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VIL. Theoretical Comsiderations on the Conditions under which the (Drift)* Deposits
containing the Remains of Extinct Mammalia and Flint Implements were accumu-
lated, and on their Geological Age. By JosePH PrEstwicH, Esq., F.R.S., F.G.S.

Received March 20,—Read March 27, 1862.

On the Loess of the Valleys of the South of England, and of the Somme and the
Seine. By JosepH Prestwich, Esq., F.R.S., F.G.S.

Received May 15,—Read June 19, 1862.

[Nore.—By permission of the Council of the Royal Society these two papers have been incorporated. - At the
time of reading the first paper, the author felt difficulties respecting the origin of the Loess, which led him
to defer the consideration of the subject. When he afterwards brought forward the second paper,
it proved so clearly complemental to the first, that the rearrangement of the two became desirable and
almost necessary. This has also enabled the author to shorten both papers. The main portion of the
second now appears in § 4. The bracketed remarks in the Introduction are inserted in consequence of

" a suggestion made to the author that it would be desirable to state in what respect the views advocated
by him differ from those previously brought forward. Returned May 21, 1863.]

§ 1. INTRODUCTORY REMARKS.

In the paper I had the honour to lay before the Royal Society in May 1859+, on the
occurrence of Flint Implements in France and in England associated with the remains
of extinct mammalia, I postponed the consideration of the theoretical questions involved,
to allow time for a more complete investigation of the physical phenomena. The facts
I sought on that occasion to establish were,—1, the artificial nature of the Flint-
implements; 2, their occurrence in undisturbed ground ; 3, their contemporaneity with
the extinct animals; and 4, their postglacial origin. Subsequent researches by myself}
and other geologists have confirmed my views upon these several pointsy.

When I first visited Amiens in 1859, the opinion I formed was that the St. Acheul
gravel-beds were deposited before those of St. Roch, and that the excavation of the

# The term * Drift” has been hitherto used as a convenient expression for the superficial beds generally;
but as the relative positions of these beds are becoming better determined, we shall now be able to drop this
term and introduce others of greater precision.

+ Philosophical Transactions, vol. cl. p.277. See also Mr. Evans’s paper, Archaologia, vol. xxxviii. p. 280.

+ Journ. Geol. Soc. vol. xvii. p. 362, where the various localities are mentioned.

§ Frower, Quart. Journ. Geol. Soc. vol. xvi. p. 190, June 1859. Gaudry, Comptes Rendus, Oct. 1859, p. 465.
G. Poucmer, Actes du Mus. d’Hist. Nat. de Rouen, 1860, p. 33. I’Abbé Cocrmer, Mém. de la Soc. ’Emulation
& Abbeville, 1858-61, p. 607. Evans, Archaologia, vol. xxxix. p. 5, 1861. See also Sir Cmares Lyerv’s
Address at the Aberdeen Meeting of the British Association, Sept. 1859; Mr. Lronarp HorNER’s Anniversary
Address to the Geol. Soc. Feb. 1861 ; Sir Roprrick Murcrison’s Address, Brit. Assoc. Sept. 1861.
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248 MR. PRESTWICH ON THE GEOLOGY OF THE DEPOSITS

Somme valley was of intermediate date; but I hesitated to adopt this view until facts
could be obtained for a surer decision. The upper section at Montiers, however, which
I discovered in 1861, was conclusive as to the relative ages of the two gravels. 1
had further considered that, supposing even this relation to be established, it was possible
for the excavation of the valley to have been partly the result of some exceptional
agencies, by which the interval of time between the formation of the beds of St. Acheul
and those of St. Roch might have been shortened. But after repeated visits to the
several districts during the last three years, and looking at the question from every
point of view, I find myself unable to discover a sufficient explanation in the direction
in which I first sought for one, and have been led to form conclusions respecting the
causes in operation differing considerably on some points from those I at one time
thought to be the more probable.

[A few very brief remarks on the opinions hitherto held respecting the position and
age of the deposits of this class may here not be out of place. In my former paper
I showed that the flint-implement-bearing beds were of later date than the Boulder
Clay, and that at Abbeville the latest of them passed directly under the recent alluvium
of the valley of the Somme. They thus occupy a definite geological period, which yet
remained to be studied as a whole. The quaternary deposits in general, of which these
beds form part, had long been the subject of my special investigation. The various
drift-gravels had been regarded,—1, as being of marine origin; 2, as due to cataclysmic
action; and 3, as of fluviatile origin. In one place we had marine shells, at others
freshwater shells. But as the greater number of the gravel-beds were without fossils
and occurred at very different levels, it was a long-debated question how they should
be correlated. Paleontologists too were of opinion that the fossils indicated different
ages, so that the freshwater deposits in a single valley, like that of the Thames, were
held to be of independent and not synchronous formation*. On the paleontological
evidence, the beds of Grays were generally supposed to be pliocene or preglacial, a view
maintained by Sir CHARLES LYELLY until 1857, when he expressed uncertainty as to
their age. Other beds in the same valley, as those at Brentford, were considered by Sir
CHARLES to be newer than those of Grays. On physical grounds I had long been
satisfied of the contemporaneity of these deposits, and contended for their posteriority to
the Boulder Clay. Professor MorrIs and Mr. TRIMMER had also arrived at very similar
conclusions, and were both in advance of me in attributing the phenomena to old river-
action, but neither they, nor, as far as I am aware, any other geologists had attempted
to make the rule general ; nor had they taken in the high-level gravels, or the Loess, as
belonging to the same series and as part of the same phenomena. When, further, I found
similar land and freshwater shells at Hurley Bottom and other places in the Thames
valley, the different deposits, showing the same conditions, became readily correlated.

* Forses, Mem. Geol. Survey, vol. i. pp. 393, 895; Suarres Woop, Trans. Paleont. Soc. for 1848, p. vi.
and 1856, p. 304 ; Woopwarp, Manual of the Mollusca, p. 298 ; and others.
+ Manual of Elementary Geology, fth edit. 1855, pp. 153, 154, and Supplement, 1857, p. 5.
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But although it was evident that there were old land surfaces and possibly old rivers,
there was no evidence that any supply of water could have existed to fill such large
valleys; and the present streams seemed totally inadequate to have spread out such vast
beds of gravel and sand, by far the greater part of which are also without organic
remains to indicate their origin. Sir CHARLES LyELL, who advocated the fluviatile origin
of these lower valley-gravels, considered that it would be “ arash inference” to conclude
‘“that rivers in general have grown smaller, or become less liable to be flooded than
formerly”*. This view, more or less modified, was held also by many other distinguished
geologists. I could not accept it, because it seemed to me that to form such beds of
gravel some greater water force must have been in operation than that which now
obtains; at the same time, the hydrographical basins and the watersheds being the same
as they were at that Quaternary period, I did not see whence the larger supply of water,
which seemed to me indispensable, could have been obtained.

That valleys have been excavated by rivers was the hypothesis brought forward by
Hurron and Prayrairt. It has been frequently advocated since; but the opinion has
made little progress, owing to the absence of proof of how such an operation could have
been effected, and to the insufficient physical and paleontological evidence. The subject,
as far as regards Auvergne, was ably touched upon by Mr. PouLerr Scropef in 1827,
and discussed and argued more fully by Croizer and JoBERT§ in 1828. Some remark-
able cases were described by these geologists, to show, from the position of old shingle-
beds preserved under masses of basalt, high above the present rivers, that the rivers
in that part of France had excavated the valleys in which they now flow; but the
cause of such phenomena remained unexplained, and the date undetermined.

Mr. GopwIN-AUSTEN showed, so early as 1837||, that in Devonshire there were ter-
races of gravel fringing the valleys; and in 1851 and 18559, in correlating these and
other quaternary deposits, he considered that the ancient low-level alluvia of the Thames
and Seine valleys, and the old beach and the Elephant-beds of Brighton, were anterior
to the Boulder Clay, and he was further of opinion that river- and ice-action had played
an important part in producing these valley deposits. Sir CHARLES LyELL also discussed
with his usual ability the question of the origin of valleys, and of ancient river-alluvia
and river-terraces, both in his ¢Principles’ and in his ‘Elements’*¥  but without
attaching to the phenomena the importance I would show them to possess in such
valleys as those of the Thames and the Seine. He was rather disposed to attribute the
erosion of some lower parts of the valley of the Seine to sea-actionff. = Mr. TRIMMERT]

* Op. cit. pp. 70 & 84. T Theory of the Earth, vol. ii. p. 401.

T Memoir on the Geology of Central France, 1st edit. pp. 168—4. :

§ Ossemens Fossiles du dépt. du Puy-de-Dome, pp. 66-88.

[I Trans. Geol. Soc. 2nd series, vol. vi. p. 439,

4 Q. Journ. Geol. Soc. vol. vii. p. 186, and vol. xiii. p. 40.

*% Op. cit. p. 85, and Principles of Geology, 9th edit. pp. 219 & 484.

tt+ Op. cit. p. 269 & 271, ++ Quart. Journ. Geol. Soc. vol. ix. p. 286.
2M2
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noticed the existence of terrace-gravels in the Thames valley, but explained them by
alternate movements of depression and elevation*.

Sir R. MurcHISON also described at length some of the Drift phenomena of the
South-east of England, more especially of the Wealden area. This distinguished geolo-
gist arrived at the conclusion that the heaps of detritus and angular débris following
certain lines on the borders of the Wealden area, and found also in the Thames valley,
result from the action of waves of translation passing from west to east+, and that the
fossil mammalia (at Folkestone) were destroyed by violent oscillations of the land, and
were swept by currents of water from their feeding-places into the hollows where we
now find them”f. Mr. Hopkins, in reviewing the question of the Drift, agreed with
Sir RoDERICK in supposing that the Wealden area has been traversed by waves of trans-
lation§, and in attributing to such agencies much of the Drift phenomena.

The observations of the distinguished naturalist the late Professor E. FORBES,
recorded in his Anniversary Address, in 1854, to the Geological Society, express the
then unsettled state of the question relating to the Drift|; whilst the opinion hitherto
commonly held with regard to the range in time of the large mammalia is manifested by
Professor PrrLLips 9 and so many other eminent writers on the subject having restricted
them to the preglacial period.

In France similar differences of opinion have prevailed respecting these particular
quaternary deposits. The views generally adopted, however, with regard to the valley-
gravels have been that they are the result of diluvial action, caused by waves of transla-
tion, or by cataclysms arising from the bursting of lakes, or by the sudden melting of
the snow on mountain-chains. The deposits of this age in the valley of the Seine and
other rivers in the North of France are usually classed under four divisions, viz. Loess,
Dilwviwm rouge (part), Sables lacustres, and Diluvium gris, each being regarded as of
separate and distinct origin, and the two diluviums referred to cataclysmic origin **.

Thus there were two extreines; I have been led to adopt an intermediate course.
I could not admit the possibility of river-action, as it now exists, having in any length
of time excavated the present valleys and spread out the old alluvia; neither was it pos-
sible to admit purely cataclysmic action in cases where the evidences of contempo-
raneous old land-surfaces and of fluviatile beds were so common. But with river-action
of greater intensity, and periodical floods imparting a torrential character to the rivers,
the consequences of the joint operation are obtained, and the phenomena admit of

* The occurrence of old river-terraces along narrow valleys is one of the features earliest noticed by geolo-
gists, but these are quite distinct from the great and isolated beds of gravel capping the adjacent hills.

+ Quart. Journ. Geol. Soc. vol. vii. p. 361. % Ibid. p. 386. § Ibid. vol.viil. p.1i. || Ibid. vol. x. p. xliii.

4 Manual of Geology, edit. 1855, p. 408. This opinion held good till 1859 and 1860.

##* An excellent résumé of this subject is given in M. p’ArcrIac’s ¢ Progrés de la Géologie,” vol. ii. pp. 1-4,
154-221, 421-433. See also Axsrep’s ‘Elem. Course of Geol.’ 2nd edit. 1856, p. 416 ¢t seq.; D’Omarivs
D’Harroy’s ¢ Abrégé de Géol.” 7th edit. 1862, pp. 228-38, 449, 478 ; and a paper by M. Cr. »’Orsreny (fol-
lowed by one by M. Leymeriz) in Bull. Soc. Géol. 2¢ sér. vol. xii. p. 1297-1304, with observations by
M. Heserr and others; and another by M. Burevux in vol. xvii. p. 72.
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more ready explanation. I long since had proposed the separation of the gravels into
the high-level gravels and low-level gravels, and shown that the former were older
than the latter. I was, however, at one time disposed to adopt in part some of the
views of M. ELIE DE BEAUMONT with respect to the operation of cataclysmic action in
preference to the slower action of rivers; but further research, and the discovery of
land and freshwater shells in so great a number of low-level gravels, and in some of
the high-level gravels, and especially the striking evidence eventually afforded by the
beds of St. Acheul, and by the higher-level gravels around Paris*, satisfied me that
river-action peculiar to each valley commenced with the high-level gravels, while the
mass of débris and the large blocks present in the beds indicate the action of a large
volume of water and of ice-transport. Further, I was ultimately led to connect the
Loess with both series of valley-gravels, and the frequent independence of the former,
which at first seemed an irreconcileable difficulty, finally proved an important auxiliary
fact; for the separate range of this deposit now serves as a measure of the old flood
waters, and of the extent of the river inundations during this quaternary period.

I conceive that the hypothesis brought forward in this paper gives consistency to the
whole subject. It brings down the large mammalia to a period subsequent to that when
the extreme glacial conditions prevailed, and closer to our own times; it places all the
old river alluvia in the same period, and groups together the previously isolated fluvia-
tile beds of Grays, Brentford, and other places in England, together with the Loess
and various “ Sables lacustres” and “ diluviums” (part) of the French authors; it con-
nects the great platform terraces of gravel skirting so many of our river-valleys with
the same period, and makes the connexion between these, and the excavation of the
valleys themselves and the formation of the Loess, dependent upon one prolonged and
uniform set of operations, in accordance with the climatal conditions and necessarily
resulting from them.—May 1863.]

$ 2. GEOLOGICAL POSITION OF THE FLINT-IMPLEMENT-BEARING BEDS.

In almost every instance the flint implements have been found in beds of sand and
gravel along the line of existing river-valleys,—in some cases but little above the level
of the rivers, in others on adjacent hills at heights of from 30 to 100 feet above the
river. In these valleys one series of gravel-beds is spread over more or less of their
breadth, rising occasionally on their flanks to a height of 10 to 30 feet, and ranging
throughout their length, though constantly obscured and hidden by recent alluvial
deposits. The lower ranges of hills which flank these valleys on either side are occa-
sionally capped by other similar gravels, but which, so far from being continuous like
the lower-level beds, occur only at intervals, and there are long tracts without any such
drift. The higher gravels are also generally separated from the lower gravels by a bare
sloping surface, whilst they rarely extend far from the valley and never reach the tops

* This evidence is, with a few rare exceptions, wanting in the high-level gravels of England.
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of the higher hills. The two series bear nevertheless a definite relation one to the -
other. They both consist of débris derived from rocks in the valleys through which
the present rivers or their tributaries flow, and they both occasionally contain organic
remains, of which the greater number of species are common to the two. Both series
may be considered as * valley-gravels;” but for the sake of distinction I purpose calling
that which occupies the bottom of the valleys, and reaches to a comparatively small
height above the river-level, the «low-level valley-gravels,” whilst to that found on the
adjacent hills, T would apply the term “ high-level valley-gravels.” The height of the
latter above the valley is variable; and though generally limited to one main platform,
it is not always on the same level, and there are cases of minor intermediate terraces
between the extreme levels. The heights are of course relative one to the other, and
not directly to the sea-level.

Valley of the Waveney.—The levels recorded in my former paper establish the fact»
that the flint-implement-bearing deposit of Hoxne is at a height of 40 feet above the
Gold Stream, and 50 feet above the Waveney, of which the Gold Stream is a tributary.
Mr. Evans and I found a very similar deposit, also overlying the Boulder Clay, at Athe-
lington, a few miles higher up the valley of the former stream. In following the course
of the Waveney, from above Diss to the sea at Lowestoft, terraces of gravel are found at
distant intervals on the adjacent hills. They never extend far from the valley, and the
intermediate higher but flat ground between the river-valleys invaﬁably presents bare
tracts of Boulder Clay. It is particularly between Diss and Harleston that these terrace-
gravels are best exposed, and where I have determined with some care their extent and
development (Plate V. fig. 3). I have found them on the right bank of the Waveney,
at Stutston Common, Oakley, and Shotford Heath, lying upon the Boulder Clay; and
on the left bank at Scole, Billingford, Thorpe Abbots, and Needham. Thence to the sea
they may be traced at intervals on both sides of the valley; but they seem gradually to
fall to a lower relative level. At the places above mentioned, on the contrary, they occupy
a tolerably regular level of from 40 to 60 feet above the valley, are from 5 to 12 feet thick,
and rarely exceed a quarter of a mile in length, or more than 200 to 400 feet in width,
They consist chiefly of a mass of subangular flints, with pebbles of siliceous sandstones
and of the older rocks, in a matrix of ochreous sand and clay. No organic remains have
been found in them. The low-level gravel isnot often exposed, being generally covered
by alluvial deposits. It may, however, be seen at Oakley and at Needham, and has
been reached at various places under the recent alluvium of silt and peat. Care must
be taken to distinguish these gravels from those which underlie the Boulder Clay in this
district. The latter are more sandy and far more distinctly stratified*. They may be
seen in superposition in a pit on the hill above Oakley Street; in contact with the high-
level gravel at Needham near Harleston, and at Moor Bridge near Hoxne; and lying on
the Boulder Clay at Thorpe Abbots. The following section, taken across the valley

* The great number of pebbles of white quartz is one of the chief features which serves to distinguish the
gravel under the Boulder Clay from the valley-gravels.
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of the Waveney between Scole and Hoxne, shows the relation of these gravels to each
other, to the Boulder Clay, and to the surrounding district *.
Fig. 1.—8Section across the Valley of the Waveney, near Hoxne.

OAKLEY
GRAVEL PIT

1
2
3
a. Alluvial deposits. ¢. Low-level valley-gravel. d. High-level valley-gravel,
Traces, but somewhat indistinet, of Loess exist on the gravel d, and on the slopes of the valley.
1. Boulder Clay. 2. Sands and gravels under the Boulder Clay. 3. Chalk.

The dotted lines here and in the other sections show the presumed old surfaces.

The higher valley deposits assume in the tributary valley of the Gold Stream at
Hoxne a more lacustrine character. The lower-level gravels may be seen in the field
opposite the Swan Inn, overlying the sand and gravel of the Boulder Clay series.

Valleys of the Ouse and Lark+t.—In the main valley of the Ouse at Bedford eight
flint implements have been found under circumstances which admit of no doubt of their
geological position ; and at Icklingham in the valley of the Lark, a tributary of the same
river, two specimens have been met with, which, although not discovered ¢n situ, there
is good reason to believe came from the high-level gravelf. In descending the valley
of the Lark, from Bury St. Edmunds to Icklingham, Mr. Evans and I found it flanked
by low ridges of gravel rising from 20 to 30 feet above the valley, and these again com-
manded by higher ground formed of the Boulder Clay. In a pit at Flempton I found
in the gravel a fragment of bone, and remains of the Elephant have been met with at
various places near Bury St. Edmunds; but we saw no traces of shellsin any of the drift-
gravels or sands of this district. The section of the valley is as follows:—

Fig. 2.—8ection across the Valley of the Lark, near Icklingham.

S.8.W. LACKFORD RAMPART FIELD BRICK  ICKLINGHAM
HEATH 2 GRAVEL PITS KILRN FI1ELD
CHALK ;2 ALNLE
PIT NR [
CAVENHAM A3

T

a. Recent alluvial deposits. ¢. Low-level gravel. d. High-level gravel. (Only traces of Loess.)
1. Boulder Clay. 2. Sands and gravel under the Boulder Clay. 3. Chalk.

In the valley of the Ouse at Bedford (see fig. 3) I have been unable to detect at

# The scale of height in these and all the following river-valley sections is 1 inch to 400 feet. 1In the hori-
zontal scale 1 inch equals about 1 a mile (except figs. 4 & 5). The base-line gives the sea-level approximately.

+ I originally made a section of the valley of the Ouse at Bedford in 1854, and then determined the relation
which the well-known mammaliferous gravel of this valley bore to the adjacent Boulder Clay. The number
of fossil bones subsequently discovered in the cutting of the Great Northern Railway, led Mr. Evaxs and my-
self at once to direct our attention to this valley on our return from the valley of the Somme in 1859. The
discovery, by Mr. Evans, of fluviatile shells in the Biddenham gravel confirmed the analogy we suspected, and
we directed Mr. WyarT’s attention to it and to the probable occurrence of flint implements, in the search for
which this gentleman has since been so successful. 27 specimens are now recorded by Mr. Wyarr.—Feb. 1864.

+ The author in Quart. Journ. Geol. Soc. vol. xvii. p. 363. A number more have been since found (1864).
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present any distinct high-level gravel. I am rather disposed,
however, to consider it possible that the gravel at the Bidden-
ham pit, where flint implements have been discovered, may
belong to that series, although not to the highest level; for
although the ground slopes very gently towards Bedford, and 1
could not mark any break in the continuity or much change
in the character of - the gravel, still, in the distance of 13 mile,
there is a difference of level of some 20 to 30 feet between
the Biddenham pit and the gravel adjoining the railway and
under the town*. There are also apparently certain slight
differences in the fauna. At Biddenham the remains of the
Hippopotamus have not yet been met with, whereas in the
railway-cutting near the town they were very abundant. The
profusion also of the other mammalian remains at the latter
place is in marked contrast to their rarity at the former.

I have traced the gravels with similar conditions of structure
above Bedford, as far as Olney and Wolverton, and in descend-
ing the river I have followed them at intervals as far as Lynn.
At Offord, 3 miles S. of Huntingdon, there is a well-marked low
terrace of gravel, in which a large number of mammalian re-
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mains were found during the making of the Great Northern '
Railway; and at Hemingford, 24 miles E. of Huntingdon, a
freshwater deposit with mammalian remains has been de-
scribed by the Rev. Mr. DE A CoNpaMINEY, which I consider
belongs to the low-level valley series.

Herne Bay—1 am unable to offer a sufficiently satisfactory
account and explanation of the position of the flint implements
found on the shore near Herne Bay. Whether derived from
a clay drift or from the gravel which caps the cliffs is uncer-
tain. 'With respect to that at Swalecliffe, between Herne Bay
and Whitstable, it would seem to have been derived from a
freshwater and mammaliferous clay and gravelly sand, belonging
to a low-level valley deposit and abutting against a cliff 54 feet
high, on the top of which is a bed of high-level gravel. The
same gravel may be traced on the other side of the valley at

* A recent visit to Bedford, and fresh levels taken with the aneroid baro-
meter, have confirmed this distinction. By taking another line of section, I

U rsp
}

BIDDENHAM

Fig. 8.—~Section across the Valley of the Ouse near Bedford.
GRAVEL PIT

RIVER OUSE

ANGERWOOD HILL

traced the Biddenham gravel to a height of 60 feet above the river, and found 2

2. Oxford Clay.

1. Boulder Clay.

d. High-level valley-gravel.
Traces of Loess, in the form of a thin bed of brown sandy clay with angular fragments of flint, overlie both the gravels.

¢. Low-level valley-gravel.

. Recent alluvium.

3. Oolitic series.
" (Cornbrash,).

3
it separated from the gravel at Bedford by a bare tract of oolitic strata. The section given above (fig. 3)
embodies these last observations. Mr. Wyarr and Mr. Evans have lately found two flint implements of the

ovoid or Menchecourt type in the low-level gravel of Summerhouse Hill.—Feb. 1864.
+ Quart. Journ. Geol. Soc. vol. ix. p. 271 (1853).
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Studhill, and in it Mr. Evans found part of an Elephant’s tooth. I am inclined to
believe that the features observable at Swalecliffe are partly dependent upon the small
lateral valley which runs a few miles up the country, and are only indirectly connected
with the more general phenomena of the main valley of the Thames (fig. 4).

Tig. 4.—Section along the coast east of Whitstable—12% mile in length.

COAST GUARD STUD HILL
SWALECLIFFE STATION . CLIFF
54 FT 56 FT
: : X
C %
b. Loess with shells and bones. ¢. Low-level gravel. d. High-level gravel.

With regard to the valley of the Thames* the structure is far more complicated,
from the circumstance of there being in this district, in addition to the high- and
low-level valley-gravels, a wide-spread set of higher or hill-gravels, of marine origin,
presenting a very close similarity to some of the valley-gravels, and covering large tracts
of country. As this district will form the subject of a separate communication from me
elsewhere, I here merely allude to it for the purpose of remarking that, after elimi-
nating the foreign element, there remains a set of valley- and terrace-gravels which,
though not so marked or well characterized as in the Seine valley, are nevertheless of
nearly similar order and age. The same remarks apply to most of the valleys of the
South of England, including the valley of the Severn. In the latter there are fossili-
ferous terrace-gravels skirting the Severn and the tributary Avon4, with valley deposits
corresponding to those at Grays and Menchecourt, whilst, as in the Thames district,
there is a set of higher-level hill-gravels more wide-spread, and probably of marine
formation.

These cases all point to some common origin, and concur in showing that the flint
implements hitherto met with have been found in beds holding like positions. The
only exceptions are the discovery by Mr. Evans of a flint implement of the Amiens
type upon the chalk hills of Hertfordshire, 200 feet above the valley, and of one of the
Abbeville type on the chalk hills three miles from Dartford in Kent, by Mr. WHITAKER.
Both these are considerably above the valley and the valley-gravels, and the conditions
are such as do not admit of exact correlation with any of the other cases.

The confusion just alluded to arising from the occurrence, on levels often not far apart,
of gravels and drifts of different ages and different origin, is common through a great part
of England, while also questions connected with the direction of the transporting currents
are obscured in consequence of the materials of the high- and low-level gravels having
been formed in large part out of higher-level hill- and marine gravels. Owing to the

# The flint implement found so many years since in the Gray’s Inn Road still remains, with respect to the
London distriet, a unique and remarkable case. = Several specimens, however, have been found by Mr. Hughes
near Sittingbourne and Faversham, lower down the Thames valley and its tributaries.—Feb. 1864.

+ There. are also in the valley of the Severn low-level gravels.of marine origin. See SrrIcKLAND’S paper in
Geol. Trans. 2nd ser. vol. vi. p. 552-5, and various papers by the Rev. W. 8. Symoxps.
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~absence of the marine pliocene and post-pliocene beds in the North of France, we
there obtain clearer evidence relating to the valley-gravels, as they are free from rock-
fragments and boulders foreign to their own origin and area. From causes to which
we shall presently allude, the whole class of these phenomena is also more marked
and on a larger scale in France than in England, and has attracted more attention
and been more fully investigated. It is sometimes not easy to determine the high-
level gravels in our valleys, whereas in France they are generally on a scale of height
and extent which prevents any doubtful interpretation of their relative position.

Valley of the Somme.—M. Bureux * gives a number of localities at which the beds
he terms Diluvium occur in the valley of the Somme, between Amiens and St. Quentin,
but without going into structural details and levels. Onmy first visit to St. Acheul and
St. Roch I suggested the possibility of the beds at the former placef being a stage
older than the latter. The distance between them being 14 mile, it seemed quite possible
that the difference of level might have arisen from other causes than a further excava-
tion of the valley subsequent to the deposition of the St. Acheul beds, and anterior to
that of the St. Roch beds, but the difficulty of proof was considerable; the existence of
faults, the slope of the ground, or an unequal extent of elevation might have been the
cause of the difference. The point being one of importance in its bearing on the ques-
tion of the age and antiquity of the St. Acheul beds{, I reserved my opinion in the hope
of finding better evidence elsewhere in this valley.

‘At a distance of from one to two miles N.W. from Amiens, and parallel with the river,
is a series of large pits extending past Montiers along the road to Abbeville. The gravel
is on the same level and of the same character as that of St. Roch. Few mammalian
remains, and no shells or flint implements, had been found there up to the period of my
first visit in 1859. As at St. Roch, the gravel abuts against a low chalk hill, and no
fossiliferous gravel had been met with on the hill above. The railway runs just at the
back of the pits, and at a height of some 30 feet above them. In the spring of 1860 I
found a pit just opened immediately above the slope of chalk through which the line
passed, and in such a position that the gravel could be wheeled on a level from this
new pit into the railway trucks in the cutting. In position and level this last deposit is
related to the beds of St. Acheul as the beds in the old pits are to that of St. Roch ;
but here the two beds were in close and determinable proximity. The section from
one to the other is fortunately perfectly clear, and I could detect no fault in the
separating chalk ledge cut through by the railway.

* Esquisse Géologique du département de la Somme, Paris, 1849, and two supplements; and 1862 ; also a
paper by the same author in Mém. de la Soc. ¢’ Emul. d’Abbeville for 1857, p. 561.

+ Phil. Trans. 1860, p. 303. ’

* I have since been enabled to trace, by means of some trial pits near the Amiens railway station, the low-
level gravel with remains of Rhinoceros tichorhinus close up to the base of the hill on the top of which the
St. Acheul gravels extend, forming a section therefore very analogous to that at Montiers, and establishing
directly the relation of the St. Acheul beds to the lower-level gravels, which continue uninterruptedly from the
railway station to St. Roch.—Feb. 1864.
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Fig. 5.—Section on the side of the valley of the Somme at Montiers.
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The gravel at the new ballast-pit is much mixed with chalk débris, and is less regular
in its structure than the gravel at St. Acheul. It contains similar boulders of sand-
stone, and the identity of the two deposits was further confirmed by the discovery in
the upper and more sandy part of the gravel bed of an abundance of land and fresh-
water shells, more numerous as to individuals than at St. Acheul, but of fewer species.

Shells from the new ballast-pit south of the railway at Montiers.

Helizw concinna. Pupa marginata. Ancylus fluviatilis. Pisidium fontinale.
pulchella. Succinea elegans. Limnea palustris. Planorbis spirorbis.
hispida. putris. truncatula. Valvata piscinalis.

I also found a few fragments of bone, but not determinable. Of flint implements I
could discover none, nor have any been yet found by the men. In the lower pits on the
other side of the line the gravel is spread out in great horizontal beds, or rather lenti-
cular masses, and is interstratified with some very sandy beds; the beds vary more in
colour, and no shells have been found. Their thickness amounts to about 25 feet,
whereas the higher gravel (d) is only about 12 to 15 feet thick. In all respects the lower
gravel (c) resembles that of St. Roch. On the occasion of a former visit I had
shown the men a flint implement from St. Acheul, and requested them to look for and
keep any specimens. On my second visit, accompanied by Sir CrARLES LYELL, to whom
1 had mentioned the interest of the section, the men showed us a flint implement which
they had just discovered at a depth of 17 feet from' the surface, and at a point marked
ok in the section*. This specimen is quite white, has dendritic markings, and is of the
simple broad flake type common in the low-level gravel at Mautortt. On my last visit
I obtained five more specimens, all of the narrow flake type known as flint knives, except

* Whilst in the pit we employed a man to work at a heap of the weathered gravel. A small flint knifo
was the result of an hour’s search. + See fig. 2, Plate XII. Phil. Trans. 1860.
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one, which more resembles the St. Acheul spear-head type.
The deep discoloration and curious dendritic markings on these
flints, their form (not upon the neighbouring St. Acheul type,
but upon one before unknown to the men), and their small
number preclude the idea of any collusion or deception, and
substantiates the statement of Dr. RieoLLor, that such imple-
ments have been found in the like gravel at St. Roch*. On
the hill rather higher than the new ballast-pit is another pit,
where the gravel is shallower, contains no organic remains, and
is probably of rather older date.

The more general examination I have made of the Somme
valley, from about six miles above Amiens, to the sea at St.
Valery, a distance of forty-seven miles, has been sufficient to
show the persistence of the same structural features. (Pl V.
fig. 2.) In descending the valley below Amiens, after passing
the gravel-pits of Montiers and Breilly, the chalk hills rise
abruptly from the valley, covered only with more or less loam
or brick-earth, except near Picquigny, where a few gravel pipes
in the escarpment attest the former presence of a high-level
gravel apparently 60 or 80 feet above the valley. On the hill
which projects into the valley between Le Gard and Crouy is
a capping of flint gravel.

At Condé the valley-gravel again occurs, but thence by Fon-
taine and Liercourt the hills present a bare surface of chalk, or
else a capping and skirting of brick-earth only. At Mareuil,
three miles south from Abbeville, and still on the left bank of
the river, we find the gravel, capping, to a thickness of 6 to 8
feet, the hills which rise behind the village to a height of 110
to 180 feet. I could not discover any organic remains or flint
implements}. From this spot to Mautort the chalk hills rise
abruptly from the valley, either bare or more or less covered
by brick-earth, but still showing here and there traces of gravel
pipes, indicating the former existence of gravel beds at about the
level of 80 to 100 feet above the river. Here also, as at other
spots where the hills advance upon the valley, the depth of the
latter seems to be greater, so that all the valley-gravel and Loess
1s covered up and hidden by the recent alluvial deposits which
come close to the foot of the chalk escarpment. (PL V. fig. 1.)

* T have since had the opportunity of confirming the statement of Dr. Riaorzor, the men having

rude but undoubted flint-flakes at this spot (April 1863).

+ M. BoucHER DE EERQEHES has two specimens in his collection labelled as from this i(;cality.
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Four miles lower down, and immediately opposite Menchecourt, are the pits of -
Mautort, described in my former paper. A bed of gravel there occurs on the slope of
the hill at a height of 80 feet* above the river, and lower down another bed forms a
bank on which the village stands. . At a pit belonging to M. DucasTEL, these lower
gravels are very sandy and distinctly bedded, and there is good evidence for believing
that marine shells (Cardium edule and Littorina littorea) occur at their base. I found
no flint implements, but Sir CHARLES LYELL obtained, in the gravel-pit at the further
end of the village, two indisputable specimens of the low-level ovoid form. There is a
patch of high-level gravel near Saigneville, whilst at the mouth of the Somme a con-
siderable width of ochreous flint gravel caps the hills near St. Valery, at a height of
about 100 feet above the sea. I could discover no organic remains in any of the pitst.

The right bank of the Somme, between Amiens and Abbeville, shows a much greater
amount of denudation. The hills are steeper and present generally bare surfaces of
chalk, with more or less brick-earth on their summits and flanks.

Fig. 7.—Section across the valley of the Sonune near Amiens.
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Near Amiens I found nothing to correspond with the opposite St. Acheul high-level
valley-gravel, except some scattered sandstone boulders at Longpré. From this point
to Pont Remyd, the ground requires further examination. Thence to Abbeville the
hills, at a height of from 100 to 150 feet, are capped occasionally by flint gravel, in
which no remains of any sort are met with until we reach the gravel-pits of St. Gilles
and Moulin Quignon, described in my former paper.

In all the foregoing cases the sandy and ochreous subangular flint gravel nowhere
occurs on hills higher than about 150 feet above the level of the Somme, and flint imple-
ments have not been found in beds more than 100 feet above that level ; these gravel beds
range parallel to the Somme, and in no case, except at the embouchure of the river,
extend more than half a mile from the side of the valley.

* There was a discrepancy between my estimated height of the upper pits on the road to Moyenville, near
Mautort, and the measurement obtained for me by M. Bovcuer pE PrrraEs, for which I could not account in
‘1860. A well has been since sunk adjoining the old pit (now filled up), and the water-level in the chalk
reached at a depth of 81 feet. Allowing 5 feet for the fall to the river, the height of the ground at that spot
would be 86 feet.

+ A raised beach containing Cardium edule has been stated to occur at the top of the hill near the old
castle ; but after a careful search I could not find a trace of any such bed. ~Sir Ciarrrs LysLs came independently
to the same conclusion. On a more recent visit there with Mr. Evaxs and Mr. Lussock, we merely found
numbers of weathered valves of recent Cardium edule &c., and fragments of pottery in a black soil—a sort of
Kjokkenmodding. ' _ '

+ M.pE Perraes has a tooth of the Elephas primigenius from this place, but the exact position is not recorded.
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The same features are repeated on a smaller scale in some of the lateral valleys.
Near Amiens, for example, in the tributary valley of the Arve at Boves, four miles from
its junction with the Somme, are large beds of gravel like those of St. Roch, abutting
against the side of the chalk hills on the right bank of the stream. Remains of the
Elephas primigenius, Rhinoceros tichorhinus, Horse, and Deer have been found there,
together, it is reported, with a few flint implements.

At Abbeville the Escardon joins the Somme. At Oneux, eight miles up the valley of
this tributary, a bed of flint gravel was formerly worked, in which, it is said, mammalian
remains and flint implements were met with; whilst at Drucat, on another branch of
this stream, a singular isolated patch of gravel has been found high up on the hills, at
an elevation of about 100 feet above the valley, and 150 feet above the Somme at Ab-
beville. The sand and gravel are of great thickness, owing to their being in a depres-
sion of the chalk, from which they further descend in huge cylindrical holes or pipes to
a depth of more than 100 feet. On the top of the light-coloured sands and gravels are
other beds of reddish gravel and thin brick-earth. In M. BoucHER DE PrrrHES’S collec-
tion there are two flint implements which are said to have come from these upper beds.

The Valley of the Seine.—Another important discovery of flint implements was made
early in 1860, in the valley of the Seine at Paris, by M. Gosse*. The specimens are
ruder and less abundant than those of the Somme valley. They were found in the
pits of the Allée de la Motte Piquet, near the Ecole Militaire, at a depth of 16 feet
in a gravel composed chiefly of subangular tertiary and cretaceous débris about 20 feet
thick, roughly bedded, and containing remains of extinct mammalia. No shells are
recorded. Large blocks of Meuliére, little worn, are dispersed through the gravel. At
this spot, the height of which above the Seine is 36 feet, the relation of the beds to any
of the “higher-level ” quaternary deposits of the neighbourhood of Paris is not seen,
but at the Gare d’Ivry, on the other side of Paris, and at a similar level with regard to
the river, the same bed of gravel, only more sandy and containing more large granite
boulders, is again largely worked. It here abuts against the calcaire grossier, which
forms, immediately behind, the heights of Gentilly, where these tertiary strata come
to the surface and are extensively quarried. Following the plain in a direction at
right angles to the river, some coarse gravels of moderate thickness set in, and are
worked near the Barriere de Vitry, at a height of about 130 feet above the Seine.
Further on a cutting, on the side of the road leading from the Barriére d’Ttalie to
Gentilly, exposes a section described in 1840 by M. DuvaLf and singularly like that
at St. Acheul§. The lower bed is a white sandy gravel of subangular chalk flints

#* (Comptes Rendus, 1860, vol. 1. p. 812. )

+ M. Boucmer pe PrrrEES had in 1847 expressed an opinion that flint implements would be found in these
pits: ‘Antiquités Celtiques et Antédiluviennes,” vol. ii. pp. 123, 494, and 501.

+ Bull. de la Soc. Géol. vol. xi. p. 302, and vol. xiii. p. 297.

§ It is, however, not improbable that the deposits both of Gentilly and Charonne may be older than that of
St. Acheul, although belonging to the series of the high-level valley-gravels.
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mixed with much-worn tertiary débris with a few older rock pebbles, and above which

is a sandy marl. In these beds a considerable number of
land and freshwater shells and mammalian remains were
found. The whole is capped by a variable thickness
of Loess. The slopes of the adjoining higher ground of
Bicétre are bare, with the exception of occasional patches
of Loess.

No freshwater shells have hitherto been recorded from
the low-level valley-gravels of the Seine; but in April 1862 I
found at Sotteville * near Rouen, intercalated in the middle
of thick beds of gravel, about 10 to 20 feet above the
river-level, a seam of marly sand, in which I obtained a
few specimens of the Limnwa peregra and opercula of the
Bythinia tentaculata ; and at Paris I discovered in the hard
concreted gravel of the Petite Rue de Reuilly, and about
30 to 40 feet above the Seine,

Limnea peregra, L. truncatula, Valvate piscinalis, Zua lubrica ;

whilst at Clichy I found, low down in the gravel contain-
ing, I am informed by M. Larrer, the Elephas primigenius
and E. antiquus, three specimens of the Limnwa peregra.
All these specimens are entire and uninjured. In this
latter locality M. LarTET had also recently found a very
perfect ovoid flint implement of the Abbeville type.

In the high-level gravel of Gentilly have been found$—

Pisidium amnicum. Bulimus. Hydrobia.
Valvata piscinalis. Limneea. Heliz.

On the north side of the Seine, thick gravel-beds extend
from the river to the base of the hills, and some distance
up their slopes, as shown at the canal de I'Ourcq and in
the pit in the Petite Rue de Reuilly. As the tertiary
strata again come to the surface a short distance further
on, it is probable that this bed of gravel, like that on the
south of the Seine, abuts or slopes rapidly up against their
escarped edges. At Charonne, about a mile beyond the
last-named pit, and near the Barriére du Tréne, there are
several pits of sand and gravel, containing numerous land
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# M. ’Abbé Cocmrr states that there are in the Museum at Rouen two flint implements of fhe St Acheul

type said to have been found in these pits, op. cit. p. 8.

t Op. cit. p. 297. M. Duvar does not give the specific names in his list. Few specimens are now to be found.
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and freshwater shells together with the remains of mammalia. This deposit is iden-
tical with that at Gentilly*. The section of this part of the valley of the Seine may
therefore be represented as in fig. 8.

M. CuaRLES D’ORBIGNY has traced the high-level gravel of Charonne, with few inter-
ruptions, as far as Joinville five miles east of Paris. It there caps a hill rising abruptly
80 to 100 feet above the river, and contains a large and interesting series of land and
freshwater shells, associated with the remains of the Elephas primigenius and Rhinoceros
tichorhinus. No flint implements are recorded from these gravels.

The same features hold good throughout the course of the Seine and its tributaries.
BroneNIART, in his description of the Paris basin, observes that the drift (Terrain de
transport) occupies two positions—one in the valleys, and another on plains considerably
raised above the actual rivers. He seems to suggest for them different originsy.

Higher up the course of the Seine this structure has been more specially noticed.
M. LevYMERIE, in describing the country traversed by the upper part of this river and its
tributaries, remarks that at the commencement of the valleys there is but little drift
(Diluvium), but that some way down them “the beds of drift (Terrain diluvien) exhibit
a great extension, both horizontally (maximum four leagues), and also in a vertical
direction (maximum sixty metres) above the ordinary level of the valley-waters”||. In
the neighbourhood of Troyes they form a plain eight miles in length and of five miles
average breadth, and attain in places a height of from 120 to 180 feet or even more
above the river, with a thickness of 10 to 12 feet, and contain teeth of Elephant, Deer,
Horse, &c. At Nogent there is another expanse of gravel 10 feet thick, and 200 feet
above the river. In the tributary valley of the Aube, M. LEYMERIE describes at Brienne
a similar expanse of gravel five leagues long by three broad, and 130 feet above the
river 9.

Of the lower part of the valley of the Seine we possess but few details**. The plain
through which the river winds is covered irregularly with a coarse sandy gravel, abound-
ing especially in large blocks of Meuliére, Calcaire grossier, and of other tertiary rocks;

#. M. Cuarres p’Orreny in Bull. de la Soe. Géol. 2° sér. vol. xii. p. 1295 (1855). The pit he described is
now filled up, but several others are open beyond the outer Boulevards. My sections are taken from these.

+ One of the best plans of valley-gravels, well and carefully worked out, that I have seen, is the one
executed by M. TrieEr for the Department of the Sarthe. The river Sarthe, which flows through palaozoic
rocks, has a gravel abounding with blocks of granite &ec., whilst the Huisne, which joins the former river at Le
Mans, eontains nothing but tertiary débris. The extent of these old alluvia are well shown on this fine
map.

1 For a list of these and a description of the section, see Bull. de la Soc. Géol. 2¢ sér. vol. xvii. p. 66 (1859).
(I have recently had reason to believe that these fossils may be from old pits on a lower level than those now
worked. Owing to this uncertainty I omit the list of fossils I had at first given.—March 1864.)

§ Déscription Géol. des Environs de Paris, édit. 1835, pp. 118 & 569.

| Statistique Géol. et Minér. du dép. de I’Aube, p- 99 (1846). M. Cutment Murrer had also remarked that
at Fresnoy a gravel from 22 to 26 feet thick occurred at a height of 100 to 130 feet above the river; and a like
arrangement exists at Pougy in the valley of the Aube. Bull. de la Soc. Géol. de France, vol. xii. p. 116.

€. Ihid. pp. 88, 90 to 92, 94. - **% GSee Dr SexarMoNT’s ¢ Déscrip. Géol. du dépt. de Seine et Oise.”
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and I found gravel rising to a height of about 100 feet at Mantes, of 140 feet at Pont
de I’Arche, and of above 100 feet near Rouen.

In the valley of the Yonne the gravel attains a height of 66 feet at Pontaubert*; but
exact particulars are wanting of the terrace-gravels in this valley. Of the valley of the
Marne, M. MicHELIN| observes that “on the heights around St.-Menehould there is
a gravel containing the remains of the Elephant, Horse, and some other mammalia.”
M. CorNvUEL states that the same valley higher up and that of the Blaise are covered
with an oolitic gravel containing some remains of the Elephant, and names two small
hills (buttes) near St. Dizier, and two near Vassy, which are capped by a similar gravel .

Valley of the Oise.—In this large tributary valley of the Seine, M. bk VERNEUIL{ has
reported the discovery', at Précy near Creil, of a flint implement in beds of gravel contain-
ing the remains of the Elephant, Deer, &c. In this instance the specimen was not
found 4n sitw, but was picked up amongst the gravel thrown on the adjacent line of
railway. In April 1861 Sir CuarLEs Lyern and I visited the ballast-pit whence the
gravel was extracted. It is situated half a mile north from the Précy station, is about
25 feet above the river, and presents a fine section of light-coloured subangular gravel,
roughly stratified, 12 to 15 feet thick, and overlain by 6 to 10 feet of Loess. Some -
beds of the gravel are very coarse, and amongst the flint and tertiary débris are frag-
ments from the oolitic strata and older rocks. The valley at this spot is about half a
mile wide, and the hills on either side rise to a height of from 150 to 250 feet above
the valley. In going over this ground some years since with the deeply lamented
Epwarp ForsEes, we found the rocks almost everywhere bare of drift, but I have a
recollection of having met with traces of gravel with old-rock pebbles on a hill about
80 feet high on the right bank of the river between Auvers and Beaumont. M. GRAVES,
in speaking of the drift (Diluvium des vallées) of the Oise, observes that * it ascends the
slope of the hills to some height” .... “some incontestable traces of it are sometimes
found on surfaces of high platforms” ||, but he gives no exact position or levels.

M. D’ARCHIAC, in describing the valley of the Aisne, the upper portions of the valley
of the Oise, and their tributaries, states that the gravel (dépot de cailloux roulés,
avec des blocs erratiques et des ossements nombreux des grands mammiféres) *occu-
pies the floor of the principal valleys, rises sometimes up their sides to a certain height,
but very rarely extends over the adjacent high-ground plateau”9. Further on he
mentions that between Menneville and Neufchatel (valley of the Aisne) the gravel rises
65 feet above the river, and is about 16 feet thick, that between Voyenne and Marle
(valley of the Serre) it is more than 130 feet** above the river—whilst at Guise (valley
of the Oise) it rises 184 feet above the river, is 16 feet thick, and extends 1} mile

* Bull. de la Soc. Géol. 2¢ sér. vol. ii. p. 683 (1845). t Ibid. vol. vii. p. 83 (1836).

T Mén. de la Soc. Géol. de France, vol. iv. p. 270 (1841).

§ Bull. de la Soc. Géol. de France, 2¢ sér. vol. xvii. p. 555.

| Topographie Géognostique du dépt. de 'Oise, pp. 529, 530 (1847).

€ Mém. de la Soc. Géol. de France, vol. v. p. 188 (1842). *% Tnglish feet are always given.
MDCCCLXIV. 20
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from the river*. Respecting the upper part of these valleys, MM. SauvaGE and Buvie-
NIER remark that beds of sand and gravel cover the hills which border the valleys, at
levels far above the present riverst; and M. BuvieNIER has described beds of gravel 4 to
6 feet thick, with remains of Elephants and other animals, at heights of from 100 to 130
feet above the Aire, and 160 to 200 feet above the Chée, the Ornain, and the Saulx.

It is therefore certain that at points more or less distant along the course of all the
rivers in the South of England and the North of France§, detached and isolated beds of
sand and gravel occur on terraces, or on the top or shoulders of the low hills or plat-
forms bordering the valleys, at various and often considerable heights above the present
river-levels. Another and more continuous stream of gravel stretches along the bottom
of the valleys. Beds of Loess cover both gravels irrespectively, and extend beyond them.
It is in these deposits only (caves excepted) that the flint implements have hitherto been
found. ‘

§ 3. HIGH- AND LOW-LEVEL VALLEY-GRAVELS.

From the constancy of the phenomena described, we may arrive at a general pro-
position which can be expressed by the following diagram (fig. 9) and terms:—

Fig. 9.
_ﬁ,,,mm___-..-ﬁ~__.n___.._-_«_-A-h__“_,___éﬂ..___,__. _______ - e N S
M --—v‘-————-———~—""“‘-—ch:::::==~—-=-—»-::1 CIEmmoamEREII oS- //
A
// //// // g, ////////%Ml/@/zay//y/ﬂ 777777 / /
General section of the ground. e. Non-fossiliferous drift on the slopes and base of
D. Major valley of denudation anterior to the the major valley D.
excavation of the valley C. . High-level valley deposits th T
- C. Minor valley of river-excavation. ¢. Low-level valley deposits with or without fossils.
A. Present river-channel. a. Recent alluvium.

This diagram represents the conditions of the case on the supposition that all the parts
are complete. But this rarely happens. The gravel along the base of the major valley (D)
is spread out or contracted according to the width, depth, and shape of its channel. If
the secondary valley C should extend on either side beyond the limit of the beds ¢ or d
deposited along that first depression, the section would be represented by diagram fig. 10,
where, as at Amiens, the hills on one side are completely denuded, whilst on the other
side a portion of d remains. Or it might happen, as is the case in many parts of the
valley between Amiens and Abbeville, also in the valley of the Oise near Creil, again in
the valley of the Seine near Paris, and commonly elsewhere, that the width of C exceeds
that of the first-formed channel characterized by the drift ¢ and d, in which case the
river-valley would pass through bare hills denuded of all traces of ¢ and d, as in the

* Mém. de la Soc. Géol. de France, vol. v. pp. 190, 193 (1842).

T Statistique Minér. et Géol. du dépt. des Ardennes, p. 58 (1842).

1 Géologie du dépt. de la Meuse, pp. 95, 96 (1852).

§ T restrict my remarks to this area ; but the fact has a much wider application.
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Fig. 10.

diagrakm fig. 11.  Or the various gravels may also have been wanting originally, as there
must have been parts of the old river-bed always left bare.

Fig. 11.
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It is therefore not essential to the case that the high-level valley-gravels d should be
permanent or continuous in the direction of their length. 'We have seen that they are
generally found at heights above the river of from 50 to 1560 feet, though occasionally
more or less. The low-level gravels, on the contrary, often have even their upper ter-
races so little above the level of present inundations that they might be attributed to
such recent causes. The coincidence, however, arises from merely local conditions, and
we can hardly apply to them a different rule, the more especially as, although the level
of the terraces may be at places so low as to merge in the gravel at the bottom of the
valley, still they even then form a breadth and mass of deposit which indicate a very
different power to that now in operation in the existing rivers.

That the formation of the higher terraces can be owing to the action of the present
rivers is clearly impossible under existing conditions; for they are far above the level
reached by the rivers at the highest floods.

Taking the mean depth of the Waveney near Hoxne at 3 feet and its width at 33 feet,
whilst the depth of the valley between the two gravel terraces is about 40 feet and the
width 2000 feet, the sectional area of the former will be 100 square feet nearly, whereas
the latter will be represented by about 80,000 feet—in round numbers as 1:800. The
Ouse at Bedford has an average depth of 5 feet and a width of 200 feet, or a sectional
area of 1000 feet. The valley at the same point gives us about 12,000 feet—or as.
1:600. The rise of these rivers above their ordinary level never exceeds a few feet.
Very little is known of the discharge of either river during floods *.

If we take the Somme at Amiens at 4 X 200, the sectional area is 800 feet, whereas
the valley at the level of the St. Acheul gravel gives 80 % 5000, equal to a sectional area
of 400,000, or as 1:500. The floods of the Somme rarely exceed 5 feet above its mean
level. Taking the Seine at Paris at a mean width of 600 feet and a depth of 4 feet, the
sectional area is 2400 feet. The valley between the heights of Gentilly and of Charonne

# The numbers in this and the next paragraph are only approximately correct; exact data are wanting.
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has a depth of 120 feet; and taking as a mean a width of 8000 feet, we have a sectional
area of 960,000 feet, or as 1:400. The greatest flood of the Seine on record is that of
the year 1658, when it rose to a height of 29 feet. Even in this case a flood of nearly
60 times that magnitude would be required merely to fill the valley to the level of the
high-level gravels, without taking into consideration the more rapid discharge. But
neither in this nor in the other cases of modern times, are we aware of an increase
in the volume of water, during floods in these regions, to many times the ordinary
mean average, whereas we see that in a case such as is presented at Amiens a flood
having a volume five hundred times that mean would be required to reach the beds of
St. Acheul.

This I conceive is sufficient to prove that the high-level valley gravels cannot be
ascribed to floods of the present rivers, as has been, even of late, suggested. The only
means adequate to fill, under existing conditions, the river-valleys of the Waveney, the
Ouse, the Somme, and still more of the Seine, would be the ingress of the sea; but such a
supposition is at once refuted by the fact of the prevalence of land and freshwater
shells in both the high- and low-level gravels, and the absence of marine remains unless
immediately adjacent to the present coast. If therefore neither the supposition of river-
floods, nor of a different relative level of land and sea allowing the latter to penetrate
up the valleys, be admissible, how far are the facts in accordance with the hypothesis
of these deposits being the alluvia of old rivers, and the valleys their excavated channels?

Let us in the first instance trace the direction whence the materials have come.

- The valley of the Waveney traverses a district formed of Boulder Clay, with under-
lying sands and shingle, reposing on Chalk, which latter comes to the surface in
the upper part of the river’s course, and is just visible at Scole.. There is little in
the valley-gravels to indicate a distant origin, as most of the débris composing them
might generally have been derived from the surrounding hills. The only material in
excess is the mass of subangular flint-fragments, derived probably in part from the
more distant chalk area. Although not quite conclusive, still the evidence affords fair
presumptive proof of the’transport of the gravel from the watershed of the Waveney to
the sea along the breadth of surface indicated by the valley-gravels (see Map, Plate I'V.).

A nearly similar uniformity exists in the case of the valley of the Ouse, which traverses
a district of Boulder Clay overlying various members of the oolitic series. It is not,
however, easy to determine in what proportion and to what distances the different
materials composing the gravel of the valley of the Ouse have been transported from
their parent rocks. They exhibit, as in the case of the Waveney, a local origin in con-
nexion with the existing valley. All the materials found in the gravels can be referred
to rocks or to older drift deposits traversed by these Valleys and their tributaries, and
in no instance do we find the introduction directly of any foreign element. Thus,
besides the flint débris derived from the chalk in the valley of the Waveney, and the
oolitic limestone and sandstone débris derived from the Oolitic series in the valley of
the Ouse, all the superadded pebbles and boulders of the older rocks, as well as a
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certain proportion of the chalk-flints found in the gravels of both valleys, can be traced
to the adjacent Boulder Clay.

I have noticed the same facts in almost all the river-valleys of the South-east of
England where the valley passes through belts of different formations, as, for example,
the occurrence of Wealden and Greensand débris on the chalk hills in the valley of the
Medway, between Maidstone and Rochester; and in the same manner the occurrence of
Purbeck and Greensand débris on terraces in the valley of the Wiley between Wilton
and Salisbury. Traces of Greensand and Oolitic débris are to be detected in the valley
of the Thames, also mixed with débris of the Boulder Clay.

With reference to the French area, the phenomena have been well studied by many
French geologists*, to whose works, before cited, I beg leave to refer for fuller parti-
culars than I can here introduce. I will say a few words, however, of the valleys of the
Somme, the Oise, and the Seine,—more especially of such parts as I have myself visited.

The Somme flows through a chalk district with a few tertiary outliers, while the
tributary valley of the Arve penetrates to the main body of the tertiaries. At St. Acheul
the quantity of sandstone blocks and pebbles, and of flint pebbles, derived from tertiary
strata, is very considerable, and the presence of specimens of Nummularia levigata and
of the Venericardia planicosta shows the upland direction of their origin, as no beds
containing these fossils exist below Amiens. In the several patches of high-level
gravels (chiefly of subangular chalk-flints) between Amiens and Abbeville, tertiary débris
continue to be found, and at Moulin Quignon sandstone-fragments of a large size are
still numerous, although they are fewer and smaller than at St. Acheul?.

The occurrence of rolled fragments and boulders of granite and other old rocks in the
valley of the Seine at Paris, is a fact which has long been well known. The presence
of similar materials of distant origin has also been proved to hold good in the higher-
level gravels of Gentilly and Charonne. M. DuvaL described the section at the first-
named place (which applies to the other), as consisting of sands passing downwards into
a gravel composed of pebbles and fragments of cretaceous and tertiary rocks, together with
others of porphyry, and “a prodigious quantity of grains and pebbles of red granite ",
some of which weighed from eleven to thirty-four pounds. Land and freshwater shells
and small reptilian bones were common, with some bones of the large mammalia.

The valley-gravels at Frénoy, Nogent-sur-Seine, and Troyes consist chiefly of oolitic

# The case is very clearly put by M. ’Arcarac in his admirable work the ¢ Histoire du Progrés de la Gédo-
logie,” vol. ii. p. 139, where he observes, ¢ On reconnaitra que les matériaux des dépéts meubles sont distribués
-ou répartis exclusivement soit sur les flancs de certaines gibbosités principales et dans les vallées qui y pren-
nent naissance, soit dans de larges dépressions ou bassins hydrographiques qui ne sont limités & leur pourtour
par aucun relief bien prononcé. Dans I’un ni dans Pautre cas il n’y a mélange des matériaux transportés.” . ..
. .. “Cette distribution nous démontrera que ’orographie générale était au commencement de la période diluvienne
A trés peu prés ce quelle est aujourd’hui, et nous reconnaitrons que les lignes de partage entre certains bassins
hydrographiques et dont 1’élévation devait étre bien faible alors ont pu cependant restreindre les effets du phé-
noméne erratique aux mémes limites que les eaux qui se rendent actuellement dans chacun d’eux.” He excepts
Great Britain and the North of Europe from the exhibition of these conditions.

+ See sect. figs. 3, 5, 6 in Phil, Trans. for 1860, pp. 287-290. I Op. cit. p. 304,
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pebbles*. At none of these places is there any admixture of old-rock pebbles. These
latter all come into the valley of the Seine through its tributary valley of the Yonne,
which, with that of the Cure, originate in the Morvan—a district consisting of granitic,
porphyritic, and slate rocks, forming ranges of hills from 800 to 1200 feet high.

The valley of the Aube, which joins that of the Seine between Nogent and Troyes,
contains only oolitic and cretaceous débris; so also, judging from the incidental notices
of M. CorNUEL, the upper parts of the valley of the Marne and its tributaries. These
valleys traverse Cretaceous and Jurassic formations only (see Map, Plate IV.).

Speaking of the gravel of the valley of the Oise, M. D’ArcHIAC remarks that it ¢ is
composed of the débris of tertiary, secondary, and transition rocks, always rolled, and
that the characters of the deposit vary according to the region from which its con-
stituent elements have been brought, and consequently according to the valleys where
these are found”+. The slate rocks of the Ardennes, from which the Oise flows, form a
range of hills on the frontiers of Belgium, from 1400 to 1600 feet high.

The next feature we have to notice in the high-level valley-gravels is the presence of
large boulders, and the irregularity, confusion, and general want of stratification of the
beds, which are, further, frequently contorted.

In the valley of the Waveney there are no hard rocks to furnish boulders; the few
therefore that are found are derived from the Boulder Clay; but very large masses of
flint with sharp and intact angles are common. In the valley of the Lark the features
are precisely analogous. At Flempton we found, mixed up in the flint gravel, large
blocks of half a ton weight of basalt and hard sandstones derived from the Boulder Clay.
At Biddenham in the valley of the Ouse the lower part of the gravel is full of small
blocks of oolitic limestones and sandstones very little worn, and there are none of a
large size. In the valley of the Thames, boulders of large size are rare; I have not met
with ten in the course of as many years.

In the valley of the Aire, M. SAUvVAGE and BuvieNIER remark that the gravel capping
the hills has an irregular surface and is waved (ondulé). In the valleys of the Seine
and Aube, M. LeyMERIE describes the base of the gravel capping the hills at Frénoy as
irregular, and at Troyes as containing blocks and angular pieces of shelly neocomian
strata, together with a few unworn flints. At Brienne the gravel also wants regularity.
In the valley of the Oise at Guise, M. D’ARcHIAC states that this gravel contains some
fragments of quartz “the size of the fist,” and that it is *“without distinct stratifica-
tion”f. In the valley of the Seine, M. CuaRLES D’ORBIGNY, in speaking of the lower
bed of the gravel at Joinville, remarks that it forms “a tumultuous deposit, at the base
of which are found large erratic blocks{. One mass of tertiary sandstone (B, fig. 12)
measured by us was 8% feet long by 3 feet 4 inches thick, and was on the top of
the light-coloured lower gravel (diluvium gris), or rather at the base of the red gravel
(diluvium rouge).

# LEYMERIE, op. cit. p. 92.
+ Mém. de la Soc. Géol. de France, vol. v. p. 188; and Gravis, op. cit. pp. 535, 542,
+ Thid. p. 193. § Op. cit. p. 68.
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A pit near the Barriére de Vincennes (fig. 13) Fig. 12.
afforded me an excellent example of contorted 7777 .. .
bedding.

In the valley of the Somme this class of phe-
nomena is particularly well marked and decisive.
I know of no place where they are better shown .
than in the pits at St. Acheul (figs. 14,15). The
two following sections taken from my former *I272:
paper will illustrate these peculiarities. There ¢ Surfac

are two p oints to be noted,—the one the pre- b. R.ed argillaceous gravel ( d‘guvmm rouge).
¢. Light-coloured sandy fossiliferous gravel.
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a. Surface soil and made ground. d. Sand and fine gravel with a few shells, 8 to 4 feet.
b, ¢. Loam and red gravel, 2% feet.  ¢. Coarse light-coloured gravel, with mammalian remains, 5 to 8 feet.

Sections in the gravel-pits of St. Acheul.

Fig. 15.

a, b. Soil and brick-earth and subordinate beds of gravel—with Gallo-Roman graves, «'.
/. Whitish marly sands with land and freshwater shells, containing here and there a few patches of gravel

and blocks of sandstone, and showing in places fine lamination.
¢. Subangular gravel, in places level, and in other places disturbed, containing numerous blocks of sandstone,

and large flints not worn : flint implements, mammalian remains, and a few shells.

sence of large blocks of sandstone, some weighing as much as four to five tons, dispersed
irregularly through the lower bed of gravel,—and the other the disturbed and con-
torted condition of the surface of that gravel, and of the bed of sand overlying it.
These two features are perfectly independent. Itis not the presence of the blocks which
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gives rise to the heaping of the gravel, nor are the depressions in its surface marked by
the presence of any such interfering masses; yet the disturbance has been from above,
and sometimes before the deposition of the brick-earth ; for the upper part of the gravel
(¢) and the overlying sand-bed (¢') are often affected independently, without there being
any corresponding disturbances in the lower gravel or overlying brick-earth. The irre-
gularities in the bedding of the gravel do not depend upon the presence of blocks, which
occur in all levels through it; and the lamination of the marly sand (¢) is continued
through the curved planes of contortion in a manner and at angles which such a sedi-
mentary bed could never have assumed in process of deposition by the mere action of
water. The tertiary blocks come from a distance of twenty to forty miles above Amiens.

Low-level Valley-Gravels.—It may not be possible to draw an exact line of demarca-
tion between those gravels which I have designated as the high-level valley-gravels and
these low-level gravels. They are the extremes of a series, marking a long period of
time and probably formed under analogous but not identical conditions. The higher-
level terraces are generally, however, so distinct, so broad, and so clearly separated from
the low-level gravels, by bare slopes of the underlying rock formations, that, although
they may differ amongst themselves to the extent of several feet, the space between the
two groups is usually sufficiently distinct to make it not difficult to refer each bed to its
right relative position. In places there are passage beds following the more gentle
slopes, and at other places there are intermediate terraces, though commonly of little
importance and trifling width. The broad distinction consists in the one being on hills
of various heights flanking the valley, while the other occupies the immediate river-
valley, always following its main channel and constantly rising on its sides to the height
of several feet, and, where the valley is broad, forming low terrace platforms on its sides.
Unlike the high-level gravels, of which the interrupted and local occurrence, compa-
rative isolation, and unequal levels render the course and connexion indistinct, these
low-level gravels, from their general continuity and their slight difference in level, leave
us in no doubt as to their relation to the existing valleys.

The main points of difference to note are the greater thickness of the low-level gravels,
their more uniform bedding, the more common presence of beds of sand and fine gravel
with oblique lamination, and the absence generally of contorted strata. When we speak
of bedding or stratification in these deposits, it is not continuous and persistent seams
that we refer to, but to the greater or lesser extension of lenticular masses of sands and
gravel of various thickness, which gives to a small section the appearance of bedding ; but
none of the beds are persistent. Large blocks are often common in these lower gravels.
They are generally more worn than in the upper gravels, and the question arises to what
extent they may be derived from the former. A great number occur in the lower
gravels of the valley of the Somme, though they are not so numerous as in the upper
gravels. In the valley of the Seine, on the contrary, they are extremely numerous in
the lower gravels at the Gare d’Ivry, at Grenelle, and in various pits between Paris and
Rouen. In the valley of the Thames I know of but very few. On the whole these
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lower gravels have a more washed, sorted, and worn character than the upper gravels,
although there is in these also a certain proportion of angular materials.

As the various Eocene, Miocene, or Pliocene strata spread over the South of England
and North of France prove that, at some comparatively late geological period, the sea or
large lakes extended over that area, it follows as an almost necessary consequence, that,
when the land rose from beneath those seas or those lakes, a mass of débris, in quantity
and length of transport proportionate to the greater or less rate of elevation and the
depth of the superincumbent waters, must have been spread over the bottom of the
channels along which the water flowed off; and assuming the rise to have been tolerably
uniform over considerable districts, the course of the currents would be influenced by the
form the land assumed during its emergence, or in fact by the present watersheds, which
either result from or else bore part in that operation. In either case the ultimate effect,
so far as our position is concerned, would be the same. That this must have been a
vere causa to a certain extent is manifest, inasmuch as that which was sea or lake is
now dry land; and although it will not explain the origin of all the high-level gravels,
there is a certain proportion of these beds which may nevertheless have this older and
independent origin*: it is to be distinguished by rising higher up the hills, and not
being restricted to so definite a level as some of the other beds. Ihave reason to believe
that some of the gravels in the South of England and the higher levels of the Somme
valley may be of this age,—such as those above Epagnette, and the higher levels of
those above Breilly and Montiers. In proof of the existence of some gravels older than
those of St. Acheul and yet belonging to the Somme valley, I would mention the not
uncommon occurrence at that place of subangular flints, with a deep brown staining,
imbedded in layers of perfectly white gravel. As this discoloration can only arise from
the flint having been imbedded at some time in an ochreous or ferruginous matrix, I
infer that such specimens are derived from beds of gravel of that character, and older at
all events than the St. Acheul gravels. As a proof of their staining being clearly
unconnected with any colouring-matter of the existing matrix and being of older origin,
I noticed that they have all had a second rolling, and that where their first angles have
been worn off and the outer brown coat removed, the eroded surfaces often show, first
an original white crust, and then the black core of the flint, without any change of
colour on these fresher surfaces due to their present position.

The theories that have been formed to account for the entire series of these valley-
gravels by the bursting of lakes, by the sudden melting of the glaciers and snow of
mountain-regions, or by the transitory passage of any body of water over the land, are
open to objection, because the débris would have been swept along in fewer and more
definite directions, or would have held its course more irrespective of the existing water-
sheds, and would have shown an amount of wear in all cases proportionate to the dis-
tance travelled. Not only is this not the case, but the condition of the fragile shells

# Another portion of the high-level gravels must have been formed before the country became inhabited,
and would therefore also be unfossiliferous.

MDCCCLXIV, 2p
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shows the Testacea to have generallylived on the spot; and the sharp and entire state of the
greater part of the fossil bones shows that they have rarely been rolled far or subjected
to much violence*. The deposits we have noticed might be, it is true, lake deposits so
far as these organic remains are concerned ; but the continuity and the distant transport
of the gravel, and its uniform relative wear, point to water with a course, in each case, in
one direction of commensurate length; while the absence of the remains of any inde-
pendent basins, depressions, or barriers in the high-level valley, referable to old lakes,
indicate that even the oldest beds are due rather to early river-action—the rivers, how-
ever, having been necessarily broader at some places than at others,

§ 4. THE BRICK-EARTH OR LOESS.

All the valleys of the South-east of England contain brick-earth forming banks on
their sides and often beds at various heights on their slopes. This is particularly appa-
rent in the valleys of the Stour, the Medway, and the Thames. In France it is seen on a
larger scale in the valleys of the Somme and the Seine and of their tributaries. This
deposit contains occasionally some land-, and rarely a few freshwater shells, and it is in
almost every respect identical with the Loess of the valley of the Rhine. This well-known
formation has been described as an independent deposit by various geologists, amongst
others by Sir CHARLES LyELLY, who concluded that it was a fluviatile silt deposited by
that river after its hydrographical basin had acquired very nearly its present outline of
hill and valley; and he explained the height (near Basle 1200 feet above the sea) to
which it rises above the valley by supposing a filling up of the main and lateral valleys
by river silt during a period of subsidence, and a re-excavation in part during a subse-
quent upheaval. Inmany respects the analogy established by this distinguished authority
between this ancient river-deposit and that of the plain of the Mississippi, and his argu-
ment in favour of its fluviatile character, are satisfactory and conclusive.

The difficulty I have felt in applying this hypothesis in its entirety to certain valleys
in the South of England, and more especially to the valleys of the Somme and the
Seine, has been the great height to which the Loess rises above the levels of these
rivers, and the impossibility, for reasons assigned at p. 265, of admitting such a deposition
of silt to have taken place since their present basins had been formed; nor would it be
easy to conceive pre-existing depressions, of the depth we shall have to speak of, to have
been filled up without an influx of the sea further inland than at present, and a conversion
of the river-valleys into narrow estuaries far beyond existing tidal influences. But the
evidence is rather in a contrary direction. The quaternary deposits adjoining the
estuary of the Thames show conditions more purely freshwater than those which now
obtain in the adjoining waters. The Loess at Menchecourt contains no trace of marine
organisms; and in the valley of the Seine we have recently found freshwater shells in the
low-level valley-gravels of Rouen. At the same time a subsidence so regulated as to be

# There are, however, a sufficient number of rolled fragments to show wear in river-shingle.
+ Manual of Elem. Geol., 5th edit. p. 122-5. By some it has been considered a glacier mud.,
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exactly proportioned to the accumulation of river sediment and to keep out the sea is
very difficult to imagine, and is certainly not supportied by the facts.

What I propose to show is, on the contrary, that the brick-earth is intimately associ-
ated with all the valley-gravels and is contemporaneous with and dependent upon them
from the beginning to the end of the series, the higher deposits having been formed
before the excavation of the valleys, and those on the lower terraces being of later date.

I have said that in the valley of the Somme the high-level gravels rise to the height
of 100 feet above the river; and from some recent observations I conclude that there are
some beds which attain a height of 150 feet. Now, if we take this latter level as having
been the floor of the valley through which the river flowed at the period when these
gravels were deposited, we shall find the Loess still extending to about 60 or 80 feet
above such a plane. At the same time we know that the greater portion of it is accu-
mulated in irregular masses on the slopes of the hills at a still lower level, where it
either reposes immediately upon the chalk substratum or else covers the low-level
gravels. Inthe adjoining valley of La Bresle I found traces of the higher gravels 40 feet
above the river, and the Loess, with Pupa &c., rising to 110 feet above this level.
In the valley of the Oise, near Creil, I noticed traces of gravel on hills 65 feet above
the river, whilst the Loess rises to a height of 115 feet. In the valley of the Seine I
observed the high-level gravel at the Pont de I’Arche rising 140 feet above that river,
and again the Loess 60 feet higher. In the neighbourhood of Mantes and of Rouen
we found analogous phenomena. The great height to which the Loess rises in the
neighbourhood of Paris has often been remarked upon by the French geologists, and
its occurrence on the hills above Meudon has long presented a difficulty*. Its height
there is about 320 feet measured by an aneroid barometer. It is perfectly well
developed, is several feet thick, contains a few land shells, and presents all the cha-
racters of the same material on the lower levels. M. CHARLES D’ORBIGNY has shown
me the Loess rising up to the top of the hill above Ivry, and between the fort and
Villejuif. It there attains a height of 305 feet above the river. These levels give a
height above the high-level gravels of 150 to 200 feet, for at the Butte-aux-Cailles these
are not more than 130 feet above the river; but some gravels I observed on a hill-terrace
near Mont Valérien may be as much as 150 to 160 feet above the Seine. Further search
may also show the existence of higher beds; or such beds may have been denuded.

However much, in fact, the Loess may extend beyond the limits of the present river-
valleys, it is always bounded by higher hills flanking the plains and the lower ranges.
Thus, though it spreads over the low plains and hills of Belgium, it does not rise more
than two-thirds up the flanks of Mont St. Pierre at Maestricht. In Kent it extends
far up the slopes of the hills flanking the river-valleys, but it is in all cases bounded

# This outlier of Loess has been represented as capping those hills. This would greatly increase the
difficulty of connecting it with any old river-action, as it would extend the river boundaries to a compara-
tively indefinite distance. Such, however, is not the case. High as it is, it is still at least 100 feet below the
summit of the hill. '

2pr2
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by the higher chalk hills*. So again in the valley of the Somme, both the flanks of
the valleys and the lower hills adjoining the valley are covered, but the higher water-
sheds between the different valleys are free from it. A general section across the
Somme valley may be represented thus (fig. 16).

Fig. 16.—Theoretical section across the valley of the Somme.

A. River. a. Recent alluvium. b, o', b'!. Loess on different levels and of different ages.

¢. Low-level gravels. d. High-level gravels.

The Loess is therefore, like the high- and low-level valley-gravels, connected with
existing river-valleys, although the connexion is, owing to its irregularity and wider
extension, not so apparent; and it becomes a question whether they may be related to
the same common cause, presenting two phases connected with temporary changed condi-
tions. In the first place, such organic remains as are found in the Loess are all common
to the fluviatile gravels; but in the latter they are coordinate with a fauna of a more
freshwater character. Thus there exists in the lower marl, gravels, and sands at Men-
checourt the same species of Heliz:, Pupa, and Clausilia as occur in the overlying Loess.
In the former, however, they are intermingled with Limnwa, Bythinia, Planorbis, and
other freshwater shells, whereas in the Loess these shells are the exception (see p. 285).
With the shells in the Loess are also associated the remains of the same species of
Elephant, Horse, Deer, &c. as are found in the underlying series.

It is well known that in all rivers subject to floods and carrying down much sediment,
as, for example, the Severn in its lower course, three forms of sediment will be de-
posited: 1st, coarse gravel and shingle in the more direct channel through which
the waters flow with the greatest velocity; 2nd, sand and fine gravel in those portions
of the more direct channel where the velocity of the stream is checked from any cause;
and 3rd, fine silt and sediment in those parts where the flood-waters out of the direct
channel remain for a time in a state of comparative repose; such places are the lee-
side of the hills, lateral valleys, and plains, and any local depressions or hollows: none
or little would accumulate in the main channel, as the scour of the retiring waters
would there prevent its deposition.

In like manner I conceive the Loess to be the result of river-floods commencing
at the period of the highest valley-gravelst, and continued down to the end of that

* In the valley of the Thames the Toess covers the low-level gravels in thick masses, but is very scantily
spread over any part of the high-level gravels, and is rarely to be traced much above them.—March 1864.

t The Loess may have begun to form even before the fossiliferous high-level gravels, and therefore pro-
bably when the floor of the original valley was yet higher than these beds indicate.
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of the lowest valley-gravel ; that the higher beds () were formed at the time the higher-
level gravels were being accumulated in the bed of the old river; the beds (¢') after
the gravel (d) was left dry; whilst the lower beds (#") result from inundations of the
river after the excavation of the valley C, and when the higher levels were beyond the
reach of floods. The same characters prevail throughout all the levels, except that the
lower masses usually contain more shells, and show more distinct traces of bedding and
lamination. That the deposit of Loess was out of the reach of the ordinary current of
the river is evident from the circumstance of its containing no rolled pebbles or fluviatile
shells—except a few of either sometimes swept in from the ordinary river-channel, and
serving to show the connexion of the two deposits,—from the uniformity of its compo-
sition, and from the local nature and angularity of its débris. It presents precisely
those characters which would result from fine deposition from turbid waters, with the
occasional presence of a few angular fragments of the adjacent rocks. As the waters
subsided, this silt would be left in sheltered positions, would be added to from year to
year, until, as the river wore a deeper channel, the first-formed sediment would be left
permanently dry, only to be disturbed by meteorological agencies, which would from
time to time carry down portions of it into the river, now at a lower level, there to be
re-deposited at such lower levels.

Another proof of its limited extent and of its not having at any time filled the valleys,
is that in the lower levels, when it abuts against the hill-sides, it always slopes up
towards the hill, following in fact nearly the present shape of the ground, and does
not form horizontal beds cut off and truncated in the way which so generally occurs
with the higher-level gravels, or when sedimentary strata have been excavated.

On this view of the subject the difficulty otherwise experienced in conceiving floods
of a magnitude such that the waters would rise to the brim of these deep valleys, or in
supposing these valleys to be filled up with silt and afterwards re-excavated, is avoided,
for it would reduce the rise to be accounted for to limits more compatible with our
experience of certain existing rivers. Tt is possible also that variations in the extent of
elevation of the land may even cause the difference often to appear greater than it is.

There is one seeming difficulty to this hypothesis, which must occur to every field
geologist: it is, the apparently distinct separation of the Loess and the underlying
gravels wherever they occur in association. But a close examination will sometimes
show thin seams of loam, not to be distinguished from the Loess, intercalated in the
gravels, especially in the higher levels, though as a rule the masses of this material
invariably overlie the gravels. The explanation of this fact is, I apprehend, to be found
in the circumstance that it is only when the shingle or gravel ceased to be deposited,
owing to the changes in the level or course of the river, that the Loess could accumulate.
So long as the place was in the direct line and on the level of the stream, and subject
to its scouring action, no such deposit could take place. Consequently, so long as the
bed of the old river was on the level of d, diag. fig. 17, so long would the accumulation
of the Loess from the rise of the flood-waters to o be restricted to 5. When the valley
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became deepened to ¢, the gravels d, though raised above the river-channel, would still
be subject to be covered on the occasion of the flood-waters rising to n, and the Loess
would accumulate at &', covering the gravel d and sloping up against the side of the hill
to the level of the line n. So again when further deepened to ¢, the Loess would be
deposited at " so long as the flood-waters rose to m, or to any point between ¢ and m.

Fig. 17.—Diagram representing one side of a valley with « series of gravel and Loess beds.
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The Loess occasionally contains thin seams of gravel, derived sometimes from the
underlying gravels d and ¢, but more frequently from the adjacent land-surface. The
extreme sharpness, as a rule, of the débris from the latter, leads me to believe that the
transport of such angular fragments, and the common irregularity of their bedding, arose
from drifting shore-ice. The usually small size of the fragments and the general absence
of subangular gravel is also compatible only with the thin ice that might be formed at
night during the spring floods, and away from the shingle-strewed river-channel.

The valley-gravels by themselves give no direct evidence of the extent of the floods.
They merely show, in the quantity of débris, the coarse shingle, and the worn blocks, the
results of torrential action. If, however, we admit the flood-water origin of the Loess, it
necessarily follows that, as we find this deposit on ground 60 (if not 100) feet above
the highest beds of the valley-gravels (which fix approximately the position of the main
channels of the old rivers), it gives a measure of the floods of that period, and shows them
to have exceeded even those of arctic rivers at the present day, for the waters of these
rivers rarely rise more than 40 to 50 feet above their low summer level. This fact fur-
nishes, therefore, strong corroborative evidence of the scouring and erosive energy of
these old rivers, and tends to strengthen the opinion, before expressed, of their power to
excavate, when taken in conjunction with the other agencies before described, the large
valleys through which the rivers now flow in such dwarfed volumes. I would observe
that in each valley the height to which the Loess rises above the high-level valley-
gravels is proportionate to the length of the valley and the area drained, showing
therefore its dependence upon them, and that it is not referable to any uniform level or
to any general cause.

Another character common to the Loess, and pointing, I conceive, to the same flood-
water origin, is the presence of numerous small worm-like cavities penetrating the mass.
These appear to me to be likely to have arisen in most instances from the presence of
the vegetable and animal matter with which flood-waters are always more or less charged,
and which, deposited with the mud, decomposed and gave rise to gases that, as they
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escaped through the soft and pasty silt, leavened, as it were, the mass, and produced
- these innumerable tubular cavities.

Sometimes the Loess puts on a local character, derived from either adjacent chalk,
sand, or clay beds. It then becomes so modified as to render its true character not
easily distinguishable. In some cases it becomes very argillaceous, in others very sandy
or very chalky. Occasionally it is so full of angular rock- or flint-fragments as to pass
into an angular gravel. Itis the presence of a local bed of this nature, made upin part
of the angular fragments so peculiar to the Loess, and partly from the subangular gravel
taken up from the underlying white gravel (Diluvium gris), and generally deeply coloured,
which has given rise, in a number of cases, to the Diluvium rouge (part) of the French
geologists, as exhibited in the sections at Charonne, Gentilly and Joinville, as well as at
Abbeville and Amiens. Therefore, so far from being a separate deposit, this bed at these
places is, I consider, merely an accident of the Loess, which again is merely a condition
of a river-deposit of the period of the valley-gravels; so that, instead,of the four separate
deposits of ¢ Loess,” ¢ Diluvium rouge,” ¢ Sable lacustre,” and ¢ Diluvium gris,” into which
some able French geologists would divide the deposits at Gentilly, Joinville, St.
Acheul, &c. *, I would divide them, on lithological characters alone, into two groups—
the Loess and the Valley-gravels; whilst so far as age is concerned I should consider
them as one, representing phases of like causes under different conditions.

§ 5. ORGANIC REMAINS OF THE VALLEY-GRAVELS.

As it is very desirable to determine whether any changes in the fauna occurred during
the period which elapsed between our earliest fossiliferous high-level valley-gravels and
the latest low-level gravels, I have attempted to form separate lists of the organic re-
mains of each series. I feel, however, that we are not yet in a position to do so with cer-
tainty or completeness. The difficulties in the way are, 1st, the uncertainty as to which
series the beds may in some cases belong to; 2nd, the frequent absence of record as to the
level at which the organic remains have been found ; 3rd, the incompleteness of the search.
I therefore submit these results merely as an approximation and a commencement.
I am indebted to Dr. FaLcoNER and M. Larter for much valuable information respecting
the mammalian remains, and to Mr. Gwy~y JEFFRrEYS for the correction of my former
lists of the Mollusca, and for his kind assistance in determining additional species.
As a term of comparison for the Mollusca, I have taken the group of land- and
freshwater shells now inhabiting the districtst where the fossil species are found,
adopting, generally, Mr. Gwy~N JEFFREYS’S nomenclature and distribution for England,
and taking for their range in France M. Prcarp’s “shells of the department of the
Somme”J, M. BoucHARD-CHANTEROUX for those of the ¢ Pas de Calais,” and M. Bavpon§

* Bull. de la Soc. Géol. de France, 2¢ sér. vol. xii. pp. 1277, 1297, 1298 ; vol. xvii. pp. 18, 19, 67-78, 103.
(With reference to M. HfiERT’s observations, 2° sér. vol. xvil, p. 18, see his “rectification,” vol. xii. p. 255.) It
was not until towards the end of 1859 that this able geologist expressed belief in the discoveries at St. Acheul.

+ Forsrs and Hanrey’s ¢ British Mollusea,” and Mr. Gwyxy Jerrreys’s ¢ British Conchology,’ vol. i.

+ Journ. de la Soc. Linnéenne du Nord de la France, vol. i. p. 149. § Soc. Acad. de I'Oise, 1855.
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for those of the Oise. I have given in the Appendix the results of this examination of
the range of the quaternary species of the beds under review.

Hien Levers.—The high-level gravel of St. Acheul has furnished a distinct and toler-
ably complete list of Mollusca; but in England the evidence is more imperfect. Hoxne
supplies but few species, and some uncertainty attaches to the level of Biddenham *.

- Out of a total of 109 land- and freshwater shells now inhabiting the South of England
and North of France, 36 species have been found in the flint-implement-bearing high-
level gravels; and of the 12 freshwater genera 8 are represented in these old alluvia.

There is a singular scarcity of Unionide and Paludinidee. The Neritinidee are not
present at all. The Limnzeadee, of species inhabiting marshes and pools, on the contrary,
abound, together with, in places, the fluviatile species of Ancylus; the Helicide are,
Succinea excepted, poorly represented, compared to their numbers in the low-level gravels.
A variety of species are common at St. Acheul, while at Montiers one species of Pupa
(P. marginata) occurs in thousands with but few other shells, and in the various other
isolated patches of high-level gravels between Amiens and Abbeville, including the
beds at Moulin Quignon, I have not been able to discover any traces of shells. They
are equally rare in the high-level gravels of other valleys, except at a very few places.
Combined with this scarcity, there is also an absence of such shells as would mark full
deep rivers or lakes, whilst such as might be found in broad and shallow rivers, that,
like many of those of Northern America at the present day, are flooded at one period
of the year and nearly dry at others, occur at long intervals. In most of these northern
rivers shells are also extremely scarce. Mr. BELL mentions an instance where he
travelled along the banks of the river Magdalen for four weeks, during which the
only shell he met with was a species of Limneat. This scarcity of shells is common in
most of the rivers in these high latitudes. Along such rivers, however, there are often
quiet pools, where shells are more numerous. If to the limited fauna found under these
circumstances we add the land-testacea carried down by freshets and by small tributary
streams, the shells so brought together would form a collection very similar in character
to that which we find in these post-pliocene deposits.

At St. Acheul Mr. GopwiIN-AUSTEN called my attention to a large sandstone block
having on its surface numerous rudely worm-shaped lines of concreted sand, bearing
a very close resemblance to those made by the sand-covered gelatinous attached polyzoa so
coramon in our clear stony-bedded streams, as a proof that it had lain in a running stream.
Such specimens are not rare, and taken with the absence of mud or clay beds in these
gravels, and the general character of the shells, lead also to the inference that the old
rivers were usually clear and limpid.

With respect to the species of Mollusca, they show, with few exceptions, a near

* 1 give the list of shells I have found at Biddenham, together with the list of those found by Mr. Wyatr
at Summer-house Hill in beds which certainly belong to the low-level series. I do not, however, feel sure that
both Biddenham and Joinville, though distinctly above the low-levels, should not be placed on an intermediate
level.—Feb. 1864.

+ Geological Survey of Canada, 1857 & 1858,
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identity with those now living in the same area. There are rarely sufficient modifica-
tions in size or form to lead us & prioré to infer any material differences in the conditions
under which they lived. Certain species of Pisidium, Cyclas, Limnea, Succinea, Planor-
bis, Helix, &c., were then, as now, among the most abundant shells. Some varieties,
such as one of Pisidium fontinale, and that of Helix pulchella, are, I am informed by
Mr. JEFFREYS, forms more peculiar to the north of Furope. The Hydrobia marginata,
though not known in northern Europe, ranges high in the subalpine tracts of the Jura
and Alps.

But though there is nothing sufficiently specific in the individual species to indicate a
climate different from that of the present day, there is at the same time nothing to
require restriction to an identical climate. If, further, we look at the group as a whole,
we shall find it to have not only a very wide range, but one more in a northern than in
a southern direction. Of the 36 species found in these high-level gravels, 29 are found
in the plains or on the hills of Lombardy *, whereas 34 of them range to Sweden and 31
to Finland; amo'ngst these are the common Succinea putris, S. elegans, Helix hispida,
H. nemoralis, H. pulchella, Zonites radiatulus, Pupa marginata, Limnea peregra, L. pa-
lustris, L. truncatula, Planorbis vortex, P. complanatus, P. albus, P. spirorbis, Bythinia
tentaculata, Ancylus fluviatilis, Valvata piscinalis, Cyclas cornea, Pisidium amnicum, and
P. fontinale. Many range further north in Europe, but there is no list of the land and
freshwater shells of any more northern district so complete as that of Finland. It is
known, however, that a great number of these same species are found in Siberia. The
annual freezing of the rivers, even in less northern latitudes, proves at all events the
power of these mollusks to endure a great winter cold{. This capability of enduring
severe cold, and their northern range, show that they could readily have adapted them-
selves to great changes of climate in the region where they are now found. The general
absence of southern species is also not without its significance ; for while out of a total
of 77 Finland species 31 have been found at the few places named in our list (see Ap-
pendix), only 29 out of the 193 Lombardy species have been met with in these beds.

Our knowledge of the fossil Mammalia of the high-level gravel-beds is very incom-
plete. I might, it is true, include those I have reason to believe are of the same age
and which would furnish us with more complete and positive data—such, for instance,
as a great number of the cave-deposits ; but, from the circumstances I have before alluded
to, I deem it best to confine myself to these particular beds and to the localities where
flint implements have been found. Few of our own high-level gravels contain any
organic remains at all: in the greater part they are entirely absent.

# (atalogo dei Molluschi della Lombardia, by A. & G. B. Vizra. Milan, 1844 & 1853.

+ Finland Mollusker, af Nordenskicld och Hylander, Helsingfors, 1856.

1 Prcarp mentions an instance where some specimens of Limnea auricularia he had placed in a vase, froze
in the ice, which was exposed to a temperature of —2° Fahr. When the thaw came and they were released
they soon recovered and became as active as ever.—Op. cit. p. 278.
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