
stated) . The Widdick Chine sands can be no other than the 
Headon Hill sands, and nJt the Upper Bagshots . The altitude 
of these sands above the sea Mr. Blake estimated at 100 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 and sequence of ; ucceeding and 
higher beds in the section. The author seems to have omitted 
the Tri1;inoca!lia and Neritina bed immediately above the How 
Ledge limestone and below the thick oyster band. These cor
respond with the \Varden Cliff section, and determine continuity 
of deposition, or are a confirmat ion of the identity of the beds. 
This is a crucial point i,1 the continuity and equivalency of the 
marine series in Totland and Colwell Bays. The Trigonoccelia 
bed here is on the same horizon as in Warden Cliff and Colwell 
Bay, associaied with Cerithium pseudocinctum, Me/anopsis fusi
formis, and Natica labdlata, &c. Th<:: lower or Neritina concava 
bed, with ilfelanopsis fusiformi., and Co, bicula 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 /1,Jarine series in Tot/and Bay and Colwell Bay are 
identical." The occurrence of '' Cerithium vent,·icosum at the 
top, and the Neritina [N . concava] and T , igrmoccelia [T. 
deltoidea] at the base-identical in physical and fossil characters, 
are strong pre,umptive proof of thi s." It is extremely doubtful 
if Ceritheu111 111argaratacett11t, 1nentioned on p. 6 of Nl r. Blake's 
paper, occurs in the Col " ell Bay secti,m, or in the western area 
of the I sle of \Vight-the Ceritheum ciucmm is really C. pseuclo
cinctum, and Cyclas obovata slic, ul<l be Cyrena obov.1ta. The 
genus Cyclas does not occur. In correlation the.-e are impc,rtant 
items, especially with a continental fauna. It " ill also be found 
that the oyster beds <lo not rest immediately on the How Ledge 
limestone as asserted-the Trigono,o:lia 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. Biake remarks upon 
the similarity of the rncce .ssion of the Colwell Hay beds with 
those of Headon Hill, and is "tempted to come to tlzeconclusion" 
that the two " Venus beds are identical ; '' [they have always 
been so believed and recognised) ; he a t the ~ame 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 a re remarkably distinct." 
We have no other method whereby to determine the age and 
synchronism of deposits except through organic ,·emains, and the 
fann re of the "Venus beds" at botb localities are to me identical, 
and Prof. Blake depends upon fossil evidence all thruugh his 
paper, yet evidently he has not care fully examined tbe more 
compl•~te fauna of the " Venus bed " at both l,)calities. In 
another paragraph, on p. 157, the author states the proposition 
"that the Colwell Bay 'Venus bed' is not ce1tainly identical 
with that at Headon Hill, but may occupy a higher horizon. 
Mr. Blake suggests that the IIeadon Hill bed correspond , to the 
series intervening between the Colwdl Bay bed and the How 
Ledge limestone; and that the Colwell Bay l>ed corres1nnds to 
the slightly fossiliferous sands immediately bdow the Headon 
Hill limestone. This position , .r suggestion certainly cannot be 
received. In this case the so-calkd two " Venus beds" w"uld 
be superposed on each other and nothiug to separate them. 
The sands referred to are those at the base of the Up per Head on 
series, and are freshwater, for they con'.ain Unio. Again, Prof. 
Blakt:'s suggestiJn would thus place the Colwell Bay "Venus 
bed" below the Great Lime,tone, whereas P1of. Judd in his 
paper would place it above. 

The author does not find any equivalents of the Colwell Bay 
opster beds abo'ue 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 
limest~ne. 

As regards the terms E ocene and Oligocene, and their relation 
to each other, and the correlation of British stra ta a nd fossils 
with that of Germany, &c., it is far too intricate a question to be 
passed over, although without doubt the fl uvio-marine strata of 
the Hampsh ire basin will ere long receive ciitical supervision 
with reference to similar deposits on the Continent. So far hack 

as December, 1863, Herr Adolf v0n Konen prepared and read 
his paper on the correlation uf Oligocene d~pos its of Belgium, 
North Germany, and the South of England, and eudeavonred 
to show that in Britain "'e hau an a"seml:,lage of fossils in our 
so-called Midrlle Eocene at Brockenhurst, Lyndhurst, and 
Roydon in the New Forest, that could be stratigraphically corre
lated with beds of the same age termed Oligocene in Northern 
Germany. The author believed that these Brockenhur,t ·beds 
were of the same a<re as the Middle Headon beds of Colwell 
Bay and Whitecliff~Bay. This view has led to much controversy, 
arising from the fact that no Brockenburst species occur m 
Colwell Bay. The rich cabinet of Mr. F. Edwards then affordecl 
von Konen every facility for the comparison and determination 
of the species occurring common to Britain and Germany. B,y
rich established the name Oligocene for t~e fossils of this age in 
Germany. The Lower Oligocene is well developed, with a true 
marine fauna, in Belgium, near T ongres (North of Lie:,:e), and 
in the N orth of Germany, between Magdehurg, Bernberg, 
Egeln, and Helmstiidt (near Brunswick}. This Lower Oligocene 
contains 700 species of mollusca besides other groups. The 
most characteristic of these, the author asserts, are found 
at Brockenhnrst, and in Mr. Edwa,·ds's cabinet, fifty-,ix 
species occur, twenty-one of whkh are Barton clay forms, and 
forty-three of the fifty-six species occur in the Lower Oligocene 
of Germany. 

SECTION D 

BIOLOGY 

Department ef An1hropology 

ADDRESS ll\' W. BoYD DAWKIN S, M.A., F.R.S. , F.G.S., 
F.S .A., PROFESSOR OF GEOLOGY AND l'A LfEONTO LOGY 
IN THJ!: VI CTO RIA U:-l!VERSITY, V !CE·PRESIDJ!:NT OF 

THE SECTION. 

On the Present Phase ef 1/ze A11tiquity of Ll1an-In taking the 
chair in this department of the biological section of the British 
Associatiou, two cJurses lie ouen before me. I might give an 
address which should be a history uf 1he progress of anthro
polo,o• during the last year, or I mi~ht devote myself to some 
specia l branch. The swift development of our young and 
rapidly growing science, which embraces within its scope all 
that is known, not merely abont man, but about his environ
ment, in present and past times, renders the first and more 
ambitious course peculiarly difficlllt to one, like myself, labour
ing under the pressure of many avocations. I am thereLJTe 
driven to adopt the second and the easier, by chJosing a rnbject 
with which I am familiar, and which appears to me to be appro
priate in this place of meeting. I propJse to place before you 
the present phase of the inquiry int-, the an1iqnity of man, and 
to point uut what we know of the c ,nd iti1ms of life ~ though 
our knowledge of them is imperfect and frag nentary-uncler 
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 eLquent of 
the presence of man in this district, at a tin:e when there was no 
Southampton \.Yater, and the elephant and the reindeer wandered 
over the , ite of this busy mart for ships ; when the Isle of Wight 
was not an island, and the River-drift hunter could walk across 
from Ports mouth to Co"es, with no obstacle excepting that 
offered by the r ivers and morasses. I propose to enter up ,n the 
labours of Prestwich, Evans, Stevens and Blackmore, Co<lring
ton, Read, Bruwn, and other investigators in this country, and 
to cvmbine 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 vidt to the United 
States. 

The Limitation of the Inquuy.-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 1 have used it as a basis for the classification of 
the T ertiary period. We find the placental mammals becoming 
more and more specia lised as we approach the frontier of history. 
The livi Pg orders ap ;:;ear in the E ocene, the living genera ill the 
Meiocene, a few living ,pecies ill the Pleiocene, and the rest 
in the Pleistocene. The characteristics uf this evolution of living 
forms may be summed np in the f.,lLwing table:-



© 1882 Nature Publishing Group

August 3 I, 1882] NATURE 435 

Definition o/ Tertiary Period b_y Placental Land Mammals. 

VI. Historic , in 
which the events 
are recorded in 
history. 

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

IV. Pleistocene ; in 
which living 
species of pla
cental mammals 
~ue more abun· 
<lant than the 
extinct. 

III Pleiocene ; in 
which living 
srecies of pla· 
cental mammals 
appear. 

II. Meiocene ; in 
which the al
liance between 
living and pla
cen~al ff1amn1als 
1-; rnore dose 
than before. 

I. Eocene ; in 
which the pla
cental mammals 
now on earth 
were repre· 
sented by allied 
forms belong-
1Dg to existing 
nn. .. "' e_r and I 
families. [ 

Events included in 
history. 

Man abundant; do
mestic animal~, 
cultivated fruits, 
spinning, weaving, 
pottery - making, 
mining,commerce; 
the neoHhic, 
bronze, and iron 
stages of culture. 

Man appears; An· 
thropida: ; the 
palreolithic hunt
er ; living species 
abundant. 

Living species ap
pear; apes, Simi· 
ada:, in Southern 
Europe. 

Living genera ap· 
pear ; apes, Simi· 
a 0la:, inEuropeand 
North America. 

Living order.-; at~ d 
fan11lies appear ; 
lemur, ( Lemuridce) 
in Europe and 
North America. 

F uundecl on discove· 
ries, document:-=, 
refuse heaps, 
caves, tombs. 

Camps, habitations, 
tombs, refnse
hea ps, surface ac
cumulation, caves, 
alluvia, peat-bogs, 
submarine fores ts, 
raised beaches. 

Refuse-heaps, con
tents of caves, 
river deposits, 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. 

Fresh · water and 
m,rine 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. \Vere the extinct species taken into account, it 
would be seen that they fill up the intervals separating one 
living form from a1,other, 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 arri vecl in the 
Eocene at the stage which is marked by the presence of a living 
genus-the opossum (Dideiplzys). 

It will be seen, from the examination of the above table, that 
our ioquiry into the antiquity of man is limited to the last four 
of the divisions. The most specialised of all animals cannot be 
hoked for until the higher Mammalia by which he is now sur
ronndecl were alive. We cannot imagine him in the Eocene age, 
at a time when animal life "as 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 bdongecl to a fauna in which no other living 
species of mammal "as present. He belongs to a more ad
vanced stage of ev lution than the mid-Meiocene of Thenav, 
as may be seen by a reference to the p1·ececling tablt'. Up to 
this time the evolution of the animal kingdom had advanced no 
farther tban the Sim,ada, in the direction of nnn, and the apes 

then haunting the forests of Italy, France, and Germany, 1·epre
sent the highest type of those on earth. 

We may also look at the que,tion from another point of view. 
If man were upon the earth in the Meiocene age, it is in
creclibl~ 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 Janel 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 hiJher Mammalia have been su1:ijected since the Meiocene 
age. 

Nor in the succeeding Pleiocene age can we expect to find man 
upon the earth, becau,e of the very few living species of pla· 
cental mammals then alive. The evidence brought forn arcl hy 
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 "'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 e'luivalent of the Quaternary of the French, and the 
Postpleiocene of the older works of Lyell, and it includes all the 
phenomenci known in latitudes out,icle the Arctic Circle, where 
ice no longer is to be found, under the name of glacial and inter
glaciaL It is characterised in Enrope, as I have pointed out in 
my work on "Early Man in Britain," by the arrival of living 
species, which may be conveniently divided into five groups, 
according to their present habitats. The first consists of tl:o,e 
now found in the temperate zones of Europe, Asia, and North 
America. It includes the following animals:-

Mole, musk shrew, common ,hrew, moll.Se, beaver, hare, pika, 
pouched marmot, water-vole, red field-vole, short-tailed fielcl
vole, Continental field-vole, lyrx, wild cat, wolf, fox, marten, 
ermine, stoat, otter, brown bear, grisly hear, badger, horse, 
bison, 1: u.;, saiga antelope, stag, roe, fallow-deer, wild bJar. 

The second consists of animals of arctic habit :-
Russhn 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 scuth as the Alps and Pyrenees. 

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

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

This group of animals is found as far to the north as V orkshire, 
and as far to the west as Ireland. Among the sonthern animals, 
too, must be reckoned the hirpopotamus, which lived 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 reiw'eer. 

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

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

The question as to "hich of these gronps the River-drift"man 
belongs must be deferred till we can take a snrvey of the evidence 
else~ here. 

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

Tl,e Early Pleistocene Forest ani Mammals of East Anglia.
The first view which we get of the Pleist0cene Mammalia in this 
country is offered by the accumulations associated with the lnried 
forest ,,f East Anglia. It extends for more than forty miles along 
the shores of Norfolk and Suff,lk, from Cromer to Kessingland, 
passing into the cliff on the one hand and beneath the sea on the 
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other, 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 the 
North Sea were Sfecies 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 urns. 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. 
Under foot the moles raised their hillocks of earth, and fro n 
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. vVe may note, too, the 
absence of arctic ani.mals in this fauna, more particularly of the 
reindeer. · 

The presence of these animals in Norfolk and Suffolk implies 
that at this time Britain v, as united to the Continent, and the 
presence of fossil species found in France indicate a southern 
extension of lancl 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 roo
fathom line of the west coast of Ireland. 

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

The Appeamnce of the River-drift Hunter at Crayford and 
Eritiz.-The living species in the forest bed are to be looked 
upon as an advanced guard of a great migration of Asiatic and 
Afncrn species, finding their "ay 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 way of M ,!ta and Sicily (see "Cave Hunting and Early Man"). 

In the course of time the other Ii ving·•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 CrayfJrd 111 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. Cl.eadle and Wood
ward, at Erith, prove that man was present in the valley of the 
Thames at this time; while the more recent discuveries of Mr. 
Flaxman Spurrell indicate the very spots where the pahe ,l•thic 
hunter maJ.e 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 which 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 extendin,! from the Alps an'l 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 tize 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 ass:,ciation 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, \Vhat is their relation to the submergence of the 
land and the lowness of tbe temperature, which combined to
gether have resulted in the local phenomena known as glacial 
and interglacial? 

The geo~raphical change in Northern Europe at the close of 
the Forest-bed age was very great. The forest of the 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 s01rewhat 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 :lristol 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 c".rresponding 
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 
larc,e tract of country within the 100-fathom line again became 
theb feeding-grounds of the late Pleistocene Mammalia. 

An appeal to the animals associated with the River-drift imple
ments will not help us to fix the exact relation of man to these 
changes, because they were in Britain bef:ire 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. vVhen, however, 
he hunted the woolly and leptorhine rhinoceros, the mammoth, 
and the horse in the neighbourhood of Brighton, he looked dow11 
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 that the river deposits in 
which his implements occur either rest upon the gladal clays, or 
are composed of fragments derived from them, as in the oft
quoted cases of Hoxne and Bedford, Further, it is very prob':ble 
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 arctic animals, but by 
the numerous ice-borne blocks in the river gravels dropped in the 
spring after the break-up of the frosts. 

Tiu Range if tlze River-drift 11:fan on the Continent and in 
the Mediterranean 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, and the straight-tu.,ked 
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 (H. Pent/an.ii). South of 
the Mediterranean his implements have been met with in Uran, 
and near Kolea in Algeria, and in Egypt in several bcalities. 
At Luxor they have been discovered by General Vitt-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 wide 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 nJted 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. 
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Ihe River-drijt Man in India,.-The researches of Foote, 
King, Medlicott, Racket, 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 '1popotami 
in the rivers, and living ga vials, turtles, and tortoises. It is plain, 
therefore, that at this time the fauna of India stood in the same 
relation tc, the present fauna as the European fauna of the late 
Pleistocene does to that now living in Europe. In both there 
was a similar asmciation of extinct and living forms, from both 
the genus I-iippopotamus has disappeared in the lapse of time, and 
in both man forms the central figure. 

The River-drft Hunter in North America.-\Ve are led from 
the region of tropical India to the banks of the Delaware in New 
Jersey by the recent discoveries of Dr. C. C. A bb,)tt in the 
neighbourhood of Trenton. After a study of his collections in 
the Peabody Museum in Cambridge, Mass., I have had the 
opp,rtanity of examining all the specimens found up to that time, 
and of visiting the locality in comp,my with Dr. Abbott and 
Professors Haynes and Lewis. The impleu1ents are of the same 
type as those of the river gravels of Europe, and occur under 
exactly the same conditi ,ns as tho.•e of France and Britain. They 
are f0und in a plateau of river gravel firming a terrace over
lookinJ 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
muh ion there were ice-rafts floating down the Delaware in the 
spring, as in the Thames, the Seine, and the Somme. According 
to Profe,sor Lewis it was formed during the time when the glacier 
of the Delewa,e 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 bonf!s of a bison from Trenton. 
Here, too, livlng 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 Pahe,lithic 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 decirled. 

General Conclusions.-It remains now for us 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 civilisatinn, if it c ,n he 
called civilisation, in the Old and New \'Vorlcis, when the hands of 
the geological clock pointed to the same hour. It is not a lit'le 
strange that his rrode 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 vslley 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 \Viley or of the So lent. 
It <loes not, however, follow that this identity of implements im
plies that the same race of men were spread ove,· 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 that 
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 snppose that the Straits of 
Behring would have offered a free passaf!;e, either to the River
drift man from Asia to America, or to American animals fro:n 
America to Europe, or vice versa, while there was a vast barrier 
of ice or of sea, or of both, in the high northern latitudes. 

I therefore feel inclined to vi~w 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 c)nclusive that he .vas 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 th:ise 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 behnged 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 i11 the present stage of the inquiry, because the fow 
fragments of human bones discovered along with the implements 
are too imperfect to afford 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 
cbanges 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, I know, for my subject, I 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 
th,t the story told by the rudely chipped implements found at 
our very doors in this place, forms 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 British Association. 

SECTION E 
GEOGRAPHY 

OPENING ADDRESS BY Sm RICHARD TEMPLE, BART., G.C.S.I., 
D.C.L., F.R.G.S., PRESIDENT OF THE SECTION 

The Central Plateau of Asia 

THE subject chosen for this addre,ss is the Plateau of mid-Asia. 
This area, which is one of the 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 favonred regions, it is singularly destitute of natural advan
tages. Thongh it has several deep depressions of snrface, 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, mc,re 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 seldo:n 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 uncultured. 
Its agriculture comprises only a few areas widely se6regated 
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:-

r. A mountain system which dominates the greater part of 
Asia, and includes st11pendous ranges with the loftiest peaks yet 
discovered in the world. 

2. A series of heights and depressions al.nost like the steps 
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of a staircase within the mountainous c·ircumvallation of the 
plateau. 

3. The sources and the permanent supply of rivers which, 
passing from the plateau, fbw 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 d\\ring 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. 

S. 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, iu 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 Inshan. (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 accura tely measured by 
the Great T,igonometrical Survey of India. Their altitude is 
about double that of the highest mountains in Europe, and sur
passes any al'itnde 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 mentiomcl, 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 rlateau, there are within 
it two great ranges mainly parallel and running from "est to 
east, namely, the Kuen-lun and the Thian Shan. 

While the Himalayas form the southern flank of the great 
Tibetan upland, the Kuen-Jun constitutes the northern, The 
modicllm of knowledge possessed by us regarding the Kuen Inn, 
a most important factor in the geography of our plateau, is 
largely due to the praiseworthy travels of the Ru,sian Preje
valsky. This range may be said in a certain sense to overlook 
the Tanm 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 
s0me of the few beautiful tracts in our plateau. If there t,e such 
a thing as a backbone to these regions, or anything like a dorsal 
ridge, it consists of the Kuen-Jun. 

The Thian Shan starts from the Pamir, and runs westward for 
full I 500 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-Jun 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, bnt 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 -Jun, 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 onter 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 di, ectly enough to fall within thi s address
probably joins the Pamir. In general terms, the convergence of 
mountain ranges on the Pamir renders it geo6raphically the most 

important position in A,ia. The 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 comider that this Pamir is the mother of 
mountain , , that other ranges are to it as the branches are to 
the root, and that here if anywhere is the true 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 i, 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 Lo~ N or, 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 clip 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 Ea, tern Gobi, partly 
desert, and Mor,golia, 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 lofti est 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 oµr 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 th~ only 
broad pass between our plateau and the world wi'.hout. It rnns 
from Mongolia, the most important tract within our plateau, to 
Siberia outside. Great valne 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. 

De 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 pa,ses being steep in th~ extreme, and culminating in ridges 
18,0:io to 20,000 feet above sea-level. Towards Siberia the 
Altai passes are easier, and on the north-east between Mongolia 
and China there are several passes that have witness ed 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 lancl, lip from 
the mountain side, or the avalanche sweeping along the boulders 
and dlbris to the destruction of the valleys bene1th. 

' l he )lreat desert of Eastern Gobi occnpies 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 sqnare miles. Nor does it exist 
alone within our plateau, for between the Tarim basin and tb'! 
Kuen-Jun spurs there is a lesser desert called Takla-makan, with 
1co,ooo sqare miles of area. It may probably he 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, ruggeclness, or deso
lation, yet with;n it are the sources of several great rivers which 
sustain the most teemin,: peoples on the fiice 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 
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explored, yet its tiue source is known to be in the Kuen-Jun 
Mountains already mentioned. After quitting our 1 lateau and 
passing out of its prison-house in the mountains through natur~l 
gates of the utmost magnificence, it permeates the most thickly
peol-'led provinces of China-provinces inhabited by about 120 

millions of souls. It sustains the life of this e1101·mous poj,ula
tion by supplying the necessary moisture and by affording the 
1neans of irrigation and of water~traffic, No river has ever in 
ancient or mcdern times played so important a part in the 
increase of the human race as the Yang-tse-Kiang. Its supply 
of water is immense and unfailing, and tbis 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 miles before entering China proper. Amidst the same 
Kuen-Jun range, the Hoang-ho rises, from unexplored springs, 
which the Chinese figure to themselves as "the starry sea." 
After bur,ting through several water-sheds, making wondrous 
bends (rom it~ main direction near the base of cur plateau, and 
changi .. g 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 bas 
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 citcumstance 
ari-es from the direction of sub,.idiary 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 Brahmapu1ra, and the 
Indus with its affluent, the Satlej, have their origin at a great 
distance within our plateau, ai,d their water-supply is indefinitely 
augmented in ccnsequence. N otwitb , tanding the vast volume of 
their waters, these rivers play an economic part \\hich, though 
great, is much less than that of the main Chinese rivers_ TJ;e 
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 st1pport 12,000,000. The Ganges 
and Jamna, issuing from ma.,ses uf snow on the southern scarp of 
our plateau, sustai n before their junction at All ahabad a popula
tion of 30,000,000- quite irrespect ive of the deltaic populaticn 
of the lower Ganges for wh0m moisture is supplied from other 
sources. Of thes~ Ii.dian rivers the waters, perpetually snow
fed, are largely drawn away for canals of irrigat ion on a grand 
scale. Taken all in all, desµi e defect,, the Ganges Canal is the 
most imposing example of h i draulic engineering that has yet 
been seen. From the ;;laciers of the Pamir and the western 
terminus of the Thian Shan there sprin;! the head-streams of the 
Oxus, the Jaxarte, , and other rivers, ending in the inland sea of 
Aral. To these, in Persian phra e, the epithet of "gold
sca'.terer" or "wealth dispenser " is felicitou,ly applied by the 
natives. 

Of the rivers rising in the northern section of our plat em, the 
Amur has pos, ibilities 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 thrnngh rich ,oils and 
affording marvelkus facilities for several sy, tems of inland navi
gation to be connected with each other, yet have their long 
estuaries in the permanently frost-Lound la1 ,ds of the Tundra, 
and their mcuths in the Arctic waters frozen during most months 
of the year. Therefore thty can never, in economic importancP, 
vie with the rivers above mentioned, wh'ch 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 Sou thern Europe, is )Ct 
very con.-iderable. It is not, bowtver, the only one in Asia, 
and from it must be excluded the three great Siberian lakes of 
Issykkul, of Baikal, and of Balka,h, which, though connected 
with our plateau, are beyond its actual limits. Exclusive of 
these, however, the lakes, great and , mall, wi thin our plateau, 
are extraordinarily numerou•. Not less th,rn a hundred of them 
may be counted on the maps of ihis region. Of these Jakes, 
however, some are in,ignificant, being little more than saline 
swamps. Other,, again, as the Pargong, th ough romantically 
beautiful-reposi• g at an altitude equal to that of the highest 
European mountains, and reflecting the 1 erennial sn0w of sur
rounding peaks-do not illustrate specially any geographical 
problem, nor produce any economic result. But _some may be 

,elected as having a sciemific in'.erest irrespective of i.Jea uty or of 
strangeness. 

The Lake Victorin, discovered by Wood in 1838, rests in the 
heart of the Pamir, already mentioned, at an elevation of 14,000 

feet "bove 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 mow-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 the 1.oint 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 tlried up, and is, as it were, 
kept alive only hy 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 "here a 
population has prubably become extinct or has disappeared by 
1nigration. 

The Pamir then is a water-parting fur two inland seas, one the 
Aral, beyond ottr pla teau, the other Lob Nor within it-both 
saved from speedy desiccation only by the influx uf rivers from 
the snow· line. 

Again in contrast is the Kuku N or, a sheet of water IO,ooo 
feet above sea-level, i,1 the eastern section of the Kuen-lun 
mountains, near the source of the Hoang-ho. Its waters, pro
found ard saline, have a dark azure hue, which is compared by 
the natives to that of the exqui-ite silks in China. It is in the 
T angut region , mentioned by Marco Polo in his Itinerary. In 
re:;pect to the lakes in this region, and especially the morasses of 
Tsaiclarn, there a re 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 N or 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 hi,tory, the home of hardy 
and aggressive Tartars. These Tartar races, dwelling among the 
uplands in .he lee ,,f the 1n-;untain, , 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 \\'all ,rns c,mstructed, winding like a vast 
serpent of stone along the r :dges of rno ,mtains for 2,000 miles 
from the Pacific coast to the Siberian cJnfines. The co3t and 
lab ur exprnded on tht- amazing work at test the dread with 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 cJuncil of theirnati ,nal as,·embly, 
acclaimed T emujin as their king, in the year 1206 A.O. He took 
a title which i transla<ed by Eurcpeans as (hinghiz Khan, a title 
which for two centuries ·or more was the best known name in the 
whole w,,r]d. At the head of his Tartar adherent , , he first 
subdued the other kindred tribes of <,llr plateau. Then he 
organised and di,:ciplined the whole Tartar manhood into an 
army of horsemen . This is the mo, t wonderful instance of 
military mobili ssation known to history ancient or m,,dern. 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. 
The.-e were hardly, however, equal to the di.tant co nquests of 
Alexa,,der 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 Chiua, 
fodia, Afghanistan, Bactria, Per,,ia, the Aral-Casi, ian basin, 
Siberia, Asia Minor, Russia, were overrun within a hundred 
years by Chinghiz Khan, his lieu '. enants, and his immediate 
descendants. Thu,, throu,;h the hordes of our plateau there 
was establi,hed a dominion stretching from Cape Comorin near, 
the equator, to the Arctic Ocean, and fr .,m the Pacific shores to 
the banks of the Vistula in Poland. The latest historian of the 
Mongols considers that nothin;{ but the unexpected death of the 
Tartar sovereign, and the political combinations arising in con-
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sequence within this very plateau of ours, prevented the Tartar 
invasion from spreading even to \Vestern 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
with,tandin~ 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 precipice,, the forests, the prairies, the 
wild sports, in forming the national character is '0 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, accnmu
!ating a certain sort of rude wealth, still roving and roaming 
about at some sea~ons 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, better drilled, armed, accoutred, and equipped 
than any forces then known in the civi!ised world, would 
emerge from our plateau into the inhabited plains aronnd, 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 alway, imminent. 
Consequently the Mongals were 0bliged 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 rrove<l 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 manceuvre fixed habits 
which bad been already acquired. Jt used to be remarked that 
a line of Mongol cavalry was like a rope or a chain perfectly 
flexible but never parted. 

The Mongcdian food included little of cereals or vegetables, 
but consisted mainly of cheese and meat. For stimulating drink 
there "as the fermented mare's milk. The name 'kournis' or 
'prepared milk,' apparently much esteemed medically now-a
days, is a Mongolian word.. Manifestly, men tl~us nurtured 
could live in the saddle day and night, carrying with them their 
sustenance in the smallest compass, and scarcely halting to eat 
or drink. Thus the bardihocd evinced on T rutracted 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 qualiries. Massacres, holocau-ts, con
flagrations marked their" arhke operations. Even famines and 
epidemics have hardly <lone more for depopulation than the 
Mongol conquests. A Mongolian chief would say that the 
keenest enjoymet in life was to s•arnp 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 
in conquered countries. A few salient points onlv have been 
indicated in reference to the geography of our plateau. It 
is here, near what i; now known as the upper regions of the 
Amur, that the Onan, the Orkhon, and the Kerulen, classic 
streams in Mongol story, take their source. Here is the 
site of Kara Koran, the emperor's head-quarter encamp
ment. Here the Kurultai assemblies were held to decide the 
fate of nationalities. Here were the camps, the U rts, 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 raise:l 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 clirge 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 bas pos,essed, and still 
possesses, rnme patches of fine cultiva ion, such as those in the 
Upper Tarim basin, near Yarkand and Kasbgar, and rnme near 
Lhassa in Tibet, still it has comparatively but little of agriculture, 
of trade, or of industry. N evertbeless it has many natural 
resource., of value and interest, while its pastoral resuurces have 
proved astonishing. Its breed of horses, though by no means 
the finest, has yet been quite the largest ever known. These 
horses have never displayed the beauty of the Arabian or the 
size of the Turkoman breed. They are middle-sized, and do 
not attain the speed of thoroughbreds. But in nimbleness amidst 
rugged ground, in endurance over lengthtned di.,h,nce-, and in 
preserving their condition with ,canty nourishment, tl,ey are un
rivalled. Their numbers t00 may well exercise the imaginaticn 
of modern breeders. For mcny years the Tartar emperors 
maintained in the field at least 500,000 cavalry, for which the 
horses were drawn chiefly from our plateau. This eno1·mous 
cavalry for,.e "as engaged in fighting over an area of many 
thousand miles in length and breadth, 'during which orerations 
much desperate resistar.ce was encountered. It was occu ried 
in steep ascents and descents, in traversing deserts, in crossing 
fr0zen lakes, in swin,ming rapid rivers. How vastly numerous 
then must have been the casualties among these horse-, and how 
immense the breeding studs. 1 he pa,turage too was so potent 
in nutdtive qualities tbat ordinarily there was ri, k 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 sharpe-t cold-the gazelles 
careering in thousands-the untameable camel of the desert 
having a speed and agility unlrnown in other specie,-the wild 
asses and the white wolves-the waterfowl at times like clouds 
darkening the air. 

The flora too, thou:,;h less abundant, bas its specialities-the 
pointed gra'5es sharp enough to pierce leather, the gigantic 
rhubarb, the magnificent holly, the branching juniper. 

The mineral resources of the Kuen-Jun are certainly enor
mous; nobody yet knows how great they may prove. Indeed 
our plateau is remarkable for the antimony, the rnl,,bur, the 
saltpetre, the borax, tl:e 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 lrnowledge has reached. From 
the second of the two diagrams, which shows in deep pink those 
portions of Asia that have been professionally surveyed, in light 
pink those that have been roughly surveyed, in lighter [-'ink those 
that have been explored only, and in white those that are unex
plored-it will be seen that almost the whole of our plateau 1s 
umurveyed, and that while much of it has been explored more 
or less, some portions yet a• ait exploration.· For some time, 
however, it has been the sphere chosen by many among the most 
skilful, e, during, and intrepid travellers of Europe. The journeys 
of the Russian Prejevalsky in the Tarim basin and Mongolia, of 
Potanin a.nd Rafai!off in the same region, of Malussovski near 
Kobdo, of the French missionaries Ga bet and Hue in Mongolia, 
of the Bishop Desgodius in Tibet, of the 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 Knlja, 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 the 
English Surveyors Genera!, namely, Everest, \Vaugh, and 
\Valker, the researches of Basevi, Stolicksa, Godwin-Austen, 
Thomson, Biddulph, in the same quarter, and the Siberian 
surveys by the Russians among the Altai and Tian Shan 
mountains, have brought us unly to the verge of half-di,covered 
or undiscovered cc,untries. The greatest unexplored region in 
all Asia, namely the Kuen-Jun 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 scun es of the Hoang-ho, the Irawady, the 

alwin, the Mekbong, the relation of the San-po with the 
Brahmaputra, the connecting links between the Kuen-Jun and 
the Chinese mountain chains, they will be fomd to concern our 
plateau, 
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At a few points only has our plateau been penetrated by geo
logical surveys, namely, in some parts of the Altai and at the 
western end of the Thian 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 palreontologist may be gathered from 
what bas been already said under previot1s headings in respect to 
the general de, iccation and the subsidence or evaporation of the 
primeval 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 met~orologists many of the natural phenomena must prove 
highly interesting-the causation of the wondrous dryness, the 
effects prorluced on anim1l comfort by the rarefaction of the air, 
the mummified bodies dried i:p without undergoin:.{ putrefaction, 
the clouds of rnlt particles driven along by furious gttsts and 
fi !ling 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 syenik 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 
bebngs entirely to the Chinese empire with the exception of one 
small tract where the Rnssian authorities have crossed the 
mountain border. The geographical features 'fo r the most part 
favour national defence and territorial consolidat ion. The old 
Chinese Wall is still suitable to the p0litical geography of to-day. 
In the Zungarian strait, however, in the Ili vall ey 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. Thou_g-b 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 
Manchmia, outside the mountain border, the Chinese became 
lords over om plateau. The Ztmgarian tribe o f Eleuths 
rose, and a fter 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 risill'g indepenrlence, 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 theme., beyond the scope of this address. 
But the changes which have gradually come over th e 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 mountams, 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 ears of superstitious Mongols the rolls of the mustering drums 
and the shouts of victorious battle are audible-and which bas 
engulfed in sandy waves ad'.litional tracts once pruductive. 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 Mong-olian nation to 
become one of the mightiest engines ever directed by man are 
still surrounding the politically degenerate Mongols of to-day, 
who are hest 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 submi,sive to the domination of 
races formerly despised by them as inferior ; once proud of a 
tribal organizr.tion 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 circum;tances counteracting the climate and 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 Chingbiz Khan's earliest battle<. In Tibet may be 
seen to the best advantage tho.;e 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 ,·esume 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 pre.sent 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, bas 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 travd 
never fails to inspire, the inquirers of the future will doubtless 
explore this plateau till it becomes as well known as the Alpine 
re5ions of Europe. 

SECTION G 

MECHANICAL SCIENCE 

OJ>ENING ADDRESS BY 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 m~st 
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 ag-e has made such demands 
upon th~ professors 0f mechanical science, or has given birth to 
so many men of eminence in that department of knowledge. 
Thou uh a member of the profession myself, I may venture before 
my pr~ent audience to claim that the civil engineer is essentially 
a product and a type of the la,te,t develol'ment of the present 
century. Telfol'd has admirably d_efin~d the profession of a 
civil engineer as "being the art of dtrectm_g the great sources of 
power in nature for the use and conve1,uence of man, as the 
means of production and of_ trafl_ic in states bot~ for external 
and internal trade, as applted m the construct10n of roads, 
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bridges, aqueducts, canals, river navigation and 'docks, for in
ternal intercourse and exchange, and in the constrnction 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." T:bis 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
c,fically n:entioned the departments presided over by the railway 
engineer, the locomotive superintendent. and the electrician will 
be lookeJ 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 fow years. 

My predecessors in this chair have on S(vernl occasions stated 
their conviction that it was better for the author of an addrern to 
cor,fine his attention to the ra1ticular 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 eurything 
and all al::ont somdhing. If you give me credit of being a well
informed engineer, 1 will endeavour to justify ycur good opinion 
by showing, whil,t presiding at these meetings, that 1 know a 
little about steam-navigation, and machinery generally; a little 
abcut iron and steel, and other manufactures, arod I trust a gc od 
deal about the construction of railways, canals, decks, hartours, 
and other works of that class. 

There have undonbtedly been puUished 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 
ance.,tors, 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 \vith thonsRnds of railway stations; that bet., een 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 hcur. The public are often justly indignant at the 
want of punctuality on some railways, but they should blame 
the manageme11t, 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 with 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 rer hour including stoppages. A 
few months ago the Duke of Edinburgh was taken on the same 
line of railway from Leeds to Lendon, a dis.tance·of 186¾ miles, 
in exactly three hours, or at a mean rate, including a ,top at 
Grantham, of over 62 miles' an hcur. 1 Lnow of no railway 
in the world "here this :rerformarce has 1::een eclipsed, and 
it will be perhaps both instructive and amu,ing to ccntrast with 
it the ptrformance of the engines at tl1e 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 ccn
tir. nous line, with the three remaining engines at their head, and 
at 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 
Parkside. 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 Maa
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 we 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 ,33 miles in 
four hours and forty minutes." 

The incideut 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. \Ve must do our 

' immediate forefathers, however, the justice to remember that 
even they effected some considerable improvements in the speed 
of locomotion. For example, in 1763 the_ only pnhlic 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 1¼ mile per hour. Strange as it may 
appear, there are at the present time many large fertile districts 
in Hungary where, owing to the ahsrnce of both road and water 
communications, a higher rate of speed cannot ce attained in a 
journey of seven day's duration. 

An essential condition of the attainment of high speed en the 
railway, is tbat the stoppiiig places l:e few and far between. The 
Great Northern express previously referred to makes its first 
halt at Grantham, a distance cf rn5 miles from London, and 
consequently tut little power and time are kst in accelerating 
and retarding the speed of the train. In the instance of the 
Metropolitan Railway, on the other hand, the stations average 
but l:alf a mile apart, and although the engines are as powerful 
as those on the Great Northern Railway, whiht the trains are 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 pt!] it up again. As a 
result of exrerimrnt ar:d calculation, 1 have found that 60 per 
cent. of the whole power exerted by tbe engine is absorLcd by 
the brakes. In other words, with the comumption of 30 lbs. of 
coal per train mile, no less tban 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 J 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 I 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 
approachipg 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 
not exceed one-half of that on a dead level railway, whilst the 
mean sreed would be one-half greater. Although the required 
conditions are 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, "hen projecting the present system of 
underground railways in the metropolis, I foresaw the inconveni
ence5 which "onld necessarily result from the use of an ordinary 
locomotive, emitting gases in an imperfectly ventilated tunnel, 
and proposed to guard agaimt them by using a special form of 
locomotive. When before the Parliamentary Committee in 1854, 
I stated that I should disrense 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 was to be charged at each end of the line with 
water and steam at a high pressure. In an exrerimental 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, thongh it has since been succes~
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 railways, 
has been absolutely nzl 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-
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<lensed, and combustion is aided by the natural draught of the 
chimney alone, imtead of being urged by a fcrced blast as on 
open portio ns of the line. Whether a hot-water, a compressed 
air, or a compressed gas locomotive could be contrived to meet 
the exigencies of metropolitan traffic is a que-tion which, I 
think, might be usefully di,cussed at the present or some future 
meeting of the Association. 

A reference to the underground rail way naturally suggests the 
wider que, tion of tunnels in general. The construction of 
tunnels was not one of the novelties presenting it,elf to railway 
engineers, for many miles of tunnel had been rlriven by canal 
engineers before a single mile of passenger railway had been 
built in this or any other country. To foreign engineer.; belongs 
the honour of having boldly conceived a nd ably accc:mplished 
tullnel works of a magnitude "hich would have apFalled a canal 
engineer. I need only refer to the Mont Cen is Tunnel, over 7½ 
iniles in length, commenced in 1857 a ,:d finished in 1870; the 
St. Gcthard Tunnel, 9¼· miles in length, commenced in 1872 
and finished in 1882 ; and the Hoosac Tunnel, 4¾ 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 machin.ery and rock-boring 
plant the railway engineer could not have accomplished bis 
task. Intermediate shafts are not attainable in tunnels driven 
through great mountain ranges, so all the work bas to be done 
at two faces. In the case of the Mont Ccnis Tunnel the mean 
rate of progress was 257 feet and the maximum 4co feet per 
month. In the St. Gothard Tunnel the mean rate was 429 
feet and the maximum 810 feet. In the I-Joosac Tunnel the 
average rate was 150 feet per month. 

Tunnels under broad navigahle rivers anc\ estuaries have been 
a subject of discmsion by engine rs fo r at lea-.t a century, but 
the only one at present c0mpleted is the unfortunate and costly 
Thames Tunnel. Two important works of tbe cbss are, however, 
now well in hand, the Severn Tunnel at Portskewet, and the 
Mersey Tunnel at Liverpool. Having rererence 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 is to say, more than forty-seven years ago. Mr. Deakin 
writes : 'The Great Western Railroad from London to Bristol 
will 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 pos-essing al,o 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 thns 
foreshadowed by Mr. Dakin should both be in hand at the present 
moment. 

Undoubtedly tbe 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 eic,hteen years 
occupied in its construction, destroyed the ch ance .;'f 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 
!he tunnel. In the Severn Tunnel the minimum thickness is 40 
feet and in the Mersey Tunnel 22 feet. The width of river at 
the point of cro~sing of the former ttwnel is 2¼ 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 k 1Jow,, 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 provicied. 

When no special appliances are used in the con>truction of a 
subaqueons tunnel, it will be clear to all that an unknown risk is 
enronntered. A 11 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 failnre. It would be a "Majuba I-Jill" incident over 
again, and if the accident caused much lo ,s of life the engineer 
probahly 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 snc· 
cessful completion of the work a mathematical certainty. A 
tunnel under the Humber, about 1½ mile in length, projected by 
myself in 1873, the Bill for which was , ubsequently passed by 
the Commons and thrown out by the Lords, was a case in point. 
The bed of the Humber is of very fine ,ilt, and I proposed to 
build the tunnel in lengths of 160 feet, under the protection of 
rectangular iron caissons 16o 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 influ,c of water could 
ever occur, and the operation of building tbe tunnel in lergths 
inside this huge diving-bell would be 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 pre,ent time. The principle upon which the compressed air 
is m:ed is, however, 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 H nelson 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 tbe Mersey Tunnel, although in those cases the 
character of the ground is such that the contingencies are small 
in comparison with thooe encountered in the construction of the 
Thames Tunnel and the Hudson River Tunnel. Nevertheless, 
as I have already observed, unless special appliances of the 
nature of the pneumaric proce,s be used, a subaqueous tunnel, 
whether it be the Channel Tunnel itself or one but a few yards 
in length, must necessarily present an unkno" n ri ,k. The pro· 
totype of a ll. 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 roo 
feet of the opposite shore. A tunnel about 1½ mile in length 
was commenced about ten years ago under the Detr,)it 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 glad to say, every chance of its 
continuing. · 

That the series of mishaps with the Thames Tnnnel, 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 lea st 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 Tu11nel project, had been 
sug-gested for adoption in the case of the Thames Tunnel, in lie,, 
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 elccavation. Each length 
will he 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 flaw 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 lien of that tendered 
by Brunel, the Thames Tunnel would have been completed in a 
couple oi years, instead of eighteen years, and at a cost of about 
300/. per yard instead of l, 500/. 

If another tuunel be con,tructed under [the Thames, which is 
far from improbable, as the requirements of below-bridge traffic 
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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 r:ear Queens
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, 
exclnsive of shafts and pumping. The surveyors reporting, 
grounde~ 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 un6er the Irish Sea, in both places less" ater being 
met with under the sea than under the land. The report con
cludes in the folio\\ ing words : "That a more easy and unin
terrupted comwunication betwixt every part ot a country 
increases the intercomse of commerce, arts, and agricult;,_re, 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 re considered a national object." These words are 
as true :wd 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 Quernsferry, though the traffic has increased a 
hundredfold. !'arliment, by the passing of the Forth Bridge 
Act during 1he present session, has given a practical recognition 
of the truth of the statement in the above-quoted report, that 
the impn,vement of the Forth passage is a "national object." 

As you will receive a paper on the Forth Bridge from my 
partne,, Mr. Bal,er, I 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, :tvir. T. E. Harrison, the chief 
engineer cf the North-Eastern Railway, and Mr. W.H. Barlow, 
chief engineer of tbe 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 svan of l, 700 feet. The total length of 
the structure is 1½ 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 
intrn,ted 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
ment, 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 head"ay 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 unclouhtedly to the Scheidt, 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 
mile, 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 existedce of this splendid !me of natural communi
cation is, that iron girders and rails can be conveyed from the 
heart of belg,um to the metropolis at a far lower price per ton 
than fo,m any ironworks in this country. Unfortunately, the 
southern coast of England and the opposite coast of France are 
indented by no such rivers as the Thames and the Scheidt, or we 
should 11ever have heard of the horrors of the "middle passage" 
in "c, cklesbell " 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 coast. The very term "stream 
of traffic " suggests a river, and the St. Lawrence well illustrate, 
it. Into se;me small forest tributary of the Ottawa the lumber
men slide a log of timber, and many months after will that log 
with thousands of others, forming together a huge raft, with huts 

upo:1 it for the accommodation of the care-takers. he found pur
suing its slow bnt ever continuing progress down the St. Lawrence 
to Quebec, where it will be shipped to this country. 

In Egypt for countless ages the ",hip 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, Mehemet Ali 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 less than 
100,000 million tons of water, and 65 million tons ,;f silica, 
alumina, lime, and other fertilising soils clown to the Mediter 0 

ranean. The Nile begins to rise about the middle of Jnne, at 
which 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 7,000 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
tirin 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 lahour 
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 thi,.k the 
resources of Egypt have been fully developed, magmficent 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 m,,nths a 
mud bank. Long before the historic period, however, the Nile 
had been embanked, and canals, such as the Bahr-Jusef, had been 
formed; the first, to 1keep the floods off the land, except in 
desired quantities ; and the second, to run off the inundation 
waters 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 probahly 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 instruc'.ions, detailed vians 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 cons1,ting 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 
would be of a nature hostile in appearance, if not in fact, to the 
inhabitants of Egypt. The announcement that French and 
not British troops were to hold the canal was received by the 
public with an expression of surprise and perhaps of slight resent-



© 1882 Nature Publishing Group

August 31, 1882 J NATURE 445 

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 respectir.g 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 the Home of 'Commons finally resolved 
that "steam 1 avigation between Bombay and Suez having in five 
~uccessive 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, hut in 1837 a new paddle-wheel steamer, the 
Atlanta, of 650 tons, steamed out to Calcutta, round the Cape 
in ninety-one days, and was put on the Red ~ea station. She 
left Bombay with the mails on October 2nd, 1837, and arrived 
at Suez on October 16th. The mails were carri ed across the 
desert hy camels, and down the Nile to Alexandria in four days, 
where they remained until H.M.S. Volcano took 1hem 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 
v1d Brindisi to London. 

The town of Southampton, where we are now assembled, has 
always held a distinguished position in connection with tbe 
developm ent of improved communication with our Eastern 
empire. The opening of the first sec tion of the railway from 
J cndon 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 Snez. 

A few months later the London pnblic were startled by an 
advertisem ent headed" Steam to New York, " and 94 passengers 
were plucky enough to embark at London, on April 41h, 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 ex treme length of 530 feet, a beam 
of 52 feet, a displacement of 13,000 ton,, 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 18t 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, I 7 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 comparirnn 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,sel then under construction, of about the size of one of the 
much abused '' cockle-shells " performing the Channel service 
between D over 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. l t has fonr masts, is about 
250 feet long, and has been appropriately christened the llfonster. 
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 
:hat 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 mo,t 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 surpri0 cd 
to find that a simi.lar fate awaits the .AIIonster, and for a similar 
reason." 

The Channel boat, Albert Victor, now on the Folkestone 
station, is of the same length as the Monster, natrely 250 feet, 
wh ils t the beam of the former is but 29 feet, instead of what 
the critic of I 829 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 th e next important s tep c f 
establishing Channel communicarion by means of larjle floating 
stations, or ferry steamers, capable of traversing 1he nanow 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 H ouse of Commons. The Bill was, h, wever, 
thrown out in the House of Lords by the cas~ing vote of the 
chairman. 

What was practicable at that time has now become cornpara· 
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 crossinir the 
Channel-the ferry or the tunnel-is to be the adopted s~heme 
will won he determined. It may be that both will be carried 
out, and then at least all tastes will be met, and all antici-pations 
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 discus, ion. 

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 
pas,engers, the tonnage of the whole of the steam traders of 
this country, it is stated, amounted to but 505 tons. At the 
present time the corresponding figure is 2½ million tons. Did 
time permit I would say more on tb e suhject, but I fear that in 
speaking at all upon steamships I have dep,arted somewhat from 
my avowed intention of keeping within the sphere of engi11eering, 
in which I have chiefly worked. My apulogy must he that a 
discussion of raifways led me to a consideration of tunnels and 
bridges, and this naturally suggested a reference to the rivers 
necessitatmg the construction ,,f 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 mechanical 
engineers. 

I will not similarly err in troubling you with any remarks of 
mine upon the no Jess wonderful results achieved hy electricians. 
A description of the work done by my friend Dr. Siemens 
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 he counted a curse to him," I will re· 
frain from referring to Dr. Siemens, or to my immediate prede
cessor in this chair, Sir \V. 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. 
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