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ART. 1.-Tlteory Of an Interglacial Sltb1J'tel'g~nce in England; 
by G. FREDERICK WRIGHT. 

Up to a very recent date English geologists were very gen­
erally agreed that the British Isles have been visited by' at 
least two distinct glacial epochs since Tertiary times, and that 
during the supposed interglacial period there was a subsidence 
in the northern part of England, amounting to from 1,400 to 
2,000 feet. The evidence most relied upon in proof of this 
theory is the occurrence of interglacial stratified beds of sand 
and gravel containing sea shells at :Moel Tryfaen, near Mount 
Snowdon, about 1,400 feet above sea-level, and at Macclesfield, 
near Manchester, about 1,200 feet above the sea. At other 
places, also, similar interstratified beds occnr at lower levels; 
as at Wellington, in Shropshire, about 500 feet above tide; 
upon the east coast, near Flamborough Head, from 300 to 400 
feet; and throughout Holderness. at lower levels. North of 
Flamborough, also, the glacial deposits pretty continuously 
show a threefold division, consisting of two stl'ata of till sepa­
['ated by stratified material, but the deposits here nowhere rise 
more than 400 01"500 feet above the sea. 

But in view of accumulating facts concerning the stratifica­
tion that takes place about the margin of a great glacier whose 
front is subject to temporary oscillations, interglacial stratified 
beds cease in themselves to be evidence either of absolutely 
distinct glacial epochs or of subsidence. The occurrence of 
unbroken salt-water shells in some of these deposits appears 
more nearly like positive proof. It would seem, however, 
that even this must now be regarded not only as questionable 
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in itself, but as connected with a theory which creates greater 
difficulties than it explains. 

As long ago as 1874 Mr. Be1t* and Mr. Goodchildt sug­
gested that the sea shel1s in question may have been pushed 
up from thtl bottom of the sea, like other pebbles, by the 
ad vance of the glacial current. In 1881 Mr. Olement Reid:/: 
also favored the suggestion, while a little later Prof. H. Oar­
vill Lewis took up the theory and advocated it with great 
,igor.§ Prof. Lewis's advocacy is the more sigilificant, in 
view of the fact that, in the light of his experience in con­
ducting with me the survey of the glacial boundary in Penn· 
sylvania, he had just devoted two years to a survey of the 
glacial boundary in Ireland, Wales, and England. But his 
sudden death interrupted both the further field work which 
he was proposing and the complete digestion and publication 
of the extensive field notes already taken. 

In vestigation, however, has not flagged since Prof. Lewis's 
death, and the opportunities for col1ecting additional informa­
tion in a visit which I made to England for that purpose last 
summer, have been largely due to the interest aroused by his 
work. For the facts now pI'esented I am indebted not only to 
the papers enumerated below,1I but in special degree to the 

* Nature, May 14, 18H. t Geological Magazine, 1874, p. 496. 
t C('ological Magazine; 1881, p. 235. 
~ Proceedings of the British Association for 1886 and 1887. 
II Dugald Bell, Phenomena of the GlaciallTIpoch (Tmnsactions of the Geological 

Society of Glasgow, 1889); .r. H. Blake, On the Age and Relation of the so-called 
"Forest-Bed" of the Norfolk and Suffolk Coast (address at the Anniversary 
Mceting of the Norwich Geological Society. Nov. 2, 1880); H. W. Crosskeyand 
David Robertson, The Post-Tertiary l?os~iliferous Beds of Scotland; XV -Jordan­
hill Brickworks. and XX-Kyles of Rute (1'mnsactions of the Geological Society 
of Glasgow, vols. iv and v); H. W. C"os81,ey, On a Section of Glacial Drift; 
recently exposed in Icknield Street, Birmingham, and Notes on the Glacial Geol­
ogyof the Midlands (P"oceedings of the Birmingham Philosophical Society, vols. 
iii and vi); J. R. Dakyns, Glacial Deposits north of Bridlmgton (A Paper read 
before the Geological and Polytechnic Society of the 'West Riding of Yorkshire. 
1880); O. E. DeRatlC-o, Notes on the Vale of Cl wyd Caves (Proceedings of the 
Yorkshire Geological and Polytechnic Society, 1888); On the Post-Glacial De­
posits of Western Lancashire and Cheshire (Quarterly Journal of the Geological 
Society for Fehrnary, ] 8'11); J. G. Goodchild, The Glacial Phenomena of the 
:Eden Valley and the Western part of the Yorkshire-Dale District (Quarterly 
Journal of the Geological Society for February, 18'15); Percy F. Kendall, On the 
Occurrence of' Nassa Serrata Brocchi in the Glacial Drift; of the North Shore, 
Ramsey, Isle of Man (I'roceeclillgs of the Manx Geological Society, 1889); On the 
Pliocene Beds of St. Erth (Quarterly .Journal of the Geologicll Society for May, 
1886); G. W. Lamplugh, On Glac:al Shell-Beds in British Columbia (Quarterly 
Journal of the Geological Society for August, 1886); On the Larger Boulders of 
Flamborough Head and other parts of the Yorkshire Coast, Parts II-IV. (Pro: 
ceedings of the Yorkshire Geological :md Polytechnic Society. 1889 and 1890): 
Glacial Sections near Bridlington (Proceedings of thc Yorkshire Geological and 
Polytechnic Society, 1882 and 1889; On a Recent Exposure of the Shelly Patches 
in the Boulder-clay at Bridlington Quay (Quarterly Jonrnal of the Geological 
Society, vol. xxxvi, p. 515 and xl, pp. 312-328); On Photograph of Cliff-Section 
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personal attention of Dr. Crosskey and Mr. Martin, of Bir­
mingham; of MI'. Kendall, of Stockport, and various members 
of the Northwestern Bonlder Oommittee, of which he is presi­
dent, and of Mr. Lamplllgh of Bridlington,-all of whom have 
kindly aCCOl11 panied me to the typical exposures of glacial de­
posits in the vicinities where thcy reside. The aid of Dr. 
Cl"Osskey was specially important from the fact that he had 
just completed the editing of Professor Lewis'" field notes, 
which al'e soon to be published. For Mr. Kendall's views I 
am further indebted to a systematic statement of the facts 
which he has prepared for me to be used as a chapter in a 
volume, on " Man and the Glacial Period," which is soon to be 
published in the International Scientific Series. 

At the outset the theory of deep intCl'glacial submergence to 
account for the shell-beds of Moel Trytaen and Macclesfield 
encounters many most formidable objections: 1st. The subsi­
dence must have been one which affected the north of Wales 
and central England, without affecting the region south of the 
Bristol Channel and the Thames; for confessedly there are no 
marks of subsidence or of glaciation over that area. 2d. 
There is in other places a retJlarkable absence of marks of sub­
sidence over the northern part of the center of England, 
where it is supposed to have been the greatest. This is the 
more noteworthy, since in the glaciated regioll farthet· north 
kames abound, while at Glen Roy, a prominent feature in the 
landscape is the beaches formed during the existence of 
temporary glacial lakes, showing that the time which has 
elapsed since the glacial period has been too short to permit 
such featUl'es to be obliterated. But throughout all England 
there is a conspicuous absence both of such beach lines at high 
levels and of any other marks which would have been left by 
a sea margin had it continued for an'y appreciable time at the 
level of the shell-beds under consideration. 3d. This is still 
more remarkable from the fact that the Pen nine Chain is not 
more than 25 or 30 miles wide from east to west, and east of 

at Rilderthorpe (Proceeclings of the Yorkshire Geological and Polytechnic Society. 
1887); D. :-'Iackintosh, On High.Level Marine Drifts (Qualterly Journal of the 
Geological Society, 1881, pp. 351-368): Fred W. Martin, On Some Sections of the 
Drift between Soho and Perry Barr. near Birmingham (Proceedings of the Birming­
ham Philosophical Society, vol. ii" part II, pp. il64-370): First Report upon the 
Distribution of Boulders in South Shropshire and Sonth Staffordshire (Proceedings 
of the Birmingham Philosophical Society, vo!' vi, part I); Aubrey Strahan, On 
the Glaciation of Sonth Lancashire, Cheshire, and tho Welsh Borders (Quarterly 
Journal of the Geological Society, 1886): C. Reid, Geology of Holderness and of 
Cromer (Geo!. Survey): Woodward's Geology of England and 'Vales is a storehouse 
of accurate information upon this as upon all other subjects of which it treats; R. 
M. Deeley, The Pleistocene Succe;:siou in the Trent Basiu (Quarterly Journal of 
the Geological Society for November, 1886); G. W. Lamplugh, On the Drifts of 
Flamborough Head (Quarterly Journal of the Geological Society for August, 1891). 
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Macclesfield there is an entire absence upon its flanks both 'of 
glacial deposits and of beach lines. 4th. The shell-beds are 
strictly confined not only to the area which was demonstrably 
covered by glacial ice, but to those more limited areas which 
were reached by ice that is known to have moved in its 
way over shallow sea bottoms. 5th. The assemblage of shells 
is not such as could have occlll'red in one place in the ordinary 
course of nature. There are associated together in these de­
posits cold-water forms with wal'm-water forms, rock-haunting 
species with sand- or mud· loving species, and in no case has a 
shell been found in these beds with its valves in apposition. 

An interesting illustration of this latter point is brought out 
in Mr. Kendall's paper" On the Occurrence of Nassa serrata 
Brocchi, in the Glacial Drift of the Northern Shore, Ramsey, 
Isle of Man." This mollusk is now characteristic of the Medi­
terranean Sea, and cannot endure even the present temperate 
climate of the Irish Ohannel, yet specimens of it are found in 
the glacial deposits ·on the Isle of Man. It is in the highest 
degree improbable that this mollusk could have lived where it 
was found under any conditions that have been supposed to exist 
since the close of the Tertiary period. The theory that it was 
transported from the remains of Pliocene beds on the shallow 
bottom of the Irish Sea is certainly the most natural if only 
one can grant that it is conceivable. Other shells found in the 
glacial deposits in N ortliwe!ltern England and Wales almost as 
much out of place are {)ytlterea dione L., .Mit1~a sp., and 
Turritella triplicata Brocchi. It is worthy of note, also, that 
Prof. Edward Forbes early called attention to the fragmentary 
condition of the shells in the beds of the northwest of England, 
and to their general distribution through the till. Speaking 
of the Moel Tryfaen shells he says: "I have lately examined 
them carefully with a view to see whether they indicate an 
ancient coast-line or beach, or an ancient sea-bottom. But 
they cannot be regal"ded as indicating either, being a confused 
mixture of fragments of species from all depths, both littoral 
and such as invariably live at a depth of lIlany fathoms ... 
Such deep- and shallow-water species mingled could at no time 
have lived together, or been thrown npon one shore."* 

During a visit this summer to Ketley, near Wellington in 
Shropshire, in company with Dr. Orosskey, Mr. Martin, and 
Prentiss Baldwin, we were fortunate euough to discover an 
unusually large collection of nearly perfect shells in the inter­
stratified glacial deposits of that place. We could not indeed 
determine that there was till underneath the sand (which was 
here twenty-five or thirty feet at least in thickness), but there 

* Memoirs, Geological Survey, vol. i, p. 384 j quoted by Dugald Bell. 
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were several feet of till overlling the sand, and a thin stl'atum 
of gravel at the junction o' the two. In this gl'avel Mr. 
Baldwin discovered several slightly worn shells and on further 
examination forty or fift.y well-preserved specimens were 
brought out. All these were identified by Dr. Orosskey as 
belonging to species now common on the English coast. The 
elevation above the sea would vary only a little from 500 feet_ 
A few miles from the same locality, at an elevation above the 
sea of about 700 feet, Dr. Orosskey had previously discovered 
in the glacial deposits other shells which were of a decidedly 
arctic type. It is extrflmely improbable that both could have 
lived in that locality amid the conditiuns involved in the in­
terglacial hypothesis, as the temperature which would. be 
favorable to one would be destructive to the other. But on 
the supposition that both had Ii ved and died in succession 
upon the bottom of the Irish Sea, and then had been trans­
ported by the moving ice to near their present position, where 
the till was subjected to temporary water action sufficient to 
sort out a portion of its material, everything is intelligible and 
consistent. 

Varions reports have also come from Scotland of arctic shells 
in glacial deposit:; at some distance above sea-level. Those 
found near Airdrie have been most written about, and were 
the highest reported, being 510 feet above the sea. But closer 
examination shows that they also llIay be explained in accord­
ance with the theory of Pl'Ofessol' Lewis. This Sir Archibald 
Geikie pl'Uctically admits in the second edition of his" Text­
book of Geology/' saying that" the layer containing them may 
have been transported by an ice-sheet" (pp. 897, 902). Mr. 
Dugald Bell informs me that after carefully examining all the 
alleged instances of elevated sh!311-beds in the glacial deposits 
of Scotland, there is no clear proof of any glacial submergence 
of more than 200 01' 300 feet, and the evidence for even that 
amount is questionable. 

As to the conceivability of the transportation of shells in 
the till, many si~nificant facts have recently been brought to 
light. The till in the vicinity of the Iilhell-beds mentioned; and 
in other places where the ice has moved inland from the sea­
bottom, contains a great number of shell fragments indiscrimi­
nately mixed with the mass. I have even seen in a mass of 
boulder clay the half of a bivalve, with its cavity filled with 
sand, which had kept its place under the shell as it was shoved 
along; thus serving to protect it from being crushed. As 
long ago as 1884, Mr. Lamplngh, in examining the dry dock 
which was then being excavated in Esquimault Harbor, Van­
couver, discovered evidence that most of the glacial shells 
which were found in the drift there had" been pushed up into 
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the gulley by ice in its passage southward across the harbor," 
for they were so scattered through the unstratified mass that it 
was impossible to draw a line between the shelly and the shell· 
less clay. * In the glacial deposits surmounting the chalk cliffs 
near Flamborough Head, Mr. Lamplugh showed me elongated 
masses of sandy material containing well-preserved shells, but 
which were included in till, and had evidently been drawn out 
by the shearing movement to which the whole mass was sub­
jected. There conld be little question that in this instance the 
mass had in some way been pushed lip from the sea bottom by 
the same ice-movelllent which had carried thither the rest of 
the till. Here the elevation was between 200 and 300 feet, 
and I see no reason why the causes operating to produce that 
amount of movement and elevation might not under favorable 
conditions have transported similar masses to the elevation of 
the shell-beds at Moel-Trvfaen. 

In recent speculations Ilpon the movement of ice too exclu­
sive attention has been given to its analogies with the motion 
of a semi fluid, fOt'getting that undel' a mechanical thrust ice 
moves like a solid, and may plough' np and push along before 
it whatever is in its way. Indeed, as I recall the phenomena 
at Muir glacier, I feel confident that this is what is taking 
place on the bottom of the inlet. A lal'ge number of the ice­
bergs are formed by the falling off of the precipitous ice-front,. 
owing doubtless to the fact that in the ordinary motion of the 
glacier the upper strata move faster than the lowel', At times 
I saw such mftS8eS break off in columns more than 250 feet in 
height, and extending below the surface of the water, but the 
fractm'es did not reach to the bottom of the ice, fOl' occa­
sionally an immense mass ill front of the ice-wall would rise 
bodily out of the depths of the watCl', bringing up much dirt 
with it. This projeeting foot of the ice may perhaps have 
been moved fOt'ward bodily at the bottom of tIle inlet by 
successh'e mechanical thrusts of the moving lllass of ice behind. 
So in analogous situations where thel'e is a concentration of 
lines of pressure from behind, we can conceive that material 
would be gradually thrust up in front of the ice without much 
attrition, At any rate, the fact that the material is 80 raised 
and pushed along in front of the ice I think will have to be 
accepted. 

Returning now to the specific glacial phenomena in Eng­
land, it would seem that they can Le generalized under one 
glacial epoch, upon the following scheme, which is based npon 
the facts as they are now reported. The beginning of the 
glacial period was marked, in the seas surrounding England, 

* Quarterly Journal of the Geological Society, Aug. 1886, p. 283. 
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by the southerly retreat of the Pliocene fatma and the incom­
ing of subat'ctic and arctic species; so that shells of diverse 
nature became commingled all over the bottom of the Irish 
and North Seas. Scandinavian glaciers advanced over the 
shallow North Sea till they reached the shores of England at 
Flamborough Head, whet'e they were met by the glaciers that 
had been slowly coming down from southeastern Scotland and 
northeastern England. This lattet' movement of the ice was 
compelled to hug the shore by the Scandinavian glaciet·, and 
its boulders are found only as far sonth as Flamborongh .Head. 
The Scandinavian movement reached pretty generally to the 
line extending from Flamborough Head to London. 

Contemporaneous with this movement over the North Sea, 
glaciers began to push out in all directions from the northel'll 
part of Wales, having their center in the bt'oad elevated area 
of the Arenig mountains about twenty-five miles southeast of 
Snowdon. Towards the east this 11l0vement extended across 
Shropshire and the southern part of Staffordshire to a line ex­
tending from Litchfield, through Birmingham, and Broms­
grove to the Severn Valley. But meanwhile a more powerful 
ice-movement was under way, originating in the mowfields of 
Eastern Ireland, Southwestel'll Scotland, and the Lake District 
in England. The glaciers from these centers, meeting in the 
Irish Sea, advanced to the north shore of Wales, and in divided 
currents passed over Anglesey on the west, and on the east 
through the broad Vale of Chester which f'eparates the Welsh 
Mountains fr0111 the Pennine Chain by a distance of 60 01' 70 
miles. Immense quantities of Scotch and Lake boulders were 
thus transported into the valley of the Severn as far as WolveI" 
hampton, about half way between Wellington and Birmingham. 
This northern ice seelllS to have predominated over, and 
pushed aside, the weaker movement fr0111 the Welsh Moun­
tains, which had deposited the band of boulders just mentioned, 
extending from Litchfield to Bl'OllIsgrove. I shall be slll'pl'ised 
if future explorations do not reveal Welsh bonlders under­
neath the Scotch drift, so extensh"ely developed near \Volver­
hampton. It is in this northern drift that the shell-bed 
discovered by Mr. Baldwin at W'ellington occurs. 

The triple stratification spoken of as characterizing the 
marginal deposits near Flamborongh Head, and in Lancashire 
and Shropshire, need not necessitate anything more than a 
local recession of tLe front, followed by a subsequent corres· 
ponding advance. Indeed, it is evident that the problems of 
the glacial margin in England closely resemble those in the 
United States, and Professor Lewis's observations require the 
same corrections for the personal equation in England that we 
have had to make for him in America,-corrections which he 
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himself had begun to make at the time of his lamented death. 
When, in 1880, Professor I~ewis conducted the glacial survey 
of Pennsylvania with me, we were laboring under the mistaken 
idea that the margin of the glaeiated area was everywhere 
marked by a pronounced terminal mOl'aine, and we did not 
pay sufficient attention to the so-called "fringe" of glacial 
deposits which nearly everywhere extends a greater or less 
distance in front of the moraine. In my own subsequent 
work west of Penllsylvania I devoted my main efforts to the 
determination of the boundary of this fringe, leaving the 
interior moraines to he filled at leisure. The correction of our 
determinations \vhich has been made by Mr. Max Foshay in 
"\Vestern PeIlnsy 1 vania, and that by Messrs. SalisllUr.y and 
McGee of Professor Oook's work in New Jersey, had already 
been foreshadowed both by Professor Lewis and by.myself,·)(­
but, as we rightly supposed, nowhere in Pennsylvania and 
New Jersey does the fringe extend many miles south of our 
moraine. 

In England Professor Lewis's moraine as reported to the 
British Association needs about the Rame conection to deter­
mine the extreme limits of the ice as is required in Penn· 
sylvania. Almost. everywhere in England there was a fringe 
of glacial debris in front of Lewis's moraine, but in England 
no more than in America docs it seelll to be necessary to 
interpret tlds fringe as the remnants of an earlier and distinct 
glacial period. The close conformity of the honndary of the 
fringe to that of the more pronounced glacial deposit seems to 
point clearly to the operation of a COUlmon cause; for it would 
seem in the highest degree improbable that two distinct glacial 
periods should so closely correspond in the marginal line of 
their deposits. Oertainly we should not make this supposition 
except in the presence of facts which will not allow of a sim­
pler explanation. 

Oberlin, 0 .. Oct. 16. 1891. 

* See Tho Ice Age ill North ,\.merien. pp. 135, l:lG. 




